What isavailable

1) A voice over powerpoint that explains the significance for O3UV (You tube —Ozone UBI
together) or write for a dvd.

2) A synopsis of the patents in order 1989 - 2008

3) A quick comment on how this area of study might affect future O3UV treatment options

4) An “Understanding Actions” section - how the disorder works and how O3UV helps

5) The pdfs of the patents containing all of the studies (over 60)

6) Published study abstracts by Vasogen and their physicians

The Best Medical News for Ozone and UBI
(Ultraviolet Blood Irradiation) IN the last 40 years

Many have heard of the numerous studies that are available on medical ozone. Three major
medical practice documents have been produced from Spain, Russia and Germany. As many
as 30,000 physicians use Ozone therapy daily in over 100 countries around the world.

UBI has no less of a medical history starting in 1928. Success followed success as hospitals
used this pre-antibiotic, non-drug therapy on hepatitis, sepsis, tuberculosis and a host of other
disorders. See www.infectionscured.com

Neither therapy has enjoyed full acceptance in the United States although there are an
estimated 500 physicians in the US using either UBI or ozone or both.

New Studies Show that the O3UV combination therapy has significant impact on:

Blood Brain Barrier Modulation

CLL - Chronic Lymphomic Leukemia
Blood Platelet Inhibition

Auto Immune Disorders

Increasing Nitric Oxide (vasodilation)

Graft vs Host

Many forms of Inflammation
Growth Factor TGF-B1
Vasospastic Disorders
Endothelin Related Disorders



e Traumatic Pain Disorder (RSD) » Atherosclerosis
* Preconditioning Stress * Chronic Heart Failure

We have compiled these studies and are making them available to you.

A Canadian biotech firm Vasogen, started using ozone and UV light on blood in the 1990s.
They also added heat as a stressor but a couple of the studies showed that it was not helpful.

Vasogen was able to raise investor capital in excess of $ 225 million (this may be a low figure).
They accumulated over 24 patents, published numerous studies and left for us an impressive
stack of over 60 studies accomplished over the last 15 years. Scores of physicians from
prestigious centers such as Sinai Hospital, Cleveland Clinic, Baylor University, St
Bartholomew's Hospital, London. Centre hospitalier de I'Université de Montréal, Montreal,
Quebec, and over 170 other heart clinics participated in the studies. They validate O3UV as a
substantial medical therapy.

Unfortunately for Vasogen investors their Phase Ill FDA trials failed. They conducted a 2,414
patient study on NYHA Class Il thru IV chronic heart failure (CHF) patient. They administered
a total of 8 treatments per patient with only 10cc of blood they returned it as an IM gluteal
injection. In the end, the study results did not show statistical significance. The stock tumbled
from over $ 16 to less than $ .25/share. In Class Il CHF patients the therapy it reduced deaths
and hospitalizations by 39%. This was still not enough to see the company recover.

O3UV may not be perfect for CHF but Vasogen’s 60 plus patent studies are invaluable. These
studies gave proof to the medical efficacy and action of O3UV. The Ozone and Ultraviolet
Light therapy that is commonly used in the US has significant differences from Vasogen’s
procedure. The similarities allow us to carefully but confidently accept their work as a major
piece in understanding and validating O3UV.

We have picked up the informational pieces for anyone who wants to study Vasogen’s
research. You will find the following in our informational packet and it will eventually be on our
websites www.DrsUBI.com and www.DrsOzone.com

This should have tremendous impact on every physician who looks to validate this therapy.
Best to you

Tom Lowe

Director - Physicians UBI Awareness www.DrsUBI.com

President — Society of Ozone and Photonic Medicine www.SopMed.org
Coordinator - www.DrsOzone.com

tom@drsubi.com




Vasogen Patents in order

There are a total of 24 patents that apply to Vasogen and the process of treating a myriad of
disorders. The first 2 patents listed are of machines, the rest are on the following categories:

Blood platelets - #3 Graft vs Host # 9

Auto Immune disorders #4 Inflammation # 10,11,12, 19

Nitric Oxide (vasodilation) #5 Growth Factor # 14

Traumatic Pain Disorder (RSD) #6 Vasospastic disorders # 15

Preconditioning stress # 7 Endothelin related disorders # 16

Artherosclerosis and CHF # 8,13 Blood Brain Barrier modulation # 17
CLL #18

These patents show an astounding variety of disorders that can be
effectively treated with UV light (UBI and Ozone. They also contain over 60
separate clinically controlled studies. Some are double blind placebo
studies on humans, many are on human models — mice, rats, rabbits and
beagles.

Reading through this science gives undeniable verification of
the efficacy and safety for UV light and ozone working
together. The following synopsis will assist in getting started.

P#1

METHOD FOR THE PHYSIOLOGICALLY & THERAPEUTICALLY EFFECTIVE
IRRADIATION OF CORPOREAL VENOUS BLOOD
May 16, 1989 4,831,268

Fisch — German UBI unit using 1V tubing and UVA to blue light wave length not UVC

A method for the radiation of corporeal blood is described with which it is possible to prevent
arteriosclerosis related heart and vascular diseases due to disturbances in the fat exchange, or
to successfully fight such diseases, without exposing the blood to photosensibilators or without
the necessity of additional corporeal activity, or a special diet.

The machine shines light on an IV tube. It is their solution to cleaning non disposable units
The claim to fame is that he introduces the ozone to a blood component and measures the

amount of ozone that is not absorbed therefore being able to determine the “therapeutic
concentration”. No device is detailed...just boxes stating what it does



P#2

Apparatus for the production of oxygenated blood
Nov 6, 1990 US 4968483 A — Muller

This was purchased by Vasogen in 1998 from the German patent holder. Itis a basic way to
add ozone, UBI and heat in one container with a 3 minute duration of 10cc of blood. They
make the parameters wide and allow to catch all those of like devices therefore ensuring they
have an enforceable patent.

P# 3
1997 METHOD OF INHIBITING THE AGGREGATION OF BLOOD PLATELETS AND
STIMULATING THE IMMUNE SYSTEMS OF A HUMAN

Jan 7, 1997, 5,591,457

A method treating peripheral vascular disease; thrombotic diseases, such as coronary
thrombosis, pulmonary thrombosis, arterial thrombosis, and venous thrombosis; circulatory
disorders, such as Raynaud’s disease; stroke; pre-eclampsia; and hypertension.

Regarding the mechanism: An increase in EDRF (nitric oxide) levels, therefore, has a double
beneficial effect on the circulatory system: it inhibits aggregation of platelets, making the blood
more fluid, and it enlarges the diameter of the vessels, improving the flow

...a method of inhibiting blood platelet aggregation in humans, as well as to a method of
therapeutically treating human disease conditions associated with blood platelet aggregation.
...a method of stimulating the immune system, and therapeutically treating immune system
disorders. This was the initial studies to treatment inhibits platelet aggregation. It also
measures prostacyclin, looks at the proliferation of Peripheral Blood Monocytes, stimulation of
Activation Markers.

It finds that O3 and UV need to be used together to have this effect.

P# 4

Treatment of Auto immune diseases —

1998 Vasogen 1st WO 98/07436
Nov 9, 1999 US 5980954 A

May 20, 2001 US 6204058 B1

May 27, 2003 US6569467 B1

Vasogen patent to show that stressors cause an auto vaccine against rheumatoid arthritis,
scleroderma, MS, Lupus, etc.

HSP 65 discussed — RA — antibodies to HSP 65 —improperly controlled autoimmune response
Trials with 30 RA patients, 4 Raynard, 2 scleroderma and the activation markers were
measured

Claim — alleviates autoimmune disease symptoms by one of the following

a) increased leucocytes showing vacuolation
b) reduced MHC Class Il leucocyte



c) upregulated expression CD-11b

d) increased HSP-60 in the plasma

e) decreased HSP — 70

f) decreased lymphocyte proliferation

g) decreased neutrophils to phagocytose

Example 1 — 30 active RA patients - Blood samples were taken and analyzed for leucocytes,
erythrocyte sedimentation rate, rheumatoid factor and C-reactive protein, using standard test
procedures. The erythrocyte sedimentation rate and C-reactive protein are elevated in most
inflammatory conditions including rheumatoid arthritis.

Erythrocyte sedimentation rate, rheumatoid factor and C-reactive protein all showed significant
reduction after the course of treatment. A marked improvement in each case was reported.

Example 2 — 4 — patients Raynaud — 9 treatments. It reduced an autoimmune response as
evidenced by a reduction of auto-antibodies in a treated patient.

Example 3 — TH1 and TH2 in 13 control normal and 2 scleroderma patients. Results: the
TH1:TH2 ratios in these patients was 3.29 and 3.13 respectively, i.e. the ratio had approached
the normal range.

EXAMPLE 4 - Staining of Activation Makers
The above data for this example are all means of duplicates, and indicate that treatment with
UV/ozone according to the invention results in the activation of T-lymphocytes and monocytes.

P# 5
Method of Increasing Nitric Oxide in Human Blood
Nov 10, 1998 5,834,030 patent

An ozone + UBI study — it uses heat but does not mention it in parts.

For peripheral vascular disease and Heart Failure. Platelet aggregation is one of the factors
that leads to cardiovascular disease and increases risk of heart attack and stroke

These nitric oxide associated conditions include: high blood pressure, neurological conditions
such as depression, tumors, bacterial and fungal infections, and impotence. It would therefore
be desirable to provide a method for increasing the nitric oxide concentration in human blood,
in order to treat the above-described human disease states which are characterized by nitric

oxide deficiency.
This is one of the better studies for UBI and ozone. 1) It is safe — platelets are not damaged
and no hemolysis occurs. 2) Better yet

— it shows that UV light (at least UVC ) TABLE 5
does not inhibit platelets aggregation_ The effect of UV light on platelet aggregation
0%, Ozone does a little — 11% and the induced by ADP {0.01 mM) in the presence or absence of ozone.

{Experiment date 21.01.92, individual M2)
Percent Inhibition of Platelet Aggregation

2 together are great — 83%. This is
through the nitric oxide mechanism.
This was one of the base studies that
they did to show that it could help with B3.4% 11.2% 0%

Ozone 35 pg/ml + UV Ozone 35 pg/ml - UV No ozone, UV alone




heart disease. — also peripheral vascular, COPD, etc

This uses patients so it is in vivo studies for the most part. Some blood nitrous oxide and
platelet testing also occur in vitro. Excellent to show safety and mechanism of the stressors.

Further, platelet inhibition was found to critically depend on the combined treatment of
ultraviolet light and ozone gas, as evidenced in Tables 4 and 5. Treatment with ozone gas
alone resulted in minimal inhibition of platelet aggregation, while treatment with ultraviolet light
alone produced no inhibition of platelet aggregation.

The treatment of whole blood with ozone/UBI does not destroy the blood platelets.
Furthermore, following visual assessment, no marked hemolysis was observed in the treated
blood compared with the control blood samples, indicating that the treatment regime had little
effect on erythrocyte integrity.

P# 6
TREATMENT OF CHRONIC TRAUMATIC PAIN SYNDROMES POST
Jul. 11, 2000 6,086,552 patent

HOU treatment in comparison ... With normal blood of the patient from whom it was extracted,
of at least one of the following characterizing features:

» increased numbers of lymphocytes and other leucocytes, exhibiting a condensed
apoptotic-like morphology;

» arelease of specific proteins from the cell surface of the blood leucocytes, including the
MHC Class Il molecule HLA-DR, resulting in a reduction in the number of cells
expressing such surface proteins;

* an upregulation in the expression of certain cell surface markers for example CD-lIb,

» acomponent of the ligand for the cell adhesion molecule ICAM-I;

» adecrease in the amount of heat shock protein HSP-60 contained in the leucocytes,
particularly the lymphocytes, therein, and an increase in HSP-60 in the plasma,;

* adecrease in HSP-72 within the lymphocytes; a decrease in proliferation of treated
mononuclear cells following mitogenic stimulation.

By inducing an apoptotic-like state in the other leucocytes in the blood comprising the aliquot,
as evidenced by the increased numbers of lymphocytes and other leucocytes exhibiting a
condensed apoptotic-like morphology therein, these cells may become preferentially by
inducing an apoptotic-like state in the lymphocytes and other leucocytes in the blood
comprising the aliquot, as evidenced by the increased numbers of lymphocytes and other
leucocytes exhibiting a condensed apoptotic-like morphology therein, these cells may become
preferentially phagocytosed upon re-injection into the host body.

10ml —Ozone - 120ml/min @ 15ug/ml Heat @ 45 C for 3 minutes UV @ .9-1.8J/cm2 for 3
minutes

A process of alleviating the symptoms of reflex sympathetic dystrophy in a human patient
suffering there from which comprises subjecting the patient to a course of from 18 to 34
treatments as defined in claim 6, over a period of 6—21 weeks.



P# 7

TREATMENT OF STRESS AND PRECONDITIONING AGAINST STRESS
Oct 24, 2000 6,136,308

May 29, 2007 US 7,223,391 B2

Stress —i.e. high blood pressure — any operation with ischemia potential, kidney
transplant

A long study using SHR rats showing ..... It is a further object to provide a process of
preconditioning a mammalian patient to improve the patient’s resistance and reaction to
subsequently encountered stress. It is a further and important object of the invention to provide
a means of protecting target organs against ischemia/reperfusion injury.

There are 8 examples here. Example 7 - measures UBI and ozone alone showing that it is
superior to the 3 stressor combo

a process of treating a mammalian patient to counteract the adverse effects of stress and/or to
precondition the patient for improved resistance and reaction to subsequently encountered
stress,

Another preferred use of the present invention is in protecting tissues and organs from stress-
induced damage, in a manner similar to ischemic preconditioning.

Basically if someone is going to have surgery or has ischemia or is going to have a transplant.
This should be a pretreatment for 5 weeks prior.

HOU is looked at being applied to pre-surgery for CHF (chronic Heart Failure) patients.
Although O3UV did better wthout heat

P# 8
Method for preventing and reversing atherosclerosis in mammals

Jul 24, 2001 US6264646 B1
Dec 30, 2003 US6669965 B2 — updated and expanded

A method for delaying the onset, retarding the progression, and causing regression of
atherosclerosis...

Firstly, there is an observed reduction in total serum cholesterol levels, primarily due to a
reduction in the levels of LDL and VLDL cholesterol. Levels of beneficial HDL cholesterol are
not reduced

... show substantially reduced deposition of lipids within blood vessel walls, as compared to
untreated subjects. As well as retarding the progression of plaque deposition, the treatment of
the invention has been shown to cause existing plaques to regress.



EXAMPLE 1 - The LDL-R deficient mouse model shows intolerance to cholesterol feeding and
develops widespread atherosclerotic changes which progress to mature fibrous lesions
morphologically indistinguishable from established human atherosclerosis. Apart from the
defined genetic abnormality causing predisposition to atherosclerosis

the average triglyceride level of the Treated group is significantly lower than the increase in
the average triglyceride level of the HC Diet group,

EXAMPLE 2
Human Studies A — 94 healthy human volunteers — triglycerides lowered
Human Studies B — 49 healthy human volunteers - triglycerides lowered

EXAMPLE 3 Animal Studies

The animals of group C (treatment group) also exhibited a marked reduction in xanthelasma
and limb swelling as compared to animals of group B. The animals of group C (high cholesterol
diet with treatment according to the invention) exhibited profoundly reduced lipid deposition

Conclusions:

The treatment according to the preferred method of the present invention achieved about a
forty percent reduction in total serum cholesterol and a significant reduction in triglyceride
levels, and substantially inhibited the development of atherosclerosis in a mouse model of
human familial hypercholesterolemia.

In addition to substantially reducing the development of atherosclerosis at an early stage and
inhibiting the progression of established atherosclerotic lesions, the treatment according to the
preferred method of the present invention was shown to cause regression of existing
atherosclerotic lesions.

P#9
GVHD - Bone Marrow transplant - Extracting allogeneic human donor blood aliquot;
separating t-cells; oxidative stressing to reduce cytokines

Jul 10, 2001 US 6258357 B1

the development of graft versus host disease in a mammalian patient undergoing cell
transplantation therapy for treatment of a bone marrow mediated disease, is prevented or
alleviated by subjecting at least the T-cells of the allogeneic cell transplantation composition,
extracorporeally, to oxidative stress

...a patient being treated by allo-BMT is administered a composition containing T-cells
obtained from an allogeneic donor, said T-cells having been subjected in vitro to oxidative
stress to induce therein decreased inflammatory cytokine production coupled with reduced
proliferative response. It appears that such oxidatively stressed allogeneic T-cells when
injected into a mammalian patient, have a down-regulated immune response and a down-
regulated destructive allogeneic response against the recipient, so that engraftment of the



hematopoietic stem cells, administered along with or separately from the stressed T-cells, can
take effect with significantly reduced risk of development of GVHD.

Another aspect of the present invention provides a population of mammalian T-cells,
essentially free of stem cells, said T-cells having been subjected in vitro to oxidative stress so
as to induce in said cells an altered cytokine production profile and a reduced proliferative
response.

There were 6 example studies - These results indicate that T-cells subjected to oxidative
stress alone achieve a decreased proliferative response and decreased inflammatory cytokine
production, suitable for use in the present invention.

P# 10

INFLAMMATORY CYTOKINE SECRETION INHIBITION
Jul. 11, 2002 US 2002/0090360

The present invention relates to a process of decreasing the expression of one or more of the
inflammatory cytokines IFN-y and IL-6 by cells in a mammalian patient,

Treating autoimmune diseases, such as rheumatoid arthritis, psoriasis, scleroderma, lupus,
diabetes mellitus, organ rejection, miscarriage, multiple sclerosis, inflammatory bowel disease
and atherosclerosis; and contact hypersensitivity disorders.

Chronic Fatigue Syndrome: Whilst the etiology of CFS remains contentious, there is a general
consensus that IL-6 plays a role in CFS, either as a result of abnormal levels of IL-6 in the
patient or abnormal sensitivity to IL-6 on the part of the patient.

Example 1 was to induce contact hypersensitivity test (CHS. The abdominal skin of each
mouse was shaved and painted with dinitrodifluorobenZene (DNFB)... the animals of each
group, are particularly noteworthy. The demonstrated reduction in IL-6 shows the potential of
the process.

...another therapeutic use of the present invention, namely in association with
chemotherpeutic or radiation therapy of malignancies such as lymphomas... to render the
patient’s malignancy more susceptible to chemotherapeutic or radiation therapy.

P# 11

TREATMENT of IL-10 DEFICIENCIES
Oct 17, 2002 US 2002/0150560 A1

Mammalian disorders associated with a deficiency in the cytokine interleukin-10 IL-10 can be
alleviated. A deficiency of IL-10 results in the development of a number of significant
inflammatory events including ischemia-reperfusion injury, and has been implicated in
autoimmune diseases such as psoriasis and pemphigus.

The effectiveness of the treatment according to a preferred embodiment of the present
invention, on contact hypersensitivity (CHS), was assessed on laboratory rats and mice, (see
patent results for more). Four separate EXAMPLE studies were conducted



P# 12
METHODS FOR TREATING THE INFLAMMATORY COMPONENT OF A

BRAIN DISORDER

Oct 24, 2002 US 2002/0155098 A1
Oct 17,2006 US7122208 B2 — updated

Disclosed are methods for treating and preventing neurological disorders which have a
significant inflammatory component. Concentrations of ROS in neuronal cells are reduced.

The following disorders are listed as have a potential cure with the invention:

myasthenia gravis, GBS, CIDP, and multiple sclerosis, impairment of long term potentiation
(LTP) in the hippocampus. Down's syndrome, Huntington's disease, brain trauma and
epilepsy, chronic inflammatory demyelinating polyneuropathy, Guillain-Barré syndrome,
myasthenia gravis, dermatomyositis, polymyositis, inclusion body myositis, post stroke,
neurosarcoidosis, vascular dementia, closed head trauma, vasospasm, subarachnoid
hemorrhage, adrenal leukocytic dystrophy, inclusion body dermatomysitis, minimal cognitive
impairment and duchenne muscular dystrophy,

This invention is directed to the surprising and unexpected discovery that such immune
modulation therapy can exert beneficial anti-inflammatory effects across the blood- brain
barrier of a mammalian patient, apparently through a significant reduction of the accumulation
of reactive oxygen species and/or a significant down-regulation of associated inflammatory
cytokines such as TNF-a , particularly in the cortical tissue of mammals.

Pg 9 Item 41 — Patient must be analyzed to see if ROS reduction would help.

Frequency — 2 in sequence and 11 day rest before the 3 aliquot
Possibly one treatment every 30 days for a period of 6 months

Four groups of eight male Wistar rats were used in these experiments.

* FIG. 3 indicates that immune modulation therapy significantly reduces reactive oxygen
species accumulation in the cortex.
» The concentration of pro-inflammatory cytokine, TNF-a is significantly reduced in the
cortex as a result of immune modulation therapy
* FIG. 5 illustrates that immune modulation therapy decreased JNK activity as indicated
by a decrease in the phosphorylated form of JNK.
* FIG. 6 shows that immune modulation therapy reduces the concentration of IL-1
Receptor Type |
This immune modulation therapy reversed the LPS-induced blockage of KCI stimulated
glutamate release in untetanized dentate gyrus and to a more significant degree in tetanized
tissue

P# 13
TREATMENT OF CONGESTIVE HEART
May 2, 2002 US 2002/0051766 Al

Aug 2006 US 20060193835 Al — updated



Nov 3, 2005 US 2005/0244298 Al — Electrocardiographic Aspects of CHF Treatment

The treatment can be used on its own or as an adjunctive therapy in combination with
conventional CHF treatments.

[0105] As demonstrated by the data described above, the treatment of the present invention
has been shown to have significant biological activity in humans and in a number of animal
model systems, all of which involve Th1/TNF-a dependent inflammatory responses....

...has been found to improve endothelial function in a number of studies conducted in humans
and in animals.

With regard to myocyte loss, the method of the invention is believed to decrease levels of
apoptosis and necrosis. It has been shown that the treatment can protect the kidney from
ischemia/reperfusion (I/R) damage

6 examples — HOU — All separate studies

1. On endothelial function in Watanabe rabbits, known to develop complex atherosclerotic
lesions during the first year of life.

2. 18 human patients with peripheral vascular disease (PVD).

3. adjuvant-induced arthritis in rats — HOU can modulate levels of inflammatory cytokines in a
ThI/TNF-ot-dependent model of arthritis.

4. Pure-bred normal beagle dogs, effect of reducing apoptosis and necrosis. Renal artery
clamped for 60 minutes...ischemia results...

5. 12 male SHR rats - ischemic-reperfused (I/R) kidneys... cytoprotective effect of the
administration of stressed blood according to the invention on renal reperfusion injury involves
the inhibition of early or late apoptosis.

6. human patients with advanced chronic congestiveheart failure. The patients had NYHA
class llI-IV

P# 14

Transforming Growth Factor Regulation
July 11, 2002 US 2002/0090359 Al

Skin Ulcers

The present invention relates to a process of increasing the LLB expression of TGF-f1 by cells
in a mammalian patient, comprising administering to the patient an effective amount of
stressed mammalian blood cells, said stressed cells having been extracorporeally subjected to
at least one stressor selected from oxidative stress and ultraviolet radiation. The process of the
present invention shows potential in the treatment of ulcers in mammalian patients.

... the process is particularly indicated for the healing of skin ulcers, such as decubitis ulcers,
diabetic ulcers and the like.

Example 1 - Balb/c mice, The analyses indicated that animals which had received a course of
injection of blood subjected to stressors as described had significantly increased
concentrations of TGF-B1 in the lymph node.



Example 2 - 20 human patients having moderate to severe psoriasis. (FIG. 2b). This result is
indicative of the use of the process of the invention to upregulate TGF-B1 and therefore in
treating ulcers of the skin.

P# 15
Concurrent heating, radiation, oxidation of blood; separation of leukocytes;

administering — Vasospastic disorders
Feb 24, 2004 - US6696092 B2

Vasoconstriction disorders, Raynaud's Phenomenon and other vasospastic disorders such as
migraine, cluster headache and syndrome X

...blood aliquot capable of generating in the patient's blood stream after administration a
population of stimulated leukocytes having upregulated expression of CD25 cell surface
markers, along with an enhancement of endothelial function in the patient.

The result of injecting the blood subjected to stressors outside the body is the upregulation of
specific cell surface markers such as HLA-DR and CD25 on other, non-treated leukocytes in
the peripheral blood, circulating in the patient. This is indicative of an enhanced immune
system. It appears that the treated leukocytes release cytokines (intercellular messenger
peptides and proteins), or stimulate leukocytes of the recipient to do so, initiating a cascade
phenomenon which affects a number of the quiescent leukocytes in the peripheral blood and
causes them to become stimulated. This apparently leads to improved blood flow at sites in the
body far removed from the site of injection of the treated leukocytes.

Secondly, the stimulated leukocytes present in the blood circulation, perhaps through the
intermediary of the same or similar cytokines and probably aster physical contact or binding to
the endothelium via cell adhesion molecules, act upon the endothelium, either directly or
indirectly, to increase the endothelial vasodilator function probably by increasing the production
and/or action of vasodilators such as nitric oxide, prostacyclin and/or by inhibiting the
production and/or action of vasoconstrictors, so as to increase blood flow.

Example 1 — Raynaud’s patient 10 treatments over 2 weeks - symptoms gone

Example 2 — 4 Raynaud’s patients - every patient reported a very significant alleviation (see
study)
Example 3 — patients above tested blood flow improvements — by iontophoretic technique
using

acetylcholine (figure 2)

Example 4 — statistical analysis of # 3

Example 5 — 19 healthy 20-30 yr olds — Double blind study measuring of effects of treatment
on platelet
function. Charts 1-10 tell the story.

...the post-treatment 6-keto-PGFla concentrations were significantly (p<0.05) higher on two of
the five post-treatment measurement occasions, post-1 and post-4, when compared with the



pre-treatment baseline values. No such significant differences were observed in the placebo-
treated control group.
See study for other results.

P# 16

TREATMENT OF ENDOTHELIN-RELATED DISORDERS
Dec 16, 2004 US 2004/0253213 Al

Primary pulmonary hypertension (PPH), glaucoma, progression of atherosclerosis.

Endothelin-related disorders in mammals can be alleviated by administration to such patients
of one or more aliquots of mammalian blood subjected to two or more stressors selected from
temperature stressors, electromagnetic emissions and oxidative environments.

(testing on mice) demonstrating that the treatment of the invention significantly reduced the
extent of aortic atherosclerosis. See charts

P# 17
BLOOD BRAIN BARRIER MODULATION USING STRESSED AUTOLOGOUS

BLOOD CELLS
May 27, 2004 US 2004/0101517 Al

for Alzheimer’s, Parkinson’s, Dementia

Example 1 Four patients, human females ranging in age from 15 to 84 years, and all suffering
from an endothelium deficiency-related condition (primary Raynaud’s phenomenon)

A significant increase in blood How in response to acetylcholine, indicative of an enhanced
endothelial function, after the course of treatment, is evident from these curves. All four of the
patients treated showed essentially similar results, those presented on FIG. 1

Example 2 — Wistar rates - The stressed cell therapy lowered LPS induced inflammation in the
brain and gave improvement in blood brain barrier function even in normal animals, and thus
this beneficial effect has the ability to cross the blood brain barrier. Lowered LPS induced
inflammation and improvement in the blood brain barrier function present an attractive
explanation of the observed beneficial effects of the stressed cell therapy on the endothelium.

Example 3 Watanabe rabbits n FIG. 4. The reaction of the endothelium-intact sample from
the treated animals is significantly different from that of the sham treated animals.

The therapy alone and in combination with other available treatments known to have similar
beneficial effects on the endothelium, such as use of the pharmaceuticals as discussed herein,
show potential in the treatment of neuro-degenerative disorders such as Alzheimer’s Disease,
Parkinson’s Disease, and senile dementia.



P# 18

Chronic lymphocytic leukemia treatment
May 11,2004 US 6733748 B2

Chronic lymphocytic leukemia (CLL) in a patient is treated by administering to the patient
oxidatively stressed CLL cells.

A separator can be used or the whole blood component. They mention mechanical stress
(preferred) by a needle during extraction. It may include a pharmaceutically acceptable
excipient, such as sterile physiological saline.

Example 1 - After a course of 6 such treatments, administered over three weeks with a two or
three-day interval between each treatment, a favorable response was noted. Instead of a
continuing increase in white cell count, the patient exhibited a decrease, from 70 to 61. There
was also a 50% decrease in peripheral adenopathy. The treatments were well tolerated and no
significant side effects have been reported by the patient.

EXAMPLE 2 - Following the protocol described in Example 1, the following patients have been
treated.

A 55-year old man suffering from CLL and diabetes was treated. The increase in his white cell
count was arrested, an effect which has lasted one month since the end of treatment.

A 50-year old man suffering from CLL was treated. His white blood cell count dropped from 30
to 15. This lower level has been maintained for at least one month after the conclusion of
treatment.

A 50-year old woman suffering from CLL was treated. She had been treated previously for CLL
by chemotherapy using Chlorambucil. Her condition had relapsed and the Chlorambusil was
no longer effective. After treatment with the above protocol her white blood cell count was
stabilized.

A 60-year old man with CLL and heart problems was treated. His white cell count of 30 was
stabilized by the course of treatment.

P 19
ACUTE INFLAMMATORY CONDITION TREATMENT
June 12, 2008 US 2008/0138432 Al

More specific examples of such disorders include allergic contact dermatitis, acute
hypersensitivity and respiratory allergy.



This invention provides a method for prophylaxis or treatment of an acute inflammatory
disorder, comprising administering to a patient an aliquot of the patient’s blood extracted from
the patient and treated ex vivo With at least two stressors selected from the group consisting of
an oxidizing agent, an electromagnetic emission and elevated temperature.

Irritable contact dermatitis (ICD), or acute dermatitis, is an example of acute inflammation , in a
model of which an irritant (2,4-dinitrofluorobenZene (DNFB)) is painted on the shaved skin of a
mouse and then after certain time points, the draining lymph nodes are collected and analyzed
for the mRNA expression of pro- and anti-inflammatory cytokines. This constitutes an accepted
animal model of acute inflammatory disorder.

From the studies the following three applications were stated:

* indication of the potential of the process of the present invention to combat acute I1L1-
related disorders in mammalian patients, such as early pulmonary inflammation
resulting from hepatic injury, unstable angina, acute juvenile and rheumatoid arthritis,
and acute ischemia.

» the potential of this invention in treating acute inflammatory disorders, especially those
in which IFN-y plays a significant role, such as coronary arterial inflammation,
pericarditis and acute coronary syndrome.

* combating IL-12 related acute inflammatory disorders such as acute respiratory
syndrome, acute inflammatory response due to organ transplant and acute
inflammatory bowel disease.



Insights for the combined therapy of O3UV?

Studies start with the oldest and proceed to the newest. Not all studies are listed.

P3

1997 METHOD OF INHIBITING THE AGGREGATION OF BLOOD PLATELETS
AND STIMULATING THE IMMUNE SYSTEMS OF A HUMAN

Jan7,1997, 5,591,457

P5
Method of Increasing Nitric Oxide in Human Blood
Nov 10, 1998 5,834,030

Platelet aggregation associated conditions include: peripheral vascular disease; thrombotic diseases such as
coronary thrombosis and pulmonary thrombosis; stroke; eclampsia and pre-eclampsia; and
hypertension.

Specifically it worked with Raynaud's Disease
Most interesting is the action of ozone and UV light.

With the goal of decreased platelet aggregation it showed that
ozone and UBI together are better.

With regard to peripheral vascular disease, the disease could theoretically be explained by a reduction of
endothelial-derived relaxing factor (EDRF), low levels of which lead to a contraction of the smooth muscle of
blood vessels, and hence a reduction in the diameter of the lumen of the vessel and a reduction in blood flow. The
major naturally occurring EDRF is nitric oxide. In addition, nitric oxide stabilizes blood platelets, reducing their
aggregation. An increase in EDRF (nitric oxide) levels, therefore, has a double beneficial effect on the circulatory
system: it inhibits aggregation of platelets, making the blood more fluid, and it enlarges the diameter of the
vessels, improving the flow.

The method of the invention increases blood levels of nitric oxide, which may partly explain the effect of
inhibiting platelet aggregation achieved by the invention. Additionally, treatment of blood with ultraviolet radiation
and ozone gas according to the invention has been found to increase blood levels of prostacyclin, a substance
which is known to inhibit platelet aggregation and relax peripheral blood vessels.

Ozone concentrations can be too low to be effective
Fig 2 below shows that ozone concentration of 5 ug/ml. is not as effective as 25 pg/ml and also that 25 yg/ml and

50 pg/ml are identical in effect. That is good information to have. Basically that more ozone is not any more
effective but a certain level is need to be effective

2

Concentration of ozong

(pg/ml) 5 25 50

Platelet aggregation (95) 38.5 +- 56.5 +/— 55.9 +/-
(mean +/- sd, n = 4) 309 294 26.4




Table 5 is highly significant in that it

shows that Ozone and UV light together TABLE 5
makes a big difference in the effect of the
therapy. The effect of UV light on platelet aggregation induced by

ADP {0.01 mM) in the presence or absence of ozone,
(Experiment date 21.01.92, individual M2)
Pereent inhibition of platelet aggregation

This shows the synergy of
N s
thetwo together Ozone 35 pg/ml + UV Ozone 35 pgfml = UV U?\"D:]ﬂnnmc
83.4% 11.2% 0%

“Further, platelet inhibition was found
to critically depend on the combined
treatment of ultraviolet light and ozone gas.”

“The above data indicate that treatment with UV/ozone according to the invention results in the stimulation of T-
lymphocytes and monocytes, The treatment of blood with 0zone gas and ultraviolet light according to the
invention is actually inducing an inhibition of platelet aggregation for the following reasons:

1. The inhibitory effect is at least partially dependent on the concentration of ADP, ozone being more inhibitory at
lower ADP concentrations. This may be interpreted as the higher agonist concentrations partially overcoming the
inhibitory effect of ozone by "hyperstimulating” the platelets. This suggests that the inhibition is at least partially
reversible, and is probably not acting by destroying the platelet's ability to aggregate.

2. The inhibitory effect appears to be dose related to ozone concentration, with higher concentrations of ozone
resulting in a greater inhibition of platelet aggregation.

3. The inhibitory effect is UV-dependent, suggesting that this is not a non-specific toxic effect caused by the
oxidative capacity of the ozone gas.”

Treatment of their blood with UV/ozone resulted in an increase in the concentration of the prostacyclin
metabolite, suggesting that this may be an additional mechanism whereby the treatment of the invention works to
treat peripheral vascular disease and other diseases associated with blood platelet aggregation.

Example 4 - Peripheral Blood Mononuclear Cells — illustrates the immune stimulatory effect on blood. In
conclusion treatment with UV/ozone increased the proliferation of peripheral blood mononuclear cells
after stimulation by Interleukin-2. Thus, the treatment has an immune-stimulatory effect on blood.

Example 5 — Activation Markers - treatment with UV/ozone results in the stimulation of T-lymphocytes and
monocytes, further supporting the data in Example 4 above.

P4

Treatment of Auto immune diseases

1998 Vasogen 1st WO 98/07436
Nov 9, 1999 US 5980954 A
May 20, 2001 US 6204058 B1



It shows that stressors (OSUV ) cause an auto vaccine against rheumatoid arthritis, graft versus host
disease, systemic lupus erythromatosis (SLE), scleroderma, multiple sclerosis, diabetes, organ rejection,
inflammatory bowel disease, psoriasis, and other afflictions.

Example 1 - 30 active RA patients were improved

Example 2 - Raynaud patients helped

Scleroderma patients testing showed them to reduce TH1land TH2 in the normal range.
The patients with scleroderma had initial TH1:TH2 ratios of 5.0 and 4.58 respectively After treatment TH1:TH2
ratios in these patients was 3.29 and 3.13 respectively, i.e. the ratio had approached the normal range.

The combination stressors create an autovaccine that is effective. Heat is also used in this therapy.

P 6

Treatment of chronic post-traumatic pain syndromes
July 11, 2000 6,086,552

. A process of alleviating the symptoms of reflex sympathetic dystrophy - Also know as Complex Regional
Pain Syndrome in a human patient.

Reflex sympathetic dystrophy (RSD) consists of pain and related sensory abnormalities in the motor system and
changes in structure of both superficial and deep tissues. Fractures of the bones of the wrists are commonly
associated with RSD. Chronic undiagnosed knee pain, with few clinical signs beyond hyperaesthesia and limited
movement may suggest RSD. It may only manifest itself days, weeks, or even years after the soft tissue injury
has been incurred.

The therapy worked on the single patient that was mentioned. The patient's RSD manifested itself as extremely
cold feet, with numerous small wounds (chilblains) on the feet. Even during hot summer weather, the patient
experienced problems with foot pains. The patient reported a substantial alleviation, almost complete cure, of her
RSD symptoms following the completion of these (2- 9 sessions— 3 per week) courses of treatments.

This would be consistent with other actions of the O3UV. Also reports of blue light stimulation has a significant
effect on Complex regional pain disorder (CRPD) which is the same issue.

Comment: Trying O3UV on this difficult disorder should occur without hesitation. A study on this would could
allow this modality to be used. If even patrtially successful, it would be most welcome.

P7

TREATMENT OF STRESS AND PRECONDITIONING AGAINST STRESS
Oct 24, 2000 6,136,308

Patients suffering from unstable angina; a process of treating a mammalian patient to counteract the
adverse effects of stress and/or to precondition the patient for improved resistance and reaction to
subsequently encountered stress,

Another preferred use of the present invention is in protecting tissues and organs from stress-induced damage, in
a manner similar to ischemic preconditioning.

There are 8 examples — one of particular note showing that O3UV is the therapy of choice

Example 7 - SHR male rats, genetically hypertensive rats 60 in total, were divided into five groups of 12 animals
per group



1. bubbling O2/03 gas mixture being subjected to UV light at elevated temperature of 42.5°C.
2. bubbling O,/Os;gas mixture while being subjected to UV light;

3. bubbling O2/03 gas mixture with elevated temperature (42.5° C.) by IR lamps;

4. bubbling Oz gas while maintained at 42.5° C. by IR lamps and being subjected to UV light
5. (placebo) receiving physiological saline in the same quantities and at the same regimen,

U.5. Patent Ot 24, 2000 Sheet % of 10 6,136,308 U.5. Patent Ot 24, 200 Sheet 9 of 10 6,136,308
SURVIVAL RATE
9 Day 1 24h Urine-Oliguric (<=6ml) Number
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The process is thus particularly useful for patients who are scheduled to undergo stress such as surgery at a
predetermined future date. They can precondition their bodies to be ready for surgery by undergoing a treatment
or a series of treatments according to the invention prior to surgery, with the result that they will withstand the
surgery better and will recover from it more quickly, thus reducing the time of hospitalization.

...In protecting tissues and organs from stress-induced damage, in a manner similar to ischemic preconditioning
the process of the present invention offers potential for treatment of unstable angina and decrease of infarct size,
a treatment not effectively addressed by available therapies.

...the process of the present invention is applicable in the protection of body organs destined for

transplantation. ... extends the useful life of the transplant organ between its removal from the donor body and its
surgical introduction into the recipient body, thereby reducing losses of viable transplant organs due to
transportation delays.

The process of the invention, at the onset ischemic attacks (TIA's, pre-strokes) will precondition the brain to avoid
or at least to lessen the severity of the effects of the forthcoming major stroke.

They can be activated through their signal transduction pathways (the SAP kinase pathways or SAP/JN kinase
pathway) to affect their phosphorylation function.



In particular, ischemic acute renal failure is an important clinical problem with high morbidity and high mortality.
The process of the present invention presents a novel approach to combating this disorder.

Usage: The use of the process of the present invention prior to general anesthesia in connection with major
surgery can be viewed as general pre-conditioning of the body, to better withstand ischemia-reperfusion injuries
to which the major organs will later be subjected. It is indicated for use prior to conducting major surgical
procedures involving general anesthesia in patients known to have or likely to have a significant degree of
underlying atherosclerosis in the arteries supplying the brain, heart, liver, intestine, spinal cord, kidneys or limbs,
the atherosclerosis rendering them more susceptible to a thrombo-ischemic event in the operative or post-
operative period

P8
Method for preventing and reversing atherosclerosis in mammals

Jul 24, 2001 US6264646 B1
Dec 30, 2003 US6669965 B2 — updated and
expanded

Chronic Heart Failure, Atherosclerosis, regression
of existing atherosclerotic lesions.

This was why Vasogen were so excited and spent
millions on these studies. They do work....it just works
better on earlier stage CHF patients.

The treatment according to the preferred method of
the present invention achieved about a forty percent
reduction in total serum cholesterol and a significant
reduction in triglyceride levels, and substantially

inhibited the development of atherosclerosis in a mouse model of
human familial hypercholesterolemia

In addition to substantially reducing the development of
atherosclerosis at an early stage and inhibiting the progression of
established atherosclerotic lesions, the treatment according to the
preferred method of the present invention was shown to cause
regression of existing atherosclerotic lesions. FIG. 1 shows
scanning electron micrographs of peripheral blood mononuclear
cells isolated from whole blood by density gradient centrifugation,
the micrograph labeled (A) showing mononuclear cells obtained
from an untreated blood sample, and the micrograph labeled (B)
showing mononuclear cells obtained from a sample of blood
treated according to the method of the present invention;




P9

GVHD - reducing cytokines; administering to patient undergoing bone
marrow transplant
Jul 10, 2001 US 6258357 B1

The development of graft versus host disease in a

mammalian patient undergoing cell transplantation therapy

for treatment of a bone marrow mediated disease, is prevented or alleviated by subjecting at least the T-cells of
the allogeneic cell transplantation composition, extracorporeally, to oxidative stress — O3UV

This therapy is a bit more complicated however, the donor T-cells are separated from the other cells, so that only
the T-cells are subjected to oxidative stress and then administered to the patient, with the stem cells for
engraftment being administered to the patient separately from the treated T-cells.

This would take more study as how O3UV could be used in the intravenous format.

P 10

INFLAMMATORY CYTOKINE SECRETION INHIBITION
Jul. 11, 2002 US 2002/0090360

The present invention relates to a process of decreasing the expression of one or more of the inflammatory

cytokines IFN-y and IL-6 by cells in a mammalian patient,

Treating autoimmune diseases such as:
* rheumatoid arthritis,

* psoriasis 4
* scleroderma i
* lupus K
» diabetes mellitus i =
e organ rejection igq
* miscarriage E.
« multiple sclerosis i“ 1
* inflammatory bowel disease 0
» atherosclerosis L Control
» contact hypersensitivity A

disorders. g fomay By g —

e Chronic Fatigue Syndrome: Whilst the etiology of CFS remains contentious, there is a general
consensus that IL-6 plays a role in CFS, either as a result of abnormal levels of IL-6 in the patient or
abnormal sensitivity to IL-6 on the part of the patient.

The ability of O3UV to cut inflammation and bring inflammatory cytokines back in control is a tremendous help
when dealing with the chronic disorders listed above. We now have another mechanism of action of O3UV.
Other interesting results



1) Example 3 — shows that D-3 whole blood [T Sham or e Tremare |
treated does better than just C-3 the cellular | BBl _ Evamd |
part of the blood

i
i

2) Below you can see that the addition of heat to
03 and UV actually made no difference or
slightly worse than with O3 UV combination
alone. This is consistent with other studies
that were accomplished.
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Met ear swelling {10°mm )

P12
METHODS FOR TREATING THE INFLAMMATORY COMPONENT OF A

BRAIN DISORDERS

Oct 24,2002 US 2002/0155098 A1
Oct 17,2006 US7122208 B2 — updated

Disclosed are methods for treating and preventing neurological disorders which have a significant inflammatory

component. Concentrations of ROS in neuronal cells are reduced.
...there is a significant down-regulation of associated inflammatory cytokines such as TNF-a particularly in the

cortical tissue of mammals.

Myasthenia gravis, GBS, CIDP, and multiple sclerosis, impairment of long term potentiation (LTP) in the
hippocampus. Down's syndrome, Huntington's disease, brain trauma and epilepsy, chronic
inflammatory demyelinating polyneuropathy, Guillain-Barré syndrome, dermatomyositis, polymyaositis,
inclusion body myositis, post stroke, neurosarcoidosis, vascular dementia, closed head trauma,
vasospasm, subarachnoid hemorrhage, adrenal leukocytic dystrophy, inclusion body dermatomysitis,
minimal cognitive impairment and duchenne muscular dystrophy,

This invention is directed to the surprising and unexpected discovery that such immune modulation therapy can
exert beneficial anti-inflammatory effects across the blood- brain barrier of a mammalian patient, apparently
through a significant reduction of the accumulation of reactive oxygen species and/or a significant down-
regulation of associated inflammatory cytokines such as TNF-a, particularly in the cortical tissue of mammals.




FIGS. 4 a and 4 b show that immune modulation therapy significantly reduces TNFa concentration (a) and
significantly increases anti-inflammatory cytokine IL-10 concentration (b) in the cortex

P 13
TREATMENT OF CONGESTIVE HEART
May 2, 2002 US 2002/0051766 Al

Because the treatment of the invention produces therapeutic benefits in three areas in which pathophysiologic
changes occur in CHF, namely

» endothelial dysfunction,

e production of inflammatory cytokines

* myocyte loss due to apoptosis,

there is provided a strong theoretical basis on which to predict that the treatment of the invention would be
beneficial to patients with CHF.

Peripheral Vascular Disease (PVD) — 18 patients were also part of the study — moderately advanced 12
treatments.

This is was one of the preliminary studies on CHF. It was successful and other FDA trials were conducted.

P14
Skin ulcers and expression of TGF-B1

Transforming Growth Factor Regulation
July 11, 2002 US 2002/0090359 A1

The process of the present invention shows potentia in the treatment of ulcersin mammalian patients ...
the processis particularly indicated for the healing of skin ulcers, such as decubitus ulcers, diabetic
ulcersand thelike.



Pressure ulcers, bed sores, diabetic ulcers can all benefit from O3UV. Notetheincreasein TGF-g1
from the chart on the right.

£.08 4
Comment: IMT here stands for Immune Modul ation
Therapy. Also realize from the other studies that o
show vasodilation, microcirculation improvement 0.06 |
and the normal increase in oxygen uptake, along
with reduction in inflammatory response. Using

0.05 4

relative amount of mRNA
{TGF-} / p-actin)

this on skin ulcers should help patients. 0.04 {

This would be a great application for rest homes and 1

VA hospitals. Wound care facilities may aso 002 1

benefit. 00t |

0.00 . X
IMT Sham Control

P 15 Vasospastic disorders FIG. 1

Feb 24, 2004 - US6696092 B2 y

Vasoconstriction disorders, Raynaud's
phenomenon and other vasospastic disorders
such as migraine, cluster headache and
syndrome X

O3UV stressors cause the upregulation of specific
cell surface markers such as HLA-DR and CD25 on
other, non-treated leukocytes in the peripheral blood,
circulating in the patient. This is indicative of an
enhanced immune system. It appears that the treated
leukocytes release cytokines (intercellular messenger
peptides and proteins), or stimulate leukocytes of the
recipient to do so, initiating a cascade phenomenon
which affects a number of the quiescent leukocytes in
the peripheral blood and causes them to become
stimulated. This apparently leads to improved blood
flow at sites in the body far removed from the site of
injection of the treated leukocytes.

Enhanced Immune System
Improved Blood Flow

When Raynaud’ s patients had 10 treatments all symptoms were gone.

An image taken by a thermographic camera. The top hand belongs to a person who suffers
from Raynaud's, the bottom hand does not. Red indicates a heat signature whilst green
indicates little/no heat.




P 16

TREATMENT OF ENDOTHELIN-RELATED DISORDERS
Dec 16, 2004 US 2004/0253213 A1

Although this may deal with glaucoma and also atherosclerosis, it is more of a support to say that it
helpsin these areas.

Nothing definitive is used from this study at thistime

P17
Central nervous system disorders; Alzheimer's disease;
Parkinson's disease; —

May 27,2004 US2004/0101517 Al

A method of alleviation, prophylaxis against or preconditioning to hinder the on-set and progression of a neuro-
degenerative disorder, such as Alzheimer's Disease, Parkinson's Disease or senile dementia

Since the stressed cell therapy as described herein has a beneficial effect on endothelial function, the therapy
alone and in combination with other available treatments known to have similar beneficial effects on the
endothelium, such as use of the pharmaceuticals as discussed herein, show potential in the treatment of neuro-
degenerative disorders such as Alzheimer's Disease, Parkinson's Disease, and senile dementia.

This area is somewhat unknown as to the effect on Blood brain barrier permeability issues. It certainly could be
used as a “test” treatment. UBI also has benefits of UBI effects on oxygenation, vasodilation and microcirculation
improvement of the blood.

P 18

Chronic lymphocytic leukemia treatment
May 11, 2004 US6733748 B2

Therapy relates to compositions and processes for alleviating chronic lymphocytic leukemia in mammalian
patients. Chronic lymphocytic leukemia (CLL) in a patient is treated by administering to the patient oxidatively
stressed CLL cells

... itis postulated that appropriately oxidatively stressed blood cells activate the regulatory immune T cells
controlling the CD5+B cells in the patient's blood, including the malignant CD5+B cells. The oxidatively stressed
cells, on reintroduction into the CLL patient, are believed to activate certain T cells present in the patient's blood
which then down-regulate the malignant CD5+B cells by acting directly on them or by secreting cytokines which
then act on them. In any event, the result is a significant reduction in the rate of proliferation of the malignant
CD5+B cells in the CLL patient and a consequent alleviation of the CLL condition and its symptoms.

Although this is a small sampling it shows effectiveness

» A b5-year old man suffering from CLL and diabetes was treated. The increase in his white cell count was
arrested, an effect which has lasted one month since the end of treatment.

* A 50-year old man suffering from CLL was treated. His white blood cell count dropped from 30 to 15. This
lower level has been maintained for at least one month after the conclusion of treatment.



A 50-year old woman suffering from CLL was treated. She had been treated previously for CLL by
chemotherapy using Chlorambucil. Her condition had relapsed and the Chlorambusil was no longer
effective. After treatment with the above protocol her white blood cell count was stabilized.

* A 60-year old man with CLL and heart problems was treated. His white cell count of 30 was stabilized by
the course of treatment.

Other studieson CLL with UV light are available and aso show positive treatment outcomes
US patent 6585676 B1 is such a patent done by Clemson University.

P 19
ACUTE INFLAMMATORY CONDITION TREATMENT
June 12, 2008 US 2008/0138432 Al

O3UV cuts acute inflammation (and chronic)

Although there are more obvious applications ...such disorders include allergic contact dermatitis, acute
hypersensitivity and respiratory allergy.

This studies has ramifications as listed below:

» indication of the potential of the process of the present invention to combat acute IL1-f related disorders
in mammalian patients, such as early pulmonary inflammation resulting from hepatic injury,
unstable angina, acute
juvenile and rheumatoid
arthritis, and acute ischemia.

FNIOFUE AT S
1 T, DR ARIRG &, Pl MDD - KD

+ the potential of this invention in e
treating acute inflammatory N THE D) LYMPH MOOK - K50 -
disorders, especially those in
which IFN-y plays a significant
role, such as coronary arterial L]
inflammation, pericarditis and  ; =
acute coronary syndrome.

e combating IL-12 related acute |
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acute respiratory syndrome, e e ‘
acute inflammatory response
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Apoptosis and C Reactive Protein
Treatment of inflammatory disorders with ozone and UV

Autolmmune Disorders

1. Field of the Invention

This invention relates to therapeutic treatments for inflammatory disorders and related medical
conditions in mammals, and specifically relates to therapeutic treatment of inflammatory disorders
or conditions in a mammalian patient using quantifiable absorbed doses of ozone delivered to a
biological fluid by an ozone delivery system.

2. Statement of the Related Art

The references discussed herein are provided solely for the purpose of describing the field
relating to the invention. Nothing herein is to be construed as an admission that the inventors are
not entitled to antedate a disclosure by virtue of prior invention. Furthermore, citation of any
document herein is not an admission that the document is prior art, or considered material to
patentability of any claim herein, and any statement regarding the content or date of any
document is based on the information available to the applicant at the time of filing and does not
constitute an affirmation or admission that the statement is correct.

Apoptosis specifically refers to an energy-dependent, asynchronous, genetically controlled
process by which unnecessary or damaged single cells self-destruct when apoptosis genes are
activated (Martin, S J 1993; Earnshaw, W C 1995). There are three distinct phases of apoptosis.
Initially, the cell shrinks and detaches from neighboring cells. The nucleus is broken down with
changes in DNA including strand breakage (karyorhexis) and condensation of nuclear chromatin
(pyknosis). In the second phase, nuclear fragments and organelles condense and are ultimately
packaged in membrane-bound vesicles, exocytosed and ingested by surrounding cells. In the
final phase, membrane integrity is finally lost and permeability to dyes (i.e. trypan blue) occurs.
The absence of inflammation differentiates apoptosis from necrosis when phagocytized by
macrophages and epithelial cells (Kam, P C A 2000).

In contrast, necrotic cell death is a pathological process caused by overwhelming noxious stimuli
(Lennon, S V 1991). Synchronously occurring in multiple cells, it is characterized by cell swelling,
or “oncosis,” resulting in cytoplasmic and nuclear swelling and an early loss of membrane
integrity. Bleb formation (blister-like, fluid filled structures) of the plasma membrane occurs, in



which ultimate rupture may occur causing an influx of neutrophils and macrophages in the
surrounding tissue, and leading to generalized inflammation (Majno, G 1995).

Four main groups of stimuli for apoptosis have been reported; ionizing radiation and alkylating
anticancer drugs causing DNA damage, receptor mechanism modulation (i.e. glucocorticoids,
tumor necrosis factor-a, nerve growth factor or Interleukin-3), enhancers of apoptotic pathways
(i.e. phosphatases and kinase inhibitors), and agents that cause direct cell membrane damage
and include heat, ultraviolet light and oxidizing agents (i.e. superoxide anions, hydroxyl radicals
and hydrogen peroxide) (Kam, P C A 2000).

In addition to the oxidizing agents, many chemical and physical treatments capable of inducing
apoptosis are also known to evoke oxidative stress (Buttke, M 1994, Chandra, J 2000). lonizing
and ultraviolet radiation both generate reactive oxygen intermediates (ROI) such as hydrogen
peroxide and hydroxyl free radicals. Low doses of hydrogen peroxide (10-100 uM) induce
apoptosis in a number of cell types directly establishing oxidative stress as a mediator of
apoptosis. However, high doses of this oxidant induce necrosis, consistent with the concept that
the severity of the insult determines the form of cell death (apoptosis vs. necrosis) that occurs. A
free radical is not a prerequisite for inducing apoptosis; doxorubucin, cisplatin and ether-linked
lipids are anti-neoplastics that induce apoptosis and oxidative damage.

Alternatively, oxidative stress can be induced by decreasing the ability of a cell to scavenge or
qguench reactive oxygen intermediates (ROI) (Buttke, M 1994). Drugs (i.e. butathionine
sulfoxamine) that reduce intracellular glutathione (GSH) render cells more susceptible to
oxidative stress-induced apoptosis. Cell studies report a direct relationship between extracellular
catalase levels and sensitivity to hydrogen peroxide-induced apoptosis. Apoptosis induced
through tumor necrosis factor-a stimulation has been demonstrated to be associated with an
increase in intracellular ROI. However, this apoptosis has been inhibited by the addition of a
number of antioxidants, such as thioredoxin, a free radical scavenger, and N-acetylcysteine, an
antioxidant and GSH precursor.

There is growing evidence that apoptotic neutrophils have an active role to play in the regulation
and resolution of inflammation following phagocytosis by macrophages and dendritic cells. A
hallmark of phagocytic removal of necrotic neutrophils by macrophages is an inflammatory
response including the release of proinflammatory cytokines (Vignola, A M 1998, Beutler, B 1988,
Moss, S T 2000, Fadok V A, 2001). In contrast, apoptotic neutrophil clearance is not
accompanied by an inflammatory response. Phagocytosis of these apoptotic cells has been
shown to inhibit macrophage production of pro-inflammatory cytokines (GM-CSF, IL-3, IL-8, TNF-
a, TxB2, and LTC4) with a concomitant activation of anti-inflammatory cytokine production (TGF-
B, PGE2 and PAF)(Fadok, V A. 1988, Cvetanovic, M 2004). This phenomenon of suppression of
proinflammatory cytokine production by macrophages has been extended to include phagocytosis
of apoptotic lymphocytes (Fadok, V A 2001).



In addition to macrophages, down regulation of pro-inflammatory cytokine release in response to
apoptotic cells has also been demonstrated by non-phagocytizing cells including human
fibroblasts, smooth muscle, vascular endothelial, neuronal and mammary epithelial cells (Fadok,
V A 1988, 2000; McDonald, P P 1999, Cvetanovic M, 2006). Apoptotic neutrophils in contact with
activated monocytes elicit an immunosuppressive cytokine response, with enhanced IL-10 and
TGF-f production and only minimal TNF-$ and IL-1 cytokine production (Byrne, A 2002). Byrne
et al. concluded that the interaction between activated monocytes and apoptotic neutrophils may
create a unique response, which changes an activated monocyte from being a promoter of the
inflammatory cascade into a cell primed to deactivate itself and other cellular targets.

Techniques to identify and quantify apoptosis, and distinguish this event from necrosis, may
include staining with nuclear stains allowing visualization of nuclear chromatin clumping (i.e.
Hoeschst 33258 and acridine orange) (Earnshaw, W C 1995). Accurate identification of apoptosis
is achieved with methods that specifically target the characteristic DNA cleavages. Agarose gel
electrophoresis of extracted DNA fragments yields a characteristic ‘ladder’ pattern which can be
used as a marker for apoptosis (Bortner, C D 1995). A lesser extent of DNA degradation
produces hexameric structures called ‘rosettes’ where necrotic cells leave a nondescript smear
(Pritchard, D M 1996). Terminal transferase deoxyuridine nick-end labeling of DNA break points
(TUNEL analysis), which labels uridine residues of the nuclear DNA fragments, can also be used
to quantify apoptosis (Gavrieli, Y 1992).

Several signature events in the process of apoptosis may also be quantified by flow cytometry.
These include dissipation of the mitochondrial membrane potential which is an early apoptotic
event, externalization of phosphotidylserine through capture with annexin V, loss of plasma
membrane integrity and nuclear chromatin condensation (distinguishing live, apoptotic and
necrotic cells), and activation of caspase enzymes (early stage feature of apoptosis)(Technical
Bulletin—InVitrogen 2004).

Vascular endothelial cells, including human umbilical vein endothelial cells (HUVECS), are known
to release potent vasodilators, including nitric oxide (NO) and prostacyclins. Treatment of
HUVECs with ozonated serum, an oxidative stressor, results in a significant and steady increase
in NO production. Moreover, during twenty-four (24) hour HUVEC incubation with ozonated
serum, inhibition of E-selectin release (a proinflammatory mediator) and no effect on endothelin-1
production (a potent vasoconstrictor) has been reported (Valacchi, G 2000). Valacchi et al. has
suggested that reinfusion of ozonated blood into patients, by enhancing release of NO, may
induce vasodilation in ischemic areas and reduce hypoxia.

CRP is a product of inflammation the synthesis of which by the liver is stimulated by cytokines in
response to an inflammatory stimulus. CRP activates the classic complement pathway and
participates in the opsonization of ligands for phagocytosis. Initially suggested as solely a
biomarker and powerful predictor of cardiovascular risk, CRP now appears to be a mediator of



atherogenesis. CRP has a direct effect on promoting atherosclerotic processes and endothelial
cell activation. CRP potently down regulates endothelial nitric oxide synthase (eNOS)
transcription and destabilizes eNOS mRNA, which decreases both basal and stimulated nitric
oxide (NO) release.

In a synchronous fashion, CRP has been shown to stimulate endothelin-1 (potent
vasoconstrictor) and interleukin-6 release (proinflammatory cytokine), upregulate adhesion
molecules, and stimulate monocyte chemotactic protein-1 while facilitating macrophage LDL
uptake. More recently, CRP has been shown to facilitate endothelial cell apoptosis and inhibit
angiogenesis, as well as potentially upregulate nuclear factor kappa-B, a key nuclear factor that
facilitates the transcription of numerous pro-atherosclerotic genes. The direct pro-atherogenic
effects of CRP extend beyond the endothelium to the vascular smooth muscle, where it directly
upregulates angiotensin type 1 receptors and stimulates vascular smooth muscle migration,
proliferation, neointimal formation and reactive oxygen species production.

CRP has several deleterious effects (e.g. reduced survival, differentiation, function, apoptosis,
and endothelial progenitor cell-eNOS mRNA expression) on endothelial progenitor cells which are
important in neovascularization including induction of blood flow recovery in ischemic limbs and
increase in myocardial viability after infarction.



Auto Immune and Heat Shock Proteins

Treatment of autoimmune diseases

BACKGROUND OF THE INVENTION

Autoimmune diseases include rheumatoid arthritis, graft versus host disease, systemic lupus
erythromatosis (SLE), scleroderma, multiple sclerosis, diabetes, organ rejection, inflammatory
bowel disease, psoriasis, and other afflictions. It is becoming increasingly apparent that many
vascular disorders, including atherosclerotic forms of such disorders, have an autoimmune
component, and a number of patients with vascular disease have circulating auto antibodies.
Autoimmune diseases may be divided into two general types, namely connective tissue
autoimmune diseases (exemplified by arthritis, lupus and scleroderma), and failures of specific
organs (exemplified by multiple sclerosis, diabetes and atherosclerosis, in which latter case the
vasculature is regarded as a specific organ).

In general terms, a normally functioning immune system distinguishes between the antigens of
foreign invading organisms (non-self) and tissues native to its own body (self), so as to provide a
defense against foreign organisms. Central to the proper functioning of the immune system,
therefore, is the ability of the system to discriminate between self and non-self. When a patient's
immune system fails to discriminate between self and non-self and starts to react against self
antigens, then an autoimmune disorder arises.

The causes responsible for the reaction of an affected person's immune system against self are
not fully understood, and several different theories have been put forward. The immune response
to an antigen is triggered by the interaction of the antigen with receptors of predetermined
specificity on certain lymphocytes. It is believed that, at an early stage in development of the
immune system, those lymphocytes with receptors recognizing self antigens are recognized and
eliminated from the body's system by a process of deletion. Alternatively, or in addition, such self-
reactive lymphocytes may be controlled by the suppression of their activities. Both mechanisms
probably occur.

The immune system of normal healthy individuals is able to identify and to react against a family
of proteins which are highly conserved in nature (i.e. they have a similar structure throughout all
living organisms). This family of proteins is called the stress or heat-shock proteins (HSP), and
they are grouped according to their approximate molecular weights. Members of the HSP family
include the HSP60 group, including, among others, proteins in the molecular weight range 50 to
100 kilodaltons. Increased production of HSP's was first identified as a response to heat stress,
but this now appears to be part of a general response to a variety of cell stresses. HSPs are
normally located within cells, and their function appears to be the stabilization of the structure of



various proteins in stressed cells, so as to protect the cell from the protein denaturing effects of
various stressors. However, it is likely that HSPs have a number of other functions which are, as
yet, not fully understood. Heat shock proteins, HSP's, are discussed in some detail by William J.
Welch, in an article in “Scientific American”, May, 1993, page 56.

One group of the family of HSP's, the HSP 60 group, contains proteins which show about 50%
identity between bacterial cells and human cells. Infection with bacteria containing HSP 65 results
in an immune response in healthy humans against the bacterial HSP65, evidenced by the
production of anti-HSP65 antibodies. Thus, a healthy immune system appears to be able to
identify and react against self-like antigens.

In certain pathologies, for example many autoimmune diseases such as rheumatoid arthritis and
scleroderma, patients also show the presence of antibodies to HSP 65. In the past, this has led to
conclusions that autoimmune diseases result from bacterial infection. Now it seems likely that
autoimmune diseases can, at least in some cases, be associated with an inappropriate control of
the autoimmune response. In other words, it is possible that the antibodies to HSP 65 result from
an autoimmune reaction initiated by HSPs from the body itself, but one which has been
improperly controlled. In such cases, therefore, it should be possible to control an inappropriate
autoimmune response, by stimulating the body's natural immune control mechanisms, using a
particular and specific method of vaccination.

To stimulate the body's immune response, a vaccine is required which will, upon injection into the
host body, enable the host immune system to present the antigens contained in the vaccine to
cells of the host immune system. Antigen presentation is performed by antigen presenting cells.

A vaccine to treat autoimmune diseases should contain antigens or fragments thereof (peptides)
that will activate the body's immune control mechanisms present. In addition, the antigens
(peptides) should be present in a form which can be recognized by the host immune system
when the vaccine is introduced into the host. Certain of the antigens may be present on intact
cells. The objective of such a vaccination is to activate regulatory immune pathways, particularly
those controlling autoimmune responses, thereby downregulating the autoimmune response.

The particular antigens which will activate the control mechanisms of a mammalian autoimmune
system are not fully understood. It is however recognized that they may include antigens derived
from lymphocyte receptors, which may function to stimulate control mechanisms, to inhibit those
lymphocytes which cause pathological autoimmune responses in the patient. They may also
include HSPs, such as the HSP 60 group of proteins, and leucocyte surface molecules such as
those of the Major Histocompatibility Complex (MHC) including MHC Class Il molecules. MHC
Class Il molecules function physiologically to present peptides to -antigen-presenting cell as part
of the immune response.



SUMMARY OF THE INVENTION

It is an object of the present invention to provide a novel autovaccine useful in the alleviation of
symptoms of at least one autoimmune disease.

It is a further object of the present invention to provide a novel process for the preparation of such
an autovaccine.

It is a further and more specific object of the present invention to provide a novel treatment for the
alleviation of the symptoms of at least one autoimmune disease in a human patient suffering
therefrom.

Accordingly, the present invention provides, from a first aspect, an autovaccine for treatment of
an autoimmune disease in a mammalian patient, and derived from an aliquot of the autoimmune
patient's own blood. The autovaccine is characterized by the presence therein, in comparison
with the normal blood of the autoimmune patient, of at least one of the following characterizing
features:

increased numbers of lymphocytes and other leucocytes, exhibiting a condensed apoptotic-like
morphology;

a release of specific proteins from the cell surface of the blood leucocytes, including the MHC
Class Il molecule HLA-DR, resulting in a reduction in the number of cells expressing such surface
proteins;

an upregulation in the expression of certain cell surface markers for example CD-11b, a
component of the ligand for the cell adhesion molecule ICAM-1; T-cell regulatory molecules such
as B7.2, and CTLA-4;

a decrease in the amount of heat shock protein HSP-60 contained in the leucocytes, particularly
the lymphocytes, therein, and an increase in HSP-60 in the plasma,;

a decrease in HSP-72 within the lymphocytes.

By inducing an apoptotic-like state in the lymphocytes and other leucocytes in the blood
comprising the autovaccine, as evidenced by the increased numbers of lymphocytes and other
leucocytes exhibiting a condensed apoptotic-like morphology therein, these cells may become
preferentially phagocytosed upon re-injection into the host body.



There are a number of different phagocytic cell types present in the mammalian body, including
various antigen presenting cells and neutrophils. In order to facilitate phagocytosis by antigen
presenting cells rather than by other phagocytes, the lymphocytes and other leucocytes present
in the autovaccine of the invention are treated so that they may interact preferentially with antigen
presenting phagocytic cells. Cells adhere to each other by a number of mechanisms including the
expression of cell adhesion molecules. Cell adhesion molecules present on one cell type interact
with specific ligands for particular adhesion molecules present on the adhering cell type. The
present invention may result in a preferential interaction of cells in the autovaccine to antigen
presenting cells in the host body, by upregulation, on the surface of the cells in the autovaccine,
of the expression of the ligand for adhesion molecules found on antigen-presenting cells in the
host body. Antigen presenting cells express a number of cell adhesion molecules, including
ICAM-1, a component of the ligand of which is CD-11b. One way by which the process of the
invention may change the preferential phagocytosis of apoptosing cells is by upregulation of CD-
11h.

The preparation of the autovaccine according to the present invention comprises extracting from
the patient suffering from an autoimmune disease an aliquot of blood of volume about 0.01 ml to
about 400 ml, and contacting the aliquot of blood, extracorporeally, with an immune system-
stimulating effective amount of ozone gas and ultraviolet radiation

It is important that the lymphocyte receptors and other cell-derived molecules for vaccination of
an auto-immune suffering patient be derived from cells obtained from the same patient, since this
system will contain the autoimmune specificity. Receptors on other leucocytes in the blood may
alternatively or additionally be important in a proposed vaccination process. The use of such a
system as the basis of a vaccine may be considered analogous to the use of a particular viral
antigen as a vaccine to treat and prevent disease caused by that virus. A vaccine for treating an
autoimmune disease should, therefore, be prepared from a sample of the patient's own blood.
Such a vaccine may be described as an autovaccine.

For antigens to be effective in stimulating (or inhibiting) the immune system, the antigens should
be presented to immune cells of the host system by antigen-presenting cells, which are naturally
present in the body. Many of the antigen-presenting cells are phagocytes, which attach to the
antigens, engulf them by phagocytosis, and break them down or process them. The preparation
of such an autovaccine should include a process whereby the lymphocytes and other leucocytes
in the vaccine, which may be a source of antigens, are in a form whereby they are likely to be
phagocytosed by phagocytic antigen-presenting cells upon reinjection into the patient, so that the
antigens or effective residues thereof are presented on the surface of an antigen-presenting cell.
Then they can effect a controlling mechanism on the immune system, either inhibitory or
stimulatory.



During the normal growth period of a mammalian body, tissues become reshaped with areas of
cells being removed. This is accomplished by the cells' undergoing a process called programmed
cell death or apoptosis, the apoptotic cells disintegrating and being phagocytosed while not

becoming disrupted.



List of Inflammatory Diseases, Disorders and Conditions — Definitions

Autoimmune/Alloimmune Diseases: Autoimmune diseases are generally believed to be caused by the
failure of the immune system to discriminate between antigens of foreign invading organisms (non-self) and
tissues native to its own body (self). When this failure to discriminate between self and non-self occurs and
the immune system reacts against self antigens, an autoimmune disorder may arise. Autoimmune diseases,
or diseases having an autoimmune component include rheumatoid arthritis, multiple sclerosis, systemic
lupus erythromatosis (SLE), scleroderma, diabetes, inflammatory bowel disease, psoriasis, pemphigus,

atherosclerosis (wherein the vasculature is regarded as a specific organ) and chronic heart failure.

Rheumatoid arthritis is an example of a common human autoimmune disease, affecting about 1% of the
population. This disease is characterized by chronic inflammation of the synovial joints which may lead to

progressive destruction of cartilage and bone.

Pemphigus is a group of autoimmune diseases characterized by the formation of watery blisters on the
skin. It is an intraepidermal blistering disease characterized clinically by superficial blisters and erosions of
the skin and/or mucous membranes, especially the mouth. Anti-inflammatory agents such as corticosteroids

are frequently used to inhibit the inflammatory process by inhibiting specific cytokine production.

Systemic lupus erythromatosis (SLE) is an inflammation of the connective tissues and can afflict every
organ system. Ninety percent of patients experience joint inflammation similar to rheumatoid arthritis.
Treatment includes anti-inflammatory drugs to control arthritic symptoms and topical corticosteroids for skin.

Oral steroids, such as prednisone, are used for treatment of systemic symptoms.

Scleroderma is a symptom of a group of diseases that involve the abnormal growth of connective tissue,
which supports the skin and internal organs. The rheumatic component of scleroderma is characterized by

inflammation and/or pain in the muscles, joints, or fibrous tissue.

Diabetes has been increasingly recognized as a disease with low-grade systemic inflammation. This mild
inflammatory state is closely related to obesity and insulin resistance wherein adipocytes, especially in the

obese, secrete a number of pro-inflammatory cytokines.

Psoriasis is the result of highly reactive early cellular inflammation. Psoriasis simultaneously has a rapidly
proliferating epidermis, a vigorous acute inflammatory reaction, an accelerated rate of dermal breakdown

and repair, and vascular and fibroblast proliferation.

Atherosclerosis involves an ongoing inflammatory response, which has a fundamental role in mediating all
stages of the disease from initiation through progression and, ultimately, the thrombotic complications of

atherosclerosis. Elevation in markers of inflammation predicts outcomes of patients with acute coronary



syndromes. Low-grade chronic inflammation, as indicated by levels of the inflammatory marker C-reactive

protein, prospectively defines risk of atherosclerotic complications.

Chronic heart failure is a debilitating condition in which the heart's ability to function as a pump is impaired,
most frequently as a result of coronary artery disease or hypertension. Chronic inflammation is recognized
as contributing to the development and progression of heart failure. Patients with heart failure experience a
continuing decline in their health, resulting in an increased frequency of hospitalization and premature death.
It is estimated that there are more than 10 million people with chronic heart failure in North America and
Europe. The average five-year survival rate for all patients with heart failure is approximately 50%. In the
United States alone, there are approximately 300,000 deaths associated with chronic heart failure each

year.

Inflammatory bowel disease describes two autoimmune disorders of the small intestine; Crohn's disease
and ulcerative colitis. Treatment includes the use of anti-inflammatory drugs, including corticosteroids for

acute episodes of these diseases.

Alloimmune diseases are referred to herein as disorders such as graft versus host disease and tissue
transplant rejection, in which an immune response against or by foreign, transplanted tissue can lead to
serious complications or can be fatal. In the treatment of these disorders, it is desired to prevent the body
from reacting against non-self antigens. Corticosteroids are frequently used to decrease inflammation by

suppressing migration of polymorphonuclear leukocytes and reversing increased capillary permeability.

Neurological disorders: Inflammatory cytokines are implicated in inflammation-related disorders of the
brain, namely the neuroinflammatory, neurodegenerative and neurological disorders such as Alzheimer's
disease, senile dementia, multiple sclerosis, depression, Down's syndrome, Huntington's disease, peripheral
neuropathies, spinal cord diseases, neuropathic joint diseases, chronic inflammatory demyelinating disease
(CIPD), neuropathies including mononeuropathy, polyneuropathy, symmetrical distal sensory neuropathy,

cystic fibrosis, neuromuscular junction disorders, myasthenias and Parkinson's disease.

Certain neurological brain disorders such as Down's syndrome, epilepsy, brain trauma and Huntington's
disease (chorea) are currently understood to involve inflammation of brain cells as a significant component

of the underlying pathology of the disorder.

Other neurological disorders which have a significant inflammatory component include Guillain-Barr
syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP), myasthenia gravis (MG),
dermatomyositis, polymyositis, inclusion body myositis, ischemic stroke, neurosarcoidosis, vascular
dementia, vasospasm, subarachnoid hemorrhage, adrenal leukocytic dystrophy (storage disorders),

inclusion body dermatomyostis, minimal cognitive impairment and Duchenne muscular dystrophy.

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a neurological disorder characterized by

slowly progressive weakness and sensory dysfunction of the legs and arms. The disorder, which is



sometimes called chronic relapsing polyneuropathy, is caused by damage to the myelin sheath of the
peripheral nerves. Primary symptoms include slowly progressive muscle weakness and sensory dysfunction

affecting the upper and lower extremities.

CIDP is closely related to the more common, acute demyelinating neuropathy known as Guillain-Barr
syndrome (GBS). CIPD is considered the chronic counterpart of the acute disease GBS. CIDP is

distinguished from GBS, chiefly by clinical course and prognosis.

Guillain-Barr Syndrome (GBS) is an acute predominately motor polyneuropathy with spontaneous
recovery that may lead to severe quadriparesis and requires artificial ventilation in 20-30% of patients. The
most common disease that underlies this syndrome has been classified as acute inflammatory

demyelinating polyneuropathy (AIDP).

Autoimmune myasthenia gravis (MG) is a disorder of neuromuscular transmission leading to fluctuating
weakness and abnormal fatigueability. Weakness is attributed to the blockade of acetylcholine receptors at
the neuromuscular endplate by circulating autoantibodies, followed by local complement activation and

destruction of acetylcholine receptors.

The causes of the inflammatory muscle diseases dermatomyositis, polymyositis and inclusion body myositis
(IBM) are unknown, but immune mechanisms are strongly implicated. Although clinically and
immunopathologically distinct, these diseases share three dominant histological features: inflammation,

fibrosis and loss of muscle fibers.

Sarcoidosis is a multisystem chronic disorder with unknown cause and a worldwide distribution.
Neurosarcoidosis is a complication of sarcoidosis involving inflammation and abnormal deposits in the
tissues of the nervous system. Sudden, transient facial palsy is common with involvement of cranial nerve
VII. Other manifestations include aseptic meningitis, hydrocephalus, parenchymatous disease of the central
nervous system, peripheral neuropathy and myopathy. Intracranial sarcoid may mimic various forms of
meningitis, including carcinomatous and intracranial mass lesions such as meningioma, lymphoma and

glioma, based on neuroradiological imaging.

Vascular dementia (VaD) is the general term for dementia caused by organic lesions of vascular origin,
such as cerebral infarction, intracerebral hemorrhage or ischemic changes in subcortical white matter. It is
the most frequent cause of dementia after Alzheimer's dementia accounting for about 20% of cases and
50% in subjects over 80 years. An inflammatory component has been indicated in a variety of underlying

diseases under the umbrella of VaD.

Cerebral vasospasm is delayed onset cerebral artery narrowing in response to blood clots left in the
subarachnoid space after spontaneous aneurysmal subarachnoid hemorrhage (SAH). It is angiographically
characterized as the persistent luminal narrowing of the major extraparenchymal cerebral arteries and

affects the cerebral microcirculation and causes decreased cerebral blood flow (CBF) and delayed ischemic



neurological deficits. Production of pro-inflammatory cytokines in the cerebrospinal fluid following SAH has

also been demonstrated.

Duchenne muscular dystrophy (DMD) is one of the most common, inherited, lethal disorders in childhood.
It is an X-linked neuromuscular disease that affects 1 in 3500 males. Progressive muscle weakness begins
between 2 and 5 years of age and ultimately leads to premature death by respiratory or cardiac failure
during the middle to late twenties. DMD patients lack the protein dystrophin which is an essential link in the
complex of proteins that connect the cytoskeleton to the extracellular matrix. Evidence suggests that these
patients exhibit immune cells similar to those found in inflammatory disease such as polymyositis. Current
research further indicates that T cells may play a role in the pathology of dystrophin deficiency as well as an

autoimmune component.

Multiple sclerosis, an autoimmune disease of the central nervous system expresses an inflammatory

component that is treated with corticosteroids to reduce inflammation.

Ischemic stroke is caused by a blockage in a blood vessel that stops the flow of blood and deprives the
surrounding brain tissue of oxygen. Within seconds to minutes of the loss of perfusion to a portion of the
brain, an ischemic cascade is initiated. Allowed to progress, it will cause a central area of irreversible
infarction surrounded by an area of potentially reversible ischemic penumbra. Metabolic aberrations create
an intracellular gradient responsible for intracellular accumulation of water (i.e. cytotoxic edema). This is
followed by the formation of pro-inflammatory cytokines and other factors that, in turn, cause further
inflammation and microcirculatory compromise resulting in vasogenic edema. In addition, there is evidence
indicating that the vascular endothelium plays a major role in the regulation of blood flow and is of
importance in connection with cardiovascular disorders including inflammatory diseases. A dysfunctional

endothelium may be a contributory factor in the demise of the ischemic penumbra.

Edema is a condition characterized by abnormally large fluid volume in the circulatory system or in tissues

between the body's cells (interstitial spaces) which can cause mild to severe swelling in one or more parts of
the body. Factors that can upset the balance of fluid in the body to cause edema, including: immobility of the
lower limbs, medications (steroids, hormone replacements, non-steroidal anti-inflammatory drugs (NSAIDs),
intake of salt, menstruation and pregnancy. Medical conditions that may cause edema include: heart failure,
kidney disease, thyroid or liver disease, malnutrition, thrombosis, infection, lymphedema and solid tumors.

Symptoms vary depending on the cause of edema. In general, weight gain, puffy eyelids, and swelling of the

legs may occur as a result of excess fluid volume. Pulse rate and blood pressure may be elevated.

Edema-related conditions include traumatic brain injury, which is associated with a variety of physiological
and cellular phenomena such as ischemia, increased permeability of the blood-brain barrier, necrosis and
motor and memory dysfunction. Ischemia caused by the initial brain injury induces a cascade of secondary
events which ultimately lead to cellular death. Experimental models for closed head injury have
demonstrated induction of pro-inflammatory cytokine release which in conjunction with damage to

endothelial cells results in disruption of the blood brain barrier integrity.



Spinal cord injury initiates a cascade of biochemical and cellular events that includes an inflammatory
immune system response. Immediately after the injury, a major reduction in blood flow to the site occurs.
Cells that line the still-intact blood vessels in the spinal cord begin to swell, which continues to reduce blood
flow to the injured area. Influx of fluid and immune cells (neutrophils, T cells, macrophages and monocytes)
past the compromised blood brain barriers causes inflammation, which is exacerbated by pro-inflammatory

cytokine release by a variety of neuroglial cells and astrocytes furthering damage to the injured spinal cord.

Soft tissue injury is an acute connective tissue injury that may involve muscle, ligament, tendon, capsular
and cartilaginous structures. In a sprain, strain, bruise or crush, the local network of blood vessels is
damaged, and the oxygenated blood can no longer reach the affected tissue, resulting in cellular damage.
Increases in temperature, redness, pain and swelling (localized edema) characterize the initial inflammatory
phase. Inflammatory swelling starts to develop approximately two hours after the injury and may last for

days or weeks. Immediate management includes control of the acute inflammatory response.

A variety of imaging techniques are available to assess the degree of edema surrounding an infarct site and
blood flow to the ischemic penumbra in ischemic brain stroke patients. Examples include: Computerized

Axial Tomography (CT scan), Doppler sonography, and Magnetic Resonance Imaging

At present, the most common method of assessing endothelium-mediated vasorelaxation is brachial arterial
(BA) imaging, which involves taking high resolution ultrasound images to determine the diameter of the BA
before and after several minutes of arterial occlusion. The change in arterial diameter is a measure of flow-

mediated vasorelaxation (FMVR).

Other methods of vasorelaxation measurement include inducing an artificial pulse at the superficial radial
artery via a linear actuator. An ultrasonic Doppler stethoscope detects the pulse 10-20 cm upstream from
the initial pulse. The delay between pulse application and detection provides the pulse transit time (PTT).
PTT is measured before and after five minutes of BA occlusion and reactive hyperemia. As the blood flow
increases after occlusion, the endothelial cells that line the inner wall of the artery sense the increased
friction and chemical composition of the blood and release relaxing agents into the artery's smooth muscle.
The healthier the vascular system, the better the endothelial layer functions and the greater the difference

will be between the pre- and post-occlusion measurements.

Measures of patient inflammation may include physical assessment of joint stiffness, elevated
temperature and reported pain. Laboratory measures of inflammation may include elevation in leukocyte
count including differential, coagulation system measurement, inflammatory cytokine (including IL-6 and IL-

8) elevation, and increases in C-reactive protein (including high sensitivity CRP) and procalcitonin levels.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is directed to methods for treating the inflammatory component of brain disorders in
mammalian patients, and more particularly for treating those neurological brain disorders in which
reactive oxygen species play a significant role in the underlying inflammatory pathology.

2.State of the Art

The events that lead to neurological disorders with a significant inflammatory component (including
myasthenia gravis, GBS, CIDP, and multiple sclerosis) are not clear, but the following sequential steps
appear to be critical. (1) The breaking of tolerance, a process in which cytokines, molecular mimicry, or
superantigens may play a role in rendering previously anergic T-cells to recognize neural autoantigens.
(2) Antigen recognition by the T-cell receptor complex and processing of the antigen via the major
histocompatibility complex class | or Il. (3) Costimulatory factors, especially B7 and B7-binding proteins
(CD28, CTLA-4) and intercellular adhesion molecule (ICAM-1) and its leukocyte function-associated
(LFA)-1 ligand. (4) Traffic of the activated T cells across the blood-brain or blood-nerve barrier via a series
of adhesion molecules that include selectins, leukocyte integrins (LFA-1, Mac-1, very late activating
antigen (VLA)-4) and their counterreceptors (ICAM-1, vascular cell adhesion molecule (VCAM)) on the
endothelial cells. (5) Tissue injury when the activated T cells, macrophages, or specific autoantibodies
find their antigenic targets on glial cells, myelin, axon, calcium channels, or muscle.

In designing specific immunotherapy, the main components involved in every step of the immune
response need to be considered. Targets for specific therapy in neurological disease include agents and
treatments that (a) interfere or compete with antigen recognition or stimulation; (b) inhibit costimulatory
signals or cytokines; (c) inhibit the traffic of the activated cells to tissues; and (d) intervene at the antigen
recognition sites in the targeted organ.

Reactive oxygen species (ROS) are activated forms of oxygen, including superoxide anion (O2. ) and
hydroxyl radicals (HO.) together with hydrogen peroxide (H202) and various unstable intermediates of
lipid peroxidation. They are generated as a result of aerobic metabolism. Neuronal brain tissue is
particularly susceptible to oxidative damage due its to high consumption of oxygen and its limited



antioxidant defense system. Reactive oxygen species formation is thought to have an impact on synaptic
plasticity, cell signaling and the aging process. An age-related increase in reactive oxygen species
production has been demonstrated (Martin et al., 2000) and the accumulation of reactive oxygen species
has also been shown to be increased in the hippocampus as a consequence of peripheral LPS
administration (Vereker et al., 2000a). This is mimicked by IL-1p administration (Vereker et al., 2000b).
O'Donnell and colleagues (2000) have reported parallel changes in reactive oxygen species formation
and IL-1B production; reactive oxygen species formation was shown to cause an increase in IL-1f3
production while IL-1B has the ability to induce reactive oxygen species formation thus suggesting the
existence of a positive feedback loop which is potentially damaging to cells.

Increased concentrations of IL-18 have also been closely linked with neuronal degeneration (Mogi et al.,
1996; Tenneti et al., 1998).

Enhanced activity of the stress-activated kinase c-Jun NHz-terminal kinase (JNK) is associated with cell
degeneration and death (Park et.al., 1996; Maroney et.al., 1998), and has been shown to be activated in
the hippocampus by several agents, including hydrogen peroxide, an inducer of reactive oxygen species
production, and pro-inflammatory cytokines.

Another example of a neuronal brain deficit induced by IL-13 and LPS, is the impairment of long term
potentiation (LTP) in the hippocampus (Vereker et al 2000a; Murray & Lynch, 1998). LTP is a form of
synaptic plasticity that was originally described in the hippocampus, a brain region that is particularly
vulnerable to degeneration which is associated with cognitive dysfunction. On the basis of this and other
observations, LTP has been proposed as a biological substrate for learning and memory (Bliss &
Collingridge, 1993).

Certain neurological brain disorders such as Downs syndrome (Layton et.al., Kedziora et.al.,
Schuchmann et. al.), epilepsy, brain trauma (e.g. physical damage to the brain such as
concussion)(Layton et. al., Wildburgur et. al., Trembovler et. al.) and Huntington's disease
(chorea)(Green) are currently understood to involve inflammation of brain cells as a significant component
of the underlying pathology of the disorder. This inflammation could be the consequence of one or more
of a variety of biological processes, such as the generation of excess-amounts of inflammatory cytokines
such as IL-18 and TNF-q, in the brain cells or other components of the brain tissue, perhaps associated
with the presence of high concentrations of reactive oxygen species in the brain tissue, which correlates
to high levels of tissue damage or exacerbation of the disease. Reactive oxygen species are one of the
effectors of inflammation in tissue such as brain tissue.

Other neurological disorders which have a significant inflammatory component include Guillain-Barré
syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP), myasthenia gravis (MG),
dermatomyositis, polymyositis, inclusion body myositis, post stroke, neurosarcoidosis, vascular dementia,
closed head trauma, vasospasm, subarachnoid hemorrhage, adrenal leukocytic dystrophy (storage



disorders), inclusion body dermatomyostis, minimal cognitive impairment and duchenne muscular
dystrophy.

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a neurological disorder characterized by
slowly progressive weakness and sensory dysfunction of the legs and arms. The disorder, which is
sometimes called chronic relapsing polyneuropathy, is caused by damage to the myelin sheath of the
peripheral nerves. CIDP can occur at any age and in both genders, is more common in young adults, and
in men more so than women. The primary symptoms include slowly progressive muscle weakness and
sensory dysfunction affecting the upper and lower extremities. Other symptoms may include fatigue;
abnormal sensations including burning, numbness and/or tingling sensations (beginning in the toes and
fingers); paralysis of the arms and/or legs; weakened or absent deep tendon reflexes (areflexia); and,
aching pain affecting various muscle groups.

CIDP is closely related to the more common, acute demyelinating neuropathy known as Guillain-Barré
syndrome (GBS). CIPD is considered the chronic counterpart of the acute disease GBS. CIDP is
distinguished from GBS, chiefly by clinical course and prognosis. However, both disorders have similar
clinical features, and both share the CSF albuminocytological dissociation and the pathological
abnormalities of multi-focal inflammatory segmental demyelination with associated nerve conduction
features reflecting demyelination.

Guilain-Barré Syndrome (GBS) is an acute predominately motor polyneuropathy with spontaneous
recovery that may lead to severe quadriparesis and requires artificial ventilation in 20-30% of patients.
The diseases that underlie this syndrome have been classified as acute inflammatory demyelinating
polyneuropathy (AIDP), the most common form, acute motor and sensory axonal neuropathy (AMSAN),
and acute motor axonal neuropathy (AMAN). Fisher syndrome is a cranial nerve variant of GBS which
characteristically results in opthalmoplegia, ataxia and areflexia. GBS is often preceded by infection with
either Campylobacterjejuni, which is most common, cytomegalovirus (CMV), Epstein-Barr virus

or Mycoplasma pneumoniae.

Autoimmune myasthenia gravis (MG) is a disorder of neuromuscular transmission leading to fluctuating
weakness and abnormal fatigueability. Weakness is attributed to the blockade of acetylcholine receptors
(AChRs) at the neuromuscular endplate by circulating autoantibodies, followed by local complement
activation and destruction of acetylcholine receptors (Stangel et al, J. Neurol. Sci. 153(2):203-14 (1998)).
AchR is expressed on regenerating myoblasts but in normal adult muscle the AChR is only expressed at
the motor endplate. In patients with early onset MG however the thymic medulla is infiltrated by lymph
node-like T cells and germinal centres and there are myoblast-like myoid cells in the thymic medulla
which express AChR. Therefore the presentation of the AChR antigen by these cells or by myoblasts is
likely to be involved in the disease process (Curnow et al, J. Neuroimmunol. 115(1-2):127-134 (2001)).
In studies of experimental autoimmune myasthenia gravis (EAMG) the Th1l cytokine, INF-y, has been
shown to be involved in disease progression and has been reported to be capable of inducing the
production by myoblasts of class | and Il major histocompatibility antigens, AChR and ICAM-1. IL-1 has



also been shown to play a role in EAMG where disruption of the IL-1 beta gene was shown to diminish
acetylcholine receptor-induced responses (Garcia et al, J. Neuroimmunol 120(1-2):103-11 (2001);
Stegall et al, J. Neuroimmunol. 119(2):377-386 (2001)).

The causes of inflammatory muscle diseases dermatomyositis, polymyositis and inclusion body myositis
(IBM) are unknown, but immune mechanisms are strongly implicated. Although clinically and
immunopathologically distinct, these diseases share three dominant histological features: inflammation,
fibrosis and loss of muscle fibres. In dermatomyositis, the endomysial inflammation and muscle fiber
destruction is preceded by activation of the complement system of plasma proteins, and deposition of
membranolytic attack complex on the endomysial capillaries (Dalakas, Curr. Opin. Pharmacol.1(3):300—
306 (2001)). There is evidence that this attack may also involve the blood vessels in the dermis (Dalakas
et al, Curr. Opin. Pharmacol. 9(3):235-239 (1996)). Transforming growth factor beta, shown to be
overexpressed in the perimysial connective tissue in dermatomyositis, is down-regulated after successful
immunotherapy and reduction of inflammation and fibrosis (Dalakas, Arch. Neurol. 55(12):1509-1512
(1998)).

In polymyositis and IBM the disease begins with the activation of CD8* T cells. These cytotoxic T cells
reach the endomysial parenchyma to recognise muscle antigen(s) associated with the upregulation of the
major histocompatibility complex (MHC) | on muscle fibres. The autoinvasive T cells exhibit gene
rearrangement of their T-cell receptors (TCR) and are specifically selected and clonally expanded in situ
by heretofore previously unknown antigens. Muscle cells do not normally express MHC | and Il but in
cases of polymyositis and IBM over expression of MHC is an early event that can be detected even in
areas remote from the inflammation. INFy and TNFa, cytokines that induce MHC, have been found in
patients with active polymyositis (Dalakas, Curr. Opin. Pharmacol. 1(3):300-306 (2001)).

No signs of apoptosis have been detected in patients with inflammatory myopathies and in fact two strong
anti-apoptotic molecules have recently been found to be expressed in the muscle fibers. One is the Fas-
associated death domain-like IL-1-converting enzyme inhibitory protein (FLIP) and the other human IAP
(inhibitor of apoptosis protein)-like protein. The result of unsuccessful apoptotic clearance of inflammatory
cells is likely to be the cause of the sustained chronic cytotoxic muscle fiber damage (Vattemi et al, J.
Neuroimmunol. 111(1-2):146-151 (2000)).

Sarcoidosis is a multisystem chronic disorder with unknown cause and a worldwide distribution.
Neurosarcoidosis is a complication of sarcoidosis involving inflammation and abnormal deposits in the
tissues of the nervous system. Sudden, transient facial palsy is common with involvement of cranial nerve
VII. Other manifestations include aseptic meningitis, hydrocephalus, parenchymatous disease of the
central nervous system, peripheral neuropathy and myopathy. Intracranial sarcoid may mimic various
forms of meningitis, including carcinomatous and intracranial mass lesions such as meningioma,
lymphoma and glioma, based on neuroradiological imaging. A lumbar puncture may show signs of
inflammation. Elevated levels of angiotensin converting enzyme may be found in the blood or CSF.



Therapy consists of immunosuppressive agents and corticosteroids (Nowak et al, J. Neurol. 248(5):363—
372 (2001); Stern et al, Arch. Neurol. 42(9):909-917 (1985)).

Vascular dementia (VaD) is the general term for dementia caused by organic lesions of vascular origin,
such as cerebral infarction, intracerebral haemorrhage or ischemic changes in subcortical white matter. It
is the most frequent cause of dementia after AD accounting for about 20% of cases and 50% in subjects
over 80 years (Dib, Arch. Gerontol. Geriatr.33(1):71-80 (2001); Parnetti et al, Int. J. Clin. Lab

Res. 24(1):15-22 (1994)). The clinical distinction between AD and VaD may be difficult and there are
standard guidelines for research studies. VaD and AD can co-exist as “mixed dementia” where the
presence of cerebrovascular disease may worsen Alzheimer dementia. Traditionally AD is characterized
by the insidious onset of memory loss, followed by a gradual progression to dementia in the face of
normal findings on neurological examination. VaD on the other hand, is characterized by stepwise
cognitive decline punctuated by episodes of stroke that are accompanied by focal deficits on neurological
examination, and evidence of stroke on computed topography (CI) or magnetic-resonance imaging
(Jagust, Lancet 358(9299):2097—-2098 (2001)). It is assumed that the risk factors for stroke and vascular
disease are also factors for VaD. These include hypertension, smoking, diabetes, obesity, cardiac rhythm
disorders, hyperlipidaemia, hypercholesterolaemia and hyperhomocysteinaemia. The apolipoprotein E4
genotype is also considered as a risk factor for VaD, AD and ischemic stroke (Dib, Arch. Gerontol.
Geriatr. 33(1):71-80 (2001)). Current treatments of vascular dementia include anti-platelet agents and/or
surgery, and the treatment of cognitive symptoms (Parnetti et al, Int. J. Clin. Lab. Rews. 24(1):15-22
(1994)).

Head trauma is associated with a variety of physiological and cellular phenomena such as ischemia,
increased permeability of the blood-brain barrier (BBB), edema, necrosis and motor and memory
dysfunction (Moor et al, Neurosci. Lett. 316(3):169-172 (2001); Shohami et al, J.

Neuroimmunol. 72(2):169-177 (1997)). Ischemia caused by the initial brain injury induces a cascade of
secondary events and the release of excitatory amino acids (EAA) such as glutamate and aspartate.
Alteration in the levels of ions and neuromodulators lead to oxidation and cellular membrane damage and
ultimately cellular death (Stahel et al, Brain Res. Rev. 27(3):243-256 (1998)). Experimental models for
closed head injury (CHI) developed in the rat show the spatial and temporal induction of IL-1, IL-6 and
TNF-a gene mRNA transcription along with an induction of IL-6 and TNF-a activity in the rat brain
(Shohami et al, J. Neuroimmunol. 72(2):169-177 (1997)). IL-1 has also been shown to be released and
it is the presence of these cytokines along with damage to endothelial cells that result in disruption of the
BBB integrity. This disruption allows the recruitment of neutrophils into the subarachnoid space (Stahel et
al (1998)).

TNF-a has been identified in the brain in several pathological conditions and inhibitors of TNF-a such as
dexanabinol (HU-211) have been shown to improve neurological outcome following CHI (Shohami et
al, J. Neuroimmunol. 72(2):169-177 (1997)).



Cerebral vasospasm is delayed onset cerebral artery narrowing in response to blood clots left in the
subaracbnoid space after spontaneous aneurysmal subarachnoid hemorrhage (SAH) (Ogihara et

al, Brain Res. 889(1-2):89-97 (2001)). It is angiographically characterized as the persistent luminal
narrowing of the major extraparenchymal cerebral arteries and affects the cerebral microcirculation and
causes decreased cerebral blood flow (CBF) and delayed ischemic neurological deficits. A number of
studies have demonstrated morphological changes in cerebral arteries after SAH. Smooth muscle cells
showed necrotic changes, such as dense bodies, degeneration of mitochondria, condensed lysosomes
and dissolution of nuclear substances and the appearance of cell debris (Sobey et al, Clin. Exp.
Pharmacol. Physiol. 25(11):867-876 (1998)). The impaired dilator and increased constrictor mechanisms
that occur after SAH may be caused by oxyhaemoglobin produced by erythrocytes that inactivates NO in
the subarachnoid space. Alternatively it may be due to an impaired activity of soluble guanylate cyclase
resulting in reduced basal levels of cGMP in cerebral vessels and so a reduced responsiveness to NO
(Ogihara et al, Brain Res. 889(1-2):89-97 (2001)). Production of IL-6 and IL-8 in the cerebrospinal fluid
following SAH has also been demonstrated. It is thought that IL-6 may play a particular role in vasospasm
as in induced vasoconstriction in a canine cerebral artery (Osuka et al, Acta Neurochir 140(9):943-951
(1998)).

Duchenne muscular dystrophy (DMD) is one of the most common, inherited, lethal disorders in childhood.
It is an X-linked neuromuscular disease that affects 1 in 3500 males. Progressive muscle weakness
begins between 2 and 5 years of age and ultimately leads to premature death by respiratory or cardiac
failure during the middle to late twenties. Approximately 30% of cases are due to spontaneous mutation
of the dystrophin genes while the remainder are inherited (Spencer et al,Neuromuscul. Disord. 11(6—
7):556-564 (2001)). DMD patients therefore lack the protein dystrophin which is an essential link in the
complex of proteins that connect the cytoskeleton to the extracellular matrix (Alderton et al, Trends
Cardiovascular Med. 10(6):268-272 (2000)). Although gene therapy is the only cure for DMD it is
believed that immune interventions may slow the progress of the disease. The reason for this is that there
is evidence that immune cell interactions with dystrophin-deficient muscle can contribute to cell death in
dystrophinopathies. It has also been shown that the population of immune cells in dystbrophic muscle are
not only different from those found that invade mechanically-damaged tissue; they are similar to those
found in inflammatory disease such as polymyositis. Current research indicates that T cells may play a
role in the pathology of dystrophin deficiency and that there may be an autoimmune component to the
disease in which T cells are activated by a common antigen (Spencer et al, Neuromuscular Disord. 11(6—
7):556-564 (2001)).

Invention

This invention is directed to the surprising and unexpected discovery that such immune modulation
therapy can exert beneficial anti-inflammatory effects across the blood-brain barrier of a mammalian
patient, apparently through a significant reduction of the accumulation of reactive oxygen species and/or
a significant down-regulation of associated inflammatory cytokines such as TNF-a, particularly in the



cortical tissue of mammals. Accordingly, the therapy is suitable for either prophylactic or therapeutic
treatment of the inflammatory component of neurological brain diseases such as Downs syndrome,
epilepsy, Huntington's disease and brain traumas, through mediation of the development or activity of
reactive oxygen species which play a role in the development or manifestation of such inflammation.

The present invention also provides for a method for the prophylactic or therapeutic treatment of
inflammatory components and inflammatory aspects of a neurological disease in a mammalian patient
diagnosed with or at risk of a neurological disease, which method comprises:

e administering to said patient an aliquot of blood which has been treated ex vivo with at least two
stressors selected from the group consisting of an oxidative environment, thermal stress and
electromagnetic radiation, wherein the concentration of the reactive oxygen species in neuronal
cells or tissues of said patient is reduced, with associated reduction of harmful inflammatory
effects therein.

From another aspect, the present invention provides a process for alleviating the symptoms of a
neurological brain disorder having a significant inflammatory component associated with excess active
oxygen species (reactive oxygen species and oxidative free radicals), such as Down's syndrome,
Huntington's disease, epilepsy and brain traumas, which comprises scavenging of active oxygen species
from the brain of a mammalian patient by administering to said patient an aliquot of blood which has been
treated ex vivo with at least two stressors selected from the group consisting of an oxidative environment,
thermal stress and electromagnetic radiation.

Accordingly, the present invention is also a method of alleviation, prophylaxis against or preconditioning
to hinder the onset and progression of neurodisorders which have a significant inflammatory component,
such as Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP),
myasthenia gravis (MG), dermatomyositis, polymyositis, inclusion body myositis, post stroke,
neurosarcoidosis, vascular dementia, closed head trauma, vasospasm, subarachnoid hemorrhage,
adrenal leukocytic dystrophy (storage disorders), inclusion body dermatomyostis, minimal cognitive
impairment and duchenne muscular dystrophy, wherein said method comprises treating a patient
suffering from or at risk to contract such a disorder and having impaired endothelial function at the blood
vessels, to improve the performance of endothelial function at the blood-brain barrier or at the blood-
nerve barrier towards restoration of normal endothelial function. This represents a novel and innovative
approach to the management and treatment of neurological disorders.



P14 Skin Ulcers and expression of TGF-B1

Transforming Growth Factor Regulation
July 11, 2002 US 2002/0090359 A1

BACKGROUND OF THE INVENTION

[0003] Transforming growth factor B1 (rer-g 1), iS a cytokine secreted by various mammalian cells,
including macrophages, dendritic cells and tissue cells. It appears to play a significant role in the
operation of the immune system, by interaction with other component cells thereof after its
secretion. The mammalian immune system comprises lymphocytes (one type of white blood cell),
the major components of which are B cells, which mature within the bone marrow, and T cells,
which migrate from the bone marrow to mature in the thymus gland. B cells react to antigens to
proliferate and differentiate into memory B cells and effector B cells which generate and express
antibodies specific to the antigen, thereby removing the antigen from the host. T cells have T cell
receptors which recognize antigen associated with MHC molecules on a cell, and as a result of
this recognition differentiate into memory T cells and various types of effector T cells. The T cell
population is made up of T-helper (Tn) cells and T-cytotoxic (Tc) cells, distinguished from one
another by the presence of surface membrane

glycoprotein CD4 on Tw cells and surface

membrane glycoprotein CD8 on Tccells.

Activation of a Tx cell can cause it to secrete

various growth factors (cytokines). Different

types of Tw cells secrete different cytokines.

Cytokines, including TGF-B1 play key roles in

the immune response, including autoimmune

responses, often by interacting with other cells

to stimulate them into greater production of

other cytokines or, conversely, to downregulate

them to produce lesser amounts of other

cytokines. They can also affect the

differentiation and proliferation of cells such as

T-cells, to change the population distribution of

the various types of T-cells.

[0004] While the precise mechanism of action of TGF-B1is not fully understood, it is known that
TGF-B1 has various effects on the operation of the immune system. It appears to promote a
switch in Tw cell type, from Tuto Tw 2, a switch which has benefits in alleviating or hindering the
development of autoimmune diseases. It appears to have a role in angiogenesis, suggesting that
its presence will have beneficial effects on rates of ulcer healing in the mammalian body.



[0005] A process or a medication which would promote the expression of the cytokine TGF-B1in a
mammalian body would accordingly offer significant benefits to mammalian patients suffering
from one or more of a variety of different disorders. It also promotes the healing of ulcers, for
example venous ulcers, diabetic ulcers, gastric ulcers, duodenal ulcers, decubitis ulcers, etc.
(Danno et.al., “Photodermatol Photoimmunol Photomed Dec. 17, 2001 (6):261-5; Zhou, L J, et.al.,
Br J Dermatol 2000 September;143(3):506-12;). prolonged pressure and are common in
situations were the patient remains in a fixed position for prolonged periods (e.g., long term bed
confinement).

[0006] In particular, decubitus ulcer formation in nutrient deprived surface skin areas is facilitated
by skin irritation due to moisture, friction, and shearing forces. Typically, decubitus ulcer formation
is preceded by reddening of nutrient deprived skin which, with continued irritation, develops into
the bedsore (i.e., a skin ulcer).

[0007] Diabetic ulcers are formed by deprivation of nutrients to the surface skin as a result of the
diabetic condition including neuropathy, poor circulation in the patient, etc. In particular, diabetic
ulcer formation in nutrient deprived surface skin areas is facilitated by skin irritation due to
moisture, friction, and shearing forces. Typically, diabetic ulcer formation is preceded by
reddening of nutrient deprived skin which, with continued irritation, develops into a skin ulcer.

[0008] Accordingly, it is an object of the present invention to provide a process whereby the
expression of the cytokine TGF-B1in a mammalian body may be promoted and increased.

[0009] It is a further object to provide a composition of matter for administration to a mammalian
patient for promoting expression of the cytokine TGF-B1in the patient's body.

[0010] It is a further object of the present invention to provide a process and composition useful in
treating and accelerating the healing of ulcers in a mammalian patient.

SUMMARY OF THE INVENTION

[0011] The present invention provides a process whereby expression of the cytokine TGF-B1is
promoted in a mammalian patient body. The process involves introducing blood cells into the
patient which cells have been extracorporeally stressed by subjecting the blood cells to an
oxidative stress and/or ultraviolet radiation. When these stressed blood cells are introduced to the
patient, they appear to have the effect of promoting the expression of TGF-1, either by activating
and upregulating one of the types of mammalian cells which naturally express it, or by increasing
the relative population of such cells, or both. Whatever the precise mechanism of action, the
result is a significant and measurable increase in TGF-B1levels in the patient's system.
Accordingly, the process of the invention is useful for the medical treatment of patients suffering
from, prone to, or at risk of contracting a disorder associated with insufficient amounts of TGF-f1.



It also provides a process of accelerating the healing of wounds. Since increased levels of TGF-
B1are found in the dermis of human patients who have been given treatments according to the
invention, the process is particularly indicated for the healing of skin ulcers, such as decubitis
ulcers, diabetic ulcers and the like.

[0012] Thus according to the present invention, there is a provided a process of increasing the
expression of TGF-B1 by cells in a mammalian patient, which comprises administering to the
patient an effective amount of stressed mammalian blood cells, said stressed cells having been
extracorporeally subjected to at least one stressor selected from oxidative stress and ultraviolet
radiation.

[0013] From another aspect, the present invention provides a composition of matter for
administration to a mammalian patient to raise the levels of expressed TGF-B1in the patient's
system, wherein said composition comprises stressed blood cells from the patient, the cells
having been stressed by subjecting them extracorporeally to at least one stressor selected from
oxidative stress and ultraviolet light.



P 15 Vasoconstriction and vasospastic disorders
US6696092 B2

BACKGROUND OF THE INVENTION

The control and regulation of blood flow through the cardiovascular
system of a mammal is well recognized to be of importance in
connection with cardiovascular disorders such as atherosclerosis,
peripheral vascular disease and many other circulatory disorders. There
is an emerging body of literature which indicates that the endothelium
plays a major role in the regulation of blood flow through the
cardiovascular system. The endothelium is a cellular structure which
lines the blood vessels, communicating with the smooth muscle layer of
the blood vessel walls. Contraction of this muscle layer causes the blood
vessels to constrict (vasoconstriction), and relaxation of this muscle layer
causes the blood vessels to expand (vasodilation). A normally

See explanation of this
picture below

functioning endothelium effectively controls the smooth muscles of the vessel wall, by secreting

vasodilators or vasoconstrictors which diffuse or are carried to the muscle fibres to cause the muscle

fibres either to relax or to contract. One such vasodilator secreted by the endothelium is commonly

referred to as “endothelium derived relaxing factor” (EDRF), but has recently been established to be nitric

oxide, a form thereof or a closely related compound. In addition to regulating blood flow, nitric oxide is

recognized as having many other actions within the body, including neurotransmis-sion, a smooth muscle

controlling function within the gastrointestinal tract, both natural and drug induced analgesia, a role in

impotence and in tumour toxicity.

It is believed that defective functioning of the endothelium of a patient is an underlying factor in many

cardiovascular diseases observed in mammalian patients. For example, a patient with atherosclerosis

has excessive quantities of lipid underlying the endothelium, including oxidized low density lipoprotein

(containing cholesterol) which is believed to interfere with the proper functioning of the endothelial cells.

The effects of the modified leukocytes of the present invention, when re-injected into the mammalian

patient's body, are several in number. Firstly, there is an effect on other leukocytes or their progenitors

which have not been modified by the externally applied stressors, as a result of cell-to-cell

communication, a widely recognised phenomenon among cells of the immune system. The result of

injecting the blood subjected to stressors outside the body is the upregulation of specific cell surface

markers such as HLA-DR and CD25 on other, non-treated leukocytes in the peripheral blood, circulating

in the patient. This is indicative of an enhanced immune system. It appears that the treated leukocytes

release cytokines (intercellular messenger peptides and proteins), or stimulate leukocytes of the recipient

to do so, initiating a cascade phenomenon which affects a number of the quiescent leukocytes in the




peripheral blood and causes them to become stimulated. This apparently leads to improved blood flow at
sites in the body far removed from the site of injection of the treated leukocytes.

Secondly, the stimulated leukocytes present in the blood circulation, perhaps through the intermediary of
the same or similar cytokines and probably aster physical contact or binding to the endothelium via cell
adhesion molecules, act upon the endothelium, either directly or indirectly, to increase the endothelial
vasodilator function probably by increasing the production and/or action of vasodilators such as nitric
oxide, prostacyclin and/or by inhibiting the production and/or action of vasoconstrictors, so as to increase
blood flow. This can be manifested either as a restoration of the function of a portion of the endothelium
which has become defective, the portion being close to or remote from the site of injection. Such
restoration of function may occur through repair of deficient cells or an enhanced rate of replacement of
damaged cells. It can also be manifested as an overall improvement in endothelial function. This
increased blood flow resulting from increased endothelial vasodilator function, and the consequent
increase in oxygenation of tissues, is indicative of use of the process of the present invention in treatment
of patients with vascular disease including those with advanced peripheral vascular disease, those with
chronic varicose ulcers, and those at risk of developing gangrene which frequently results in amputation.
In general, the leukocytes according to the present invention are indicated for use in treating any type of
vascular disease either involving partial or complete blood vessel occlusion leading to restricted blood
flow or dysfunction of the mechanisms required to permit adequate vasodilation such that tissues
including those of the central nervous system, heart, lungs, gastrointestinal tract, liver, kidneys, placenta
or extremities would be acutely or chronically affected in terms of structure or function.

DESCRIPTION OF THE
PREFERRED
EMBODIMENTS

With reference to the FIG. 1,
there is diagrammatically
illustrated an arteriole 10. An
arteriole is a blood vessel
forming part of the
mammalian vascular system,
of a size smaller than an
artery, and which receives
circulating blood from an
artery, fed from the heart.
Arterioles gradually decrease

in size, in the downstream



direction. A metarteriole 12, which is a smaller terminal branch of the arteriole 10, is shown branching off
the arteriole 10. Metarterioles such as 12 lead to capillaries which are the site of nutrient and gaseous
exchange between the blood and the tissues, with oxygen diffusing from the blood to the tissues and
carbon dioxide diffusing from the tissues to the blood. The arteriole 10 is lined with a cellular layer of
endothelium14. Surrounding the exterior of the arteriolar endothelium 14 is a layer of smooth muscle 18,
which can contract or expand to cause alterations in the size of the arteriole 10, causing either
vasodilation to increase the amount of blood flow therethrough or vasoconstriction to reduce the amount
of blood flow therethrough. The metarteriole 12 is similarly lined with endothelium 16and has a single
layer of smooth muscle 19, functioning similarly.

As in the case of all the other blood vessels in the body, of all the various sizes, capillaries are lined with
endothelium. However, there is no smooth muscle layer associated with the capillaries.

According to the preferred process of the present invention, an aliquot of blood, or the separated cellular
fractions of the blood, or mixtures of the separated cells, including platelets, is extracted from the patient
and treated with certain stressors, described in more detail below. The effect of the stressors is to modify
leukocytes in the aliquot. These modified leukocytes20, along with the rest of the aliquot, are re-injected
intramuscularly and, after a period within the muscle, of uncertain and probably variable duration, they
probably gain entry to the general circulation by passing through the blood vessel wall, where mixing with
the blood occurs. Downstream from the point of entry 22, therefore, the blood will contain modified
leukocytes 20in addition to unmodified leukocytes 24, red blood cells 26 and platelets 28, as well as other
components.

The injection of modified leukocytes 20 appears to have a number of unexpected effects on the

arteriole 10 and on the blood flowing through it. One effect is the stimulation of quiescent leukocytes 24,
which have not been subjected to the stressors outside the body, to transform into stimulated
leukocytes 30. This activation process may occur in sites other than the blood vessels, for example in
immune system organs such as lymph nodes, spleen or bone marrow, and may involve leukocyte
progenitors in addition to or alternatively to mature leukocytes. Thus a cascade mechanism is set in
motion. This is believed to be effected by the secretion of certain cytokines 32, the precise nature of
which is uncertain, either from the modified leukocytes 20 themselves or by the stimulation of
endogenous leukocytes 30 by direct cell—cell interaction. These mechanisms serve to effect stimulation
of previously quiescent leukocytes or progenitors to create the stimulated leukocytes30. The stimulated
leukocytes 30 probably adhere to the damaged endothelial cells via cell adhesion molecules such as
ICAM-1 expressed on the endothelial cells interacting with activated LPA-1 expressed on certain
activated leukocytes. Other cytokines 34, perhaps originating from these adherent leukocytes and which
may in fact be the same as or different from the cytokines 32, contact the endothelium 14, and cause it to
secrete vasodilators 36 which have the effect of relaxing the smooth muscle 18 to cause a degree of
vasodilation. Other secretions 38 released from the endothelium 14 by the cytokines34, which may or
may not be the same substances or mixture of substances as the vasodilators 36, contact the



platelets 28, and have the effect of inhibiting their ability to aggregate. Whilst the accompanying figure
diagrammatically illustrates endothelial effects at the endothelium of an arteriole of the vascular system, it
appears that the process of the invention has a similar effect on endothelial cells at all levels of the
vascular tree.

It is believed that one of the components of the vasodilators 36, and one of the components of the
secretions 38, is endothelium derived relaxing factor EDRF, probably nitric oxide or closely related
substances, and a second component is prostacyclin. Alternative or additional sources of nitric oxide
and/or other vasodilators resulting from a treatment according to the present invention may be stimulated
leukocytes present in the circulation or stimulated platelets present in the circulation.

The stressors to which the leukocytes are subjected ex vivo according to the invention are selected from
temperature stress (blood temperatures above or below body temperature), an oxidative environment and
ultraviolet radiation, individually or in any combination, simultaneously or successively. The leukocytes
are subjected to the stressors as a part of an aliquot of mammalian blood



P# 16

ENDOTHELIN-RELATED DISORDERS
Dec 16, 2004 US 2004/0253213 Al

primary pulmonary hypertension (PPH), glaucoma, progression of atherosclerosis

BACKGROUND OF THE INVENTION

[0005] Endothelins are a family of 21 amino acid peptides produced by endothelial cells. There
are three known isoforms of endothelin, namely endothelin-1 (ET-1), endothelin-2 (ET-2) and
endothelin-3 (ET-3). Of the three known isoforms, ET-1 is the major isoform produced by the
vascular endothelium and is an extremely potent vasoconstrictor, with veins being 3 to 10 times
more sensitive to the effects of ET-1 than arteries.

[0006] The vasoconstricting effect of endothelin is caused by the binding of endothelin to its
receptor on the vascular smooth muscle cells. Thus far, two endothelin receptors have been
characterized in mammalian species, known as the ETA and ETB receptors. The ETA receptor,
restricted to vascular smooth muscle, is relatively selective for ET-1 and mediates
vasoconstriction. The ETB receptor, primarily located in the endothelium, mediates vasodilatation
through the production of endothelium-dependent vasodilators, such as nitric oxide and
prostacyclin.

[0007] A pathophysiological role for the endothelins has been postulated in a large number of
human disease states.

[0008] One example of such a disease state is primary pulmonary hypertension (PPH), a rare
condition of unknown etiology which affects mainly young people. PPH causes progressive
shortening of breath and most of those affected are dead within 4 years of diagnosis. Patients
with PPH have increased circulating endothelin levels which may be caused by increased
pulmonary endothelin synthesis, and there is evidence to suggest that increased endothelin
production may be directly involved in the pathogenesis of PPH (Ferro and Webb, “The Clinical
Potential of Endothelin Receptor Antagonists in Cardiovascular Medicine”, Drugs 1996 January;
51(1): 12-27).

[0009] Another example of such a disease state is glaucoma, which is a group of vascular
disorders characterized by degeneration of the optic nerve which carries images from the retina
to the brain. The disease is associated with high intraocular pressure and impaired ocular blood
flow. There are reports in the literature that ET-1 plasma levels are elevated in some forms of
glaucoma (Cellini et al., “Color Doppler imaging and plasma levels of endothelin-1 in low-tension
glaucoma”: Acta Ophthalmol Scand Suppl 1997; (224): 11-3). Furthermore, endothelin appears to
be involved in the regulation of intraocular pressure and the modulation of ocular blood flow



(Haefliger et al., “Potential role of nitric oxide and endothelin in the pathogenesis of glaucoma”, 1:
Surv Ophthalmol 1999 June; 43 Supl 1: S51-8; and Sugiyama et al., “Association of endothelin-1
with normal tension glaucoma: clinical and fundamental studies” 6: Surv Ophthalmol 1995 May;
39 Suppl 1: S49-56), suggesting that endothelin may be involved in the pathogenesis of at least
some forms of the disease.

[0010] Endothelin also plays a potential role in the progression of atherosclerosis (Rubanyi and
Polokoff, “Endothelins: Molecular Biology, Biochemistry, Pharmacology, Physiology and
Pathophysiology”, Pharmacological Reviews Vol. 46, No. 3, 1994, pp. 325-415) incorporated
herein by reference. This is supported by a number of factors, including the following: plasma ET-
1 levels are elevated in patients with atherosclerosis and in animal models of
hypercholesterolemia; expression of the ET-1 gene is induced, synthesis and release of ET-1
peptide is increased, and binding of exogenous ET-1 is enhanced in the atheromatous vascular
lesion; ET-1 production by the endothelium and macrophages is stimulated by oxidized LDL and
several cytokines involved in the vascular injury process; and ET-1-induced vasoconstriction is
potentiated in atherosclerosis.

[0011] Endothelin 1 (ET-1) is also a factor in promotion of angiogenesis, the development of
blood vessels, a process which, properly balanced, is important in the restoration and
maintenance of good health in mammals. Excess angiogenesis, however, can cause serious
health problems, e.g. in recovery from cardiac incidents and in restenosis. ET-1 is known to
stimulate the secretion of vascular endothelial growth factor VEGF (see for example Spinella, F.
et. al., J. Biol. Chem. 2002 Aug. 2; 277 (31): 27850-5), which promotes angiogenesis. Down-
regulation of ET-1 is therefore the basis of potential treatments of conditions involving excess
angiogenesis.

[0012] Although the symptoms of many endothelin-related disorders can be treated, there is a
lack of available treatments which address the underlying role of endothelin in these disorders.
Accordingly, the need exists for an effective treatment of endothelin-related disorders.



P18 CLL

BACKGROUND OF THE INVENTION

Chronic lymphocytic leukemia (hereinafter CLL) is one of the four major types of leukemia
encountered by humans, the others being acute lymphocytic leukemia, acute myeloid leukemia
and chronic myeloid leukemia. CLL is most commonly encountered in patients over the age of
sixty. It has a gradual onset, and may not cause the patient discomfort or pain for several years. It
is characterized by a large number of cancerous mature lymphocytes and enlarged lymph nodes.
Cancerous cells crowd out the normal cells in the bone marrow and lymph nodes. Anemia
develops in the patient and the number of normal white cells and platelets in the patient's blood
decreases, whereas the total white cell count increases due to the proliferation of abnormal white
cells. The level and activity of antibodies also decrease. As a result, the patient's immune system
becomes compromised. It is more common for CLL sufferers to die from consequences of the
compromised immune system, e.g. infections, than from the CLL itself.

The most common type of CLL is a B cell leukemia, and the malignant cell of origin is a CD5+B
cell, i.e. a B cell expressing the marker CD5.

Clinical stage of CLL, characterized in the staging systems of Rai (stages O-1V) and Binet (stages
A-C), remains the strongest predictor of survival in CLL patients. Both systems are based on the
amount of involved lymphoid tissue and the presence of anemia and/or thrombocytopenia. In
general, patients with later stages have a significantly worse prognosis and a shorter survival.
Patients with Rai stage IV or Binet stage C have a median survival of only 1.5 to 2 years.

Chemotherapy (initially with alkylating agents such as chlorambucil and subsequently with
fludarabine) is the standard treatment for CLL. A patient diagnosed with CLL is normally
monitored by tracking the white cell count in the blood. Chemotherapy is not instituted until the
patient starts to suffer symptoms such as fatigue, weight loss, fevers or pain as a result of the
progression of the CLL. However, CLL is not curable with conventional methods of
chemotherapy, even though initial response rates are high. The toxicities associated with the use
of chemotherapy are well known and include nausea and myelosuppression with a risk of
developing serious infections. Moreover, subsequent responses become inexorably short-lived,
likely because drug-resistant tumor cells are selected by the use of cytotoxic agents.

Accordingly, it is an object of the present invention to provide novel procedures and compositions
for alleviation of CLL in mammalian patients.

It is a further object of the invention to provide procedures and compositions which, on suitable
administration to a CLL suffering patient, will significantly postpone the need for subjecting the
patient to chemotherapy.



SUMMARY OF THE INVENTION

According to the present invention in its broad aspects, CLL in a mammalian patient is alleviated
by administering to the patient oxidatively stressed CLL malignant cells. The source of the CLL
malignant cells may be the mammalian patient himself or herself (e.g. a withdrawn blood sample
from the patient), a compatible mammalian donor (e.g. a withdrawn blood sample from another,
compatible CLL-suffering patient), or a cultured cell line of CLL malignant cells. Subjection of the
CLL malignant cells to oxidative stress takes place in vitro. The oxidatively stressed CLL cells
thus obtained are administered to the patient to result in an alleviation of the patient's CLL.

According to a preferred aspect of the present invention, CLL in a mammalian patient suffering
therefrom is significantly alleviated by administering to the patient oxidatively stressed blood cells,
including oxidatively stressed CLL malignant cells, obtained from the patient and subjected to
oxidative stress in vitro and then reintroduced into the patient. The procedure thus involves
extracting an appropriate quantity of blood containing CLL cells from the CLL patient, treating the
blood or a selected portion of it extracorporeally with an oxidative stressor, and reintroducing it
into the same patient. The result, after one or more of such treatments, is a significant alleviation
of the patient's CLL condition, as indicated in a reduced white blood cell proliferation and a
reduced swelling of lymph nodes of the patient.

Thus from one aspect, the present invention provides a process for treating a CLL suffering
patient for alleviation of CLL, which comprises extracting an aliquot of blood containing CLL cells
from the patient, subjecting at least a portion of the extracted blood cells extracorporeally to
appropriate oxidative stress, and re-introducing the oxidatively-stressed material into the patient.

Another aspect of the present invention is oxidatively stressed mammalian CLL cells, useful for
introduction into a mammalian patient suffering from CLL to alleviate the patient's CLL.

A further aspect of the present invention is the use in preparation of a medicament active against
CLL in a mammalian patient, of oxidatively stressed autologous blood or blood fractions, including
oxidatively stressed autologous malignant CLL cells.

Another aspect of this invention is a composition comprising stressed CLL cells. The cells may be
oxidatively stressed and may further be autologous CLL cells.

While it is not intended that this invention should be limited to any particular mode of action or
theory of mechanism or performance, it is postulated that appropriately oxidatively stressed blood
cells activate the regulatory immune T cells controlling the CD5+B cells in the patient's blood,
including the malignant CD5+B cells. The oxidatively stressed cells, on reintroduction into the
CLL patient, are believed to activate certain T cells present in the patient's blood which then
down-regulate the malignant CD5+B cells by acting directly on them or by secreting cytokines



which then act on them. In any event, the result is a significant reduction in the rate of
proliferation of the malignant CD5+B cells in the CLL patient and a consequent alleviation of the
CLL condition and its symptoms.
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ACUTE INFLAMMATORY CONDITION TREATMENT
June 12, 2008 US 2008/0138432 Al

BACKGROUND OF THE INVENTION

“Acute inflammatory conditions” as the term is used herein, and in accordance with normal
medical parlance, refers to inflammatory conditions having a rapid onset and severe symptoms.
The duration of the onset, from a normal condition of the patient to one in which symptoms of
inflammation are seriously manifested, is anything up to about 72 hours. Acute inflammatory
conditions are to be contrasted with chronic inflammatory conditions, which are inflammatory
conditions of long duration, denoting a disease showing little change or of slow progression. The
distinction between acute and chronic conditions is well known to those in the medical
professions, even if they are not distinguishable by rigid, numbers-based definitions.

It is known that many inflammatory
conditions are associated with an
abnormal secretion level of various
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and dying cells, including the
residues from dying cells. During this
process, APCs can stimulate the
production of either inflammatory Thl FIG. 2
pro-inflammatory cytokines (IL-12, IL-

1, TNF-qa, IFN-y, etc); or regulatory, Th2/Th3 anti-inflammatory cytokines (IL-10, IL-4, TGF-§3 etc)
dominated responses, depending on the nature of the antigen or phagocytosed material and the
level of APC maturation/activation.

SUMMARY OF THE INVENTION

The present invention is based upon the discovery that blood treated with various stressors such
as ozone, will, upon administration to a mammalian patient, cause a rapid decrease in the level of
inflammatory cytokines such as TNF-a, IFN-y and IL-12, the effects being significant within the
first twelve hours after the administration of the treated blood. Accordingly, the treated blood may



be used to treat acute inflammatory diseases and/or to delay and/or to ameliorate symptoms
associated with such diseases.



Auto Immune system, Inflammation and cytokines

INFLAMMATORY CYTOKINE SECRETION INHIBITION
Jul. 11, 2002 US 2002/0090360

BACKGROUND OF THE INVENTION

[0003] The mammalian immune system comprises lymphocytes (one type of white blood cell), the major
components of which are B cells, which mature within the bone marrow, and T cells which migrate from
the bone marrow to mature in the thymus gland. B cells react to antigens to proliferate and differentiate
into memory B cells and effector B cells to generate and express antibodies specific to the antigen,
thereby removing the antigen from the host. T cells have T cell receptors which recognize antigen
associated with MHC molecules on a cell, and as a result of this recognition differentiate into memory T
cells and various types of effector T cells. The T cell population is made up of T-helper (Tw) cells and T-
cytotoxic (Tc) cells, distinguished from one another by the presence of the surface membrane
glycoprotein CD4 on Tw cells and the surface membrane glycoprotein CD8 on Tc cells. Activation of a
Trcell can cause it to secrete various growth factors (cytokines). Different types of Tw cells secrete
different cytokines. These cytokines play key roles in the immune response, including autoimmune
responses.

[0004] One type of Tucell, known as Tnl, expresses cytokines which, in excessive amounts, can cause
inflammation in the mammalian body. Examples of such inflammatory cytokines include interferon-y (IFN-
y), interleukin-6 (IL-6) and interleukin-12 (IL-12). When the body produces inappropriately large amounts
of inflammatory cytokines, significantly more than endogenous levels found in the corresponding non-
diseased tissue of healthy individuals, either through over-activation of Thl cells, activation of excessive
numbers of Thl cells, or a switch of other types of T cells to the Tul type to create excessive numbers of
cytokines expressing Tl cells, an inflammatory disorder can manifest itself in a patient.

SUMMARY OF THE INVENTION

[0005] The present invention provides a process whereby expression of inflammatory cytokines including
IFN-y and IL-6, either individually or in combination, is reduced in a mammalian patient body. This
process involves introducing blood cells into the patient which cells have been extracorporeally stressed
by subjection to an oxidative stress and/or ultraviolet radiation. On introduction of these stressed blood
cells, there is a reduction in the expression of one or more of these inflammatory cytokines, either by
down regulating Tl cells, or perhaps by decreasing the population of Thl cells, e.g. by causing a switch
of T cells from Tul to Tw 2. Whatever the precise mechanism of action, the result is a significant and
measurable decrease in these inflammatory cytokines in the patient's system. Accordingly, the process of
the invention is useful in the medical treatment of patients suffering from, prone to, or at risk of contracting
a disorder associated with excessive amounts of one or more of the inflammatory cytokines IFN-y and IL-



6(e.g., chronic fatigue syndrome—see Cannon et.al., J. Clin. Immunol. 19(6): 414-21, 1999; and Gupta,
S. et.al, Int. J. Mol.Med. 3(2): 209-13, 1999).

[0006] Thus according to the present invention, there is provided a process of decreasing the expression
of one or more of the inflammatory cytokines IFN-y and IL-6 by cells in a mammalian patient, which
comprises administering to the patient an effective amount of stressed mammalian blood cells, said
stressed cells having been extracorporeally subjected to at least one stressor selected from oxidative
stress and ultraviolet radiation.

[0007] There is further provided a method for treating an inflammatory disease condition in a patient
mediated by inflammatory cytokine production, which method comprises administering to the patient an
effective amount of stressed mammalian blood cells wherein said stressed mammalian blood cells have
been extracorporeally subjected to at least one stressor selected from oxidative conditions and ultraviolet
radiation.



Chronic Fatigue and a process of decreasing the expression of one or more of the
inflammatory cytokines IFN-y and IL-6

INFLAMMATORY CYTOKINE SECRETION INHIBITION  July 11, 2002 US 2002/0090360 A1l

BACKGROUND OF THE INVENTION

[0003] The mammalian immune system comprises lymphocytes (one type of White blood cell), the major components of which are B
cells, which mature within the bone marrow, and T cells which migrate from the bone marrow to mature in the thymus gland. B cells
react to antigens to proliferate and differentiate into memory B cells and effector B cells to generate and express antibodies specific to
the antigen, thereby removing the antigen from the host. T cells have T cell receptors Which recognize antigen associated with MHC
molecules on a cell, and as a result of this recognition differentiate into memory T cells and various types of effector T cells.

The T cell population is made up of T-helper (TH) cells and T-cytotoxic (Tc) cells, distinguished from one another by the presence of the
surface membrane glycoprotein CD4 on TH cells and the surface membrane glycoprotein CD8 on Tc cells. Activation of a TH cell can
cause it to secrete various growth factors (cytokines). Different types of TH cells secrete different cytokines. These cytokines play key
roles in the immune response, including autoimmune responses.

[0004] One type of TH cell, known as TH1, expresses cytokines Which, in excessive amounts, can cause inflammation in the mammalian
body. Examples of such inflammatory cytokines include interferon-y (IFN-y), interleukin-6 (IL-6) and interleukin-12 (IL-12). When the body
produces inappropriately large amounts of inflammatory cytokines, significantly more than endogenous levels found in the
corresponding non-diseased tissue of healthy individuals, either through over-activation of TH1 cells, activation of excessive numbers of
TH1 cells, or a switch of other types of T cells to the TH1 type to create excessive numbers of cytokines expressing TH1 cells, an
inflammatory disorder can manifest itself in a patient.

SUMMARY OF THE INVENTION

[0005] The present invention provides a process whereby expression of inflammatory cytokines including IFN-y and IL-6, either
individually or in combination, is reduced in a mammalian patient body. This process involves introducing blood cells into the patient
Which cells have been extracorporeally stressed by subjection to an oxidative stress and/or ultraviolet radiation. On introduction of these
stressed blood cells, there is a reduction in the expression of one or more of these inflammatory cytokines, either by down regulating
TH1 cells, or perhaps by decreasing the population of TH cells, eg by causing a switch of T cells from TH1 to THZ.

Whatever the precise mechanism of action, the result is a significant and measurable decrease in these inflammatory cytokines in the
patient’s system. Accordingly, the process of the invention is useful in the medical treatment of patients suffering from, prone to, or at
risk of contracting a disorder associated with excessive amounts of one or more of the inflammatory cytokines IFN-y and IL-6 (e. g.,
chronic fatigue syndrome—see Cannon et.al., J. Clin. Immunol. 19(6): 414-21, 1999; and Gupta, S. et.al., Int. J. MoLMea'. 3(2):

[0006] Thus according to the present invention, there is provided a process of decreasing the expression of one or more of the
inflammatory cytokines IFN-y and IL-6 by cells in a mammalian patient, Which comprises administering to the patient an effective
amount of stressed mammalian blood cells, said stressed cells having been extracorporeally subjected to at least one stressor selected
from oxidative stress and ultraviolet radiation.



METHODS FOR TREATING THE INFLAMMATORY COMPONENT OF A BRAIN DISORDER
Oct. 24, 2002 US 2002/0155098 A1

This invention is directed to methods for treating the inflammatory component of brain disorders in mammalian
patients, and more patrticularly for treating those neurological brain disorders in which reactive oxygen species
play a significant role in the underlying inflammatory pathology.

Understanding Brain and neurological inflammation

US 2002/0155098 A1

The events that lead to neurological disorders with a significant inflammatory component (including myasthenia gravis, GBS, CIDP, and
multiple sclerosis) are not clear, but the following sequential steps appear to be critical. (1) The breaking of tolerance, a process in which
cytokines, molecular mimicry, or superantigens may play arolein rendering previously anergic T-cellsto recogniZe neura

autoantigens. (2) Antigen recognition by the T-cell receptor complex and processing of the antigen viathe major histocompatibility
complex class| or Il. (3) Costimulatory factors, especially B7 and B7-binding proteins (CD28, CTLAA4) and intercellular adhesion
molecule (ICAM-1) and its leukocyte function-associated (LFA)-1 ligand. (4) Traffic of the activated T cells across the blood-brain or
blood-nerve barrier viaa series of adhesion molecules that include sdlections, leukocyteintegrins (LFA-1, Mac-1, very late activating
antigen (VLA)-4) and their counter-receptors (ICAM 1, vascular cell adhesion molecule (VCAM)) on the endothelial cells. (5) Tissue
injury When the activated T cells, macrophages, or specific autoantibodies find their antigenic targets on glid cells, mydin, axon,
calcium channels, or muscle. [0006] In designing specific immunotherapy, the main componentsinvolved in every step of the immune
response need to be considered. Targets for specific therapy in neurological disease include agents and treatments that

(a) interfere or compete With antigen recognition or stimulation;

(b) inhibit co-stimulatory signals or cytokines;

(c) inhibit the traffic of the activated cellsto tissues; and

(d) intervene at the antigen recognition sites in the targeted organ.

[0007] Reactive oxygen species (ROS) are activated forms of oxygen, including superoxide anion (O2fl) and hydroxyl radicals together
With hydrogen peroxide (H202) and various unstable intermediates of lipid peroxidation. They are generated as a result of aerobic
metabolism. Neuronal brain tissueis particularly susceptible to oxidative damage due its to high consumption of oxygen and itslimited
antioxidant defense system. Reactive oxygen speciesformation is thought to have an impact on synaptic plasticity, cell signaling and the
aging process. An age-related increase in reactive oxygen species production has been demonstrated (Martin et a., 2000) and the
accumulation of reactive oxygen species has also been shown to be increased in the hippocampus as a consequence of peripheral LPS
administration (Vereker et al., 2000a). Thisis mimicked by IL-1[3 administration (Vereker et a., 2000b). O’ Donnell and colleagues
(2000) have reported parallel changes in reactive oxygen species formation and IL-1] 3production; reactive oxygen species formation
Was shown to cause an increase in IL-1[ 3 production While IL-1[3 has the ability to induce reactive oxygen species formation thus
suggesting the existence of a positive feedback loop Which is potentially damaging to cells.

[0008] Increased concentrations of 1L-1[3 have aso been closely linked With neuronal degeneration (Mogi et a.,1996; Tenneti et al .,
1998).

[0009] Enhanced activity of the stress-activated kinase c-Jun NHZ-terminal kinase (INK) is associated With cell degeneration and death
(Park et.al., 1996; Maroney et.a., 1998), and has been shown to be activated in the hippocampus by severa agents, including hydrogen
peroxide, an inducer of reactive oxygen species production, and pro-inflammatory cytokines.

[0010] Another example of aneuronal brain deficit induced by IL-1[3 and LPS, is the impairment of long term potentiation (LTP) in the
hippocampus (Vereker et d 2000a; Murray & Lynch, 1998). LTPisaform of synaptic plasticity that Was originally described in the
hippocampus, a brain region that is particularly vulnerable to degeneration which s associated With cognitive dysfunction. On the basis
of this and other observations, LTP has been proposed as a biological substrate for learning and memory (Bliss & Collingridge, 1993).

[0011] Certain neurological brain disorders such as Downs syndrome (Layton et.al., KedZioraet.al., Schuchmann et. a.), epilepsy, brain
trauma (e.g. physical damage to the brain such as concussion)(Layton et.al., Wildburgur et.al., Trembovler et.al.) and Huntington’s
disease (chorea)(Green) are currently understood to involve inflammation of brain cells as a significant component of the underlying
pathology of the disorder. Thisinflammation could be the consequence of one or more of a variety of biologica processes, such asthe
generation of excess-amounts of inflammatory cytokines such as IL-1[3 and TNF-ot, in the brain céells or other components of the brain
tissue, perhaps associated With the presence of high concentrations of reactive oxygen speciesin the brain tissue, Which correlates to
high levels of tissue damage or exacerbation of the disease. Reactive oxygen species are one of the effectors of inflammation in tissue
such as brain tissue.

[0012] Other neurological disorders Which have a significant inflammatory component include Guillain-Barré syndrome (GBS), chronic
inflammatory demyelinating polyneuropathy (CIDP), myasthenia gravis (MG), dermatomyositis, polymyositis, inclusion body myositis,



post stroke, neurosarcoidosis, vascular dementia, closed head trauma, vasospasm, subarachnoid hemorrhage, adrenal leukocytic
dystrophy (storage disorders), inclusion body dermatomyostis, minimal cognitive impairment and duchenne muscular dystrophy.

[0013] Chronic inflammatory demyelinating polyneuropathy (CIDP) isaneurological disorder characterized by slowly progressive
weakness and sensory dysfunction of the legs and arms. The disorder, which is sometimes called chronic relapsing polyneuropathy, is
caused by damage to the myelin sheath of the peripheral nerves. CIDP can occurat any age and in both genders, is more common in
young adults, and in men more so than Women. The primary symptoms include slowly progressive muscle weakness and sensory
dysfunction affecting the upper and lower extremities. Other symptoms may include fatigue; abnormal sensations including burning,
numbness and/or tingling sensations (beginning in the toes and fingers); paralysis of the arms and/or legs, Weakened or absent deep
tendon reflexes (areflexia); and, aching pain affecting various muscle groups.

[0014] CIDPisclosdy related to the more common, acute demyelinating neuropathy known as Guillain-Barré syndrome (GBS). CIPD is
considered the chronic counterpart of the acute disease GBS. CIDP is distinguished from GBS, chiefly by clinical course and prognosis.
However, both disorders have similar clinical features, and both share the CSF albuminocytological dissociation and the pathological
abnormalities of multi-focal inflammatory segmental demyeination With associated nerve conduction features reflecting demyelination.

[0015] Guilain-Barre Syndrome (GBS) is an acute predominately motor polyneuropathy With spontaneous recovery that may lead to
severe quadriparesis and requires artificia ventilation in 20-30% of patients. The diseases that underlie this syndrome have been
classified as acute inflammatory demyelinating polyneuropathy (A1DP), the most common form, acute motor and sensory axonal
neuropathy (AMSAN), and acute motor axonal neuropathy (AMAN) Fisher syndromeis acranial nerve variant of GBS which
characteristically resultsin opthalmoplegia, ataxia and areflexia. GBSis often preceded by infection with either
Campylobacterjeuni, which is most common, cytomegal ovirus (CMV), Epstein-Barr virus or Mycaplasma pneuma

mae.

[0016] Autoimmune myasthenia gravis (MG) isadisorder of neuromuscular transmission leading to fluctuating Weak
ness and abnormal fatigueability. Weakness is attributed to the blockade of acetylcholine receptors (AChRS) at the
neuromuscular endplate by circulating autoantibodies, followed by local complement activation and destruction of
acetylcholine receptors (Stangel et al, J. Neural. Sci. 153(2):203-14 (1998)). AchR is expressed on regenerating
myoblasts but in normal adult muscle the AChR is only expressed at the motor endplate. In patients with early onset
MG however the thymic medullaisinfiltrated by lymph node-like T cells and germina centres and there are myo
blast-like myoid cdlsin the thymic medulla Which express AChR. Therefore the presentation of the AChR antigen by
these cells or by myoblastsislikely to be involved in the disease process (CurnoW et al, J. Neuraimmunal. 115(1
2):127-134 (2001)). In studies of experimental autoimmune myasthenia gravis (EAMG) the Th2 cytokine, INF-y, has
been shown to be involved in disease progression and has been reported to be capable of inducing the production by
myoblasts of class | and I major histocompatibility antigens, AChR and ICAM-1. IL-1 has aso been shown to play
arolein EAMG Where disruption of the IL-1 beta gene was shown to diminish acetylcholine receptor-induced responses

[0017] The causes of inflammatory muscle diseases dermatomyositis, polymyositis and inclusion body myositis

(IBM) are unknown, but immune mechanisms are strongly implicated. Although clinically and immunopathologically

distinct, these diseases share three dominant histologica features: inflammation, Fibrosis and loss of muscle ?bres. In

dermatomyositis, the endomysia inflammation and muscle fiber destruction is preceded by activation of the complement system of
plasma proteins, and deposition of membranolytic attack complex on the endomysia capillaries (Dalakas, Curr. Opin. Pharmacal.
1(3):300-306 (2001)). There is evidence that this attack may also involve the blood vesselsin the dermis (Dalakas et a, Curr Opin.
Pharmacal. 9(3):235-239 (1996)). Transforming growth factor beta, shown to be overexpressed in the perimysial connectivetissuein
dermatomyositis, is doWn-regulated after successful immunotherapy and reduction of inflammation and fibro sis (Dalakas, Arch. Neural.
55(12):1509-1512 (1998)).

[0018] In polymyositis and IBM the disease begins with the activation of CD8+ T cells. These cytotoxic T cells reach the endomysial
parenchyma to recognize muscl e antigen(s) associated With the upregul ation of the major histocompatibility complex (MHC) | on
muscle Fibres. The autoinvasive T cells exhibit gene rearrangement of their T-cell receptors (TCR) and are specifically selected and
clonally expanded in situ by heretofore previously unknown antigens. Muscle cells do not normally express MHC | and Il but in cases of
polymyositis and IBM over expression of MHC is an early event that can be detected even in areas remote from the inflammation. INFy
and TNFot, cytokines that induce MHC, have been found in patients With active polymyositis (Da akas, Curr Opin. Pharmacal. 1(3):300-
306 (2001)).

[0019] No signs of apoptosis have been detected

Want more ? There are atotal of 25



Chronic lymphocytic leukemia

BACKGROUND OF THE INVENTION

Chronic lymphocytic leukemia (hereinafter CLL) is one of the four major types of leukemia encountered
by humans, the others being acute lymphocytic leukemia, acute myeloid leukemia and chronic myeloid
leukemia. CLL is most commonly encountered in patients over the age of sixty. It has a gradual onset,
and may not cause the patient discomfort or pain for several years. It is characterized by a large number
of cancerous mature lymphocytes and enlarged lymph nodes. Cancerous cells crowd out the normal cells
in the bone marrow and lymph nodes. Anemia develops in the patient and the number of normal white
cells and platelets in the patient's blood decreases, whereas the total white cell count increases due to
the proliferation of abnormal white cells. The level and activity of antibodies also decrease. As a result,
the patient's immune system becomes compromised. It is more common for CLL sufferers to die from
consequences of the compromised immune system, e.g. infections, than from the CLL itself.

The most common type of CLL is a B cell leukemia, and the malignant cell of origin is a CD5+B cell, i.e. a
B cell expressing the marker CD5.

Clinical stage of CLL, characterized in the staging systems of Rai (stages O-1V) and Binet (stages A-C),
remains the strongest predictor of survival in CLL patients. Both systems are based on the amount of
involved lymphoid tissue and the presence of anemia and/or thrombocytopenia. In general, patients with
later stages have a significantly worse prognosis and a shorter survival. Patients with Rai stage IV or
Binet stage C have a median survival of only 1.5 to 2 years.

Chemotherapy (initially with alkylating agents such as chlorambucil and subsequently with fludarabine) is
the standard treatment for CLL. A patient diagnosed with CLL is normally monitored by tracking the white
cell count in the blood. Chemotherapy is not instituted until the patient starts to suffer symptoms such as
fatigue, weight loss, fevers or pain as a result of the progression of the CLL. However, CLL is not curable
with conventional methods of chemotherapy, even though initial response rates are high. The toxicities
associated with the use of chemotherapy are well known and include nausea and myelosuppression with
a risk of developing serious infections. Moreover, subsequent responses become inexorably short-lived,
likely because drug-resistant tumor cells are selected by the use of cytotoxic agents.

Accordingly, it is an object of the present invention to provide novel procedures and compositions for
alleviation of CLL in mammalian patients.

It is a further object of the invention to provide procedures and compositions which, on suitable
administration to a CLL suffering patient, will significantly postpone the need for subjecting the patient to
chemotherapy.

SUMMARY OF THE INVENTION



According to the present invention in its broad aspects, CLL in a mammalian patient is alleviated by
administering to the patient oxidatively stressed CLL malignant cells. The source of the CLL malignant
cells may be the mammalian patient himself or herself (e.g. a withdrawn blood sample from the patient), a
compatible mammalian donor (e.g. a withdrawn blood sample from another, compatible CLL-suffering
patient), or a cultured cell line of CLL malignant cells. Subjection of the CLL malignant cells to oxidative
stress takes place in vitro. The oxidatively stressed CLL cells thus obtained are administered to the
patient to result in an alleviation of the patient's CLL.

According to a preferred aspect of the present invention, CLL in a mammalian patient suffering therefrom
is significantly alleviated by administering to the patient oxidatively stressed blood cells, including
oxidatively stressed CLL malignant cells, obtained from the patient and subjected to oxidative stress in
vitro and then reintroduced into the patient. The procedure thus involves extracting an appropriate
quantity of blood containing CLL cells from the CLL patient, treating the blood or a selected portion of it
extracorporeally with an oxidative stressor, and reintroducing it into the same patient. The result, after one
or more of such treatments, is a significant alleviation of the patient's CLL condition, as indicated in a
reduced white blood cell proliferation and a reduced swelling of lymph nodes of the patient.

Thus from one aspect, the present invention provides a process for treating a CLL suffering patient for
alleviation of CLL, which comprises extracting an aliquot of blood containing CLL cells from the patient,
subjecting at least a portion of the extracted blood cells extracorporeally to appropriate oxidative stress,
and re-introducing the oxidatively-stressed material into the patient.

Another aspect of the present invention is oxidatively stressed mammalian CLL cells, useful for
introduction into a mammalian patient suffering from CLL to alleviate the patient's CLL.

A further aspect of the present invention is the use in preparation of a medicament active against CLL in a
mammalian patient, of oxidatively stressed autologous blood or blood fractions, including oxidatively
stressed autologous malignant CLL cells.

Another aspect of this invention is a composition comprising stressed CLL cells. The cells may be
oxidatively stressed and may further be autologous CLL cells.

While it is not intended that this invention should be limited to any particular mode of action or theory of
mechanism or performance, it is postulated that appropriately oxidatively stressed blood cells activate the
regulatory immune T cells controlling the CD5+B cells in the patient's blood, including the malignant
CD5+B cells. The oxidatively stressed cells, on reintroduction into the CLL patient, are believed to
activate certain T cells present in the patient's blood which then down-regulate the malignant CD5+B cells
by acting directly on them or by secreting cytokines which then act on them. In any event, the result is a
significant reduction in the rate of proliferation of the malignant CD5+B cells in the CLL patient and a
consequent alleviation of the CLL condition and its symptoms.






Inhibiting the aggregation of blood platelets

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of inhibiting blood platelet aggregation in humans, as well as to
a method of therapeutically treating human disease conditions associated with blood platelet aggregation.
The invention also pertains to a method of stimulating the immune system, and to a method of
therapeutically treating immune system disorders.

2. Description of the Prior Art

Platelets are the smallest of the formed elements of the blood. Every cubic millimeter of blood contains
about 250 million platelets, as compared with only a few thousand white cells. There are about a trillion
platelets in the blood of an average human adult. Platelets are not cells, but are fragments of the giant
bone-marrow cells called megakaryocytes. When a megakaryocyte matures, its cytoplasm breaks up,
forming several thousand platelets. Platelets lack DNA and have little ability to synthesize proteins. When
released into the blood, they circulate and die in about ten days. However, platelets do possess an active
metabolism to supply their energy needs.

Because platelets contain a generous amount of contractile protein (actomyosin), they are prone to
contract much as muscles do. This phenomenon explains the shrinkage of a fresh blood clot after it
stands for only a few minutes. The shrinkage plays a role in forming a hemostatic plug when a blood
vessel is cut. The primary function of platelets is that of forming blood clots. When a wound occurs,
platelets are attracted to the site where they activate a substance (thrombin) which starts the clotting
process. Thrombin, in addition to converting fibrinogen into fibrin, also makes the platelets sticky. Thus,
when exposed to collagen and thrombin, the platelets aggregate to form a plug in the hole of an injured
blood vessel.

Platelets not only tend to stick to one another, but to the walls of blood vessels as well. Because they
promote clotting, platelets have a key role in the formation of thrombi. The dangerous consequences of
thrombi are evident in many cardiovascular and cerebrovascular disorders.

In this regard, the precise function of blood platelets in various human disease states has recently
become increasingly understood as advances in biochemistry permit the etiologies of diseases to be
better understood.

For example, many attempts have been made to explain the process of atherogenesis, that is, the
creation of plaque which narrows arteries and, of particular concern, the coronary arteries. Recently,
there has been increasing interest in the possible role of platelets in atherosclerosis.



In addition, a number of disease states in humans are believed to be associated with an aggregation of
platelets in the blood. These platelet aggregation associated conditions include: peripheral vascular
disease; thrombotic diseases such as coronary thrombosis and pulmonary thrombosis; stroke; eclampsia
and pre-eclampsia; and hypertension.

A study completed by the University of Oxford, England, and published in the British Medical Journal, Vol.
296, Jan. 30 1988, pages 320-331, entitled "Secondary Prevention of Vascular Disease by Prolonged
Antiplatelet Treatment," suggests that therapies which inhibit platelet aggregation may be useful for
treating occlusive vascular disease. The study utilized aspirin, sulphinpyrazone, or aspirin and
dipyridamole as the platelet aggregation inhibiting agents.

Unfortunately, long-term aspirin therapy may lead to severe gastrointestinal irritation and bleeding. Also,
these and other known agents which inhibit platelet aggregation may have other undesirable side-effects
that make them unsuitable for administration to patients who could benefit from such therapy. For
pregnant women with pre-eclampsia or other platelet aggregation associated conditions, the
administration of drugs may be undesirable in view of the potential effects of the same on the developing
fetus.



TREATMENT OF AUTOIMMUNE DISEASES
March 20, 2001 6,204,058 B1, Nov. 9, 1999 5,980,954 & Same as WO
98/07436

BACKGROUND OF THE INVENTION

Autoimmune diseases include rheumatoid arthritis, graft versus host disease, systemic
lupus erythromatosis (SLE), scleroderma, multiple sclerosis, diabetes, organ rejection,
inflammatory bowel disease, psoriasis, and other afflictions. It is becoming increasingly
apparent that many vascular disorders, including atherosclerotic forms of such disorders,
have an autoimmune component, and a number of patients with vascular disease have
circulating auto antibodies.

Autoimmune diseases may be divided into two genera types, namely systemic
autoimmune diseases (exemplified by arthritis, lupus and scleroderma), and organ
specific (exemplified by multiple sclerosis, diabetes and atherosclerosis, in which latter
case the vasculature is regarded as a specific organ). In general terms, anormally
functioning immune system distinguishes between the antigens of foreign invading
organisms (non-self) and tissues native to its own body (self), so as to provide a defense
against foreign organisms. Central to the proper functioning of the immune system,
therefore, is the ability of the system to discriminate between self and non-self. When a
patient’ s immune system fails to discriminate between self and non-self and startsto react
against self antigens, then an autoimmune disorder may arise. The causes responsible for
the reaction of an affected person’ s immune system against self are not fully understood,
and several different theories have been put forward. The immune response to an antigen
istriggered by the interaction of the antigen with receptors of predetermined specificity
on certain lymphocytes. It is believed that, at an early stage in development of the
immune system, those lymphocytes with receptors recognizing self antigens are
recognized and eliminated from the body’ s system by a process of deletion.

Alternatively, or in addition, such self reactive lymphocytes may be controlled by the
suppression of their activities. Both mechanisms probably occur. The immune system of
normal healthy individualsis able to identify and to react against afamily of proteins
which are highly conserved in nature (ie they have a similar structure throughout all
living organisms). This family of proteinsis called the stress or heat-shock proteins
(HSP), and they are grouped according to their approximate molecular Weights.
Members of the HSP family include the HSP60 group, including, among others, proteins
in the molecular weight range 50 to 100 kilodaltons.

Increased production of HSP' s was first identified as a response to hesat stress, but this
now appears to be part of agenera responseto avariety of cell stresses. HSPs are
normally located within cells, and function appears to be the stabilization of the structure
of various proteinsin stressed cells, so as to protect the cell from the protein denaturing
effects of various stressors. However, it is likely that HSPs have a number of other
functions which are, as yet, not fully understood. Heat shock proteins, HSP's, are



discussed in some detail by William J. Welch, inan articlein “ Scientific American”,
May, 1993, page 56.

One group of the family of HSP's, the HSP 60 group, contains proteins which show
about 50% identity between bacterial cells and human cells. Infection With bacteria
containing HSP 65 results in an immune response in healthy humans against the bacteria
HSP65, evidenced by the production of anti-HSP65 antibodies. Thus, a healthy immune
system appears to be able to identify and react against self-like antigens. In certain
pathologies, for example many autoimmune diseases such as rheumatoid arthritis and
scleroderma, patients aso show the presence of antibodiesto HSP 65. In the past, this has
led to conclusions that autoimmune diseases result from bacterial infection. Now it seems
likely that autoimmune diseases are associated with an inappropriate control of the
autoimmune response. In other words, it is possible that the antibodies to HSP 65 result
from an autoimmune reaction initiated by HSPs from the body itself, but one which has
been improperly controlled. In such cases, therefore, it should be possible to control an
inappropriate autoimmune response, by stimulating the body’ s natural immune control
mechanisms, using a particular and specific method of vaccination.

To stimulate the body’ s immune response, a vaccineis required which will, upon
injection into the host body, enable the host immune system to present the antigens
contained in the vaccine to cells of the host immune system. Antigen presentation is
performed by antigen presenting cells.

A vaccine to treat autoimmune diseases should contain antigens or fragments thereof
(peptides) that will activate the body’ simmune control mechanisms present. In addition,
the antigens (peptides) should be present in aform which can be recognized by the host
immune system when the vaccine is introduced into the host. Certain of the antigens may
be present on intact cells. The objective of such avaccination isto activate regulatory
immune pathways, particularly those controlling autoimmune responses, thereby down
regul ating the autoimmune response. The particular antigens which will activate the
control mechanisms of a mammalian autoimmune system are not fully understood. It is
however recognized that they may include antigens derived from lymphocyte receptors,
which may function to stimulate control mechanisms, to inhibit those lymphocytes which
cause pathological autoimmune responses in the patient. They may aso include HSPs,
such as the HSP 60 group of proteins, and leucocyte surface molecul es such as those of
the Mg or Histocompatibility Complex (MHC) including MHC Class || molecules. MHC
Class |1 molecules function physiologically to present peptides to CD4+ T-cells as part of
the immune response.

It isimportant that the lymphocyte receptors and other cell-derived molecules for
vaccination of an auto-immune suffering patient be derived from cells obtained from the
same patient, since this system will contain the autoimmune specificity. Receptors on
other leucocytes in the blood may alternatively or additionally be important in a proposed
vaccination process. The use of such asystem as the basis of avaccine may be
considered analogous to the use of a particular viral antigen as a vaccine to treat and
prevent disease caused by that virus. A vaccine for treating an autoimmune disease



should, therefore, be prepared from a sample of the patient’ s own blood. Such avaccine
may be described as an autovaccine. For antigens to be effective in stimulating (or
inhibiting) the immune system, the antigens should be presented to immune cells of the
host system by antigen-presenting cells, which are naturally present in the body. Many of
the antigen-presenting cells are phagocytes, which attach to the antigens, engulf them by
phagocytosis, and break them down or process them. The preparation of such an
autovaccine should include a process Whereby the lymphocytes and other leucocytesin
the vaccine, which may be a source of antigens, are modified into a form whereby they
are likely to be phagocytosed by phagocytic antigen-presenting cells upon re-injection
into the patient, so that the antigens or effective residues thereof are presented on the
surface of an antigen-presenting cell. Then they can effect a controlling mechanism on
the immune system, either inhibitory or stimulatory. During the normal growth period of
amammalian body, tissues become reshaped with areas of cells being removed. Thisis
accomplished by the cells’ undergoing a process called programmed cell death or
apoptosis, the apoptotic cells disintegrating and being phagocytosed while not becoming
disrupted.



Nitric Oxide and Platelet Aggregation

Nov. 10, 1998 US5834030 A

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to methods of increasing the concentration of nitric oxide in human blood, and to
methods of therapeutically treating human disease conditions associated with reduced in vivo blood
levels of nitric oxide.

2. Description of the Prior Art

Platelets are the smallest of the formed elements of the blood. Every cubic millimeter of blood contains
about 250 million platelets, as compared with only a few thousand white cells. There are about a trillion
platelets in the blood of an average human adult. Platelets are not cells, but are fragments of the giant
bone-marrow cells called megakaryocytes. When a megakaryocyte matures, its cytoplasm breaks up,
forming several thousand platelets. Platelets lack DNA and have little ability to synthesize proteins. When
released into the blood, they circulate and die in about 10 days. However, platelets do possess an active
metabolism to supply their energy needs.

Because platelets contain a generous amount of contractile protein (actomyosin), they are prone to
contract much as muscles do. This phenomenon explains the shrinkage of a fresh blood clot after it
stands for only a few minutes. The shrinkage plays a role in forming a hemostatic plug when a blood
vessel is cut. The primary function of platelets is that of forming blood clots. When a wound occurs,
platelets are attracted to the site where they activate a substance (thrombin) which starts the clotting
process. Thrombin, in addition to converting fibrinogen into fibrin, also makes the platelets sticky. Thus,
when exposed to collagen and thrombin, the platelets aggregate to form a plug in the hole of an injured
blood vessel.

Platelets not only tend to stick to one another, but to the walls of blood vessels as well. Because they
promote clotting, platelets have a key role in the formation of thrombi. The dangerous consequences of
thrombi are evident in many cardiovascular and cerebrovascular disorders.

The precise function of blood platelets in various human disease states has recently become increasingly
understood as advances in biochemistry permit the etiologies of diseases to be better understood.

For example, many attempts have been made to explain the process of atherogenesis, that is, the
creation of plaque which narrows arteries and, of particular concern, the coronary arteries. Recently,
there has been increasing interest in the possible role of platelets in atherosclerosis.



In this regard, there is a growing body of evidence that nitric oxide (NO) in the blood exercises various
biochemical functions. As the precise biological role of nitric oxide has been explored, it has become
known that nitric oxide serves as an important messenger molecule in the brain and other parts of the
body, governing diverse biological functions. In blood vessels, the principal endothelium-derived relaxing
factor (EDRF) is believed to be nitric oxide, which stimulates vasodilation. Nitric oxide also inhibits platelet
aggregation and is partially responsible for the cytotoxic actions of macrophages.

In the brain, nitric oxide mediates the actions of the excitatory neurotransmitter glutamate in stimulating
cyclic GMP concentrations. Immunohistochemical studies have localized nitric oxide synthase (NOS) to
particular neuronal populations in the brain and periphery. Inhibitors of nitric oxide synthase block
physiological relaxation of the intestine induced by neuronal stimulation, indicating that nitric oxide has
the properties of a neurotransmitter. In this regard, nitric oxide appears to be a novel type of neuronal
messenger, in that, unlike conventional neurotransmitters, nitric oxide is not stored in synaptic vesicles
and does not act on typical receptor proteins of synaptic membranes. One function of nitric oxide may be
to protect neurons from ischemic and neurotoxic insults. See, Bredt et al., "Cloned and Expressed Nitric
Oxide Synthase Structurally Resembles Cytochrome P-450 Reductase," Nature, Vol. 351, June, 1991,
pages 714-718.

Thus, in addition to platelet aggregation associated diseases, a number of other disease states in
humans are presently believed to be associated with inadequate nitric oxide levels in the blood. These
nitric oxide associated conditions include: high blood pressure, neurological conditions such as
depression, tumors, bacterial and fungal infections, and impotence.

It would therefore be desirable to provide a method for increasing the nitric oxide concentration in human
blood, in order to treat the above-described human disease states which are characterized by nitric oxide
deficiency.



Chronic post-traumatic pain syndromes
Complex regional pain syndrome (CRPS) may apply here

Jul 11, 2000 US6086552 A

BACKGROUND OF THE INVENTION

Reflex sympathetic dystrophy (RSD) is a pathogenic condition affecting a patient's extremities and
characterized by persistent pain and swelling with vasomotor and sudomotor changes, and later atrophy.
The precipitating cause of RSD is soft tissue injury. Fractures of the bones of the wrists are commonly
associated with RSD. Chronic undiagnosed knee pain, with few clinical signs beyond hyperaesthesia and
limited movement may suggest RSD. It may only manifest itself days, weeks, or even years after the soft
tissue injury has been incurred.

Adopting clinical criteria, the following operational definition of RSD was adopted at the Sixth World
congress of Pain:

"RSD is a descriptive term meaning a complex disorder or group of disorders that may develop as a
consequence of trauma affecting the limbs, with or without an obvious nerve lesion. RSD may also
develop after visceral diseases, and central nervous system lesions or, rarely, without an obvious
antecedent event. It consists of pain and related sensory abnormalities in the motor system and changes
in structure of both superficial and deep tissues ("trophic changes"). It is not necessary that all
components are present. It is agreed that the name "reflex sympathetic dystrophy" is used in a descriptive
sense and does not imply specific underlying mechanisms".

The pathogenesis and pathophysiology of reflex sympathetic dystrophy are most commonly characterized
by impaired vasomotor control which usually results in vasodilation and increased skin temperature over
the affected area, in the initial stages, and vasoconstriction and reduced skin temperature in the later
stages. Also, the blood flow and skin temperature changes in the contralateral limb following cold stress
of the affected limb are abnormal, thus suggesting a central nervous system abnormality.

There is currently no specific, accepted treatment for RSD, and cure of it cannot be assured. Vascular
and perhaps neurological changes occur during the natural history of the disease. Some treatments are
directed to those. For example, calcitonin, a vasoconstrictor, is often used during the early vasodilation
stage, but is inappropriate at later stages when vasoconstriction predominates. In this stage,
pharmacologic or surgical sympathectomy is effective in some cases. Immobilization of the affected limb
is avoided, since this exacerbates the problem. Alternative therapies include corticosteroids,
transcutaneous nerve stimulation, acupuncture and autogenic training.

REFERENCE TO THE PRIOR ART



A review of reflex sympathetic dystrophy by Dr. E. D. Cooke, Thermographic and Blood Flow Unit, St.
Bartholomew's Hospital, London, U.K., appears in "Vascular Medicine Review", 1994; 5: 319-330.

in comparison with normal blood of the patient from whom it was extracted, of at least one of the
following characterizing features:

increased numbers of lymphocytes and other leucocytes, exhibiting a condensed apoptotic-like
morphology;

a release of specific proteins from the cell surface of the blood leucocytes, including the MHC Class
molecule HLA-DR, resulting in a reduction in the number of cells expressing such surface proteins;

an upregulation in the expression of certain cell surface markers for example CD-11b, a component of the
ligand for the cell adhesion molecule ICAM-1;

a decrease in the amount of heat shock protein HSP-60 contained in the leucocytes, particularly the
lymphocytes, therein, and an increase in HSP-60 in the plasma,;

a decrease in HSP-72 within the lymphocytes;

a decrease in proliferation of treated mononuclear cells following mitogenic stimulation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

By inducing an apoptotic-like state in the lymphocytes and other leucocytes in the blood comprising the
aliquot, as evidenced by the increased numbers of lymphocytes and other leucocytes exhibiting a
condensed apoptotic-like morphology therein, these cells may become preferentially phagocytosed upon
re-injection into the host body.

There are a number of different phagocytic cell types present in the mammalian body, including various
antigen presenting cells and neutrophils. In order to facilitate phagocytosis by antigen presenting cells
rather than by other phagocytes, the lymphocytes and other leucocytes present in the aliquot of the
invention are treated so that they may interact preferentially with antigen presenting phagocytic cells.
Cells adhere to each other by a number of mechanisms including the expression of cell adhesion
molecules. Cell adhesion molecules present on one cell type interact with specific ligands for particular
adhesion molecules present on the adhering cell type. The present invention may result in a preferential
interaction of cells in the treated aliquot to antigen presenting cells in the host body, by upregulation, on
the surface of the cells in the treated aliquot of the expression of the ligand for adhesion molecules found
on antigen-presenting cells in the host body. Antigen presenting cells express a number of cell adhesion
molecules, including ICAM-1, a component of the ligand of which is CD-11b. One way by which the



process of the invention may change the preferential phagocytosis of apoptosing cells is by upregulation
of CD-11b.



TREATMENT OF STRESS AND PRECONDITIONING AGAINST STRESS
Oct 24, 2000 6,136,308

BACKGROUND AND PRIOR ART

The effects of stress on a mammal normally manifest themselves in an increase in body temperature,
along with a charge in hemodynamic parameters, including an increase in heart rate and an increase in
blood pressure. For patients already suffering from elevated blood pressure (hypertension, the effects of
stress can therefore be particularly dangerous, since hypertension is a major risk factor for cardiovascular
disease.

Stresses to which a mammal may be subjected, and which can result in these effects, can take a wide
variety of physical forms. Psychological stresses induced by restraint, confinement, sudden exposure to
danger, shock and the like translate into physical stresses affecting one or more organs of the body.
Similarly, physical stress such as exposure to heat or cold, injury including surgical injury, over-exertion
and the like, result in abnormal functioning of body organs. Stress is now recognized as a major
detrimental factor in many diseases such as cardiovascular disease, cancer, and immunological
dysfunction. Common physiological events which appear to underlie all stress responses include the
induction and upregulation of synthesis, in all body cells, of a group of specialized intracellular proteins
known as heat stress proteins or heat shock proteins (HSP's). These HSP's function to protect the cells
from potential damage caused by whatever form of stress is being applied.

One particular species of physical stress is ischemia, which is the deprivation of oxygen resulting from
reduced blood flow. Ischemia in a body organ, if severe enough, causes the eventual death of cells in the
organ. Re-perfusion of the ischemic organ by resumption of blood flow thereto often results in further
injury to the organ due to inflammation, and does not invigorate already injured cells. Repeated
application of mild ischemic stress to an organ often leads to an increased ability to withstand stress
ischemia, an effect thought to be partially related to upregulated synthesis of HSPs. Ischemia may occur
as a pathological condition, e.g. as the result of spasm, thrombosis, or other blood vessel obstruction.
Ischemia may be deliberately induced by clamping of blood vessels during surgery.

It is known to precondition the body of a mammalian patient by subjecting it to controlled stresses, so as
better to equip the body for subsequent encounters with uncontrolled stresses of the same type. Physical
exercise and training, for example, equips a body for better handling of physical exertion stresses.
Heating a body or a body organ repeatedly under controlled conditions has been shown to provide the
body or body organ with preconditioning for the better handling of subsequent heat stresses. Even in
respect of ischemia, a body organ such as the heart which has previously suffered mild ischemia is better
able to resist the effects of later ischemia, of the type causing myocardial infarction. As stated by Gersh et
al., “Preconditioning is an important phenomenon, probably with clinical implications, because repetitive



anginal episodes in patients may develop into full fledged infarction. Patients with pre-infarction angina
may suffer from a less severe infarct than those thought to undergo sudden coronary occlusion without
the opportunity for preconditioning. In contrast, patients with multiple short-lived attacks of ischemia might
become tolerant through the development of protective preconditioning, according to animal

data.” Preconditioning by subsection to heat or ischemia is however clearly impractical in respect of most
mammalian bodies and body organs.

Ischemia, also spelled as ischaemia or ischamiais a restriction in blood supply to tissues, causing a shortage
of oxygen and glucose needed for cellular metabolism (to keep tissue alive).

Infarction is tissue death (necrosis) caused by a local lack of oxygen, due to an obstruction of the tissue's blood
supply



Method for preventing and reversing atherosclerosis in mammals
Jul 24, 2001

BACKGROUND OF THE INVENTION

Hyperlipidemias such as hypercholesterolemia and elevated serum triglyceride levels are among
the most potent risk factors in the causation of atherosclerosis, which is the build-up of fatty
plaque deposits within the walls of blood vessels. For example, nigh levels of serum cholesterol
bound to low density lipoprotein (LDL), intermediate density lipoprotein (IDL) or very low density
lipoprotein (VLDL) are known to correlate strongly with the occurrence of atherosclerosis in
humans. In particular, it is believed that the higher the circulating levels of cholesterol in the form
of LDL, IDL and VLDL cholesterol, and the higher the circulating levels of other lipids such as
triglycerides, the more likely it is that cholesterol and lipids will be deposited within the blood
vessel wall and cause or contribute to atherosclerosis

In hypercholesterolemia, for example, the increase in the blood cholesterol level is associated
mainly with a rise in the concentration of LDL, IDL and VLDL cholesterol. However, the specific
causes of hypercholesterolemia are complicated and varied. At least one kind of
hypercholesterolemia, known as familial hypercholesterolemia, is caused by a mutation in the
gene for the LDL receptor that moves cholesterol out of the blood, primarily in the liver. Much
more commonly, hypercholesterolemia has been associated with high dietary intake of saturated
fatty acids and cholesterol, resulting in elevated blood cholesterol levels. High serum triglyceride
levels have also been associated with high dietary intake of fatty acids.

Reduction of hyperlipidemia, including hypercholesterolemia, results in a delayed onset of
atherosclerosis and a decrease in the progression of atherosclerosis, thus reducing the risk of
coronary heart disease. In addition, there is evidence that relatively complicated plaques induced
by hyperlipidemia can regress, and that further progression of atherosclerosis will decrease or
cease when hyperlipidemia is removed. Some forms of hyperlipidemia, including
hypercholesterolemia, are potentially partially reversible with current techniques of preventive
management. Taking cholesterol-lowering drugs can result in a reduction in serum cholesterol,
and other drugs may lower serum triglyceride levels. However, drugs are not always warranted
for hyperlipidemia, and some lipid-lowering drugs may have serious side effects. Dietary therapy
is usually recommended for all patients with hyperlipidemia but the effect is often not sufficient to
reduce risk optimally.

Therefore, there is a need for a method which is effective in lowering blood lipid levels, especially
cholesterol and triglyceride levels, and which does not have significant side effects.

SUMMARY OF THE INVENTION



The present invention overcomes at least some of the above-noted and other disadvantages of
presently known therapies for treatment of hyperlipidemia, such as hypercholesterolemia and
elevated serum triglyceride levels, by providing a method for treating hyperlipidemia in which an
aliquot of mammalian blood is treated ex vivo and subsequently introduced into the body of a
mammalian subject.

The aliquot of blood is treated by being subjected to one or more stressors which have been
found to modify the blood. According to the present invention, the blood aliquot can be modified
by subjecting the blood, or separated cellular or non-cellular fractions of the blood, or mixtures of
the separated cells and/or non-cellular fractions of the blood, to stressors selected from heat,
ultraviolet light and oxidative environments such as treatment with ozone/oxygen mixtures, or any
combination of such stressors, simultaneously or sequentially.

The observed effects of the modified blood of the present invention, when introduced into the
mammalian subject's body, are several in number. Firstly, there is an observed reduction in total
serum cholesterol levels, primarily due to a reduction in the levels of LDL and VLDL cholesterol.
Levels of beneficial HDL cholesterol are not reduced. Reductions in cholesterol levels of as high
as about 40 percent, as compared to subjects which received untreated blood as a placebo, have
been observed. Secondly, there is an observed reduction in serum triglyceride levels. Such
reductions in serum cholesterol and triglycerides would be expected to delay the onset and retard
the progression of atherosclerosis due to hyperlipidemia.

Another of the observed effects of the treatment according to the present invention is that
mammalian subjects treated according to the present invention show substantially reduced
deposition of lipids within blood vessel walls, as compared to untreated subjects. As well as
retarding the progression of plaque deposition, the treatment of the invention has been shown to
cause existing plagues to regress. It is believed that this observed vessel protection is due at
least in part to the reduced serum lipid levels in subjects treated by the method of the present
invention. However, the reduced deposition of lipids within blood vessel walls has also been
observed in the absence of a reduction in serum lipids.



GVHD and Bone marrow transplant

Jul 10, 2001 US 6258357 B1

BACKGROUND OF THE INVENTION

Bone marrow transplantation, BMT, is indicated following a process which destroys bone marrow.
For example, following intensive systemic radiation or chemotherapy, bone marrow is the first
target to fail. Metastatic cancers are commonly treated with very intensive chemotherapy, which
is intended to destroy the cancer, but also effectively destroys the bone marrow. This induces a
need for BMT. Leukemia is a bone marrow malignancy, which is often treated with BMT after
chemotherapy and/or radiation has been utilized to eradicate malignant cells. BMT is currently
used for treatment of leukemias which are life-threatening. Some autoimmune diseases may be
severe enough to require obliteration of their native immune systems which includes concomitant
bone marrow obliteration and requires subsequent bone marrow transplantation. Alleviation of
any but the most acute life-threatening conditions involving bone marrow disorders with BMT s,
however, generally regarded as too risky, because of the likelihood of the onset of graft versus
host disease.

Graft-versus-host disease, GVHD, is an immunological disorder that is the major factor that limits
the success and availability of allogeneic bone marrow or stem cell transplantation (collective
referred to herein as allo-BMT) for treating some forms of otherwise incurable hematological
malignancies, such as leukemia. GVHD is a systemic inflammatory reaction which causes chronic
illness and may lead to death of the host mammal. At present, allogeneic transplants invariably
run a severe risk of associated GVHD, even where the donor has a high degree of
histocompatibility with the host.

GVHD is caused by donor T-cells reacting against systemically distributed incompatible host
antigens, causing powerful inflammation. In GVHD, mature donor T-cells that recognize
differences between donor and host become systemically activated. Current methods to prevent
and treat GVHD involve administration of drugs such as cyclosporin-A and corticosteroids. These
have serious side effects, must be given for prolonged periods of time, and are expensive to
administer and to monitor. Attempts have also been made to use T-cell depletion to prevent
GVHD, but this requires sophisticated and expensive facilities and expertise. Too great a degree
of T-cell depletion leads to serious problems of failure of engraftment of bone marrow stem cells,
failure of hematopoietic reconstitution, infections, or relapse. More limited T-cell depletion leaves
behind cells that are still competent to initiate GVHD. As a result, current methods of treating
GVHD are only successful in limited donor and host combinations, so that many patients cannot
be offered potentially life-saving treatment.



SUMMARY OF THE INVENTION

According to the present invention, a patient being treated by allo-BMT is administered a
composition containing T-cells obtained from an allogeneic donor, said T-cells having been
subjected in vitro to oxidative stress to induce therein decreased inflammatory cytokine
production coupled with reduced proliferative response. It appears that such oxidatively stressed
allogeneic T-cells when injected into a mammalian patient, have a down-regulated immune
response and a down-regulated destructive allogeneic response against the recipient, so that
engraftment of the hematopoietic stem cells, administered along with or separately from the
stressed T-cells, can take effect with significantly reduced risk of development of GVHD. The
population of stressed T-cells nevertheless appears to be able to exert a sufficient protective
effect on the mammalian system to guard against failure of engraftment and against infection,
whilst the hematopoietic system is undergoing reconstitution, at least in part, by proliferation and
differentiation of the allogeneic stem cells.

One aspect of the present invention provides, accordingly, a process of treating a mammalian
patient for alleviation of a bone marrow mediated disease, with alleviation of consequently
developed graft versus host disease (GVHD), which comprises administering to the patient
allogeneic hematopoietic stem cells and allogeneic T-cells, at least a portion of said T-cells
having been subjected to oxidative stress in vitro, prior to administration to the patient, so as to
induce an altered cytokine production profile and a reduced proliferative response therein.

Another aspect of the present invention provides a population of mammalian T-cells, essentially
free of stem cells, said T-cells having been subjected in vitro to oxidative stress so as to induce in
said cells an altered cytokine production profile and a reduced proliferative response.

A further aspect of the present invention provides a process for preparing an allogeneic cell
population for administration to a human patient suffering from a bone marrow mediated disease,
which comprises subjecting, in vitro, a population of donor cells enriched in T-cells to oxidative
stress to induce in said T-cells an altered cytokine production profile and a reduced proliferative
response.



Treatment of cardiovascular diseases with ozone

BACKGROUND OF THE INVENTION

Note: The methods of the present invention employ an ozone-delivery system for delivering and
manufacturing a measured amount of an ozone/oxygen admixture, which is able to measure, control and
report, and differentiate between, delivered-ozone and the absorbed-dose of ozone.

Treating: Diseases targeted as potential candidates for treatment by the methods disclosed in the
present invention include atherosclerosis, peripheral arterial occlusive disease, cerebrovascular accident,
angina pectoris and vasospastic disorders, such as Raynaud's disease, dyslipidemia, congestive heart
failure and hypertension.

Action: The methods of the present invention are directed to treating blood with ozone extracorporeally
to generate leukocyte apoptosis, without excessive necrosis, sufficient to reduce edema, improve
impaired blood flow, reduce atherosclerotic plaques, cause regression in atherosclerotic plaque
formation, relax the vascular endothelium, reduce inflammation and reduce lipids and lipid deposits once
the treated blood is reinfused.

1. Field of the Invention

This invention relates to therapeutic treatments for cardiovascular diseases including atherosclerosis,
peripheral arterial occlusive disease, congestive heart failure, hypertension, cerebrovascular disease,
dyslipidemia, and vasospastic disorders, including Raynaud's disease, in a mammalian patient, and
specifically relates to therapeutic treatment of cardiovascular disorders or conditions using quantifiable
absorbed doses of ozone delivered to a biological fluid by an ozone delivery system.

2. Statement of the Relevant Art

The references discussed herein are provided solely for the purpose of describing the field relating to the
invention. Nothing herein is to be construed as an admission that the inventors are not entitled to
antedate a disclosure by virtue of prior invention. Furthermore, citation of any document herein is not an
admission that the document is prior art, or considered material to patentability of any claim herein, and
any statement regarding the content or date of any document is based on the information available to the
applicant at the time of filing and does not constitute an affirmation or admission that the statement is
correct.



Cardiovascular diseases are responsible for a significant number of deaths in most industrialized
countries. One such disease is atherosclerosis, a disease of large and medium-sized muscular arteries
and is characterized by endothelial dysfunction, vascular inflammation, and the buildup of lipids,
cholesterol, calcium, and cellular debris within the intima of the vessel wall. This buildup results in plague
formation, vascular remodeling, acute and chronic luminal obstruction and abnormalities of blood flow,
and also results in ischemia (diminished oxygen supply to organs and tissues) of target organs such as
the heart, brain and other vital organs. Prolonged or sudden ischemia may result in a clinical heart attack
or stroke from which the patient may or may not recover.

The true frequency of atherosclerosis is difficult, if not impossible, to accurately determine because it is
predominantly an asymptomatic condition. The process of atherosclerosis begins in childhood with the
development of fatty streaks and advances with increasingly more complicated lesion formation
throughout adult life.

In the United States, approximately 7.8 million myocardial infarctions occur annually, and more than 13.2
million Americans have chronic coronary artery disease. Of persons older than 50 years, 30% have some
evidence of carotid artery disease, and cerebrovascular disease is responsible for over 160,000 deaths
per year in the United States. More than 50 million people in the United States are candidates for some
form of dietary and/or drug treatment to modify their lipid profile.

Pathophysiology: A complex and incompletely understood interaction exists between the critical cellular
elements of the atherosclerotic lesion. These cellular elements include endothelial cells, smooth muscle
cells, platelets, and leucocytes. Vasomotor function, the thrombogenicity of the blood vessel wall, the
state of activation of the coagulation cascade, the fibrinolytic system, smooth muscle cell migration and
proliferation, and cellular inflammation are complex and interrelated biological processes that contribute
to atherogenesis and the clinical manifestations of atherosclerosis.

The mechanisms of atherogenesis remain uncertain. It is presently believed that early events include
endothelial injury, which cause vascular inflammation and a fibroproliferative response ensues.

The earliest pathologic lesion of atherosclerosis is the fatty streak and is observed in the aorta and
coronary arteries of most individuals by age 20 years. The fatty streak is the result of localized
accumulation of serum lipoproteins within the intima of the vessel wall. The fatty streak may progress to
form a fibrous plaque, and is the result of progressive lipid accumulation and the migration and
proliferation of smooth muscle cells. Activators of cell-division are produced by activated platelets,
macrophages and dysfunctional endothelial cells that characterize early atherogenesis, vascular
inflammation, and platelet-rich thrombosis at sites of endothelial disruption.

Vascular inflammation, believed to be a significant component in the etiology of atherosclerosis, may be
due to an imbalance between pro-inflammatory (e.g. interferon-gamma, TNF-gamma, IL-6, IL-8 and IL-
12) and anti-inflammatory cytokine (e.g. interleukin-4 and IL-10) release by immunomodulatory T cells



associated with an atherosclerotic lesion. Similar imbalances have been implicated in other autoimmune
diseases such as psoriasis, rheumatoid arthritis, scleroderma, lupus, diabetes mellitus, organ rejection,
miscarriage, multiple sclerosis, inflammatory bowel disease as well as graft versus host disease.

There is also an emerging body of literature which indicates that the vascular endothelium plays a major
role in the regulation of blood flow through the cardiovascular system and is of importance in connection
with cardiovascular disorders. A dysfunctional endothelium has been suggested as a contributory factor in
many cardiovascular diseases such as atherosclerosis, peripheral arterial occlusive disease and many
other circulatory disorders observed in mammalian patients. Recent evidence indicates that a relative
deficiency in endothelium-derived nitric oxide, a vasodilator, further potentiates the proliferative stage of
plague maturation.

Growth of the fibrous plaque results in vascular remodeling, progressive luminal narrowing, blood-flow
abnormalities, and compromised oxygen supply to target organs. Human coronary arteries enlarge in

response to plaque formation, and luminal stenosis may only occur once the plaque occupies greater

than 40% of the area bounded by the internal elastic lamina.

The stripping or removal (i.e. denudation) of the overlying endothelium or rupture of the protective fibrous

cap may result in exposure of the thrombogenic contents of the core of the plaque to the circulating blood.
A plaque rupture may result in thrombus formation, partial or complete occlusion of the blood vessel, and

progression of the atherosclerotic lesion due to organization of the thrombus and incorporation within the

plaque.

Physical Symptoms and Clinical Events of Atherosclerosis: The physical symptoms of atherosclerosis
provide objective evidence of extracellular lipid deposition, stenosis or dilatation of large muscular
arteries, or target organ ischemia or infarction, and include the physical symptoms discussed hereinafter.

Intermittent claudication: Claudication, which is defined as reproducible ischemic muscle pain, is one of
the most common manifestations of peripheral arterial occlusive disease caused by atherosclerosis.
Claudication occurs during physical activity and is relieved after a short rest. Calf, thigh or buttock pain
develops because of inadequate blood flow. The most feared consequence of claudication is severe limb-
threatening ischemia leading to amputation. However, studies of large patient groups with claudication
reveal that amputation is uncommon. Intermittent claudication may be accompanied by pallor of the
extremity and paresthesias (abnormal sensation, such as tingling or burning of touch without stimulus).

Intermittent claudication typically causes pain that occurs with physical activity. Determining how much
physical activity is needed before the onset of pain is crucial. Typically, vascular surgeons relate the
onset of pain to a particular walking distance in terms of street blocks (e.g. two-block claudication). This
helps to quantify patients with some standard measure of walking distance before and after therapy.
Other important aspects of claudication pain are that the pain is reproducible within the same muscle



groups and that it ceases with a resting period of 2-5 minutes. Location of the pain is determined by the
anatomical location of the arterial lesions.

Additional muscular symptomology; Reduced blood flow that may be caused by either cholesterol
embolism or arterial stenosis is frequently associated with muscular symptomology in an extremity or
muscle group distal to the embolism or vascular constriction. Numbness and tingling, muscular spasm,
weakness and loss of movement are common reportable events.

Extremity temperature: Reduced flow of blood resulting in oxygen deprivation to an organ or tissue
(ischemia) is commonly associated with both atheroembolism (cholesterol embolism) and arterial
stenosis. This is frequently associated with a measurable decrease the temperature of an extremity distal
to the site of the embolism or vascular narrowing.

Decreased pulse: A decrease or loss of pulse due to reduced blood flow in instances of atheroembolism
and arterial stenosis is a quantifiable parameter and frequently associated with loss of pallor in an
extremity.

Hypertension secondary to arterial stenosis: The primary factor in hypertension is an increase in
peripheral resistance resulting from vasoconstriction of peripheral blood vessels secondary to arterial
stenosis.

Weight gain: A major factor underlying weight gain is lipid deposition secondary to the accumulation of
excessive triglycerides or the inhibition in the clearance of triglycerides.

Clinical events relating to cardiovascular disease include progressive luminal narrowing of an artery due
to expansion of a fibrous plaque, which results in impairment of flow when more than 50-70% of the
lumen diameter is obstructed. This impairment in flow results in symptoms of inadequate blood supply to
a target organ in the event there is an increase in metabolic activity and therefore oxygen demand. Stable
angina pectoris, intermittent claudication, and mesenteric angina are examples of the clinical
consequences of this condition.

Rupture of a plaque or denudation of the endothelium overlying a fibrous plague may result in exposure
of the highly thrombogenic subendothelium and lipid core. This exposure may result in thrombus
formation, which may partially or completely occlude flow in the involved artery. Unstable angina pectoris,
myocardial infarction, transient ischemic attack, and stroke are examples of the clinical manifestations of
partial or complete acute occlusion of an artery.

Atheroembolism, also known as cholesterol embolism, refers to the occlusion of small- and medium-
caliber arteries (100-200 um in diameter) by cholesterol crystals. It may present with symptoms of digital
necrosis, hypertension, gastrointestinal bleeding, myocardial infarction, retinal ischemia, cerebral
infarction, and renal failure. Physical signs include Livedo reticularis (a persistent purplish network-



patterned discoloration of the skin caused by dilation of capillaries and venules due to stasis or changes
in underlying blood vessels), gangrene, cyanosis, and ulceration. The presence of pedal pulses in the
setting of peripheral ischemia suggests microvascular disease.

Angina pectoris is characterized by retrosternal chest discomfort that typically radiates to the left arm and
may be associated with dyspnea. Angina pectoris is exacerbated by exertion and relieved by rest or
nitrate therapy. Unstable angina pectoris describes a pattern of increasing frequency or intensity of
episodes of angina pectoris and includes pain at rest. A prolonged episode of angina pectoris that may be
associated with diaphoresis is suggestive of myocardial infarction.

Cerebrovascular disease designates any abnormality of the brain resulting from a pathologic process of
the blood vessels, e.g. occlusion of the lumen by a thrombus or embolus, rupture of a vessel, any lesion
or altered permeability of the vessel wall and increased viscosity or other change in quality of blood.
Disorders of the cerebral circulation include any disease of the vascular system that causes ischemia or
infarction of the brain or spontaneous hemorrhage into the brain or subarachnoid space.

A cerebrovascular accident (CVA) or stroke is the sudden death of brain cells due to impaired blood flow
resulting in abnormal brain function. Blood flow to the brain can be disrupted by either a blockage
(clogging of arteries within the brain, carotid arterial occlusion or embolism) or rupture of an artery
(cerebral hemorrhage or subarachnoid hemorrhage) to the brain.

A transient ischemic attack (TIA) is a short-lived episode (less than 24 hours) of temporary impairment of
the brain that is caused by a loss of blood supply. A TIA causes a loss of function in the area of the body
that is controlled by the portion of the brain affected.

Causative factors involved in cerebrovascular disease includes cerebral infarction and ischemia which is
caused by sudden occlusion of an artery supplying the brain, or, less often, by low flow distal to an
already occluded or highly stenosed artery. Occlusion or stenosis can be the result of disease of the
arterial wall or embolism from the heart. Infarction originates as a result of an impediment to normal
perfusion that usually is caused by atherosclerosis and coexisting thrombosis. Atheroembolism
(atheroma) occurs when a particle of a thrombus originating from a proximal source (arterial, cardiac or
transcardiac) travels through the vascular system and leads to a distal occlusion.

A corollary and additional factor in cerebrovascular disease is the incidence of intracranial small vessel
disease (microatheroma). The small penetrating arteries of the brain are not supported by a good
collateral circulation and occlusion of one of these arteries is rather likely to cause infarction, often in a
small, restricted area of the brain.

Inflammatory vascular disease of the arterial (or venous) wall may provoke enough cellular proliferation,
necrosis and fibrosis to occlude the lumen, precipitate thrombosis and then embolism, or promote
aneurysm formation, dissection and even rupture of the vessel. These vasculitic disorders may present



with, or be complicated during their course by, ischemic stroke, intracranial hemorrhage, intracranial
venous thrombosis and, most often, a generalized ischemic encephalopathy.

Physical signs of cerebrovascular disease include diminished carotid pulses, carotid artery bruits, and
focal neurological deficits.

Peripheral arterial occlusive disease (PAOD) typically manifests as intermittent claudication, impotence,
and non-healing ulceration and infection of the extremities. PAOD is most common with the distal
superficial femoral artery (located just above the knee joint), which corresponds to claudication in the calf
muscle area (the muscle group just distal to the arterial disease). When atherosclerosis is distributed
throughout the aortoiliac area, thigh and buttock muscle claudication predominates.

Physical signs include decreased peripheral pulses, peripheral arterial bruits (an unexpected audible
swishing sound or murmur heard over an artery or vascular channel which indicates increased turbulence
often caused by a partial obstruction), pallor, peripheral cyanosis, gangrene, ulceration. Visceral ischemia
may be occult or symptomatic prior to symptoms and signs of target organ failure.

Mesenteric angina is characterized by epigastric or periumbilical postprandial pain and may be
associated with hematemesis, melena, diarrhea, nutritional deficiencies, and weight loss. Abdominal
aortic aneurysm typically is asymptomatic prior to the dramatic and often fatal symptoms and signs of
rupture, although patients may describe a pulsatile abdominal mass. Physical signs include pulsatile
abdominal mass, peripheral embolism and circulatory collapse.

Dyslipidemia is a disorder of lipoprotein metabolism, including lipoprotein overproduction or deficiency.
Dyslipidemias may be manifested by elevation of the total cholesterol, low-density lipoprotein (LDL)
cholesterol and the triglyceride concentrations, and a decrease in the high-density lipoprotein (HDL)
cholesterol concentration in the blood.

Congestive Heart Failure (CHF), most frequently resulting from coronary artery disease or hypertension,
and occurs when the heart can no longer meet the metabolic demands of the body at normal physiologic
venous pressures. As the demands on the heart outstrip the normal range of physiologic compensatory
mechanisms, signs of CHF occur. These signs include tachycardia, venous congestion, high
catecholamine levels and, ultimately, insufficient cardiac output. Chronic inflammation is recognized as an
underlying pathology contributing to the development and progression of chronic heart failure.

Raynaud's disease refers to a disorder in which the fingers or toes (digits) suddenly experience
decreased blood circulation. Raynaud's disease can be classified as either primary (or idiopathic) and
secondary (also called Raynaud's phenomenon). Primary Raynaud's disease is milder, and causes fewer
complications.



Secondary Raynaud's disease is more complicated, severe, and more likely to progress. A number of
medical conditions predispose a person to secondary Raynaud's disease, including scleroderma, which is
a serious disease of the connective tissue in which tissues of the skin, heart, esophagus, kidney and lung
become thickened, hard and constricted. About 30% of patients who develop scleroderma will first
develop Raynaud's disease. Other medical conditions predisposing a person to secondary Raynaud's
disease include connective tissue diseases, such as systemic lupus erythematosus, rheumatoid arthritis,
dermatomyositis and polymyositis, and diseases which result in blockages of arteries (i.e.
atherosclerosis).

Both primary and secondary types of Raynaud's symptoms are believed to be due to over-reactive
arterioles (small arteries). While cold normally causes the muscle which makes up the walls of arteries to
contract, in Raynaud's disease the degree is extreme, and blood flow to the area is severely restricted.

The relationship between dietary lipid, serum cholesterol and atherosclerosis has long been recognized.
In many epidemiological studies it has been shown that a single measurement of serum cholesterol has
proved to be a significant predictor of the occurrence of coronary heart disease. Thus diet is the basic
element of all therapy for hyperlipidemia (excessive amount of fat in plasma). However, the use of diet as
a primary mode of therapy requires a major effort on the part of physicians, nutritionists, dietitians and
other health professionals. If dietary modification is unsuccessful, drug therapy is an alternative. Several
drugs, used singly or in combination, are available. However, there is no direct evidence that any
cholesterol-lowering drug can be safely administered over an extended period.

A combination of both drug and diet may be required to reduce the concentration of plasma lipids.
Hypolipidemic drugs are therefore used as a supplement to dietary control. Many drugs are effective in
reducing blood lipids, but none work in all types of hyperlipidemia and they all have undesirable side
effects. There is no conclusive evidence that hypolipidemic drugs can cause regression of
atherosclerosis. Thus, despite progress in achieving the lowering of plasma cholesterol to prevent heart
disease by diet, drug therapies, surgical revascularization procedures and angioplasty, atherosclerosis
remains the major cause of death in Western countries.

In view of the above, new approaches are being sought to reduce the frequency of clinical sequelae
secondary to the myriad of diseases and disorders broadly characterized as cardiovascular diseases.

Apoptosis

Apoptosis specifically refers to an energy-dependent, asynchronous, genetically controlled process by
which unnecessary or damaged single cells self-destruct when apoptosis genes are activated (Martin, S J
1993; Earnshaw, W C 1995). There are three distinct phases of apoptosis. Initially, the cell shrinks and
detaches from neighboring cells. The nucleus is broken down with changes in DNA including strand
breakage (karyorhexis) and condensation of nuclear chromatin (pyknosis). In the second phase, nuclear
fragments and organelles condense and are ultimately packaged in membrane-bound vesicles,



exocytosed and ingested by surrounding cells. In the final phase, membrane integrity is finally lost and
permeability to dyes (i.e. trypan blue) occurs. The absence of inflammation differentiates apoptosis from
necrosis when phagocytized by macrophages and epithelial cells (Kam, PCA 2000).

In contrast, necrotic cell death is a pathological process caused by overwhelming noxious stimuli
(Lennon, S V 1991). Synchronously occurring in multiple cells, it is characterized by cell swelling or
“oncosis,” resulting in cytoplasmic and nuclear swelling and an early loss of membrane integrity. Bleb
formation (blister-like, fluid filled structures) of the plasma membrane occurs, in which ultimate rupture
may occur causing an influx of neutrophils and macrophages in the surrounding tissue, and leading to
generalized inflammation (Majno, G 1995).

Four main groups of stimuli for apoptosis have been reported; ionizing radiation and alkylating anticancer
drugs causing DNA damage, receptor mechanism modulation (i.e. glucocorticoids, tumor necrosis factor-
a, nerve growth factor or interleukin-3), enhancers of apoptotic pathways (i.e. phosphatases and kinase
inhibitors), and agents that cause direct cell membrane damage and include heat, ultraviolet light and
oxidizing agents (i.e. superoxide anions, hydroxyl radicals and hydrogen peroxide) (Kam, PCA 2000).

In addition to the oxidizing agents, many chemical and physical treatments capable of inducing apoptosis
are also known to evoke oxidative stress (Buttke, M 1994, Chandra, J 2000). lonizing and ultraviolet
radiation both generate reactive oxygen intermediates (ROI) such as hydrogen peroxide and hydroxyl
free radicals. Low doses of hydrogen peroxide (10-100 uM) induces apoptosis in a number of cell types
directly establishing oxidative stress as a mediator of apoptosis. However, high doses of this oxidant
induce necrosis, consistent with the concept that the severity of the insult determines the form of cell
death (apoptosis vs, necrosis) that occurs. A free radical is not a prerequisite for inducing apoptosis;
doxorubucin, cisplatin and ether-linked lipids are anti-neoplastics that induce apoptosis and oxidative
damage.

Alternatively, oxidative stress can be induced by decreasing the ability of a cell to scavenge or quench
reactive oxygen intermediates (ROI) (Buttke, M 1994). Drugs (i.e. butathionine sulfoxamine) that reduce
intracellular glutathione (GSH) render cells more susceptible to oxidative stress-induced apoptosis. Cell
studies report a direct relationship between extracellular catalase levels and sensitivity to hydrogen
peroxide-induced apoptosis. Apoptosis induced through tumor necrosis factor-a stimulation has been
demonstrated to be associated with an increase in intracellular ROIl. However, this apoptosis has been
inhibited by the addition of a number of antioxidants, such as thioredoxin, a free radical scavenger, and
N-acetylcysteine, an antioxidant and GSH precursor.

There is growing evidence that apoptotic neutrophils have an active role to play in the regulation and
resolution of inflammation following phagocytosis by macrophages and dendritic cells. A hallmark of
phagocytic removal of necrotic neutrophils by macrophages is an inflammatory response including the
release of proinflammatory cytokines (Vignola, A M 1998, Beutler, B 1988, Moss, S T 2000, Fadok V A,
2001). In contrast, apoptotic neutrophil clearance is not accompanied by an inflammatory response;



phagocytosis of these apoptotic cells has been shown to inhibit macrophage production of pro-
inflammatory cytokines (GM-CSF, IL-1[, IL-8, TNF-a, TxB2, and LTC4) with a concomitant activation of
anti-inflammatory cytokine production (TGF-B1, PGE2 and PAF) (Fadok, V A 1988, Cvetanovic, M 2004).
This phenomenon of suppression of proinflammatory cytokine production by macrophages has been
extended to include phagocytosis of apoptotic lymphocytes (Fadok, V A 2001).

In addition to macrophages, down regulation of pro-inflammatory cytokine release in response to
apoptotic cells has also been demonstrated by non-phagocytizing cells including human fibroblasts,
smooth muscle, vascular endothelial, neuronal and mammary epithelial cells (Fadok, V A 1988, 2000;
McDonald, P P 1999, Cvetanovic M, 2006). Apoptotic neutrophils in contact with activated monocytes
elicit an immunosuppressive cytokine response, with enhanced IL-10 and TGF-B production and only
minimal TNF-a and IL-18 cytokine production (Byrne, A 2002). Byrne et al. concluded that the interaction
between activated monocytes and apoptotic neutrophils may create a unique response, which changes
an activated monocyte from being a promoter of the inflammatory cascade into a cell primed to deactivate
itself and other cellular targets.

Techniques to identify and quantify apoptosis, and distinguish this event from necrosis, may include
staining with nuclear stains allowing visualization of nuclear chromatin clumping (i.e. Hoeschst 33258 and
acridine orange) (Earnshaw, W C 1995). Accurate identification of apoptosis is achieved with methods
that specifically target the characteristic DNA cleavages. Agarose gel electrophoresis of extracted DNA
fragments yields a characteristic ‘ladder’ pattern which can be used as a marker for apoptosis (Bortner, C
D 1995). A lesser extent of DNA degradation produces hexameric structures called ‘rosettes’ where
necrotic cells leave a nondescript smear (Pritchard, D M 1996). Terminal transferase deoxyuridine nick-
end labeling of DNA break points (TUNEL analysis), which labels uridine residues of the nuclear DNA
fragments, can also be used to quantify apoptosis (Gavrieli, Y 1992).

Several signature events in the process of apoptosis may also be quantified by flow cytometry. These
include dissipation of the mitochondrial membrane potential which is an early apoptotic event,
externalization of phosphotidylserine through capture with annexin V, loss of plasma membrane integrity
and nuclear chromatin condensation (distinguishing live, apoptotic and necrotic cells), and activation of
caspase enzymes (early stage feature of apoptosis) (Technical Bulletin—InVitrogen 2004).

Vascular endothelial cells, including human umbilical vein endothelial cells (HUVECS), are known to
release potent vasodilators, including nitric oxide (NO) and prostacyclins. Treatment of HUVECs with
ozonated serum, an oxidative stressor, results in a significant and steady increase in NO production.
Moreover, during twenty-four (24) hour HUVEC incubation with ozonated serum, inhibition of E-selectin
release (a proinflammatory mediator) and no effect on endothelin-1 production (a potent vasoconstrictor)
has been reported (Valacchi, G 2000). Valacchi et al. has suggested that reinfusion of ozonated blood
into patients, by enhancing release of NO, may induce vasodilation in ischemic areas and reduce
hypoxia.



CRP is a product of inflammation the synthesis of which by the liver is stimulated by cytokines in
response to an inflammatory stimulus. CRP activates the classic complement pathway and participates in
the opsonization of ligands for phagocytosis. Initially suggested as solely a biomarker and powerful
predictor of cardiovascular risk, CRP now appears to be a mediator of atherogenesis. CRP has a direct
effect on promoting atherosclerotic processes and endothelial cell activation. CRP potently down
regulates endothelial nitric oxide synthase (eNOS) transcription and destabilizes eNOS mRNA, which
decreases both basal and stimulated nitric oxide (NO) release.

In a synchronous fashion, CRP has been shown to stimulate endothelin-1 (potent vasoconstrictor) and
interleukin-6 release (proinflammatory cytokine), upregulate adhesion molecules, and stimulate monocyte
chemotactic protein-1 while facilitating macrophage LDL uptake. More recently, CRP has been shown to
facilitate endothelial cell apoptosis and inhibit angiogenesis, as well as potentially upregulate nuclear
factor kappa-B, a key nuclear factor that facilitates the transcription of numerous pro-atherosclerotic
genes. The direct pro-atherogenic effects of CRP extend beyond the endothelium to the vascular smooth
muscle, where it directly upregulates angiotensin type 1 receptors and stimulates vascular smooth muscle
migration, proliferation, neointimal formation and reactive oxygen species production. CRP has several
deleterious effects (e.g., reduced survival, differentiation, function, apoptosis, and endothelial progenitor
cell-eNOS mRNA expression) on endothelial progenitor cells which are important in neovascularization
including induction of blood flow recovery in ischemic limbs and increase in myocardial viability after
infarction.

Historically, ozone has been used as a disinfectant or sterilizing agent in a wide variety of applications.
These include fluid-based technologies such as purification of potable water, sterilization of fluids in the
semi-conductor industry, disinfection of wastewater and sewage and inactivation of pathogens in
biological fluids. Ozone has also been used in the past as a topical medicinal treatment, as a systemic
therapeutic and as a treatment of various fluids that were subsequently used to treat a variety of
diseases. Specifically, there have been numerous attempts utilizing a variety of ozone-based
technologies to treat an array of cardiovascular diseases in patients.

Previous technologies were incapable of measuring and differentiating between the amount of ozone that
was delivered and the amount of ozone actually absorbed and utilized. This meant previous medicinal
technologies for use in patients were incapable of measuring, reporting or differentiating the amount of
ozone delivered from the amount that was actually absorbed and utilized. This problem made regulatory
approval as a therapeutic unlikely. In the treatment of cardiovascular diseases, previous technologies
were also incapable of measuring, reporting or differentiating the amount of ozone delivered from the
amount that was actually absorbed by the fluid and utilized by the patient.

The inability to measure the amount of ozone absorbed may result in excessive absorption resulting in
unacceptable levels of cellular necrosis in the leukocyte fraction of the treated blood, which when
reinfused may result in promotion of an inflammatory response. Furthermore, any technology considered



to treat cardiovascular disease utilizing blood ex vivo with ozone may have to be able to maintain the
biological integrity of the fluid for its subsequent intended therapeutic use.

In addition, early approaches of mixing ozone with fluids employed gas-fluid contacting devices that were
engineered with poor mass transfer efficiency of gas to fluids. Later, more efficient gas-fluid contacting
devices were developed, but these devices used construction materials that were not ozone inert and
therefore, reacted and absorbed ozone. This resulted in absorption of ozone by the construction materials
making it impossible to determine the amount of ozone delivered to and absorbed by the fluid.
Furthermore, ozone absorption by construction materials likely caused oxidation and the subsequent
release of contaminants or deleterious byproducts of oxidation into the fluid.

Experimental research confirms the problem of ozone absorption by construction materials. An
ozone/oxygen admixture at 1200 ppmv was passaged through a commercially available membrane
oxygenator. For a period in excess of two hours, a majority of the ozone delivered to the device was
absorbed by the construction materials. This data strongly suggests commercially available membrane
gas-fluid contacting devices, made from ozone reactive materials, cannot be used with ozone, and
supports the necessity to develop novel ozone-inert gas-fluid contacting devices.

In addition, prior methods do not quantify the amount of ozone that does not react with the biological fluid.
The inability to measure residual-ozone has led to inaccurate and imprecise determinations of the amount
of ozone actually absorbed and utilized by the fluid.

Prior technologies also include inefficient methods to mix ozone with fluids yielding irregular exposure.
For example, relatively large amounts of ozone may be exposed to some of the fluid and less to other
portions. The result of this inefficient mixing causes a wide variation in the amount of ozone exposed to
the fluid. This wide variation in 0zone exposure may cause diverse biochemical events including
unacceptable levels of cellular necrosis in various portions of the fluid leading to untoward and
irreproducible results.

Prior techniques also failed to recognize that fluids of varying composition display different absorption
phenomena. The range of values for extracellular antioxidants in blood, including ascorbic acid (0.4-1.5
mg/dL), uric acid (2.1-8.5 mg/dL), bilirubin (0-1.0 mg/dL) and Vitamin A (30-65 pg/dL) and other
oxidizable substrates, including cholesterol (140-240 mg/dL), LDL-cholesterol (100-159 mg/dL), HDL-
cholesterol (33-83 mg/dL) and triglycerides (45-200 mg/dL), may alter the amount of ozone necessary to
be delivered to the fluid, and subsequently absorbed and utilized to achieve a desired clinical effect.
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1

METHOD FOR THE PHYSIOLOGICALLY &
THERAPEUTICALLY EFFECTIVE IRRADIATION
OF CORPOREAL VENOUS BLOOD

This is a continuing application of 1.8 Ser. No.
169,071, filed on Mar. 15, 1988, now abandoned, which
is 2 continuation of application for United States Letters
Patent Ser. No. 841,972, filed on Mar. 20, 1986, now
abandoned.

FIELD OF THE INVENTION

The present investion relates to an apparatus with the
heip of which the irradiation of corporeal venous bioed,
especiatly the UV A region and in the biue light region
becomes possible. Such apparatuses and devices espe-
cialty for blood processing have been introduced since
some time and used in the medical profession, The users
firmly believe in the physiologically and therapeutically
effective biood processing.

The object of the subsequeatly described technical
solution resides i that the bicod should be influenced in
such & manner that by an increased oxygen acceptance
the regenerating processes which go on in the body,
such as the fat exchange, should be accelerated. During
this certain disturbed biological parameters, such as the
low Density Lipoproteins should be changedg to High
Density Lipoprotein-cholestrol in a positive sense and
in favor of the vascular protective balance (HDL-C)

DESCRIPTION OF THE PRIOR ART

There have been apparatuses and devices knowa with
which the oxygen/ozone gas mixture is applied subcu-
taneous, Inframuscularly, intraveneously or by insuffla-
tion. For example, in Bast German Pat. No. 14,127 a
device for tbe oxygen emrichment of a continuously
flowing biood stream is described, in which by foaming-
up the Blood by oxvgen the upper surface thereof is
increased.

Futhermore, devices and apparatuses are kncwn in
which the blood in a quartz glass vessel (ceil or bulb) is
flowed by a UV radiator for purposes of radiation, such
as described in West German Pat. Nos. 1,065,140 and
1,071,291, as well as in West German Laid-Open Appli-
catiors No. 2,926,523, Such apparatuses require a very
large technical layomt for the apparatus, and wherein
the apparatus becomes reused as a matter of rule. The
disadvantage resides in that the blood may become
overheated and the disinfecting requirements are very
complex and there is a danger of tranferring and spread-
ing of germs (virus, hepatitis, aids, etc.), since no dispos-
able material is used by them.

There are also devices knows for some time, in which
the bleod becomes foamed-up by means of oxygen and
it is also subjected to an ultravioket radiation, For exam-
ple, in West German Pat. No. 957,877 and in West Ger-
man Laid -Open Application No. 1,215,867 devices are
described for the processing of blood, blood plasma or
similar materials, with oxygen and also with ulraviclet
radiation.

Alse with them complex devices are required, and alt
have the already known and above-mentioned disad-
vantages. In addition, due to the increased upper sur-
face by the foaming, the intensity of the radistion be-
comes uncontroliable which may lead to cell or gene
damages.

In ULS. Pat. Nos. 4,321,919 and 4,464,166 a method is
described in which corporsal blood of the person under
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test is passed by a pump through a radiation chamber
and through a centrifuge and again back into the body.
The sterttization requirements must be observed during
this to an extremely high degree and the technical lay-
out of the apparatus is considerable. In addition, ail the
above-mentioned disadvantages are present also here,

A third solstion is described in West German Laid-
Open Application No. 2,943,310A1 according to which
by means of a light conducting cable introduced by
puncturing a UV-radiation is introduced into the blood
vessel systems and thereby a biophysical effect is at-
tained. The main disadvantage of such procedure re-
sides in the above-mentioned possible transfer of germs,
due o the face that the sterilization of the reuseable
light cable is complicated.

All the so far mentioned apparatuses and devices
require 4 considerable technical and medical effort.
Economical, personnel and sterilization problems con-
siderably limit their use. Contaminations or transfer of
gertas in the blood in many of the procedures cannot be
avoided. A false dozing or metering of the gas used in
the foaming-up of the blood, for example, oxygen and
also of the UV radiation, due to human error, may lead
to life endangering complications, such as embolism,
gene or cell desiruction. The cleaning and the steriliza-
tior: of the known apparatus and devices is very compli-
cated. In the above-described known procedures for
bicod irradiztion usuaily UVC radiators are used,
which have a main emission line of 253.7 nm. Such
wavelength so far has been reserved for essential
therapeutical treatments. Latest research shows that the
refatively hard, energy rich UVC radiation in the event
of excessive doeses, may lead to damages of the biologi-
cal cells and tissues. Such damages may lead to deterio-
ration of the blood producing system (leukemia)} and
other izheritable damages.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an apparatus, which:

Does not present a danger for the person under test-
ing and employs mainly optical radiation, predomi-
nantly in the UV A and blue light regions;

From the hygienic viewpoint it enables substantial
improvements and assures the observation of the legal
reguirements;

Its.technical reliabifity is substantially improved and
can be operated from a conventional energy szzppiy as
well as from a low voltage source;

It is small, light, independent from the conventional
energy supply and thereby it is mobile;

It is inexpensive to make and possesses a very high
serviceability.

A further object of the present invention resides in
the provision of an apparatus, in which a radiation i
used which is in the radiation range of the sun radiation
available on the surface of the earth and in which an
exact metering of the radiated gquantity is assured.

According to 2 further obiect of the present invention
the oxygen reception is improved without foaming-up
or additional corporeal activity and thereby the periph-
eral microcircuiation is improved, thereby any fat ex-
change disturbances of the body are positively infiu-
enced,

Furthermore, the radiation strength in each radiation
period must be uniform and the blood should be
brought in contact only with disposable materisls.
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The apparatus for the physiological and therapeutical
optical irradiation of corporeat venous blood according
to the present invention comprises a radiator, which
emits radiation mainly in the wavelength region of 320
nm fo 600 nm.

A hose which is arranged substantiaily parallel to
such in radiator is made from a disposabie material witl
be flown through by venous biood treated with sodism
citrate or another type of anticoagulant, and exposed to
radiation. By the reflections it wiil assured that the hose
becomes uniformly radiated from all sides with the
blood flowing therethrough. It is therefore preferred
that the radiator as far as the hose be disposed in the
focus of a reflector formed by conical sections. The
irradiator, the hose and the reflectors are arranged in a
housing having a cover and supported therein by
known securing means. The hose is tightly secared or
fensed in the housing in ciamping devices which may
. take the form of conical slots, to avoid any sack in it
The flow-rate of the bicod can be regulated by means of
a hose clamp provided on the housing. Around the
radiator there is provided is sleeve-like telescope ar-
rangement, with which by displacing a telescoping
sleeve, the length of the radiation emitting portion of
the irradiator can be adjusted.

In addition the intensity of the radiation of the radia-
tor can be adiusted by adjusting the applied voltage.
Por this reason, outside of the housing in the supply
cable a switch, for example, of the type EVG UVAPL
manufactured by the Technical High School in I-
menau, is arsanged,

For radiation preferably a xenon lamp, argon lamp or
a mercury-low pressure discharge lamp of the type 1. 54
of Narva I, can be used,

In addition it is possible to vary the frequency spec-
trum by providing suitable luminous materials such as
the three-band luminous materials and with the help of
varying the blue component a irradiator which emits an
snsuitable or too wide frequency spectrum can be ad-
justed to the desired frequency range of 320 nm {o 600
.

The quantity of the irradiation on the blood can be
varied by varions means. The length of the irradisted
hose section can be varied with the help of the tele-
scopic arrangement placed on the radiator, as well as
the intensity of the irradiation can be controlled by
changing the high frequency input to the irradiation and
furthermore the quantity of the blood fiowing through
the hose can be adjusted by a conventional hose clamp
or other simifar means by narrowing the cross section of
the hose. It can be understood that by changing afl three
means, the irradiatior dose to which the blood is ex-
posed, can be exactly set, whereby the mentioned three
means are preferably varied in the following quansities:

Radiation infensity: between | mWem=? and 10
mWem—2, '

Length of the irradiated hose section: 1 em to 30 omy

Flow-rate of the bicod: 20 to 80 drops per minute,

With the help of the apparatus according to the pres-
ent invention it becomes possible to prevent arterioscle-
rotic heart or blood vessel deteriorations caused by
disturbances in the fat exchange, expecially they could
be effectively counted, without adding to the blood
photosensibifators, such as Psoralens, described by
Edelson. During this additional corporeal activity and
dietectic measures are desirable, however, they are not
absojately required. Also by usiag disposable materials,
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the spreading of infectious diseases, sach as aids and
hepatitis B s completely eliminated.

The empioyed radiation type completely avoids any
DNA damage or the inducement of cancer, since only
optical radiation is used, which is avaiiable on the sur-
face of the earth in nature. At the same {ime the radia-
tion is performed in a frequency region in which the
erythrose will absorb the offered radiation to a maximal -
extent. '

The apparatus is easily transportable, hygienic and
can be set up in any sitsation without relying on the
current supply, that is, it cam have its energy supply
from a car battery. It is inexpensive to manufacture and
requires smali material layout and it is also sasy 1o ser-
vice.

DESCRIPTION OF THE DRAWINGS
The invention witl be explained with reference to the

attached drawings, in which:

FiG. 1is a schematic sideview of the apparatus ac-
cording to the present invention, in section, and

FIG. 2 is 2 schematic sectional iliustration along the
line i i FIG. .

DESCRIPTION OF SPECIFIC EMBODIMENTS

The following embodiment serves only for illustra-
tiom and for a better understanding of the invention, and
the invention itself should not be lanited thereby sinee it
represents only one possible form of Hustration.

A possible embodiment of the present invention illus-
trated in FEG. 1 and FIG. 2 shows a housing 1, which
can be closed by a cover 2. In cover 2 there is a reflector
3 secured by any well known notf Hlustrated in detail
means &, such as screws or rivets provided with rubber
backing. A further similar reflector 5 is secured within
the housing 1 with similar means 6. In the focus of the
reflectors 3 provided in the cover 2 a PVC hose 7 is’
arranged, which is supported by means of suitable se-
curing elements and is spanned or tensioned by spring
means so that it will lie exactly in focus substantiaily
along the entire length of the reflector. The securing
elements and the springs have been omitied for ismprov-
ing the understanding of the schematic illustration. In
the focus of the reflector 2 provided in the housing § a
irradiator 8 is arranged, the radiation emitting length of
which can be adjusted with th help of a telescopic ar-
rangement 9, which is arranged in a pipe-like fashion
about the irradiator 8. The radiator 8 is operated with
the help of an electronic switching device (not iflus-
trate), for example the EVG UVABI manufactured by
the Technical High School Imenay, having a variable
HF output, and which can be placed in the housing 3, 2
or ouiside of the housing 1, 2 or also as an intermediate
element inserted in the supply cable,

The venous bleod becomes guided through the PVC
hose 7 through the cover 2 of the housing 1, 2 along the
irradiator 8 The length of the hose section which is to
be radiated and thereby the amount of the radiation as
well as the exposare of the blood to radiation can be set
with the help of the telescopic arrangement 9 by reduc-
ing the possible length of emission of the irradiator 8.
By arranging the PVC hose 7 and the irradiator 8 in the
focal point of the reflectors 3, 5, it is attained that a
maximum value of the radiation emitted by the irradia-
tor 8 will be directed onto the PVChose 7. By an appro-
priate dimensioning of the housing 1 ard of the cover 2,
one wilt attain that there wiil be a desired distance or
spacing present between the irradiator 8 and the PVC
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hose 7 in an exact amount, whenever the cover 2 is
seated on the housing 1. The reflectors 3, 5 are shaped
and a curvature is formed in such a manner, that at such
spacing the PVC hose 7 will receive the largest smount
of radiation. The reflectors are also shaped n such a
manzner that the most possibie rays of radiation 10 will
be directed from irradiator 8 onto the PYC hose 7, The
possible paths of the radiated rays 10 are schematically
ittustrated in FIG. 2.

For a switching device preferably a known serial-
type device is used {for example, the type known as
EVG UVABI manafactured by the Technical High
Schoot in {lmenaw}, which can be operated with low
voitage of 42V or from the regular current supply, for
example, 110/220V. The device in such form is frans-
portable, it is easy to be handled and used. For bygienic
reasons the PVC hose 7 is manufactured as a disposable
material, such as the blood transfusion device MLW
Lichtenberg and becomes destroved after use.

It can be seen that it is also possible to arrange the
telescopic arrangement 9 only on one side of the hous-
ing, or to replace it by a different type of cover, such as
a rotatable pipe-like hood with a spirai-shaped edge,
which is arranged surrounding irradiator 8 and by being
rotated it can change the free radiating length of the
irradiator 8.

The above-noted embodiment describes only a possi-
bie form of realization of the invention only for beiter
information and should not limit the scope of the inven-
tion to stch embodiment alone. The scope of protection
shouid be defined by the claims. Varations which
would be cbvious for an expert in the field and limita-
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tions, such as, the reflectors on the radiator or on the
ends of the hose between the housing elements, should
lie within the scope of the claims defining the invention.

What is claimed is: '

1. A process for physioiogical and therapeutic weat-
ment of venous blood from a body, which comprises (a)
introducing the blood into an apparatus having a blood
conducting tube of medically acceptable disposable
material, at least on elongated radiator for emitting
electromagnetic radiation, a reflector for distributing

-the radistion of said radiator substantially about said

tube, and means for controfling the radiation that
reaches said tube from said radiator, {b) conducting the
blood through said blood conducting tube at a flow rate
of from about 20 drops/minute 10 about 80 drops/mi-
nute, and {(c} irradiating the blood in the blood conduct-
ing wube with radiation from said radiator at an intensity
of from about { mWem~2 to about 10 mWem—2 in the
wavelength range of from about 320 nm to about 600
nm,

2. The process of claim 1, wherein the length of the
blood conducting tube that is exposed to the electro-
magnetic radiation is from about ¥ ¢m o about 30 cm.

3. The process of claim 1, wherein said means for
controfling the radiation comprises telescoping adjust-
able tubular shrouds.

4. The process of ¢laim 1, wherein the spectral emis.
sion of said radiator is adjusted by a coating of luminous
material on said radiator.

8. The process of claim 1, wherein said radiator is a

xenon lampa.
K x % % ¥
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[57] ABSTRACT

An apparatus is disclosed for the production of oxygen-
ated blood. The apparatus incorporates a vessel for
containing the blood that is to be processed, an ultravio-
let lamp and an infrared lamp being associated with the
vessel. A feed pipe extends into the vessel to a position
near the bottom of the vessel, such feed pipe being
consected to a source of ozone. The vessel is essentially
in the form of an inverted bottle, the neck opening of
which is closed and the base of which incorporates a
central opening for the feed pipe, the vessel and the foed
pipe being designed as disposable items. The vessel is
installed in the area of & working serface of the appara-
tus 50 as 10 be releasable therefrom, while the feed pipe
is connectablie to a coupling on a line that leads to the

56} References Cited
OZ0He SOUree.
U.S. PATENT DOCUMENTS
2,827,901 371938 JONES v sennnan. 322748 31 Claims, 2 Drawing Sheets
m 1 ) |
b (B T T 2 2 W

e~ v| (g M———_ {
S 18
i
¢ i

ARAN
VYV




4,968,483

Sheet 1 of 2

Nov. 6, 1990

US. Patent




US. Patent  Nov.6,19% Sheet20f2 4,968,483

M

7 )
. 1 M
1in
A
3
1A
M ™

Fig.2



4,968,483

1

APPARATUS FOR THE PRODUCTION OF
OXYGENATED BLOOD

FIELD OF THE INVENTION

The present invention relates to an apparatus for the
production of oxygenated blood, said apparatus incor-
porating a vessel to contain the blood that is to be
treated, an ultraviolet lamp and an infrared lamp being
associated with the container, a feed pipe that is con-
nected to a source for ozone and that reaches to its
bottom area extending into the container,

THE RELATED ART

Et is known that for purposes of haematological oxi-
dation therapy, after a stabilizing sgent against coagula-
tion has been added to it, human or animal blood can be
" processed with air while being irradiated with ultravio-
let radiation; when this is done, the flow of air that is
introduced into it converts the blood into foam that
moves within the ultraviolet radiation. The foam that is
so formed is destroyed by the blood returning to its
Houid state. Oxygenated blood that is processed in this
way can be injected intramuscularly or intravenousiy.

However, under certain conditions that have not
been researched further, blood that has been oxygen-
ated in this manner can give rise to shock reactions, a
fact that renders haematologicat oxidation therapy diffi-
cult, The difficuities may be connected with the decom-
position of erythrocytes when oxygen acis on the
foamed blood, which can be recognized by the unpleas-
ant smeil of the reaction media,

In order to avoid these disadvantages, DE-PS 1 068
428 has proposed that ozone be passed through a contin-
nous column of liquid, sishilized, venous bicod in an
area of uitravielet radiation such that no sigsificant
foaming takes place, with the temperature being in-
creased graduaily to approximately 45° C. during this
process, An approximately funnel-shaped vessel of ma-
teriaf that is transparent to uitraviolet radiation is used,
and this vessel is surrounded by a coiled ulfraviolet
guartz lamp as wel as by an infrared radiator. A feed
pipe enters the top of the processing vessel and extends
within the vessel to a point close to its bottom; outside
the processing vessel, this feed pipe is connected to an
ozonizing chamber within which there is a low-pressure
quariz lamp that ozonizes the oxygen that is supplied to
the ozonizing chamber. This known apparatus has been
found satisfactory, although it is comparatively costly
to produce and extemely inconvendent to use.

Proceeding from this prior art, it is the obiect of the
present invention to create an apparatus of the fype
described in the introduction hereto, which avoids the
disadvantages set out above and which is not only sim.
ple to produce and instali, but which, in addition, per-
mits rapid and safe operation.

SUMMARY OF THE INVENTION

According to the present invention, this has been
achieved in that the vessel is essentially in the formof an
inverted bottle, the neck opening of which is closed,
and the bottom of which incorporates a central opening
for the feed pipe; both the vessel and the feed pipe are
designed as disposable ifems. The vessel is installed in
the area of a working surface of the apparatus so as to be
releasable. The feed pipe can be connected to. a cou-
pling for = line that leads to the ozone source. This
configuration results in rapid and safe operatiosn, for the
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sterile vessel is filled with blood that is removed from
the patient and is installed in a holder provided for this
purpose as part of the apparatus, whereapon the sterile
feed pipe in the form of a tube is inserted into one end
until it is close to the bottom of the apparatus; the other
end is connected to the coupling on the line that feads to
the ozonizer. When the apparatus is switched on, the
blood within the container is exposed to ultraviolet
irradiation and to infrared heating to a maximum of 457
(., whereupon the apparatus is switched off and the
oxygenated blood removed by means of a syringe and
injected either intravenously or intramuscularly into the
patient. The holders are released and the vessel and the
feed pipe are removed from the apparatus and discarded
30 that further processing can take place with new ster-
ile vessels and feed pipes.

The neck opening of the bottle s closed tightly by
means of a cover that is curved oufwards, so that a gap
is left between the face end of the feed pipe that rests on
the cover, the ozone that is introduced into the vessel
being able to emerge unhindered through this gap.

The neck of the vessel, which is fitted with the cap, is
of the approximate form of a lobe, so that the blood is
retained in a comparatively small space to undergo
intensive exposure to the ozone. The volume of the
vessed is such that its contents are sufficient for a maxi-
mum guastity of foamed blood, with a specific reserve
so that the foamed blood cap never emerge from the
opening of the vessel. The vessel is of Jow-density poly-
ethylene that is of high quality, transparent to ultravio-
fet wavelengths, pyrogen-free, and can be sterilized by
rradiation. These vessels are packed individually and
sealed in pouches, whereby irradiation sterilization also
renders them aseptic,

The vessel is surrounded by a pluratity of low-pres-
sure uitraviolet lamps that generate the uitravioiet radi-
ation reguired for processing the blood in connection
with haematological oxidation therapy. These low-
pressure ultraviolet Jamps generate a line spectrum in
which it is preferred that the line 253.7 nm accounts for
the greatest part of the radiation, nameiy, approxi-
mately 90 per cent. This results in highly-effective ster-
ilization and a high degree of asepsis. The low.pressure
ultraviolet lamps are U.shaped, it being preferred that
four be provided, these being displaced at 90° relative to
each other around the vessel, The low-pressure ultravi-
olet lamps can be produced and installed very simply
because of their U.shape, so that only a comparatively
small expenditure is nesded to achieve this. ¥t is pre-
ferred that the low-pressure ultraviolet lamps be pro-
duced from ozone-free guartz.,

According to another feature of the present inven.
tion, the vessel and the greater past of the low-pressure
uitraviolet lamps that swrround it are enclosed by a
U.shaped reflector so that the radiation emitted from
the back and sides of the Jamps is captured and reflected
back onto the vessel, the walls of which are transparesnt
to uliraviolet radiation, this ensaring a high degree of
effectiveness of the sitraviolet radiation on the blood to
be processed.

It is advantageous that the infrared lamp be arranged
bereath the vessel, so that warming takes place from
below. Such an arrangement permits an extremely com-
pact structure which, at the same time, ensures inténsive
warming of the blood that is to be processed within the
vessel.
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The vessel is fisted with a thermometer so that the
increase in temperature can be monitored and con-
trolled very aceurately. Like the feed pipe for the
ozone, the thermometer can estend into the vessel
However, it is also possible to arrange the thermometer
outside the vessel, for example, as 4 non-comtact type
thermometer. This latter arrangement entails the advan-
tage that the thermometer need not be configured as a
disposable iters that has to be discarded, with the vessel
and the feed pipe, once processing has been completed,
but can be instalied permanently as a result of the fact
that it is installed outside the vessel.

It is advantageous that a thermocouple be nsed as the
thermometer., On reaching a temperature of 42.5° C,
this thermocouple transmits a pulse that switches the
apparatus off. The thermocouple consists of a thick-
wall glass tube within which two unlike metat wires,
preferably of iron and of consStantan, are arranged. The
ends of these wires are connected to each other within
the tip of the tube. The connection point of these two
wires of the thermometer is imbedded in casting resis so
85 to ensure the optimum thermat transfer from the
surrounding medism.

An ozonizer that is connected through a solenoid
valve to an oxygea cvlinder or the like serves as the
source of orone. The ozonizer is fitted with one or a
plurality of low-pressure ultraviolet lamps and the radi-
ation from these converts the oxygen from the oxygen
cylinder into ozome. The low-pressure ultraviolet
lamp(s) emit(s} a line spectrum in which line 183 nm
accornts for the major part of the overal] radiation, and
this resuits in highly efficient generation of ozone. The
ozonizer is connected to & normal power supply and is
not powered by high-tension voltage, which ensures a
longer service life. It is advamageous that the oxygen
cylinder be fitted with a pressure monitoring system
that indicates the charge pressure of the oxygen cylin-
der and which switches the apparatus off in the event
that the pressure drops below z prescribed value.

It is also possible to use an oxygen-generating system
in place of the oxygen cylinder, so that there is then no
need to repiace the oxygen cylinders.

According to a further feature of the present inven-
tion, the electrical circuit incorporates a master switch,
& processing switch, and switches that control the low-
pressure uitraviotet jamps, the infrared heater, and the
ozonizer; all of the foregoing switches can be operated
separately. The individual systems within the apparatus
are advantageously interconnected so that when the
processing switch is turned on, all the systems are acti-
vated; this ensures that when blood is being processed,
this biood is not only suppiied with ozone, but is also
exposed to infrared and uitraviolet radiation. It is possi-
ble to switch the apparatus off by a timey switch or as a
function of the blood temperature that is reached.

In addition to the foregoing, a timer and/or & counter
<an also be connected to the processing switch, in order
to count the number of processing cycles completed, or
the duration of the processing cycles.

It is advantageous that the feed tabe consist of a
thick-walled glass tube that can be connected to the
source of the ozone by means of a short section of tub-
ing, this resuiting in & version that is durable and easy to
jra o
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BRIEF DESCRIPTION OF THE DRAWING

An embodiment of the present invention is described
in greater detail below, on the basis of the drawings
appended hereto. These drawings skow the following:

FIG. 11 A schematic representation of the circuit for
the systems in the apparatus.

FIG. 2: A plan view of the vessel used to process the
biood.

DETAILED DESCRIPTION

A vessel 1, essentially in the form of an inverted bot-
tle, has its neck opening closed tightly by means of a
cover 2. The vessel ¥ is produced from low-density
plastic, such as polvethylene, in the same manner as a
milk jug Fhe base 3 of the vessel is provided with 2
central opening 4 for the feed pipe 5. The feed pipe 8,
which is produced from plastic tubing, and the vessel 1
are produced as disposable items, so that these are dis-
carded once they have been used.

The vessel 1 is installed 50 as t0 be removable in a
working surface 6 in 2 holder, the holder not being
shown in greater defail herein in the interests of clarity.
To this end, the vessel is installed in a lower retaining
ring 7 and in an upper retaining ring 8 Such an arrange-
ment makes it possibie to instafl the vessel in the appare-
tus quickly and easily, and then remove it from this once
the blood has been processed.

The feed pipe § that extends into the vessel 1 can be
connected at the coupling % on a line 18 that leads t0 an
ozone sepply system. This coupling # is & conventional
pipe or tube coupling so that the feed pipe 5 can also be
repiaced guickly and easily.

The face surface of the lower end of the feed pipe 8
rests on the cover 2 of the vessel 1, this cover being
curved outwards so that the ozone that is introduced
can disperse through the gap formed in this way withis
the vessel 1 and then flow through the blood contained
therein.

The vessel 1 is surrounded by a plurality of low-pres-
sure ultraviolet lamps, thesa being of 2 U-shaped config-
wration in the embodiment shown. Four such lamps 11
are installed, and these are arranged at 90° to each
other. The ultraviolet lamps 11 radiate a line spectrom
in whick line 253.7 am accousnts for the greater part of
the radiation, for example, some 90 per cent, 50 that
highly effective irradiation of the blood contained
within the vessel 1 can be achieved, and together with
this, the desired disinfection and sterilisation of the
blood.

As can be seen from FIG. 2, the vessel 1 and the
greater part of the fow-pressure ultraviolet lamps 11
that surround the vessel, namely three of the burners,
are surrounded by & U-shaped reflector 12, 50 that the
raciation emanating from the low-pressure ultraviolet
{amps 11 to the side and to the rear can also be utifized.
Only one of the lamps 11 is not so enclosed, so that it is
possible to monitor the vessel visually a8 the blood
contained therein is being processed.

An infrared lamp 13 is artanged within the apparatus
beneath the vessel 1; the output of this infrared lamp can
be adjusted. The infrared radiation from this lamp
warms the blood contained in the vessel 1, and the
ozone passing through the blood simultaneously ensures
that it is warmed uniformly.

In order that the extent to which the blood within the
vessel can be monitored and adjusted, a thermometer
extends into the vessel 1 through the opening 7 together
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with the feed pipe 5. In the embodiment shown, the
thermometer 14 is also a disposable iftem so that this,
together with the vessel 1 and the feed pipe 5, is re-
placed once the blood has been processed. However, it
is also possible to provide & non-contact type thermom-
eter, as a fixed component, in addition to or in place of
the thermometer 14,

In the embodiment shown, an ozonizer 16isused as a
source of ozone; this ozonizer is connected to the line
19, and is connected through this and the solenoid valve
17 to an oxygen cylinder 19 that is fitted with a pressure
gauge 18 The oronizer 16 is fitted with at least one
low-pressure ultraviolet lamp that also emits a line spec~
trum, line 183 nm accounting for the greatest part of the
total radiation emitted by this lamp.

The electricai circuit for the apparatus incorporates a
master switch 20, a processing switch 21, and switches
22, 23, and 24 for the infrared lamp 13, the ultraViolet
lamps 11, and the ozonizer 16 respectively. The individ-
ual systems, discussed above, that make up the appara~
tus are so interconmected that all of them are activated
when the processing switch 21 is set to the “On” posi-
tion, thereby ensuring that the biood contained withisn
the vesset 1 does in fact undergo processing by ail the
necessary components.

A timer 25 and/or a counter 26 can be connected to
the processing switch 21 .

All the components in the electrical circuit are safe-
guarded by warning lights so that it is always passible to
mowitor the proper operation of said components.

What is claimed is:

1. An apparatus for production of oxygenated blood,
said apparatus comprising a vessel for containing blood
that is to be processed, an uitravioiet Jamyp and an infra-
red lamp positioned to radiate outpat toward the vessel,
a feed pipe extending into the vessel to a position near a
bottom of the vessel, the feed pipe being connected to a
source of ozone, wherein the vessel with a narrow neck
and broad base at opposite ends is essentially in a form
of an inverted bottie, a neck opening of which is closed
and forms the bottom of the vessel, the base forming a
top of the vessel and including mesns defining a central
opening for the feed pipe, the vessel and the feed pipe
being designed as disposable items, the vessel being
installed in an area of a working surface of the apparatus
30 as {0 be releasable therefrom, while the feed pipe is
connectable to a coupling on a line that leads to the
QZoNe S0Urce.

2. An apparatus as defined in claim ¥, wherein the
neck opening of the bottle is firmly closed by a cover
that is curved outwards.

3. An apparatus as defined in claim 2, wherein the
neck of the vessel that is provided with a cover is in the
approximate form of a lobe.

4. An apparatus as defined in claim %, wherein the
vessel is made of a material comprising a low-density
polyethylene.

5. An apparatus as defined in claim 4, wherein the
material for the vessel is of a high-quality, is transparent
to whiraviolet wavelengths, is free of pyrogens, and can
be sterilized by irradiation,

6. An apparatus as defined in claim 1, wherein the
vessel is surrounded by a plurality of low-pressure ultra-
viclet lamps.

7. An apparatus as defined in claim 6, wherein the
low-pressure ultraviolet lamps are produced from
ozone-free quartz.,
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8. An apparatus as defined in claim 6, wherein the
low-~pressure ultraviolet lamps radiate a line spectrum in
whickh line 253.7 nm accounts for the greatest part of the
overal} radiation.

9. An apparatus as defined in claim 8, wherein the
low-pressure ultraviolet lamps radiat¢ a ling spectrum in
which line 253.7 am accounis for at least approximately
90 per cent of the overall radiation,

1. An apparatus as defired in claim 6, wherein the
low-pressure ultraviclet Jamps are U-shaped.

11 An apparatus as defined in ¢laim 6, wherein four
low-pressure ultraviolet lamps are positioned around
the vessel.

12. An apparatus as defined in claim 6, wherein the
vessel and a major part of the low-pressure ultraviolet
lamps are surrounded by a U-shaped reflector.

13. An apparatus as defined in claim 1, wherein the
infrared lamp is arranged beneath the vessel

14. An apparatus as defined in claim 1, wherein 2
thermometer is in contact with the vessel.

15. An apparatus as defined in claim 14, wherein the
thermometer extends into the vessel through the base of
the vessel

16. An apparatus as defined in claim 15, wherein the
thermometer comprises a thermocouple.

7. An apparatus as defined in claim 16, wherein a
means is provided permitting the thermocoupie to
transmit a pulse to switch off the apparatus when a
temperature of 42.3° C. is reached.

18. An appazatus as defined in claim 16, wherein the
thermocouple consists of a thick-walled glass tube,
within which two wires of dissimilar metal are ar-
ranged, the ends of which are connected to each other
in a tip of the glass tube.

19. An apparatus as defined in claim 38, wherein the
point of consection of the two wires forming the ther-
mocouple is imbedded in casting plastic.

20. An apparatus as defined in claim I8, wherein the
thermocoupie wires of dissimilar metal are iron and
constantan.

21. An apparatus as defined in claim 14, wherein the
thermometer is arranged outside the vessel

22, An apparatus as defined in claim 21, whereiz a
nos-contact type of thermometer is uvsed as the ther-
mometer.

23. An apparatus as defined in claim 1, wherein the
feed pipe consists of a thick-walled glass tube connected
to the source of ozone by means of a short section of
tubing.

24. An apparatus as defined in claim 1, wherein an
ozonizer is used 23 a source of ozong, connected to an
oxygen cylinder through a solenoid valve.

25. An apparatus as defined in claim 24, wherein the
ozonizer has at least one low-pressure witraviolet lamp
that radiates a line spectrum in which fine 183 am ac-
counts for the greatest part of the total radiation.

26. An apparatus as defined in claim 24, wherein the
ozonizer is connected to means providing a normal
voltage.

27. An apparatus as defined in claim 24, wherein the
oxygen cyiinder is fitted with a pressure-monitoring
system.

28. An apparatus as defined in claim 24, wherein an
oxygen generator is used in place of an oxygen cylinder.

29. An gpparates as defined in claim 24, further in-
cluding an ejectrical circuit which comprises a masier
switch, a processing switch, and switches for the infra-
red lamp, the uitravioiet lamps and the ozonizer, and
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wherein each of the switches can be operated indepen- :1\: rzntggegz}am activated when the processing switch is
dently. : 31. An apparatus as defined in claim 29, wherein a

timer and/or 2 counter is/are connected {0 the process
5 ing swiich.
the switches are s0 connected to each other that all the £k owox

30. An apparatus as defined in claim 29, wherein all
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i571 ABSTRACY

A method of inhibiting the aggregation of blood platelets in
a human, which comprises: {8} comtacting from about 9.61
mi te about 460 mi of biocd with a blood platclet aggregz-
tion-inhihiting effective amount of ozone gas and ultraviolet
radiation; and {b} administering the biood treated in step {a)
to a human. A method of stimulating the immune system,
and of treating immune system disorders, by treating blood
with ulraviolet radiation and ozone gas, followed by admin-
istering the freated blood to g haman,

Also disclosed is a method of treating Raynand’s Disease by
contacting abont 6.61 ml to about 480 mi of human blood
with 2 blood platclet aggregation-inhibiting effective
amount of ozonre gas in admixture with oxygen gas, and
ukiraviolet radiation, while mainiained at a temperature in
the range of from shout 37° C. 1o showt 43° C. for a period
for about 0.5 minutes to about 10 minutes, and administering
the blood so ireated to 2 human patient with Raynmud's
Disease.

9 Claims, No Drawings
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METHOD OF INBIBITING THE
AGGREGATION OF BLOOD PLATELETS
AND STIMULATING THE IMMUNE
SYSTEMS OF A HUMAN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a eontinuation of 115, patent applica-
tion Ser. No. 07/941,327, filed Scp. 4. 1992, now abhandoned;
which is & continuation-in-part of 1).8, patcnt application
Ser. No, §7/832,798, filed Feh, 7, 1992, now abandoned, the
entire disclosure of which is incorporated hergin by refer-
CHCE.

BACKGROUND OF THE INVENTION

1, Field of the Invention

The present invention relates to 2 method of inhibiting
blood plafelet aggregation in hurnans, as well a5 to a method
of therapeutically treating human discase conditions asso-
ciated with blood platelet aggregation, The invention also
periains to 2 method of stimulating the immune system, and
i0 a method of therapeutically treating immune system
disorders,

2. Description of the Prior Art

Platelets are the smallest of the formed elemenis of the
blood. Every cabic millimetcr of blood contains about 250
million platelcts, as compared with only 2 few thousand
white cclls. There are about a trillion platelets in the blood
of an average human adult. Plaelets are not eclls, but are
fragments of the gianl bone-marrow cells ealied megakaryo-
cyies. When a megakaryocyte malures, its cyviopiasm breaks
up, forming several thousand platelets. Platelets lack DNA
and have little ability to synthesize proteins. When rcleased
inio the hlood, they circulate and die in shont fen days.
However, platelets do possess an active metabolism to
supply their energy needs,

Because plateleis contain a generous amount of contrac-
tile protein (actomyosing, they are prone to confract much as
muscles do. This phenomenon explains the shrinkage of a2
fresh blood clot after it stands for only a few mimuics. The
shrinkage plays z rolc in forming a hemostatic plug when a
bloed vessel is cut. The primary fonetion of plateloets is that
of forming blood clots. When a wound occurs, platclets are
attracted to the site where they activate & substance {throm-
bin} which starts the clotting process. Thrombin, in addition
to converting fibrinogen into fibrin, also makes the platclets
sticky. Thus, when exposed to collagen and thrombin, the
plateleis aggrogaie 1o form & plug in the bole of an injured
blood vesscl

Platelets not only tend to stick to one another, but to the
walls of blood vessels as well. Because they promote

clotting, platelets have a key role in the formation of

thrombi. The dangerous conseguences of thrombi are evi-
dent in many cardiovascalar and cerebrovascular disorders,

In this regard, the precisc function of blood platelets in
various human diseasc statcs has recently become increas-
ingly understood as advances in biochemisiry permit the
ctiologies of discases to be betier undersiood,

For example, many atterapts have been made o cxplain
the process of atherogenesis, that is, the creation of plague
which narrows arteries and, of particular cencern, the coro-
nary arterics. Recently, there has been increasing interest in
the possible role of plalelets in atherosclerosis,
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In addition, a number of disease slafes i1 humans are
believed to be assoeiated with an aggregation of platelets in
the bloed. These platelet aggregation associated conditions
include: periphcral vascular disease; thrombotic discases
such as coronary thrombosis and pulmonary thrombosis;
stroke; cclampsia and pre-eclampsia; and hypericnsion,

A study completed by the University of Oxford, England,
and published in the British Medical Journal, Vol. 296, Jan,
30 1988, pages 320-331, entitled “Secondary Prevention of
Vascular Disease by Prolonged Antiplatelct Treatment,”
suggests that therapics which inhibit platelet aggregation
may be useful for treating occlusive vascular discase. The
study uiilized aspirin, sulphinpyrazone, or aspitin and dipy-
ridamole as the platclet aggregation inhibiting agents.

Unfortunately, long-term aspirin therapy may lead to
severe gastrointestinal imitation and bleeding. Also, thesc
and other known agents which inhibit platelet aggregation
may have other undesirable side-cffeets that make them
unsaitable for administration to patients who could benefit
from such therapy. For pregnant women with pre-cclampsia
or other plateler aggregation associsted conditions, the
adminisiration of drugs may be undesirable in view of the
potcntial effects of the same on the developing fetus,

it would therefore be desirable to provide a method of
inhibiting blood platelet aggregation which overcomes the
deficiencies of the prior art.

A separate body of prior art discloses various methods of
using ozone gas 1o treat certain human discases, wounds and
infections:

U.5. Pat. No. 695,657 to Smith discloses a portable
ozonizer for the treatment of wounds. The device inchudes
an ozonizer honsed in a glass jacket, one end of which
receives an air-supply tube and other end of which funciions
as ap outle! tube for the orzonized air The device enables
topical application of ozone gas, which is said to be used to
treat suppurating or gangrenous surfaces.

LLS, Pat. No. 3,715,430 to Ryan relatcs to a method and
apparatus for producing substantially pure oxygen having
controlled content of ozone and higher oxygen polymers.
The purified oxygen gas is exposed to uliraviolet light ina
wavelength of 2485 to 2537 apgstrom units in order o
produce ¥ to 508 paris per mithon of ozone and higher
oxygen polymers in the gas mixtare, Ryan indicates that the
gas produced in this manner is non-irritating to the human
body and may be intravcnously injected into the blood
stream for therapeutic usc.

.S, Pat. No. 4.632,980 10 Zee et al. discloses a method
of freeing blood and blood components of enveloped virses
by contacting the blood or biood product in an agueous
medmm with an cnveloped virps inactivating amount of
ozone. The treatment is carried out at & temperatore of 4° to
37° C., and an ozone concentralion of 1-100 ppm. The
disclosed process is said 10 useful for imactivating the
hepatitis virgs, HYLV-1, -II, and -IH, and influenza virus,

U.5. Pat. No. 4,831,268 to Fisch et al. provides & method
for the radiation of corporeal bleod to provent arterioselc-
rosis refated heart and vascular diseases eaused by distur-
bapces in the [at cxchange. The disclosed process involves
irradiating the bloed in 2 blood conducting tube with radia-
tior having an intensity of from about 1 mWem™? to 10
mWem™ in a wavelength range of frem about 320 nm 10
600 nm,

U8, Pa. No. 4968,483 to Muller ¢ 4l discloses an
apparatus for the production of oxygenated blood. The
apparatus ncludes a vessel for containing the biood to be
proeessed, an sitraviolet lamp and infrared lamp associated
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with the vesscl, and g feed pipe extending into the vessel o
a position ncar the bottom of the vesscl, in which the feed
pipe is connecied to a source of ozone.

11.8. Pat. No, 4,583,637 10 Herman refates 1o @ method of
weating systemic viral infections by the parenteral admin-
istration of pharmacologically efficctive amounts of orxonides
of terpencs in pharmaccutically accepiable currders, The
disclosed method is purticularly directed to {he treatment of
HIV infections,

ULS, Pat. No. 3,052,382 to Wainwright discloses an appa-
ratus for the conlrolled generation and administration of
ozone. The apparaws includes a gemerator for generating
ozene, ¥ monitor for moenitoring the ozone production, a
dosage deviee for providing & predeiermined amount of
ozonc adminisiration, and & computer control device for
controlling the operation of the apparatus. The patent further
discloses that administration of ozone o paticnts is known
for the treatment of viral and bacierdal infections, as well as
for the treatment of external sores and wounds.

SUMMARY OF THE INVENTION

Applicant has discovered that the agpregation of blood
plateicts in 2 human may be inhibited by contacting from
about Q.01 ml to about 400 mi of blood from & humun with
a blood platele! aggregation-inhibiting efective amount of
oxone gas and ultraviolet radiation, followed by administer-
ing the treated blood to a human,

The method of the invention is comemplated to be usefu
in {rcwting & variety of conditions in humang which are
associated with blood platelet aggregation such as arterial
ocelusive diseascs, including peripheral vascular diseasc;
thrombotic diseases, such as coronary thrombosis, pulmo-
nary thrombosis, arerial thrombosis, and venous thrombo-
sis; circulatory disorders, such as Raynaud's discase; stroke;
pre- celampsia; and hypericusion

The method of the invention increascs blood levels of
nitrie oxide, which may partly explain the effect of inhibiting
platelet aggregation achieved by the invention. Addidonally,
treatment of blood with uliravielct radiation and ozone gas
according to the invention has been found to increase blood
levels of prostacyclin, a substance which 1s known to inhibit
platelet aggregation and relax petipheral blood vessels,

The inventive method of trepting blood has also been
uncxpectedly found 1o activaie the human fmmuene sysiem
by stimulating T-ymphocytcs and monocytes, and by
intreasing the potental of peripheral blood mononuciear
¢ells w proliferate. Thus, {he invention also contemplates &
methed of treating immune system disorders by contacting
from about (.04 mi w0 ahout 400 ml of blood from 3 human
with an immune sysieme-stimulating effective amourt of
ozone gas and ultravielet radiation, followed by adminisier-
ing the treated blood to a human.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a method of inhibiting the
aggregation of blood platelets in a human, which comprises:
fay contacting from about (.01 ml to about 400 ml of
blood with a bloed platelet aggregation-inhibiting
sffective amount of ozone gas and ultraviolet radiation;

and
{b) administering the blood treated in step (4) 1o & human.
As evidenced by the data sct forth in Examples 1 and 2
below, Applicant has found that satisfactory inhibilion of
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platelet aggregalion can only be achieved when the blood is
treated with a combination of ozome gas and ultraviolet
radiation. Treatment of blood solely with ozonc gas pro-
duces minimal inhibidon of blood plakclet aggregation
Morcover, treatment of blood solely with uliraviolet light
produces no irhibition of platclet aggregation whatsocver

The combined treatment with ozone gas and nltraviolct
light, however, has uncxpecledly been found 10 produce
significant inhibition of blood platelet aggregation, which
may be uscful in treating & variety of disorders associned
with blood platelet aggregation.

The term “aggregation of blood platclets” as used herein
refers to the sticking together of platelets to other platelets
and/or  the walls of a blood vessel.

The ozone gas inay be provided by any conventional
source known in the arl, such as an ozonizer. The ozone gas
used it conncction with the inventive method has a concen-
tration: of ozene of from ahout 0.5 pgfmi to about 100 pghml
Preferably, the ozone gas has a concentration of from sbout
5 pgfml o about 50 pgfml The ozone gas is preferably
delivered {o the blood by means of a medical oxygen carrier;
the ozone gas is preferably contacted with the blood by any
means known in the arl, preferably by bubbling the ozonc/
oxyger mixture through the blood sample.

The uliraviolet radiztion may be provided by any con-
ventional source known in the art, for example by a plurality
of low-pressure ultraviolct lamps. The invention preferably
utilizes a standard UV-C source of ultraviolct radiation,
Preferably croployed are low-prossure nftraviolet lamps that
generate & lne spectram wherein sl least ahout 80% of the
radiation has a wavclength of about 253.7 nem. $tis believed
that ultravielet radiation having emission wavelengths cor-
responding to standard UV-A and UV-B sources would also
provide accepiable results.

The bleod o be weated with UViozone is preferably
heated to a temperatures of from about 0° C. 1o about 56° C.
while being contacted with the ozone gas and ultraviolct
radiaion. Any sniteble source of heat known in the ant may
be enployed o heal the blood, prefcrably one or meorc
infrared lamps. The blood may be heated to about 37°-43°
C., most preferably shout 42.5° C. prior o heing conlacted
with the ozone gas and uliraviolet radiation. Preferably, the
temperatire of the blood is then maintained at about 42.5°
C. during the treatment with UV/ozone,

Altcrnatively, the blood sample is heated while being
subjected to UV radiation, until the blood reaches a prede-
termined temperajure {preferably about 42.5% ), at which
point bubbling of ozonc gas through the blood is com-
menced. The concurrent UV/orone wreatment is then main-
tained for ¥ pradetermined period of tme, preferably about
3 minutes.

Another slternative method involves subjecting the blood
te UV/orone while heating to a predetermined temperagure
{prcferably about 42.5° (), then cither ending {he treatsnent
onee the predetermined temperature is reached, or conting-
ing 1iV/ozone treatment for a further period of time, most
preferably abont 3 minutes.

Heating the blood to abowt 42.3° C. with the infrared
lamps preferably employed according 1o the invention has
been found to take from sbout onc minute and Bfty scconds
10 gbout two minules and len sceonds.

It will be understood that the sourcc of blood treated
seeording to the invention may be blood from an owside
source, such us 2 blood donor of compatible blood type,
which is treated with UV/ozone and then administored to 2
paticnt. Alternately, and preferably, the blood o be treated
may be withdrawr {rom the human patient as an aliquet,



5,591,457

5

treated with U'V/ozone, then readministered to the patient
from whor the afiquot of blood was taken. All or a portion
of the blood removed from the patient may be treated and
then readministered {o the patient.

In general, from about .01 mi to about 400 mi of Blood
may be treated according to the invention. Preferred
amounts are in the range of about 0.1 mi to 200 ml, and more
preferably from sbout I mi to 50 ml of blood. The method
maost preforably involves treating about 10 mi of blood with
ozone gas and ultraviolet radiation, then administering (o1
readministering) the treated blood to the patient by intra-
museufar injection,

Other conventional technigues known in the art for
administering Blood may be employed, such as inter-arferial
injection, intravenons injection, subcutancous injection, and
intraperitoneal injection. The administration of small vel-
umes of host blood in this fashion 1§ trmed micro-guto-
hemotherapy.

The invention also contemplates an embodiment wherein
blcod is continucusly removed from a patient’s body and
eirculated through an apparatus which treats the blood with
ozone gas and uliraviolet light as deseribed above, before
returning the blood to the patient This procedure would
have particular utility, for cxample, during the performanee
of operative procedures, such as coronary Dypass surgery.

The blood is contacted with the ozene gas and ultraviolet
radiation {or a period of time sufficient to effectively inhibit
the aggregation of blood platelets. A treatment peried of
from a few seconds to abont 60 minutes, preferably from
about 9.3 minndes to abowt 10 minutes, and most preferably
about 3 mimues, has been found fo provide satisfactory
inhibition of platelet aggregation. The blood is preferably
miziniained at a tempersture of about 42.5° C. during the
three minute treatment period.

The method should be carried out under sterile conditions
known 1o those of ordingry skill in the art.

The method of the invention may be carried out using
conveniional apparatus for ozonating blood and irradiating
blood with uliraviolel light known {0 those skilled in the
medical art. Preferably, an apparatus similar to that disclosed
in 1.8, Pat. No. 4968483 is cmployed o carry oul the
method of the invention. The disclosure of U8, Pat. No,
4,568,483 is incorporated herein in its entirety by reference.

In a preferred aspect of the invention, a method of
inhibiting the aggregation of blood platelets in a human is
provided, which eomprises:

(a) contacting from about 0.0] m! to about 400 mi of
blood from a human with a blood platelet aggregation-
inhibiting efective amount of from about 5 pg/m} to
ahout 50 pg/mi of ozone gas and ulivaviolet radiation
having a wavelength of about 253.7 nm, while main-
taining the blood at a temperature of from about 37° C,
o about 43° C; and

{b) administering the blood treated in step (a) to a human.

The invention alse comtemplates a method of treating a
condition in a buaman associaled with blood platelet aggre-
gation, by contacting abont 0.0} ml o sbout 400 mi of bleod
from 2 human with a blood platelet aggregation-inhibiting
effcetive amount of ozome gas and ultraviclet radiation,
followed by administering the reated blood 10 a human,

The useful and preferred ranges of ozone concentration,
ultraviolet wavelength, temperature, and other parameters of
the method of treatment gre the same as described above
with segard 1o the method of inhibiting bloed platelet
aggregation,

Those skilled in the art will appreciate that the method of
inhibiting blood platclet aggregation provided by the inven-
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tion will have therapeutic utility for treating & wide range of
discase siatos associated with the aggregation of blood
platelets in humans.

The term “treating” s used hercin refers to the alleviation
or prevention of a partieular disorder. In the case of ran-
matic conditions such as stroke, preventative treatment 15
obviousty preferred. Also, slthough the term “haman” is
used {0 describe the preferred host, those skilled in the art
will appreciate that the methods of the invention would have
similar utility with other mammats.

The following diseases are #lustrative of known condi-
tions which may be associated with the aggregation of blood
platelets, and which are treatable according to the inventive
method: arterial occlusive diseases including peripheral vas-
cular disease; arterial and venous disorders inchuding throm-
botic discases such as coronary thrombosis, pulmonary
thrombosis, arterial thrombosis, and venous thrombosis;
circulatory disorders, such as Raynaud's disease; stroke;
pre~eclampsia; and hypertension. This lst is merely illus-
trative of conditions which are asseciated with platelet
aggregation; those of ordinary skill in the art will appreciate
that other disease states associated with an aggregation of
blood platelets may be treated with the inventive technigue.

With regard to peripheral vascular disease, the disease
could theoretically be explained by a reduction of endothe-
ligl-derived relaxing factor (EDRE), low levels of which
iead to a contraction of the smooth musele of blood vessels,
and hence a reduction in the diameter of the lumen of the
vessel and a reduction in blood flow, The major nalurally
oceurring EDRFE is nitrie oxide. In addition, nitrie oxide
siahilizes blood platelets, reducing their aggregation. An
increase in EDRF (nitric oxide} levels, therefore, has a
double beneficial effect on the clreulstory system: if inkibits
aggregation of platelets, making the blood more flaid, and it
enlarges the diameter of the vessels, improving the flow,

As illustrated in Example 2 below, the method of the
invention is belicved to inerease nitric oxide levels in the
bloed, which may explain one mode of action in the inven-
tive treatment of peripheral vaseular diseasc and other
conditions associated with blood platelet aggregation.

Pre-celampsia may lead to celampsia, an acute hyperten-
sive crists that may occur in the second or third trimester of
pregnancy. Although the precise etiology is unknown, over-
active platelet sctivity leading to the formation of thrombi in
the placenta is beleved {o be a cause of the condition, The
inventive method, which resulls in & stabilization of the
patient’s blood platelets and an inhibition of platelel aggre-
gation, is therefore a potential treatrment modality. In par-
ticulaz, the method of the invertion may be preferred over
convertional antiplatelet therapics, where the administration
of drugs 1o the mother is counterindicated,

Example 3 below shows that the method of the invention
increases the blood concentration of 6-kelo prostaglandin-
Fl-alpha, the stable metabolite of prostacyelin which is used
o measure prostacyclin levels. Prostacyelin is a substance
produced by platelets which inhibits platelet aggregation and
relaxes peripheral blood vessels. The inerease in prostacy-
clin levels provided by the invention 1hus appears to he
znother mechanism whereby the method is effective for
trealing peripheral vascular discase, and the other disclosed
conditions associated with platelet aggregation,

Prostacyelin has in the past been used as an experimentsl
treatment for Raynaud's disease, which is a severe Torm of
circulatary disorder affecting the extremitics. Prostacyclin,
however, 1s too unstable and expensive (o be a commercially
praciicable therapeutic agent. The method of the invention

- therefore provides a more satisfactory means for treating
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circulatory discascs, such as Raynaud's disease, whick are
benefitted by an incresse in blood levels of prostacyclin.

Examples 4 and 3 below support the finding that the
methed of treating blood according to the invention has an
immune-sthnulatory offect, In particular, treatment of blood
with UV/ozone has been found to increase the proliferation
of peripheral blood mononuchear cells after simulation with
Interleukin-2 (IL-2} {sc¢ Example 4}, and also to stimulate
T-lymphocytes and monocyies (see Example 5).

Thus, the invention also provides a method of simulating
or activating {he immure syster in & human by contacting
about 0.01 mi to about 400 ml of blood from a human with
an immune system-stirnidating effective amount of ozone
gas and altraviolet radiation, followed by administering the
treated blood to 3 human. Similardy, the invention contem-
plates a methed of treating an immune system disorder ina
human, by contacting about 0.1 mil to about 400 ml of
blood from a human with an immune system-stimulating
cffective amount of ozome gas and ultraviolet radiation,
followed by administering the treated blood to a human.

The usefnl and preferred ranges of ozone concentration,
ultraviolet wavelength, femperature, and other parameters of
these methods of treatment are the same as deseribed above
with regard t0 the method of inhibiling blood platelet
aggregation.

The immune system disorders which may be treated by
this methed inchude allergic conditions, autoimnmune condi-
tions, and inflammatory conditions. Specific immune system
disorders which may be treated acconding to the invention
incdude arthrits, rhenmatoid anhritis, asthma, graft-versns-
host disease, diabetes mellitus, organ rojection, miscarriage,
osteoarthritly, systemic lupus erythematosus, atopic allergy,
muttiple sclerosis, allergic dermatitis, inflammatory bowel
discase, psoriasis, sarcoidosis, and other inBammuatory dig-
orders.

Further, the immune system disorder 1o be treated aceord-
ing to the present invention may be a lvmphoproliferative
disorder, such as malignant nop-Fodgkin's lymphoma,
Hodgkin's disease, or malignant histiocytosis. Also, the
immune system disorder may be a ncoplasiie disorder, such
as a leukera,

The discoveries of the present invention ipay alse he
applied to test inflammatory and awtoimmumne discuses, and
may be applied to reat antoimmunce diseases manifested by
inferiility. The immune systern disorder to be treated may be
4 disorder resulting from the presence in 2 human of the
virus which causes acquired immnunodeficiency syndrome
{AIDS}.

More generally, the treatment of an “immunc system
disorder” is comtemplated to mean the treatment of any
discase that is associated with a reduced activity of the
immune system, or which 1nay be benefitted by inereasing
the activity of the immune system. Thug, the process of the
invention muay find applicability in the treatment of a variety
of infectious discases, particularly viral infectons such as
the HIV wirus, tumors, bacterial, yeast or protoxoal infec-
tions, and the Hke.

The following examples are given o illusteate the inven-
tion but are not dewimed to be Himiting thereof,
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EXAMPLE 1

inhibition of Blood Platelet Aggregation

The following experiment was conducted o study the
effeets of ozone/ultraviolet light troatment on hlood platelet
BCHvity.

Experimental Procedure

Samples (20 ml} of peripheral blood were taken from 18
individuals for 13 separate experiments. Bach sample was
divided into two aliguots. The first aliquot was treated
according to the inventive technique, as foliows:

The 10 mi aliquot was weated in vitro for three minuies
with ozone gas (variable ozon concentration of 5--580 ug/mi)
and ultraviolet light {253.7 ), at 2 temperature of 42.5° C.
An apparatus similar o that disclosed in U5, Pat No.
4 568,483 was utilized 10 carry out the treatment of the blood
sampie.

The second 10 mi aliguot from each sample served as an
unticated control.

Platelets were isolated from the control or freated sumples
by centrifugation, and their ability to aggregaic in response
to different concentrations of ADP {a nawral platelet simu-
latory was measured in an aggregometer A sample of both
orone-treated and untreated blood was used for quantitation
of platelet numbers, using a Coulter counter. In some of the
expesiments described below, aligeots of the blood were
treated with different concentrations of ozone. In other
experiments performed, the Blood was treated in the pres-
ence and sbsenee of UV-lght frradiation.

Piatelet aggregation in the ozone-treated blood was
expressed as a percentage of aggregation in the same-person
untreated control blood.

Results

As shown in Table 1, the results of the experiments
indicate that treatment of blood with ozone and ultraviolet
light according to the invention inhibits the aggregation of
blood plateles. Furthermore, there is an indication that this
inhibition is dose related to the ozonc concentration (se¢
Tabie 2).

The effect of high levels of ozone on
ADP-stimulated blood platdets

High levels of ozone {between 35 and 50 pg/mb) caused
a measurable inhibition of ADP-induced platclel aggrega
tion {arbitrarily taken as 33.3% inhibidon) in 11 of the 13
experiments (8 of the 10 individuals). Taking 4l the data on
all 10 individuals, the mean inhibitdon of platclet aggrega-
Hon was 49,2427 8% (mean ®sd). There was no significant
difference between the inhibitory effects on blood taken
from males and females {mean inhibition 48.1% and 50.7%,
respectively),

‘This inhibidon appeary to relate to the concentration of
ADP (aggregation stimulstor) over the concentration range
of 0.01-0.1 mM ADP, with lower inhibition at higher
concertration of platelet agonist. However, this relationship
did not hold at higher ADP concentrations {Tuble 1} and
could be spurious, although the Ievel of inhibiton at 0.01
mM ADP is significantly greater than at 8.1 mM ADP (714
vs. 95%, p<0.02).
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TABLE 1

The cffect of kigh levels of orone on the aggregadion of
hrmsan blood platelers i the presence of venping conceniralions of ADP

Fercent
Concentralion Conzentration Intrbition
Erate of grong of ADP af Matelet Count
(hadividual) (/) fmivi) Aggregation Before Ozone/UV-Afler Grone/UiV
211191 30 1] i
(F1}
LYR IR 50 5 833
[65ES] 10 714
30 758
21291 30 10 1]
2y 30 10.8
30 3
31381 50 0.5 6.1
M4 1 371
5 500
40 LE
6.12.91 50 1 4 34 49
M3 ) 0.1 6.2
0.5 48
a3 0
11,1281 30 045 LG 46 3
M4 01 624
£ 74.3
108 0.0
12,1297 30 0.01 678 51 121
[6%53] 13 7.1
| $4] 357
131291 30 04 634 33 87
U a5 i
131 04
0.3 154
1E iz}
LR iz
104 216
59.01.92 50 .01 42 34 44
M6 0.05 310
0.1 TOG8
1] 154
10 6.2
50 313
160197 50 0.001 71.4 49 64
F3y 0.003 315
001 694
.05 338
0.1 itz
4.5 101
LO 2L.8
130192 50 {005 160 49 5%
{Fd) 4.0t 100
408 952
&1 92.8
4.5 458
L& 9L.6
54 95.8
00 B30
15.01.92 440 1513 9040 81 64
13 245 T4
B 407
0.3 £rO
18 RL.8
58 95,5
108 85.2
500 84.0
1600 Fits|
210192 35 .01 671 68 79
(M i

The following is a summary of the dats set forth in Table
1
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TABLE 1
ADF mM .01 AEEL 6.10 iR LOO 500 186
% inhibidon TR+ 535 4he 3T wde F6 - 53 4 GELT -wfer HOT
of aggregnlion 0o 26.1 284 84 287 3532 0.4
Nz & & B T 7 4 4

The cffect of high levels of ozone on toial whole
blood platclet counts

As any apparent reduction in platelet aggregation follow-
ing oxone treatment of whole blood could be caused by »
loss of platelets from the blood during treatment, total whole
platelet counts were performed on the treated and unireated
whole blood samples in 9 cxperiments on blood from 8
individuals, Overall, the platelet count was 115.5459.8% of
the untreated level {ollowing ozonization {range 82~204%).

Thus, the total platelet counts before and after orone/UV
treatment do not indicste a major loss of platclets from the
blood as & result of oronization.

The effect of different concentrations of ozone on
the inhibition of aggregation of human blood
platelets stimulated with ADP

Three different concentrations of ozone (5, 25, and 530
ugfml) werc used at a range of ADP concentrations in 4
experiments on 4 different individuals. Bulking the data for

¢

28

25

different ozone concentrations from each individual and
calculating the mean for the data from the 4 experiments
indicated that there was some dosc response relationship
between the concentration of ozone used and the inhibition
of platelet aggregation (sec Table 2). Although overal] these
differences were not sigrificant, in two of the four individu-
als there was 2 significantly greater inhibitory effect of ozone
at 50 ug/mi then at 5 pg/mi {see Table 3}

TABLE 2

The effect of different concentryifons of orone on

intuibition of platelet apgresation in the ¢ e of ADF
Percent
Coneentration Concentration Frchibrtion
Date of ozone af AR of Pluelel Count
{laeciwiclual} {ughmh} {ribdy Aggregation Before CronefiIV-ARcr OzonefUy
31291 5 (LR 273
{2 25 04 100
5 .5 0
25 (]
56 035 #7.1
5 18 0
25 14 286
50 18 571
5 54 0
25 548 258
56 540 5040
5 300 00
25 304 620
50 3o E8.1
2.01.92 5 601 0.1 34 43
MG 25 .01 8.9 45
30 0.0t 34.2 46
5 .05 g
25 .05 52
50 0.05 310
5 a1 9.8
25 ol L4
50 R 9.8
5 0.5 0
s 03 0
hid] 0.5 15.4
3 g 25
25 18 137
54 18 262
5 548 0
23 54 17.8
50 50 s
0Lz 5 6001 hTAY 49 3
(F3 25 8001 857 90
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TABLE Z-continued

14

‘The effect of different concentrations of ozone on
inhibition of plaiclel aggrogation in the presence of ADP

Percent
Concentration Concentragon Inhibitton
Bate of oeone of ADP of Fliateiel Count
{Individual) {prgfmi} {mM) Aggregation Before OzonefUV-Afler Czone/UV
50 0.00% 1.4 64
5 0.008 315
25 0.005 800
hit] 0.005 375
5 .01 66.4
25 0.01 §32
50 0.01 9.8
5 0.05 WG
25 0.05 66.9
50 0.05 38
5 0.4 253
25 0.4 610
50 0.1 3.2
5 0.3 34
25 0.5 34.5
50 0.5 10.1
5 1.8 218
25 1.0 529
50 1.0 218
JENY R ) 3 0.005 100 44 60
(Fd) 5 0.005 100 &5
50 0.003 10 52
5 .01 100
25 0.0t &1.5
50 0.0t 100
5 0.05 84.8
25 0.05 7.1
&0 0.05 952
3 0.1 85
25 [EN); SE4
30 .1 929
5 0.5 833
23 05 5.8
50 [ 95.8
3 1O 832
25 1O B9.5
50 1O 916
5 540 782
5 50 917
50 50 95.8
3 0 853
25 100 BG.0
50 00 80.0

The following is & simmary of the data set forth in Table
2

Concentraion of vzone
{agftal) 5 il 30
Platelet spgregation (%) 385 +— 56.5 t- 559 +/-
{mean 4~ 56, 1 = 4} 30.9 294 6.4
TABLE 3
The effect of different concentrations of ezone on
inhibition of platelet agg in two individuals
Concentretion of ozone
{pgfmi) 5 25 5
Platedel agprepgation M2 1558 <4 529+ 65.6 +-
(%) 20.2 ng Bi4
Difference from 3 ugiml 18 p< 881
Plaelet aggrogation M6 BF 112 - 247 +i-

45

55

<]

&5

TABLE 3-continued

The effert of different comeentrations of orone on

inhibition of phaieled sgpregation in two mdbidunls
Concentration of ozone
(ugefmd) 5 5 53
(%) 96 102 48
Bifference from 3 pgimi wa p<002

ns = not sigmificant

The effect of UV light on the response of platelels
0 prong

The effect of ozone on the sggregation of human blood
platelets was investigated al different concentrations of ADP,
in the presenec or absence of UV light The resuits, shown
in Table 4, indicate that, although there may be some platelet
agmegation-inkibiory response to ozone alome, (ks s
nearly always greater in the presence of UV light and the
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effect of UV light was highly significant (p<(0.001} in this
single cxperiment. This reselt was also repeated in a second
experiment, using a single concentration of ADP{G.01 mM).
"The results of this second experiment are sct fonh in Table
5

TABLE 4

The effcet of UV light on the inhibition of ADP indeced
platclet aggrepation by ozone at 4 conceniration of
40 pg/ml. {(Expermen daie 15.01,92, individoal I'D)

Erdibition of plateled sggregaton (56)

Concentragon ADP (mM) IV ~{I¥
8.0t 90.0 &0.8

.05 T4 ¢
it 407 407

5 87.0 0

.0 38 ¢
50 a55 194
14.0 B5.2 1IR3
50.0 B4.0 160
W0 EES! 4.3

Mean H— s 7945 wf- 151 176+ 186
p < 0001
TABLE S

The effecy of UV Bght on phatelet aggrepation induced by
ADP {4 mM) in the presence or absenve of ozone,
{Faperiment date 210192, individual M2}

Perceny inhibition of platelsl aggregation
No azone,
Czome 35 pgfmlt + UV Creone 33 pgfmi — WY UV alonc
LRR: 3 H.A2% %

Ie summary, the resulis of Example | indicatc that the in
vitro treatment of an aliguot of blood with ozone gas und
gliraviolet Hght inhibits the aggregation of blood placlets.
This plaiclet inhibition has been found to be dosc related 1o
the ozonc concentrafion. Further, platelet inhibition was
found to critically depend on the combined treatment of
ultraviolct Hight and oronc gas, as cvidenced in Tables 4 and
5. Treatment with ozonc gas alone resulted in minimal
inhibition of platclel aggregation, while treamment with
ultraviolet lght alone produced no inhibition of platelet
aggregation.

EXAMPLE 2

Measurement of Nitrie Oxide

in order to elucidate the mechandsm whereby ozonization/
UV light affects the aggregation of platelcts in treated blood,
the concentration of corlain oxidized forms of nitrogen were
measured.

The direct measwremnent of nitric oxide is difficult w0
achieve. Howcver, nitric oxide is an intermediate in a
metabolic pathway in which arginine is converted to clrul-
Hne, Other stable cnd-products are nitrates and nitrites.

Aceordingly, the nitric oxide content for scveral samples
of blood mreated with ultraviolet light and ovene gas accord-
ing to Example 1 were indircetly detormined by measuring
the combined miwate plus nitmite concemtrations in tne
samples before and after treatment with ozone/UV lighy,
after converting nifrate to nitriie.

0
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The results show that there is 3 small increase in nitrate
plus nitritc concentrations after treatment according to the
invention. This increase was consistently found in samples
treated with ozone gasfUV light Thus, nitric oxide levels
may be enhanced by the treatment with ozone gas/UV Hgh,
and this may be part of the mode of action by which an
inhibition of blood platclet aggregation is achieved by the
invention, This therapeutic effect would be consistent with
the cticlogy of peripheral vascular discase described above.

Conclusions

The data of Examples 1 and 2 suggest that the treatment
of blood with ozone gas and ultraviolet Hght according to the
invention is actually inducing an inhibition of platelet aggre-
gation for the following rcasons:

1. The inhibitory cffeet is at least partially dependent on

the concentration of ADP, ozonc being more inhibitory
&t lower ADP concentrations. This may be interpreicd
a5 the higher agonist concentrations partially overcom-
ing the inhibitory eflect of ozone by “hyperstimulating™
the platclets, This suggests that the inhibition is at least
partially reversible, and is probably not acting by
destroying the platelet’s ability 1o aggregate,

2. "Fhe inhibitory effect appears to be dose related to ozonc
concentration, with higher concentrations of oxone
resuiling in a greater inhibition of plateler aggregation.

3. The inhibitory cffect is UV-dependent, suggesting that
this is not a non-specific toxic effect caused by the
oxidative capacily of the ozone gas,

EXAMPLE 3

Measurcmiert of Prostacychin

iIn order to assess the effect of treatment of blood with
UV/ezone according to the invention on blood levels of
prostacyclin, the concentration of its stablec metabolite,
6-keto prostaglandin-F1- alpha, was measured.

Samples of blood from cight individuals were divided into
two aliguots, onc of which was treated with U'V/ozone as
deseribed in Example 1, the other aliguot serving as an
anjreated confrol, The level of G6-keio prostaglandin-Fl-
alpha was then measured for each blood sample using
standard tcehnigues, The results are as follows:

Plasms &-kero POFL alpha cong.

Individual Comiral Crrone/UV Trented Percent Increase
1 Pl 4.6 35
2 7 BB 518
3 1.2 5.7 475
4 4.6 27 456
5 i 6.7 248
& z3 pAi] g7
7 26 48 154
8 LR 548 158
Maan ek

Thus, in seven out of the cight individuals, reatment of
their blood with UV/ozone resulted in an increasc in the
coneentration of the prostacyclin metabolite, suggesting that
this may be an additional mechanism wherehy the treatment
of the invention works 0 treat poripheral vasculur discase
and other diseases associated with blood platelet aggrogs-
Hon.
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BXAMPLE 4

Proliferation of Peripheral Blood Mononuclear
Cells

This exampie illustrates the immune-stimulatory effect on
bloed which resulis from treatment of the blood with
UV/ozone according to the invention.

Whole blood from four individuals was cxposed to
LUiV/ozone treatment as described in Exampic 1, using ozone
concentrations ranging from about 35 pg/ml 1o 50 pg/ml. A
parailel conirol of bloed from the samc person was treated
with oxygen alone {no ozone/LiV),

Peripheral blood mononuclear cells (PBMCs; a mixture of
Tlymphoeytes and monocytic cclls) were isolated from
cach samplc of blood by gradicn! density centrifugation, The
isolated PBMCs were then eultured in the preseoee of
Interleukin-2 as 4 stimulator. After three days of culture, the
proliferation of the cells was assessed by mcasuring the
incorporation of tritisted thymiding into the DNA of the
dividing cells, The results are as follows:

Uptake of trdated thymidine Peroent
j33ti:0 Eoprm, frean +— wel) Stimulated

witha) Crntrod Crrome/UV Tremed by OzeneflJV
1 1433 4fe 368 AHI5 e 600 293
2 427 4 311 1238 4 166 254
484 +/- 88 1340w 165 277
3 295 +f- 64 837 fmzan of ) 280G
437 (n=12) 1381 e D) 309
4 SHY +/- B89 331 - 1601 38
9485 +/— 1483 5056 44— 1332 53

In conglusion, in three of the four individuals, treatment
of their blood with UV/ozone according {0 the invention
increased the profiferation of peripheral blood mononuclear
cells after stimulation by Interleukin-2, Thus, the treatment
of the invention has an immune-stimulatory effect on blood.

EXAMPLE 5

Staining of Aclivation Markers

This example ilhustrates & seeond experimental approach
which indicates that ireatment of blood with UV/ozone
according to thc invention has an immunc-stimulatory cifect
or human blcod.

Saroples of blood were separated inte aliquots, in which
one group of aliquots were ireated with UViozone a8
described in Example 1, and the other group of samples were
maintained as an unircatcd control. Each blood samplc was
then stained for certain activation markers of Tlymphocytes
and monoeytes, using conventional monoclonal antibody
techniques. The proportion of the total cells which stained
positive for the individual markers was gquantitated by
mderoscopy, The resulls are as follows:

i)
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Mavker Comiral Orone/UV Treated
CR25 (B2 mecepton) 1% 6%
CEE (Eorosetle meoepion) 3% 33%
HLA-DR {monecyte activation) 0% %

"The gbove data for this example are all means of dupli-
cates, and indicate that treatment with UV/ozone according
{0 the invention results in the stirmuiatdon of Tlymphocytes
and monocytes, further supporting the data in Example 4
above.

The invention being (hus described, it will be ebvious thal
the samc may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invertion, and all such modifications arc intended to
be included within the scope of the following claims,
What is claimed 18
1. A mcthod of treating Raynaud’s Discasc in a human
pattent with Raynaud's Disease, which comprises:
selecting an aliquot of from about 0.61 ml to about 400 mt
of human blood of a lype compatible with the blood of
& human paticnt with Raynaud’s Discase;

contacting the selested blood aliguot simultaneously with
& blood platelet aggregation-inhibiting  effective
amount of ozone gas in admixture with oxygen gas, and
slraviolet radiation, while maintained at & temperature
in the range from about 37° € to ahout 43° C. for a
period for shout G5 minutes (0 about 10 minutes;

and administering the blood aliouot so reated to the
human patient with Raynaud’s Iiscasc.

2. The method of claim I whercin the ozone gas is at a
cencentration of 0,5 micrograms per mi to sbout 10 micro-
grams per ml,

3. The method of claim 1 wherein the ozone gas is at a
concentration from about 5 micrograms per mi o about 50
MICFOUrams per mi

4. The method of ¢laim 1 wherein the ullraviolet radiation
has & wavelcagth of about 253.7 nm.

8. The method of claim 1 wherein the blood aliquot is
maintained at a teinperaturc of about 42.5° C. whilc bheing
contacted with the ozone gas in admixture with the oxygen
gas, and ultraviolct radiation.

6. The method of claim 1 wherein the blood aliguot has a
volume of about 10 mi.

7. The method of clalm 1 wherein tme blood aliquot is
contacted with the ozone gas in admixture with oxygen gas
and ultraviolet radiation for a period of about 3 minutes.

8. The method of claim 1 wherein the blood aliquot is
administered o the human paticn! with Raynaud's Disease
by a method sclected From the group consisting of interar-
terial injection, inframuscular injection, intravenous indee-
tion, sub-cutancous injection, and intraperitonial injection,

9. The method of claim I whercin the blood aliguot is
oblained by temoving the blood aliquot from (he same
human Lo whom the blood is administered after treatment of
the blood aliquol.
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TREA ¥ A I DISEASE

EIELD OF THE INVENTION

This invention relates to vaccines, their
preparation and use in medical treatments. More
particularly, it relates to treatments for alleviating
autoimmune diseases and their symptoms, to a vaccine useful
therein, and to processes for preparing and using such a
vaccine.

BACEGROU

Autoimmune diseases include rheumatoid arthritis,
graft versus host disease, systemic lupus erythromatosis
(SLE}, scleroderma, multiple sclerosis, diabetes,
inflammatory  bowel digease, psoriasis, and other
afflictions., Also, the rejection of transplanted organ is
a process which has pathological similarities to autoimmune
disease, Autoimmune diseases may be divided into two
general types, namely connective tissue autoimmune diseases
(exemplified by arthritis, lupus and scleroderma), and
failures of specific organs {exemplified by multiple
sclerosis, and diabetes) .

In general terms, a normally functioning immune
system distinguishes between. the antigens of foreign
invading organisms (non-self) and tissues native to its own
body (self}), so as to provide a defence against foreign
organisms. Central to the proper functioning of the immune
system, therefore, is the ability of the system to
discriminate between self and non-self. When a patient’s
immune system fails to discriminate between self and non-
self and starts to react against self antigens, then an
autoimmune digorder arises.
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The causes responsible for the reaction of an
affected person’s immune system against self are not fully
understood, and several different theories have been put
forward. 'The immune response to an antigen is triggered by
the interaction of the antigen with receptors of
predetermined specificity on certain lymphocytes. It is
believed that, at an early stage in developwent of the
immune system, those lymphocytes with receptors recognizing
self antigens are recognized and eliminated from the body’s
system by a process of deletion. Alternatively, or in
addition, such gelf-reactive lymphocytes may be controlled
by the suppression of their activities. Both wmechanisws
probably occur.

The immune system of normal healthy individuals
is able to identify and to react against a family of
proteins which are highly conserved in nature (i.e. they
have a similar structure throughout all living organisms) .
This family of proteins is called the stress or heat-shock
proteins (HSP), and they are grouped according to their
approximate molecular weights. Members of the HSP family
include the HSPE0 group, and, among others, proteins in the
molecular weight range 50 to 100 kilodaltons. Increased
production of HSP's was first identified as a response to
heat stress, but this now appears to be part of a general
response to a variety of cell stresses. HSPs are normally
located within cells, and their function appears to be the
stabilization of the structure of various proteins in
stressed cells, so as to protect the cell from the protein
denaturing effects of various stressors. However, it is
likely that HSPs have a number of other functions which
are, as yet, not fully understood. Heat shock proteins,
HSP's, are discussed in some detail by William J. Welch, in
an article in "Scientific American®, May, 1993, page 56.

Cne group of the family of HSP’s, the HSP 60
group, contains proteins which show about 50% identity



WO 98/07436 PCT/CAY 0564

between bacterial cells and human cells. Infection with
bacteria containing HSP 65 results in an immune response in
healthy humang against the bacterial HSP&5, evidenced by
the production of anti-HSP65 antibodies. Thus, a healthy
immune system appears to be able to identify and react
againgt self-like antigens.

In certain pathologies, for example many
autoimmune diseases such as rheumatoid arthritis and
scleroderma, patients also show the presence of antibodies
to HSP 65. In the past, this has led to conclusions that
autoimmune diseases result from bacterial infection. Now
it seems likely that autoimmune diseases can, at least in
some cases, be associated with an inappropriate control of
the autoimmune response. In other words, it is possible
that the antibodies to HSP 65 result from an autoimmune
reaction initiated against HSPs from the body itself, but
one which has been improperly controlled. In such cases,
therefore, it should be possible to control an
inappropriate autcimmune regponse, by stimulating the
body's natural immune c¢ontrol mechanisms, using a
particular and specific method of vaccination,

To stimulate the body’s i1mmune response, a
vaccine is required which will, upon injection into the
host body, enable the host immune system to present the
antigens contained in the vaccine to cells of the host
immune system. Antigen presentation is performed by
antigen presenting cells.

A vaccine to treat autoimmune diseases should
contain antigens or fragments thereof {(peptides) that will
activate the body’s immune c¢ontrol mechanisms. In
addition, the antigens ({peptides) should be present in a
form which can be recognized by the host immune system when
the vaccine is introduced into the host. Certain of the
antigens may be present on intact cells. The objective of
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such a vaccination is to activate regulatory I1lmmune
pathways, particularly those controlling autoimmune
responses, thereby downregulating the autcimmune response.

The particular antigens which will activate the
control mechanisms of a wmammalian autoimmune system are not
fully understood. It is however recdgnized that they may
include antigeng derived from lymphocyte receptors, which
may function to stimulate control mechanisms, to inhibit
those lymphocytes which cause pathological autcimmune
regponses in the patient. They wmay also include HSPg, such
as the HSP 60 group of proteing, and leucocyte surface
molecules such as those of the Major Histocompatibility
Complex (MHC) including MHC class 1 and class 2 molecules.
MHC class 2 molecules function physiologically to present
peptides to antigen-presenting cells as part of the immune
response .

It is important that the lymphocyte receptors and
other cell-derived wmolecules for vaccination of an auto-
immune suffering patient be derived from cells obtained
from the same patient, since thisg system will contain the
autocimmune specificity required to gtimulate an appropriate
regulatory immune response. Receptors on othexr leucocytes
in the blood may alternatively or additionally be important
in the proposed vaccination process. The use of such a
system as the basis of a vaccine may be considered
analogous to the use of a particular viral antigen as a
vaccine to treat and prevent disease caused by that virus.
A wvaccine for treating an autoimmune disease should,
therefore, be prepared from a sample of the patient’s own
blood. Such a vaccine may be degcribed as an autovaccine.

For antigens to be effective in stimulating {(or
inhibiting} the immune system, the antigeng should be
presented to immune cells of the host system by antigen-
presenting cells, which are naturally present in the body.
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Many of the antigen-presenting cells are phagocytes, which
attach to the antigens, engulf them by phagocytosis, and
break them down or process them. The preparation of such
an autovaccine should include a process whereby the
lymphocytes and other leucocytes in the vaccine, which may
be a source of antigens, are in a form whereby they are
likely to be phagocytosed by phagocytic antigen-presenting
cells upon re-injection into the patient, so that the
antigens or effective residues thereof are presented on the
surface of an antigen-presenting cell. Then they c¢an
effect a controlling mechanism on the immune system, either
inhibitory or gtimulatory.

During the normal growth period of a mammalian
body, tissues become resghaped with areas of cells being
removed. Thig is accomplished by the cells’ undergoing a
process called programmed cell death or apoptosis, the
apoptotic cells disintegrating and being phagocytosed while
not releasing their contents.

U.8. Patent. 4,968,483 Mueller et al. desgcribes an

apparatus for oxygenating blood, by treating an aliquot of
a patient’s blood, extracorporeally, with an oxygen/ozone
mixture and ultraviolet light, at a controlled temperature.
The apparatus is proposed for use in haematological
oxidation therapy.

U.8...Fatent 5.052 382 Wainwright discloses an

apparatus for the controlled generation and administration
of ozone, The apparatus includes a generator for
generating ozone, a monitor for monitoring the ozone
production, a dosage device for providing a predetermined
amount of ozone administration, and a computer control
device for controlling the operation of the apparatus. The
patent further discloses that administration of ozone to
patients is known for the treatment of viral and bacterial
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infections, as well as for the treatment of external sores
and wounds.

UMMAR F I I

It is an object of the present invention to
provide a novel autovaccine useful in the alleviation of
symptoms of at least one autoimmune disease.

It is a further object of the present invention
to provide a novel process for the preparation of such an
autovaccine.

It is a further and more specific object of the
present invention to provide a novel treatment for the
alleviation of the symptoms of at least one autoimmune
disease in a human patient suffering therefrom,

Accordingly, the present invention provides, from
a first aspect, an autovaccine for treatment of an
autoimmune diseage in a mammalian patient, and derived from
an aliguot of the autoimmune patient’'s own blood. The
autovaccine is characterized by the presence thereln, in
comparison with the untreated, circulating blood of the
antoimmune patient, of at least one of the following
characterizing features:

- increased numbers of lymphocytes exhibiting
a condensed apopincreased intra-cellular vacuolation as
seen under electron wmicroscopy and abnormally smooth
surface topography as seen by scanning electron miCroscopy;

- a release of specific proteins from the cell
surface of the blood leucocytes, including the MHC Class 11
molecule HLA-DR, resulting in a reduction in the number of
cells expressing such surface proteins;
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- an upregulation in the expression of certain
cell surface markers for example CD-11ib, a component of the
ligand for the cell adhesion molecule ICAM-1;

- a decrease in the amount of heat shock
protein HSP-60 contained in the leucocytes, particularly
the lymphocytes, therein, and an increase in HS8P-60 in the
rlasma;

- a decrease in HSP-70 within the lymphocytes;

- a decreased ability of the lymphocytes to
proliferate in resgponse to exogenocous stimulil;

- a decreased ability of neutrophils to
phagocytose and undergo the oxidative burst response.

There 1s an increase in the number of
morphologically altered lymphocytes and other leucocytes
in the autovaccine according to the invention. These cells
may become preferentially phagocytosed upon re-injection
into the host body.

There are a number of different phagocytic cell
types present in the mammalian body, including wvarious
antigen presenting cells and neutrophils. in order to
facilitate phagocytosis by antigen presenting cells rather
than by other phagocytes, the Ilymphocytes and other
leucocytes present in the autovaccine of the invention are
treated so that they may interact preferentially with
antigen presenting phagocytic cells. Cells adhere to each
other by a number of mechanisms including the expression of
cell adhesion molecules. Cell adhesion molecules present
on one c¢ell type interact with specific ligands for
particular adhesion molecules present on the adhering cell
type. The present invention may result in a preferential
interaction of cells in the autovacgine to antigen
presenting cells in the host body, by upregulation, on the
surface of the cells in the autovaccine, of the expression
of the ligand for adhesion wmolecules found on antigen-
presenting c¢ells in the host body. Antigen presenting
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cells express a number of cell adhesion wmolecules,
inciuding ICAM-1, one of the ligands for which is CD-11b.
One way by which the process of the invention may change
the preferential phagocytosis of the morphologically
altered cells is by upregulation of adhesion wmolecules
including CD-11b.

The preparation of the autovaccine according to
the present invention comprises extracting from the patient
suffering from an autoimmune disease an aliquot of blood of
volume about 0.01 mi to about 400 wml, and contacting the
aliquot of blood, extracorporeally, with an immune system-
stimulating effective amount of ozone gas and ultraviolet
radiation. The aliquot of blood extracted from the patient
has one or more features which characterize it as blood of
a patient who has an autoimmune condition, and distinguish
it from blood of normal, healthy individuals and from blood
of patients suffering from other abnormalities and
pathological conditions, These features include an
increased erythrocyte sedimentation rate, an increaged
level of rheumatoid factor, an increased level of (-
reactive protein, the presence of antibodies to HSF 65, and
combinations of two or more of these factors. Other such
factors characteristic of a specific autcimmune condition
and therefore present in the blood of sufferers of that
condition are known, and form the basis of standard
diagnostic blood tests for the specific condition,

The treatment for the alleviation of the symptoms
of at least one autoimmune disease in a human patient
suffering therefrom, in accordance with the present
invention, comprises extracting from the patient an aligquot
of blood of wvolume about 0.001 ml to about 400 wl,
contacting the aliquot of blood, extracorporeally, with an
immune  system-stimulating amount of ozone gas and
ultraviolet radiation, followed by administering the
treated blood aliquot to the human patient.
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BRIEY REFERENCE TO THE DRAWINGS

The accompanying drawing Figure 1 is a graphical
presentation of the results of Example 2 below.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

When the autovaccine according to the present
invention is injected into the autoimmune patient,
significant alleviation of the patient‘s autcimmune
condition 1is experienced, as set out in the specific
embodiments of the invention described below. Exactly how
the vaccine operates following this re-injection is not
currently fully understecod. The feollowing tentative
explanations are offered for a better and more complete
description of the invention, but are not to be considered
as binding or limiting.

T-cells, which are one kind of lymphocyte and
which play a significant role in the control of the immune
system, include CD-8 cells, further subdividable into
suppressor cells and cytoxic cells; and CD-4 cells
otherwise known as T-helper cells, further subdividable
inte TH1 and TH2 cells. The TH1I c¢ells secrete pro-
inflammatory cytokines such as interferon gaﬁma. The TH2
cells are considered to be regulatory cells and secrete
regulatory cytokines, such as interleukin-4. In a normal,
healthy individual, the ratio of TH1 cells to TH2 cells is
around 3:1. In autoimmune conditions, there is usually an
imbalance in the TH cell types, often with an increase in
the TH1I cells compared to the TH2 cells, i.e. there is a
change in the ratioc between them, with a congequent
development of an inflammatory condition often noted in
autoimmune disease. A number of components of the
autovaccine of the present invention, including HSP60 lost
from within the lymphocytes to the plasma, HLA-DR and/or
other MHC antigens released from the leucocyte cell

SUBSTITUTE SHEET (RULE 26)
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surfaces and perhaps alsc the increased expression of cell
surface marker B7.2, may lead to an increase in, Or
upregulation of, the TH2 cells or a decrease in THL cells
in the patient’s blood. This shifts the balance towards
increasing the secretion of regulatory cytokines, and/or
upregulating the suppressor cells to stimulate an
inhibitory pathway for the autcimmune disease and alleviate
or even switch off the autcimmune response pathway.

It is also commonly accepted that while many
people may have significant populations of autoreactive T-
cells, in patients with auto-immune disease this is a
feature in the control of these autoreactive cells and this
ig partly responsible for the autoimmune disease. The
autoimmune disease suffering patient’s ability to regulate
these autoreactive T-cells is compromised. The autovaccine
cf the invention restores the system towards a normal
immune state.

The autovaccine is prepared by exposing the blood
aliguot to at least one stressor, in contreclled amounts,
the stressor being selected from among oxidizing agents
such as ozone, ultraviolet radiation and elevated
temperature, and combinations of twc or wmore of such
Stressors. The resulting blood aligquot, after such
treatment, serves as an autovaccine, and can be reinjected
into the autoimmune patient. Following a course 0of such
treatments, a patient’s signs and symptoms of autoimmune
disease such as those of rheumatoid arthritis, scleroderma
and the like are markedly reduced. The subjective reports
of alleviation of symptoms of rheumatoid arthritis are
consistent with objective measurements of relative
erythrocyte sedimentation rates, an objective test accepted
as meaningful in measuring the progression of an autoimmune
disease such as rheumatoid arthritis by the American
College of Rheumatology.
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In preparing the autovaccine according to the
invention, by modification of a blood aligquot extracted
from the patient, and having characteristics derived from
the patient’s autcoimmune ccondition, the bloed cells are
stressed. This affects the heat shock proteins, BHSP,
contained in the cell. HSP-60 levels in the mononuclear
cells are reduced, and are increased 1in the plasma,
Further, the level of HSP-72 present in the moncnuclear
cells is reduced. Alsc as a result cf the process of the
invention, certain surface (membrane} proteins on the
lymphocytes, for example HLA-DR, are reduced whereas
others, such as CD-3, do not change and yet others such as
CD-11b in neutrophils are upregulated. Accordingly it is
apparently not a non-specific membrane change which 1s
cccurring, nor is it cell destruction. it is a complex

active process.

Microscopic visualization of the autovaccine
according to the present invention demonstrates cells with
altered surface featuregs and an increased degree of
intracellular vacuclation, This suggests the presence in
the autovaccine of increased numbers of wmerphologically
altered cells which may be preferentially phagcocytosed upon
reinjection, for appropriate presentation of the antigens
of the auto-immune diseasge.

Iin the preferred autovaccine in accordance with
the present invention, the number of monconuclear cells or
leucocytes exhibiting the presence of HSP-60 therein is
decreased, as is the amount of HSP-60 in each cell, asg
compared with the normal, untreated peripheral blcood of the
source patient. Whereas the patient normally has,
typically, about 30% of mononuclear cells exhibiting the
presence o©of HSP-60 therein (as measured by whole blood
intracellular flow cytometry), the autovaccine has only 12-
20%. 1In experimental studieg, it has been found that the
figure reduces from 29.3% to 15.5%, mean of six tests.
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Preferably also, the number of leucocytes exhibiting the
presence of HSP-72, which is about 50% in the untreated
blocd of the source patient, is reduced to 25-35%% in the
autovaceine of the present invention, In experimental
studies, this figure for HSP-72 reduced from 49.4% in
untreated blood to 30.2% in the autovaccine, mean of six
tests, similarly measured.

The number of c¢ells which express the cell
gsurface specific protein HLA-DR, in the preferred
autovaccine of the present invention, is reduced as
compared with the patient’s untreated blood, possibly as a
result of its release from the cell surface. Typically,
the number of cells expressing HLA-DR reduces from about
23% to about 8-12%, as measured by whole blood flow
cytometry. In experimental studies, this figure reduced
from 23.3% to 10.3%, mean of five experiments.

The upregulation of the surface marker CD-11b in
the preferred autovaccine of the present invention can be
expressed as an increase in the percentage of neutrophils
in the autovaccine which test positive for CD-11b, compared
with the patient’s source blood. Typically, the increase
ig from about 10% up to the approximate range 70-85%. In
experimental studies, an increase from 10.3% to 84% was
ocbtained, mean of six tests.

A significant feature of the present invention is
that the source of the blood from which the autovaccine is
prepared for a specific patient suffering from an
autoimmune disease 1s the patient himself or herself. The
patient’s blood has characteristics derived from the auto-
immune disease. The antigens €£orming the basis of the
autovaccine find their origin in the patient’s own blood.
No extraneous antigens are added; the effective antigens
are present in the patient’s blood, and/or are released or
modified by the process of preparing the autovaccine using
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the patient’s own blood as the source material. Moreover,
in many cases, the precisge autoimmune disease from which
the patient suffers appears to be immaterial. The antigens
for the autovaccine for the disease are present in, or are
developed by treatment of, the patient’s own blood.

Preferably, the stressors te  which the
leucocytes in the extracted blood aliquot are subjected are
a temperature stress (blood temperature above body
temperature), an oxidative environment, such as a mixture
of ozone and oxygen bubbled through the blood aligquot, and
ultravioclet radiation, simultaneously or successively, but
preferably simultaneously.

The present invention provides a method of
alleviating the symptoms of an autoimmune disease in a
human, which comprises:

{a} contacting of about 0.01 ml to about 400 ml
of blood with an immune system modifying
effective amount of ozone gas and
ultravieclet radiation; and

(b) adminigtering the blood treated in step (a}
o a human.

in general, from about 0.01 ml to about 400 ml of
blood may be treated according to the invention. Preferred
amounts are in the range of about 0.1 ml to 200 ml. More
suitably, the aliquot for treatment has a volume of from
about 0.1-100 mls, preferably 1-50 ml and most preferably
5-15 mls., The method most preferably involves treating an
aligquot of about 10 mls of blood with ozone gas and
ultraviolet radiation, then re-administering the treated
blood to the patient by intramuscular injection.

As noted, it is preferred, according to the
invention, to apply all three of the aforementioned
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stressors simultaneously to the aliquot under treatwent.
Care must be taken not to utilize an excessive level of the
gstressors, to the extent that the c¢ell wembraneg of the
white cells are caused to be disrupted.

The temperature stressor wmust kKeep the aliquot in
the 1liquid phase, i.e. from about ©0°C to about 56°C and
should not heat it above about 55°C. Any sultable source
of heat known in the art may be employed to heat the blood,
preferably one or wore infrared lamps. Preferably the
temperature stressor warmg the aliquot being treated, to a
temperature above normal body temperature, i.e. to about
37-55°C, and most preferably £from about 37-43°C, e.g.
about 42.5°C. Preferably the temperature of the blood
aliquot 1s maintained at this elevated tewperature during
the treatment with UV/ozone,

Alternatively, the blood sample is heated while
being subjected to UV radiation, until the blood reaches a
predetermined temperature (preferably about 42.5°C), at
which point bubbling o¢f ozone gas through the blood is
commenced. The concurrent UV/ozone treatment is then
maintained for a predetermined period of time, preferably
about 3 winutes,

Anothery altermative method involves subjecting
the blood to UV/ozone while heating to a predetermined
temperature (preferably about 42.5°C}), then either ending
the treatwent once the predetermined temperature is
reached, or continuing UV/ozone treatment for a further
period of time, wost preferably about 3 minutes.

The application of the oxidative stressor
preferably involwves exposing the aliquot to a mixture of
medical grade oxygen and ozone gas, most preferably by
bubbling through the aliquot, at the aforewentioned
temperature range, a stream of wmedical grade oxygen gas
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having ozone as a minor component therein. The ozone gas
may be provided by any conventional source known in the
art, Suitably the gas stream has an ozone content of from
about 1.0 - 100 pg/ml, preferably 3 - 70 ug/ml, and most
preferably from about 5 - 50 ug/ml. The gas stream is
supplied to the aliquot at a rate of from about 0.01 - 2.0
litres per minute, preferably 0.1 - 1.0 litres per minute
and most preferably at about 0.18 litres per minute (8TP).

The ultraviclet radiation stressor is suitably
applied by irradiating the aliquot under treatment from an
appropriate source of UV radiation, while the aliquot is
maintained at the aforementioned temperature and while the
oxygen/ozone gaseous mixture is being bubbled through the
aliquot, The ultraviolet radiation may be provided by any
conventional source known in the art, for example by a
plurality of low-pressure ultraviolet lamps. The method of
the invention preferably utilizes a standard UV-C source of
ultraviolet radiation, namely UV lamps emitting in the C-
band wavelengths, i.e. at wavelengths shorter than about
280 nmm. Ultraviclet radiation corresponding to standard
Uv-A and UV~-B sources c¢an also be used. Preferably
employed are low-pressure ultravioclet lamps that generate
a line spectrum wherein at least 90% of the radiation has
a wavelength of about 253.7 nm. An appropriate dosage of
such UV radiation, applied simultanecusly with the
aforementioned temperature and oxidative environment
stressors, is obtained from lamps with a power output of
from about 15 to about 25 watts, at the chosen UV
wavelength, arranged to surround the sample container
holding the aliquot, each lamp providing an intensity, at
a distance of 1 meter, of from about 45 - &5 mW/sqg . cm.
Several such lamps surrounding the sample bottle, with a
combined output at 253.7 mm of 15 - 25 watts, operated at
maximum intensity, may advantageously be used. At the
incident surface of the blood, the UV energy supplied is
0.2-0.25 Joules per cm’, Such a treatment provides a blood
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aliguot which is appropriately wmodified according to the
invention to c¢reate the auto-vaccine outlined above ready
for re-injection into the patient.

The time for which the aliguot is subjected to
the stressors can be from a few seconds to about 60
minutes. It is normally within the time range of from about
0.5 - 60 minutes. This depends to some extent upon the
chogen intensity of the UV irradiation, the temperature and
the concentration of and rate at which the oxidizing agent
is supplied to the aliquot. The more severe the stressors
applied to the aliguot, generally the shorter time for
which they need to be applied. Some experimentation to
establish optimum times may be necessary on the part of the
operator, once the other stressor levels have been sget.
Under most stressor conditions, preferred times will be in
the approximate range of about 0.5 - 10 minutes, most
preferably 2 - 5 minutes, and normally around 3 minutes.
The starting blood temperature, and the rate at which it
can be warmed or cooled to a predetermined temperature,
tends to vary from patient to patient.

In the practice of the preferred process of the
present invention, the blood aliquot (or the sgeparated
cellular fractions of the blood, or mixtures of the
separated cells, including platelets, these various
leucocyte-containing combinations, along with whole blood,
being referred to collectively throughout as the “aliquot")
may be treated with the stressors using an apparatus of the
type described in U.S. patent 4,968,483 Mueller. The
aliguot is placed in a suitable, sterile, UV-radiation-
transmissive container, which is then fitted into the
machine. The temperature of the aliquot is adjusted to the
predetermined value, e.g. 42.5°C, by the use of a suitable
heat source such as an IR lamp, and the UV lamps are
switched on for a fixed period before the gas flow is
applied to the aligquot providing the oxidative stress, to



WO 98/07436 PCT/CAYOO564

- 17 -

allow the output of the UV lamps to stabilize. Then the
oxygen/ozone gas wmixture, of known composition and
controlled fliow rate, 1is applied to the aliguot, for the
predetermined duration of 0.5 - 60 minuteg, preferably 2-5
minutes and most preferably about 3 minutes as discussed
above, so that the aligquot experiences all three stressors
simultaneously. In this way, the blood aliguot is
appropriately modified to produce an auto-vaccine according
to the present invention sufficient to achieve the desired
effects.

Exampie 4 below supports the finding that the
method of treating blood according to the invention has an
immune modifying effect. In particular, treatment of blood
with UV/ozone has been found to increase the expression of
activation markers on the surface of the lymphocytes and
monocytes (see Example 4) .

Thus, the invention alsc provides a method of
rnodifying the immune system in a human by contacting about
0.01 ml toc about 400 ml of blcococd from a human with an
immune system-modifying effective amount of ozone gas and
ultraviolet radiation, followed by administering the
treated blood to a human. Similarly, the invention
contemplates a method of treating an immune system discorder
in a human, by contacting about ¢.01 ml to about 400 ml of
blocod from a human with an immune system-modifying
effective amount of ozone gas and ultraviolet radiation,
followed by administering the treated blood to a human,

The immune system disorders which wmay be treated
by this method include allergic conditions, autoimmune
conditions, and inflammatory conditions. Specific immune
system disorders which wmay be treated according to the
invention include rheumatoid arthritis, scleroderma, graft-
versus-host disease, diabetes mwellitus, organ rejection,
rniscarriage, systemic lupus erythromatosig, multiple
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sclerosis, inflammatory bowel disease, psoriasis, and other
inflammatoxry disorders. The discoveries of the present
invention may also be applied to treat autoimmune diseases
manifested by infertility, including endometriosis.

The invention is further  described for
illustrative purposes with reference to specific examples
of clinical use of it and objective and subjective results
from such c¢linical uses,

EXAMPLE 1

Thirty patients with active rheumatoid arthritis,
21 females and 9 males, were treated by the preferred
process according to the present invention. The age range
of the patients was 26 - 72 years, with the mean age 52.2
yearsg, at the start of the study. Each patient received
between 30 and 60 individual treatments (mean 48.3
treatments) over a time span of 62 weeks (mean 20.6 weeks) .
Bach individual treatment consisted of the removal of a 10
ml, aliguot of blood, the treatment of the blood aliguot
simultaneously with gaseous oxygen/ozone mixture and
ultraviolet 1light at elevated temperature wusing an
apparatus as generally described in the aforementioned U.S.
Patent 4,968,483 Mueller et.al.

The constitution of the gas mixture was 14-15
meg/mL ozone/medical grade oxygen. The gas mixture was fed
through the aliquot at a rate of about 200 mLs/minute, for
a period of 3 minutes. The temperature of the aliquot was
held steady at 42.5°C. The UV radiation had a wavelength
of 253.7 nm.

Post treatment measurements were conducted 1 day
to nine months after the final treatment of each patient
{mean 12.4 weeks). Blood samples were taken and analyzed
for leucocytes, erythrocyte sedimentation rate, rheumatoid
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factor and C-reactive protein, using standard test
procedures. The erythrocyte sedimentation rate and C-
reactive protein are elevated in most inflammatory
conditions including rheumatoid arthritis, and Rheumatoid
Factor is elevated in most cases of rheumatoid arthritis as
well as in some cases of certain other auto-immune
diseases. White Dblood cell count, erythrocyte
sedimentation vrate, rheumatoid factor and C(-reactive
protein all showed significant reduction after the course
of treatment. Particularly noteworthy is the significant
reduction in erythrocyte sedimentation rate, an indicator
of rheumatoid arthritis improvement, accepted by the
American College of Rheumatology.

In additibn, patients were rated by medical
perscnnel subjectively, for the apparent severity of their
rheumatoid arthritis symptoms, before and after the courses
of treatment, on a gcale of 5 (very bad) to 1 {excellent).
Again, a marked improvement in each case was reported.

The mean results and from paired t-tests
comparing individuals’ pre- and post-treatment levels, are
given in the following Table.

TABLE
Clinicsl Normal {Pre-Treatmeant | Post-Treatment Paired
Meapuraments Mean #D} {dean + 5D) T-tapt
T stttk
Symptom Rating 3.9 »+ 0.9 2.6 + 0.6 p<0.0001
Leucocytes 10°/L | 4.0-10.0 11.68 + 2.84 8.7¢ + 1.02 p<0. 0001
Erythrocyte Sed. | $-20 50.1 ¢ 22.9 28.1 ¢ 13.7 p<0.0001
Rate i1hxr {mm)
Rheumatoid <100 117.0 2 78.1 9.7 ¢ 67.4 p<{. 02
Factor iu
C-Reactive <} .0 5.28 1 3.62 3.73 x 3.44 p<(. 309
Protein mg/L
n e
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ELAMPLE

Four patients with primary Raynaud’s disease were
given a course of therapy according tc¢ the invention, in an
open clinical trial pexformed at St Bartholomew'’s Hospital,
London, under  properly controlled and supervised
conditions.

An investigation of an autcimmune component of
the disease in these patients demonstrated high levels of
antibodies specific for HSP-60 and HSP-65 in one patient.
The levels of these antibodies in this patient are shown on
the accompanying Figure, from which it can be seen that the
levels decreased markedly following a course of therapy.
The first course of treatment, indicated "1" on the Figure,
consisted of 9 treatments carried out over 14 days.
Furthermore, the levels of these auto-antibodies began to
increase again some weeks later, and were again lowered
following a second course of therapy. The second course of
treatment, indicated "2" on the Figure, consisted of 5
treatments carried out over 10 days. These data suggest
that therapy with bleceod treated according to the invention,
i.e. the autovaccine described herein, may reduce an
autoimmune response as evidenced by a reduction of HSP
antibodies in a treated patient.

EXAMPLE 3

The helper T-lymphocyte subsets TH1 and TH2 have
been measured in 13 normal control volunteers and in two
patients suffering from the autoimmune disease scleroderma.
The ratio of TH1:TH2 in the controls, as measured by
intracellular cytokine flow cytometry, was found to be
3.029+/-0.639 (mean +/- standard deviation), The patients
with scleroderma had THL:TH2 ratios of 5.0 and 4.58
respectively, most likely, indicating an increase in the
TH1 population relative to the TH2 population. In
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inflammatory pathologies such as many autoimmune diseases
there is a relative increase in the TH1 cells; therefore it
was to be expected that this ratio would be higher in these
patients than in the healthy control individuals.

Following a course of therapy with blood treated
according to the invention {(i.e. the autovaccine described
herein), the TH1:TH2 ratios in these patients was 3.29 and
3.13 respectively, i.e. the ratio had approached the normal
range. These data suggest that therapy with blood treated
according to the present invention may reduce an autoimmune
response as evidenced by a relative increase in the TH2
cells.

EXAMPLE 4 - STAINING OF ACTIVATION MARKERS

This example illustrates an experimental approach
which indicates that treatment of blood with UV/ozone
according to the invention has an immune-stimulatory effect
on human blood, as evidenced by an increase in certain
activation wmarkers on the surface of the treated

mononuclear cells.,

Samples (20 ml) of peripheral blood were taken
from individuals. BEach sample was divided into two
aliquots. The first aliquot was treated according to the
inventive technique, as follows:

The 10 ml aliquot was treated in vivo for three
minutes with ozone gas (variable ozone concentration of 5-
50 pg/ml) and ultraviolet 1light (253.7 nm), at a
temperature of 42.5°C, An apparatus similar to that
digclosed in U.S. Patent No. 4,968,483 was utilized to
carry out the treatment of the blood sample.

The second 10 ml aliquot from each sample served
as an untreated control,
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Each blood sample was stained for certain
activation markers of T-lymphocytes and monocytes, using
conventional monoclonal antibody techniques. The
proportion of the total cells which stained positive for
the individual markers was quantitated by microscopy. The
results are as follows:

Marker Control | QOzone/UV Treated
o
¢D25 {IL-2 receptor) 1% 26%
Co2 {(E-rosette receggor) 3% 33%

The above data for this example are all means of
duplicates, and indicate that treatment with UV/ozone
according to the invention results in the activation of T-
lymphocytes and monocytes,
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I CLAIM:

1. An autovaccine for alleviating the symptoms of an
autoimmune disease 1in a wammalian patient suffering
therefrom, comprising an aliguot of modified blood from the
automminue suffering patient, the modified blood aliqguot
being characterized by having, in comparison with an egqual
volume aliguot of said patient’s unmodified blood, at least
one of the following distinguishing features:

(a) increased numbers of leucocytes exhibiting
increased intracellular vacuolation and
abnormally smooth surface topography;

(b} a reduction in the number of leukocytes
expressing the MHC Class IT leukocyte cell
surface specific protein HLA-DR;

{c) an upregulated expression on leukocytes of
at least one cell surface marker selected
from the group consisting of CD-11lb;

{d) lymphocytes containing decreased amounts of
stregss protein HEP-60; and

{e}) lymphocytes containing decreased amounts of
stress protein HSP-70.

(£) a decreased ability of the lymphocytes to
proliferate in response to exogenous stimuli;

(g} a decreased ability of neutrophils to
phagocytose and undergo the oxidative burst response.

2. The autovaccine of claim 1 containing mononuclear
cells of which f£rom about 12-20% exhibit the presence
therein of HSP-60.

3. The autovaccine of claim 1 containing leucocytes
from which about 25-35% exhibit the presence of stress
protein HSP-70.
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4. The autovaccine of claim 1 in which the number of
cells expressing HLA-DR is from about 8-12%.

5. The autovaccine of c¢laim 1 in which the
percentage of neutrophils capable of phagocytosis is up to
60% and those capable of undergoing the oxidative burst
response is up to 40%.

6. The autovaccine of claim 1, having a volume from
about 0.1-200 mls.

7. A process of preparing an autovaccine for
adminigtration to an autoimmune disease-suffering mammalian
patient to alleviate the patient’s autoimmune disease
symptoms, which comprises:

extracting an aligquot of blood from the patient;

modifying the extracted blood aliguot
extracorporeally by subjecting it to an immune system-
modifying amount of ozone gas and ultraviolet radiation, so
ag to create in the blood aliquot, in comparison with an
equal volume aliquot of said patient's unmodified blood, at
least one of the following distinguishing features:

(a} increased numbers of leucocytes exhibiting
increased intracellular vacuolation and
abnormally smooth surface topography;

{b) a reduction in the number of leukocytes
expressing the MHC Class II leukocyte cell
surface gpecific protein HLA-DR;

(¢} an upregulated expression on leukocytes of
at least one cell surface marker selected
from the group consisting of (D-1ib; B-7.2;
and CTLA-4;

{d} lymphocytes containing decreased amounts of
stress protein HSP-60; and
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(e} 1lymphocytes containing decreased amounts of
stress protein HSP-70,

(£} a decreased ability of the Jlymphocytes to
proliferate in response to exogenous stimulil;

(g) a decreased ability of neutrophils to
phagocytose and undergo the oxidative burst response.

8. The process of claim 7 wherein the aliguot size
ig from about 0.01-400 mi.

9. The process of claim 8 wherein the aliguot size
is f£rom about 1-50 ml.

10, The process of ¢laim 8 wherein the ozone gas and
ultraviolet radiation are applied toc the blcod aliguot
simultaneously, at a temperature of from 37-55°C,

11, The processg of c¢laim 10 wherein the ozone isg
administered as a gas stream in admixture with medical
grade oxygen, the ozone content therein being from 0.5-100
pg/ml, at a rate of from ¢.01-2.0 litres per minute ({STP),
over a period of 0.5-60 minutes,

12. The procegs of claim 10 wherein the ultraviolet
radiation is supplied from at least one ultraviclet lamp
emitting in the C-band wavelength,

13, The process of claim 12 wherein the ultraviolet
radiation is obtained from ultraviolet lamps emitting at
leagt about 90% of ultraviolet radiation of a wavelength
about 253.7 nm.

14, The process of claim 11 wherein the blood aliquot
is treated with ozone and ultraviolet radiation at a
temperature from about 37-43°C, for a pericd of from about
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2-5 minutes, the ozone/oxygen mixture being supplied at a
rate of from 0.1-1.0 litres per minute, with an ozone
content of from about 5-50 pg/ml.

15. The process of any of claims 7-14 wherein the
patient is suffering from arthritis so that the aliquot of
bleod prior to modification has at least one characteristic
derived from the patient’s arthritic condition.

16. The process of any of claims 7-14 wherein the
patient is suffering from rheumatoid arthritis so that the
aliguot of blood prior to modification has at least one
characteristic derived f£from the patient’s rheumatoid
arthritic condition.

17, The process of any of claims 7-14 wherein the
patient is suffering from scleroderma so that the aliquot
of Dblood prior to modification has at least one
characteristic derived from the patient’s scleroderma
condition.

1i8. Use in preparation of a vaccine for
administration to a patient suffering from an autoimmune
disease to alleviate the symptoms thereof, of a blood
aligquot obtained from the same patient and modified
according to a process as claimed in any of claims 7-14.

19, Use as in claim 18 wherein the patient is
suffering from arthritis.

20. Use as in claim 18 wherein the patient is
suffering from rheumatoid arthritis.

21. Use as in c¢laim 18 wherein the patient is
suffering from scleroderma.
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FIGURE 1
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TREATMENT OF AUTOIMMUNE IMSEASES

This application is a conlinuation-ip-part of 1.8, patent
application Ser. No. 08/352,802 Hed Dec. 1, 1994 and now
U5, Pal, No, 5,501,457, which is in lurn 4 Ccomintation-in-
part of U.S. patery! application Ser. No. 07/941 327 filed Sep.
4, 1992 and pow abandoned, which was in a tmm 2
continuagion-in-part of US. patent application Ser. No,
07/832,798 (now abandoned) filed Feh. 7, 1992,

FIELD OF

il

This ipvention relates 10 vaccines, their preparation and
use in medical treatments, More particularly, # relates 1o
treatments Tor alleviating auloimmune discases and their
symploms, to a vaccine vselul therein, and o processes For
preparing and using such a vaccine.

L INVENTION

BACKGROUND OF THE INVENTION

Auntoimmune discases inchide rheumatoicd arthritis, graft
versus host disease, systemic lipus erythromatosis (SLE),
sclerederma, multiple sclerosis, dizbetes, organ rejection,
inflammatory bowel disease, psoriasis, and olher afflictions.
H is becoming increasingly apparent that many vascular
disorders, including atherosclerotic forms of such disorders,
have an astoimmune componen!, and & number of palienis
with vascular disease bave circnlaling asto aniibodies.
Autoimmune diseases may be divided into two general
types, namely systemic anloimmune discases {exemplified
by arthrifis, lnpus and scleroderma), and organ specilic
(exemplified by multiple sclerosis, diabetes and
atherosclerosis, in which latter case the vasculature s
regarded as a specilic organd.

In gencral ferms, a normally functioning immune system
distingnishes hetween the antigens of Toreign invading
orgenisms (non-selly and lissues pative 1o #s own body
(sell}, s0 as to provide a defence agains! Joreign orgamsms,
Central 1o the proper functioning of the immune sysiem,
therefore, is the ability of the system to diseriminale between
self anpd non-self. When a patient’s immune system fails fo
cdiscriminate between sell and pon-sell and slarls 1o react
against sell anligens, then an avtoimmune disorder may
arise,

The causes responsible for the reaction of an affected
person’s immune system against self are not Telly
widlerstoodd, and several differen! theories have been put
forward, The immtne response fo an anlipen s friggered by
the interaction of the antigen with receplors of predefer-
mined specilicily on certain lymphocytes, ¥t is believed that,
ab an early stage in development of the immune system,
those lymphocytes will receptors recognizing self antigens
are recogmzed and ehiminated from the body’s system by a
process of defetion. Alternatively, or in addition, such self-
reactive lymphocovies may be controlied by the suppression
of their activities. Both mechanisms probably occur.

The immune sysiem ol normal healthy individuals is able
to identfy and to react agains! @ family of profeins which are
highly conserved in nature {1.¢. they have a similar strgctore
throughout all Hving organisms). This family of proteins is
called the stress or heal-shock proteins (TISPY, and they are
grouped according 1o their approximale molecular weights,
Members of the HSP family inclede the HISPOO group,
inclading, among others, profeins in the molecular weight
range 50 to 100 kilodaltons. Increased production of HSP's
was first identified as a response 1o heat stress, but this now
appears 1o be parl of a general response 1o a variely of cell
sresses. HSPs are pormally located within cells, and their
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Fanelion appears 10 be the stabilization of the stracture of
various prodeins in stressed cells, so as 10 protect the cell
from the protein depaturing effects of various stressors.
However, it is likely that T1I8Ps have a number of other
funclions which are, as vet, not Tully snderstood. Heat shock
profeins, HISP’s, are discussed in some detail by William 1.
Welch, in an article in “Scientific American”, May, 1993,
page 36,

One group of the Tamily of HSP's, the HSP 60 group,
corains profeins which show about 50% identity between
bacterial cells and buman cells. Infection with bacleria
confaining HISP 65 results in an immune response in healthy
humans against the bacterial FISPGS, evidenced by the
production of anti-FISP63 antibodies, Thus, a healthy
Hnmmune Sysiem appears 10 be able to identify and react
apains! self-like antigens,

in cerfain pathologies, for example many asloimmune
discases such as rheumatoid arthritis and scleroderma,
patients also show the presence of antibodies 10 HSP 65, In
the past, this bas led lo conclosions thal avtoimmune dis-
cases result from bacterial infection. Now it scems hkely
tha! awloimnune diseases are associated with an inappro-
priate control of the auloimmune response. In other words,
# is possible that the aptibodies to HSP 653 result from ap
autoimnrene reaciion intaled by HSPs from the body #self,
but one whicl bas been improperty controlled. In such cases,
therefore, i shoukd he possible to control an inappropriate
autobmmune response, by stimulating the body’s patural
immune control mechanisms, using a particular and specific
metbodd of vaccination.

To stimulate the body’s immune response, 4 vaccine is
recuuired which will, upon injection into the host body,
enable the host immune system to present the antigens
contained in the vaccine to cells of the host immme system.
Amfigen presentation 18 performed by antigen preseniing
cells.

A vaccine to freat aloimmune diseases should conlain
antigens or fragments thereof {peptides) that will activate the
haody's immune control mechanisms present. In addition, the
antigens (peptides) stiould be present 1 a Form which can be
recogmized by the host immuoe system when (e vaceine 18
introduced into the host. Certain of the antigens may be
present on intact cells. The objective of such a vaccination
B 10 activale regulatory mmmune pathways, particulady
those controfling avloimmune responses, thereby downrega-
fating the #UIOINIIUDe FESPODSE.

The particalar anfigens which will activale the control
mechanisms of 2 mammalian anloimmune system are nol
fully understood. l is however recognized that they may
include antigens derived from Iymphooyie receptors, which
may function fo stimulale control mechanisms, to inhibi
those Ivmphocytes which cause pathological auloimmune
responses in the patient. They may also inchude HISPs, such
as the ISP 60 group of proteins, and leucocvie surface
molecales such as those of the Major Histocompatibility
Complex (MHC) inchrding MEC Class H molecules. MHC
Class H molecules Tunction physiologically to present pep-
tides to OP4" Toells as part of the immune response,

# is important thal the Ivmphocyie receptors and other
cell-derived molecules for vaccination of an aglo-immune
saffering patien! be derived from cells oblained Trom (he
same patien!, since this system will contain the autoimmune
specificity. Receptors on other lencocytes in the blood may
alternatively or additionally be important in a proposed
vaccination process. The vse of such 2 systemn as the basis of
a vaccine may be considered analogous to the use of a
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particalar viral anfigen as a vaccine o freat and prevent
discase caused by that vinss. A vaccine for (realing an
awtoimmune disease should, therefore, be prepared from a
sample of the patient’s own blood. Such 2 vaccine may be
described as an aulovaccine.

For antigens 10 be effective in stimulating {or inhibiting)
the immune system, the antigens should be presented o
immune cells of the host system by antigen-presenting cells,
which are pamrally present in the body. Many of the
anligen-presenting cells are phagocyies, which atlach o the
anligens, engulf them by phagocytosis, and break them
down or process them. The preparation of such an auiovae-
cine should include 2 process wherehy the Iymphocyies and
other leucocytes in the vaccine, which may be a source of
anligens, are modifled in1o & form whereby they sre Hkely 1o
be phagocyiosed by phagocytic anligen-presenting cells
upon re-injection info the patient, so that the antigens or
effective residues thereoT are presented on the surfece of an
anligen-presenting cell Then they can effect @ controtling
mechamsm on the imonoe system, either inhibitory or
stimulatory.

During the normal growth period of 2 mammalian body,
tissues become reshaped with areas of cells being removed,
This is accomplished by the cells’ undergoing a process
called programmed cell death or apoptosis, the apopiofic
cells disinfegraling and being phagocylosed while not
becoming disnpted,

BRIEFF REFERENCE TO THE PRIOR ART

US Pat. No. 3,715,430 Ryan relates to 2 method and
apparatus for producing substantially pure oxygen having a
controlled conlent of ozone and higher oxygen polvmers.
The purfied oxygen gas is exposed o ulfraviolet light in a
wavelength of 2485 1o 2537 angstrom unils in order o
prociece 5 to 500 parts per million of ozone amnd bigher
oxygen pobymers in {he gas mixture. Ryan indicates that the
gas produced in this manner s pon-irrilating 10 the bumanp
bodly and may be intravenously injected inlo the hlood
stream for therapeulic use.

U8, Pal No. 4,632,980 Zee ¢ all discloses & method of
freeing blood and blood components of eoveloped viruses
by confacting the blood or bloed product in an agueous
medinm with an enveloped vinus inactivating amount of
ozone, The treatmen! 18 carried ovl at a temperalure of 4° 10
37° C., amd an ozone concenlralion of 1-100 ppm.

U8 Pat. No. 4,831,268 Tisch ef al. provides a method for
the radiation of blood 1o prevent aneriosclerosis related
heart and vascolar discases caused by disturbances in the fat
exchange, The disclosed process involves irradiating the
blood in a blood conducling tube with radiation having an
infensity of from about 1 mWoem™ fo 10 mWem™ in a
wavelenigh range of Irom about 300 to 600 nm.

1.5, Pal No, 4,968,483 Mucller ¢ al. describes an
apparatus for oxygenating blood, by treating an aliguot of a
palient’s blood, exiracorporeally, with an oxypen/ozone
mixture and shiraviolet light, &l a conirolled temperature,
The apparafus is proposed Tor vse in haematological oxide-
tion therapy.

V.S, Pat. No. 5,032,382 Wainwright discloses an appara-
tus for the condrolled gencration and adminisiration of
ozone, The apparales includes a generator for generating
orone, & monitor for monitoring the ozone production, a
dosage device for providing a predetermined amount of
ozone administration, and a computer control device for
controtling the operation of the apparatas, The patent further
discloses that administration of ozone o patients I8 known

0

20

K

:

40

Al

&)

4

for the trealmen! of viral and bacterial infections, as well as
for the treatment of external sores and wounds.

SUMMARY OF THE INVENTION

H is an object of the present invention o provide 2 povel
autovaccine useftl in the alleviation of symptoms of af least
one auloimmune disease,

1 18 a furtber object of the presen! invention to provide a
novel process for the preparation of such an antovaccine,

H s 2 further and more specific object of the present
mvention o provide a novel treatment for the alleviation of
the symptoms of af least one autoimmune disease in 2 humap
patient suffering therefrom.

Accordingly, the present invention provides, from a firsd
aspect, an awlovaccine for freatment of an awloimmune
discase in a mammalian paticnt, and derived Trom an aliquot
of the autoimmune patient’s own blood, The autovaceine is
characterized by the presence therein, in comparison with
the normal blood of the avloimmune patient, of &t least one
of the following characterizing features:

increased numbers of Iymphocytes and other leucocytes,
exhibiting a condensed apoptotic-like morphology,

a release of specific proteins from the cell surface of the
blood levcooyies, including the MHC Class I molecule
HILA-DR, resulting in 2 reduction in the number of
cells expressing such surface profeins,

an upregulation in the expression of certain cell surface
markers for example CD-11h, a component of the
ligand for the cell adhesion molecule ICAM-1; and
cerlain T-cell regulatory molecules;

an increase i the amouot of heat shiock protein HSP-60G
in {he plasma;

a deerease in HSP-T2 within the Iymphocyies.

By inducing an apoplolic-like state in the lymphocytes
and other leucocyies in the blood comprising the
autovaccing, as evidenced by the ioereased nopmbers of
Iymphocyles and other lencocyles exhibiting 2 condensed
apoptotic-like morphology therein, these cells may become
more readily phagocytosed upon re-injection into the host
body.

There are a number of different phagoeytic cell types
preserd in the mammalian body, including various antigen
presenting cells and nenirophils, Lo order to Tacilitate phago-
cytosis by antigen presenfing cells rather than by other
phagocytes, the lvimphocytes and other leucocyies present in
the avtovaccioe of the invenlion are (realed so that they may
mteract preferentially with antigen presenting phagocytic
cells. Cells adhere fo cach other by a number of mechanisms
inchiding the expression of cell adhesion molecules. Cell
adhesion molecules present on one cell {ype inferact with
spectiic ligands for particular adbesion molecufes present on
the adhering cell type, The present invention may resulf in
a preferential interaction of cells in the autovaccine to
antipen presenting cells in the host body, by upregulation, on
the surface of the cells in the antovaceine, of the expression
of the lgand for adhesion molecales Tound op antigen-
presenting cells in the host body, Antigen presenting cells
express a number of cell adbesion molecules, including
ICAM-1, a componen! of the hgand of which is CD-11b.
One way by which the process of the invention may change
the preferential phagoeyviosis of apoptosing cells is by
upregulation of CD-11h.

The preparation of the amlovaccine according to the
preser venlion comprises extracting from the palien
suffering from an sutoimnune disease an aliquot of blood of
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volame about GO6 ml 1o about 400 mi, and contectng the
alicmot of blood, extracorporeaily, with an immune system-
stimulating effective amount of ozone gas and ultraviolet
radiation.

The treatmen! for the alleviation of the symptoms of at
least one auloinnmune disease in a buman palien! suffering
therefrom, in accordance with the present invention, com-
prises extracting from the patient an aliguol of hlood of
volame abou! 0001 ml to about 400 mi, conlacting the
aliguot of blood, extracorporeally, with an immune systen-
stimulating amount of ozone gas and vHraviolet radialion,
foHowed by administering the freated blood aliquol to the
harman patient.

BRIEF REFERENCE TO THE DRAWINGS

The accompanying drawing FIGURE is a graphical pre-
sentation of the results of Example 2 below,

DESCREFTION OF THE PREFERRED
EMBODIMENTS

Wihen the alovaccine according o the present invention
i imected o the avloimmune patient, significant allevia-
tion of the patient’s autoimmune condition is experienced,
as seb out in the specific embodiments of the invention
described below. Exactly how the vaccine operates follow-
ing this re-injection s nod currently Tolly sndersiood. The
following tentalive explanations are offered for a better and
more complete deseription of the invention, but are not 1o be
considered as binding or Hmiting.

Tecells, which are one kind of lvmphocyte and which play
a sigmticant role in the control of the mmune sysiem,
include CB-8 cells, and CH-4 cells otherwise known as
T-helper cells, further subdividable into THIT and THZ cells.
The T cells seorete pro-inflammatory cvtokines such as
ierferon gamma, The THZ cells are comsidered 1o be
regulatory cells and secrefe regulatory coylokines, such @8
ierteukin-4. In 2 normal, healthy individeal, the rafio of
THL cells to THZ cells is around 3:1. In aufoimmune
conditions, there is wsually ap imbalance in the TH celi
types, offen with an increase in the THI cells compared 1o
the THZ cells, 1e. there 18 a change in the ralio between
them, with a consequent development of an inflammatory
condition often noted o antoimmune discase, A pumber of
components of the anfovaceine of the present invention,
including HLA-DR andior otber M antigens released
from the leucooyie cell surfaces, upregulate the TH2 cefls in
the patient’s blood, therehy increasing the secretion of
regulatory oviokines, andior upregulating the suppressor
cells to stimulate an inhibitory pathway for the auloimmune
discase and alleviate or even switch off the avtcimmune
response pathway,

it is also commoniy accepted thal auivimmune discase
sufferers may have significap! popuiations of abnormal
anforeactive T-cells, which are partly responsible for the
apfommmtne disease. The suicimmupe discase suffering
palient’s ability 10 suppress these autorcachive 'F-eells is
compromised. The autovaceine of the invention restores the
system towards a normal immune slate,

The autovaccine is prepared by exposing the Mood aliquot
i o leas! one siressor, in controdled amounts, the stressor
being selected from among oxadizing agen!s sgcl a8 ozone,
ultraviolet radiation and elevated temperatire, and combi-
nations of two or more of such stressors. The resulting blood
aliquot, after such treatment, serves as ap antovaccine, and
can be reimjected into the autoimmuoe patien!. Following a
cotrse of sach treatments, 4 patient’s signs and symptoms of
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autoimrune disease such as those of rheumatoid arthritis,
scleroderma and the ke are markedly reduced, The subjec-
tive reports of alleviation of svmptoms of rheumatoid arthr-
lis are comsistent with objective measurements of relative
erylbirocyie sedimentalion rates, an objective lest accepled
as meamnngiul 0 measuring the progression of an autoim-
mune disease such as rhenmatoid arthritis, by the American
College of Rheumatology,

In preparing the autovaceine according to the invention,
by moditication of 2 blood aliguot extracted from the palien!,
the blood cells are stressed. This affects the beal shock
profeins, HSP, contained in the cell, HSP-60 fevels in the
mononuciear cells are reduced, and are inereased in the
plasma, Farther, the level of HISP-72 present in the mono-
nuclear celfs 18 reduced. Also a8 2 resul! of the process of the
invention, certain surface {membrane} profeins on the
Ivmphocyies, for example HLA-DR, are reduced whereas
others, such as CD-3, do not change and vet others such as
CH-11b in newrophils are upregolated. Accordingly i1 i
apparently oot @ nop-specific membrane change which is
occgrring, nor 8 1 cell destroction. It is @ complex active
DIOCESS,

On microscopic visualization of the aslovaccine accord-
ing to the present invention, mononuclear cells with a
condensed apoplotic-like morphology can be observed, sug-
gesiing the presence in the anfovaccine of increased num-
hers of apoptosing cells capable of preferential phagocytosis
upon reinjection, for appropriate presenfation of the antigens
of the auto-immune disease,

in the preferred aslovaccine in accordance with the
presen! invention, {he number of monomuclewr cells or
lencocyies exhibiting the presence of HSP-60 therein is
decreased, as does the amount of HSP-60 in cach cell, as
compared with the normal, untreated peripheral blood of the
soprce palien!. Whereas the patien! normally bas, typically,
about 30% of mononuclear cells exbibiling the presemce of
HSP-60 therein (as measured by whole blood intracelhtiar
flow cylometry), the autovaccine has only 12-20%. In
clinical studies, i1 has heen found that the figure reduces
from 29.3% 10 15.5%, mean of six fesis, Preferably also, the
number of lewcooyies extubiting the presence of HSP-72,
which is abow! 30% in the unpireated blood of the source

presery mvention. In clipical studies, {his figore for HSP-72
reduced from 49.4% i unireated blood to 30.2% in the
autovaccine, mean of six fests, similarly measgred.

The pumber of cells which express the cell surface
specific profein HEA-DR, in the preferred autovaceine of the
present invention, is reduced as compared with the patient’s
untreated blood, possibly a8 a resolt of 18 release from the
cell surface. Typically, the number of cells expressing HLA-
BR reduces from about 23% to about 8-12%, as measured
by whole blood flow eviomelry. In clinicel stadies, this
tigure reduced from 23.3% 10 10.3%, mean of five experi-
men!s.

The spregulation of the surface marker CD-11b in the
preferred autovaccine of the present invention can be
expressed as an increase in the percentage of nentrophils in
the avlovaccine which test positive for CI-11Db, compared
witly the patient’s source blood. Typically, the increase is
from about 10% up o the approximate range 70-95%. In
clinical studies, gn increase from 10.3% to 84% was
obtained, mean of six tests,

A significant feature of the present mvention is thal the
sowrce of the blood from which the aslovaccine is prepared
for @ specific patieny! suffering from an avtoimmune disease
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s the patien! hmself or hersefl, The antigens forming the
basis of the autovaceine find their origin in the paticnt™ own
blood, No extrancous anfigens are acdded; the efective
anfigens are presend in the patient’s blood, andior are
released or modified by the process of preparing the auto-
vaceine using the patient’s ows blood as the source material,
Morcover, In many cases, the precise antoimmumne discase
from which the patient suflers sppears o be immaterial. The
anligens for the avlovaccioe for the disease are presen! in, or
are developed by treatment of, the patient’s own hlood,

Preferably, the stressors to which the lencocyies in the
extracted blood aliquot are subjected are 3 lemperalure stress
(blood temperature above body temperatore), an oxidative
enviropmen!, such as & mixture of ozone and oxvgen
bubbled through the hlood aliquot, and ultraviolet radiation,
simudtaneously or successively, but preferably simulta-
neousiy.

The presen! invention provides a metbiod of alleviating the
symploms of an aptoimmune disease in 2 buman, which
comprises:

(2} contacting of abow! .01 m] fo about 400 mi of blood

with an imunune system modifying effective amount of

ozone gas and vliraviole! radiation; and

(0} administering the blood treated 1o step {2) 10 & buman,

in general, from about .01 mi 1o about 400 mi of bloed
may be wealed according to the invention. Preferred
amounts are in the range of about 0.1 mi o 200 mi More
suitably, the aliguod for treatment bas a volume of from
about! 0.1-100 mis, preferably 1-50 mi and most preferably
515 mils. The method most preferably involves freating an
aligmot of about 10 mis of bloed with orzone gas and
ultraviolet radiation, then re-administering the treated hlood
to the palien! by inframuscelar injeclion,

As noled, # 18 preferred, sccording 1o the invention, fo
apply all three of the aforementioned siressors simulia-
neously to the aliquot under treatment, Care must be taken
not 10 uiilize an excessive level of the stressors, fo the extent
that the cell membranes of the white cells are caused to be
disrupted.

The {emperature stressor must keep the aliquot in the
Tiguid phase, i.¢. from about 0% . to about 56° (. and should
not heat it abave abowd 35° C. Any suilable source of heat
koown in the ar! may be emploved o beal the blood,
preferably one or more infrared lamps, Preferably the tem-
perature stressor wanms the aliquot being trealed, © a
temperalure above normal body temperature, e 10 about
37-55° ., and mos! preferably from abou! 3743° C, e.p.
abou! 42.5% C. Preferably the temperaiure of the blood
alicuot is maintained at this clevated lemperature during the
treatment with UViozone,

Alternatively, the blood sample is heated while heing
subjected 1o UV radiation, until the blood reaches a prede-
termined lemperalure {preferably abowt 42.5° €, at which
point bubbling of ozone gas through the blood is com-
menced. The concurrent UViozone treatment is then main-
tained for a predetermined period of time, preferably about
3 minuies.

Another allernalive method involves sabjecting the blood
to U'Viozone while heating 1o a predetermined temperature
(preferably about 42.3°% (), then either ending the freatment
once the predelermined femperature s reached, or conting-
ing UV/ozone treatmen! for a further period of lime, most
preferably about 3 mimtes.

The application of the oxidalive stressor prefersbly
involves exposing the aliquot to a2 mixture of medical grade
oxygen and ozone gas, most preferably by bubbling through
the aliguot, al the aforementioped lemperature range, 4

i

3

[
47

3

40

Rl

)

8
stream of medical grade oxygen pas having 02000 48 & Do
component therem. The ozone gas may be provided by any
conpvenlional source koown in the art, Suitably the gas
stream has an ozone content of from about 1.0-100 ugiml,
preferably 3—70 up/mi, and most preferably from about 550
sefml The gas stream 18 supplied 1o the aliquot at 4 rate of

Titers per minute and most preferably at about (.12 Hters per
minute {5TP).

The vHraviolet radiation stressor is suably applied by
irradiating the aliquo! woder freatmen! from an appropriate
source of UV radiation, while the aliquot is maintained at the
aforementioned temperature and while the oxvgen/ozone
faseous mixinre s being bubbled through the aliquol. The
wltraviolet radiation may be provided by any conventional
source known in the arl, Tor example by a phurality of
low-pressure ulfraviolet lamps. The method of the invention
preferably ulilizes a standard UV-C source of ultraviolet
rachiation, namely UV lamps emitting in the C-band
wavelengibs, te al wavelengtbs shorter than about 280 nm.
Ultraviolet radiation corresponding to standard UVeA and
UVLB sources can also be wsed. Preferably employed are
tow-pressure aliraviole! lamps that! generate a line specirum
wherein af least 90% of the radiation bas a wavelength of
about 2537 nm. An appropriste dosage of such UV
radiation, applied simultancously with the aforementioned
semperaiure and oxidative eovironment siressors, is obtaiped
from lamps with a power oulpe! of from about 15 10 about
25 walts, at the chosen UV wavelength, arranged 10 surronnd
the sample container holding the aliquot, cach lamp provid-
ing an inteosily, at 2 distance of 1 meter, of from about
4565 mWisqem. Several such lamps surroundmg the
sample bottle, with a combined ontpu! a1 253.7 nm of 15-25
walls, operated af maxinum inteosily, may advantageonsly
be used. Af the incident surface of the blood, the UV energy
supplied is (.2-0.25 Joules per cm®. Such a treatment
provides a blood alicuot which is appropriately modified
according 1o the invenlion fo create the suto-vaccing out-
ined above ready for re-injection o the patien!.

The time for which the alicuot is subiected 10 the siressors
can be from a2 few seconds o aboul 60 minutes. It is
normally within the {ime range of from about 0.5-60 gin-
utes, This depends to some exten! upon the chosen infensity
of the UV irradiation, the temperatore and the concentration
of and rale at which the oxidizing agent is supplied 1o the
alicuot. The more severe the stressors applied o the aliguot,
generalfy the shorter time for which they need o be applied.
Some experimentalion to establish optimum tmes may be
necessary on the part of the operator, once the other stressor
levels have been set, Under most stressor conditions, pre-
ferred times will be i the approximate range of about
0.5-10 minutes, mos! preferably 2-5 minuies, and normally
arovnd 3 minutes. The starling blood lemperature, and the
rate al which it can he warmed or cooled o a predetermined
femperature, fends fo vary from patient fo patient.

in the practice of the preferred process of the presemn
imvention, the blood aliguo! (or the separated cellutar frac-
fions of the blood, or midures of the separsted cells,
including plateless, these various lescocyte-containing
combinations, along with whole blood, being referred to
collectively throughont as the “aliqeo!™) may be reated with
{he stressors using an apparatus of the type deseribed in ULS.
Pat. No. 4,968,483 Mueller. The alicuot s placed in a
suilable, sterile, UVeradiation-transmissive conlainer, which
is then fitted into the machine, The temperature of the aliquot
is adjusted to the predetermined valoe, e 42.5° CL by the
wse of 4 suiable heat sovrce such as an IR lamyp, and the UV
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lamps are switched on for a fixed period before the gas How
is applied © the aliquot providing the oxidative siress, 10
allow the output of the UV lamps to stabilize, Then the
oxygen/ozone gas mixture, of known composition and con-
trotled flow rate, is apphied o the shiguot, Tor the predefer-
mined duralion of G.5-60 minules, preferably 2-5 minutes
and mos! preferably about 3 minutes as discussed above, so
that the aliguoel experiences al] three stressors simulfa-
neousty, In this way, the blood aliquo! s appropriately
modified (0 produce an awto-vaccine according to the
present imvention sufficien! o achieve the desired elfects,

Example 4 below supports the Tinding that the method of
treating blood according to the invention has an immune
modifying elfect. In particaler, {reatmen! of blood with
UViozone has been found fo increase the expression of
activation markers on the surface of the Ivmphoeyies (see
Example 5.

‘Thus, the invention also provides a method of stimulating
or activating the immtoe system i a human by contacting
abou! G.GL mi to abou! 400 ol of blood Trom a buman with
an immune system-stimulating effect amount of ozone gas
and uitraviolet radiation, followed by administering the
treated blood to a human, Simidarly, the invention contem-
plates a method of treating an mmune system disorder in a
hurman, by contacting abow! G.01 ml o abowt 400 mi of
blood from a human with an immune system-stimulating
effective amount of ozone gas and ultraviolet radiation,
followed by administering the trested blood 1o 2 human.

The immune system disorders which may be freated by
this methed inclade allergic conditions, auvtoimmune
conditions, and an inflammalory conditions, Specific
immune system disorders which may be treated according o
the Imvention inchude rheamatowd artheilis, scleroderma, dia-
betes mellitus, organ rejection, miscarriage, muliiple
sclerosis, inflammatory bowel discase, psoriasis, and other
inflammatory disorders, The discoveries of the present
invention may also be applied to treat autoimmune discases
which manifes! as infertility, including endometriosis. It is
atso effective in freatmen! of atherosclerosis, which can be
regarded as an autobmmune discase of the vasculature,

‘The invention is further described For Mlustrative purposes
with reference 1o specific examples of climcal use ol it and
objective and subjective resolls from such clinical uses.

SPECHAC
PRE

DESCRIPTION OF TiL MOST
SHREDR EMBODIMENTS

EXAMPLL 1

Thirty patients with active rheumaloid arthritis, 21

Temales and 9 males, were {reated by the preferred process s

according to the presend iovention. The age range of the
palients was 26—72 years, with {he mean age 52.2 years, af
the start of the study, Bach patient received between 30 and
60 inclivichual freatments (mean 48.3 freatiments) over a fime
span of 62 weeks (mean 20.6 wecks), Fach individual
treatmen! comsisted of the removal of a 10 mi. aliquot of
blood, the treatmen! of the blood aliquot sinrallancousty
with gaseous oxygen/ozone mixtare and ultraviolet lght at
clevated temperature using an apparatus as generally
described in the aforementioned U8, Pat. No. 4,968,483
Mueller etal

The constifution of the gas mixure was 14-15 meg/ml.
ozone’medical grade oxygen. The gas mixture was Jed
through the aliguot af a rate of about 200 mls/minute, Tor a
period of 3 minutes. The temperature of the aliguot was held
steady al 42.5° € The UV radiation had & wavelength of
2537 nm.
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Post freatment meastrements were conducted © day fo
nine months after the Tinal treatment of each patient (mean
12.4 weeks). Blood samples were taken and analyzed for
leucocyies, ervibrooyte sedimentation rate, rheumatoid fac-
for and C-reactive protein, vsing slandard fes! procedures.
The erythrocyle sedimentalion rate and C-reactive profein
are elevated in most inflammatory conditions including
rheumatoid arthritis, and Rheumatoid Factor is elevated in
mos! cases of rheamatoid arthritis as well 48 in some cases
of certain olber auto-immune diseases. While blood celt
count, eryibrocyle sedimeniation rale, rhesmatoid factor and
Cereactive protein all showed signilicant reduction after the
course of reatment. Particularly noteworthy is the signifi-
card reduction in eryvibrocyie sedimentation rale, an indica-
for of rheumatond arlbirilis mmprovement, accepled by the
American College of Rheumatology.

In addition, patients were raled by medical personnel
subjectively, Tor the apparent severily of their rheumatoid
arthritis symptoms, before and after the courses of irealmen!,
on & scale of 5 (very bad) to 1 (excellent). Again, @ marked
mmprovement in cach case was reported.

The mean resulfs are given in the following Table.

TABLE
Posl-

Clinzent Nomsal  {Pre-Treatment Treatment Paired
A 1enls Runges Mean & SE) (Mean + S T-iest
Svimplom 39 x09 b= 1A o= SR
Ratiag
Leswooyles 0300 3168 w284 BV 140 poe 000
#L
Hrythrocyte (-0 A1 %22 ZREa IAT O p o< G001
Sed. Rate 3 by
(mm}
Rlewasatngd =108} BT & TR T xeld peaiil
Facler in
O-Renctive <14 A28 & haz 373 % 344 p <0009

Prolein mg/Ll

EXAMPLE 2

Four patients with primary Ravnaud’s discase were given
a course of therapy according fo the invention, in an open
climical trial performed at 80 Bartholomew’s Hospital,
London, under property controlled and sopervised condi-
sions. All four patients showed alleviation of their symptoms
following lreatment.

An investigation of an awloimmune component of the
disease in these palients demonstrated high levels of auto-
antibodies specific for H8P-60 and HSP-65 in one palien!.
The levels of these anto-antibodies in this patient are shown
on the accompanying FIGURE, from which i can be seen
that the levels decreased markedly following a course of
therapy. The first course of freatment, indicated “1” on the
FHGURE, consisted of 9 treatments carried out over 14 days.
Furthermore, the levels of these auto-antibodies began fo
orease again some weeks Jater, and were again lowered
Foltowing 2 second course of therapy. The second course of
frealment, incdicated “2Y on the FIGURE, consisted of 5
frealmenis carried out over 10 days. These data sugges! that
therapy with bleod treated according fo the invention, f.e. the
autovaceine described herein, may reduce an auloimmune
response a8 evidenced by 2 reduction of avto-aniibodies in
# treated patient.

EXAMPLE 3
The helper T-lvmphocyte subseis TH1 and T142 have been
measured iIn 13 normal controt volupleers and in fwo
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patients suffering from the astoimoune disease sclero-
derma. The ratio of THITI2 in the controls, as measured
by intracellular cytokine flow cytometry, was Iound to be
3.029+/-0.639 (mean +~ standard deviation), The patients
with scleroderma bad THITHZ ratios of 5.0 and 458
respectively, most likely, indicating an increase in the Tl
population relative to the TH? population. In inHlammatory
pathologies sach as many auioimmune diseases there 18 a
relative increase in the T cells; therefore i was o be
expected that this ratio would be higher in these patients thap
i the healthy control mdivicduals,

following a course of therapy with blood treated accord-
i o the invention {i.¢. the autovaceine described herein),
the THITH? ratios in these patients was 3,29 and 3,13
respectively, Le. the ratio bad approached the normal range,

These date suggest that therapy with blood treated according,

to the present ioveotion may reduce an auioimmune
response as evidenced by a relative fncrease in the T2 cells.
EXAMPLE 4
STAINING OF AUTIVATION MARKERS

This example ilustrates an experimental approach which
indicates that treatment of blood with UV/ezone according
to the invention has an immune-stimulatory effect on human
blood, as evidenced by an increase in certain activation
markers on the surface of the treated mononuckear cells.

Samples (20 mi) of peripheral blood were taken from
individuals. Each sample was divided into two aliquots. The
first aliguot was treated according to the inventive
technique, as follows:

The 10 ml aliguot was treated in vive Tor three minutes
with ozone gas {variable ozone concentration of 550 pgimb)
and vliraviolet Hght {253.7 nm), af a tenperature o 42.5° ¢
An spparafus similar fo that disclosed in US. Pat. No,

4,968,483 was utilized to carry out the treatment of the blood

sample.

The second 10 ml aliguot from each sample served as an
wtreated control.

Hach blood sample was stained Tor cerlzin activation
murkers of T-lymphocytes using conventional monoclonal
antibody technigues. The proportion of the total cells which
stained positive Tor the individual markers was quantitated
by microscopy. The results are as follows:

Marker Control Ozoas/UV Treated
I35 {1E-2 receptor} iR b
CER (Foroselle receplor) A% A%

The sbove data for this example are all means of
duphicates, and indicate thal treatment with UViozone
according fo the invention results in the activation of
Tlymphoeyies,

i claim

1. A process of treating a marmmalisn patient suffering
from an awtoimmune disease, o alleviate the svmptoms
thereol, which comprises:

5

0

e

[
47

3

40

15

55

12

extracting ag aliguot of blood from @ patient;

modifying the extracted blood aliguot extracorporeally by
subjecting i 10 an immune system-modifying amount
of ozone gas and ultraviclet radiation, 5o as 1o create in
the blood aliguot, in comparison with an equal volume
aliguot of said patient’s vomodified blood, at least one
of the ollowing distingmishing features:

(2} increased numbers of leskooytes exhibiling a con-
densed apoptotic-like morphology;

(1) a rectuction in the number of leukocytes expressing the
MLIC Class # leukoeyte cell surface specific protein
HLA-DR,

(¢) an wppregulated expression on levkooytes of the
C1-11b cell surface marker and re-injecting the blood
aliguot so modified o said patient.

2. The process of claim T wherein the aliguot size 18 from

001—400 ml.

3. The process of claim 2 wherein the aliguot size is Trom
F580 mi.

4. The process of claim 1 wherein the ozone gas and
uitraviolet radiation are applied fo the blood aliguot
simmdtaneonsly, whilst the blood aliquot is at a temperature
of from 37-35° C.

8. The process of claim T wherein the ozone is adminis-
tered as 2 gas stream in admixture with medical grade
oxygen, the ozone content thercin being from 0.5-100
sgiml, at a rate of from G.01-2.0 Hiers per mingste (8T,
over a period of 0.5-60 minuies.

6. The process of claim 1 wherein the ultraviolet radiation
is supplicd Irom al least one ultraviolet lamp emitting in the
C-band wavelength.

7. The process of claim 1 wherein the alraviotet radiation
is obfained from wlraviolet lamps emitting at least about
90% of wliraviolet radistion of a wavelength about 2337
nm.

8. The process of claim 3 wherein the blood aliquot is
treated with ozone and uliraviolet radiation at a temperatire
from 37—43° C, for a period of from 2-5 minstes, the
ozoneioNygen mixiure being supplied at a rate of from
0.1-1.0 Hters per minute, with an ozone content of from
350 pgimi.

9. The process of claim 1 wherein the autoimmune discase
is arihritis.

1), The process of claim 8 whersin the antoimmune
disease s rheumatoid arthritis.

1. The process of clam 1 wherein the agtoimmune
disease is scleroderma.

12. The process of claim 1 wherein the extracted blood
aliguot is extracorporeally treated 50 as to additionally create
in the patient’s peripheral blood after re-imection, in com-
parison with said patient’s unmodified peripheral blood, a
decrease 1o the ratio of THITHZ cells,
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{571 ABSTRACT

Amethod of inereasing the nitric oxide concentration in the
bood of a human, which comprises: (a} contacting Trom
abont (LG mi to shout 400 mi of blood with » pifric oxide
conceniration-increasing elfective amount of ozone gus und
wltraviolet radiation; and (b} administering the treated blood
10 2 human. The method of the invention is useful for
freating 2 variety of conditions hepefitted by ncreased blood
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1
METEOD OF INCREASING TRHE
CONCENTRATION OF NI'TRIC OXIDE IN
HUMAN BLOGD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 18 & coplingation-in-par! of U.8. patent
application Ser. No. 7/941 326, filed on Sep. 4, 1992, now
abandoned, the entire disclosure of which is incorporated
herein by reference, which is in torn a continuation-in-part
of U8, paten! application Ser. No. (7/832,798 (now
abandoned) filed Feb. 7, 1992, the entire disclosure of which
is incorporated herein by reference.

BACKGROUNI} OF THE INVENTION

1. Field of the Invention

This invention relales 1o methiods of mereasing the con-
centration of pitric oxide in human blood, and 1o methods of
therapeufically freating human disease condifions associaled
with recuced in vivo blood levels of pitric oxide.

2. Description of the Pdor Art

Platelels are the smallest of the formed elements of the
blood, Every cubic millimeter of blood contains about 250G
million platelets, as compared with only a few thousand
white cells, There are about a frillion platelets in the blood
of an average buman adult. Platelets are not cells, but are
Tragments of the glant bone-marrow cells called megakaryo-
cvies. When a megakaryocoyte matures, 18 eyloplsm breaks
up, forming several thousand plaielets, Platelets lack DNA
and have little abilily 1o synthesize proteins, When released
imlo the blood, they circulate and die in about 10 days.
However, platelets do possess an active metabolism (o
supply their energy needs.

Becavse platelets contain & generous amount of contrac-
tile protein {actomyosin), ey are prone to contract much as
muscles do. This phenomenon explains the shrinkage of a
Tresh blood clot afler it stands for only a few minutes. The
stirinkage plays a role in foroiing & hemostatic plug when a
blood vessel 1s cot. The primary function of platelets s that
of Torming blood clots. When a wound occurs, platelels are
attracied 10 the site where they activate a subslance
(thrombin) which starts the cloiting process. Thrombin, in
addition o converting Bbrinogen info fbrin, also makes the
platelets sticky. Thus, when exposed 1o collagen and
thrombin, the platelets aggregate fo form a plag in the hole
of an injured blood vessel,

Platelets not only tead to stick to one another, but fo the
walls of blood vessels as well Becasse they promofe
clotting, plalelets have & key role in the formation of
thrombi, The dangerous consequences of thrombi are evi-
dent in many cardiovascular amd cerebrovascular disorders,

The precise Tunction of blood platelets in various human
disease siates bas recently become increasingly vnderstood
as advances in biochemistry permit the etiologies of diseases
to be beller understood,

For example, many attempis have heen made 0 explam
the process of atherogenesis, that is, the creation of plague
which narrows arleries and, of particelar concern, the coro-
nary arteries. Recently, there bas been increasing interest in
the possible role of platelels in atherosclerosis.

In this regard, there is a growing hody of evidence that
nitric oxide {NO}Y in the blood exercises various biochemical
Tunctions, As the precise biological role of nitric oxide has
been explored, 11 bas become known tha nilric oxide serves
as an important messenger molecole n the brain and otber
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pards of the body, governing diverse biological functions. In
blood vessels, the principal endothelinm-derived relaxing
factor (EDRF) is believed to be nitde oxide, which stimu-
lates vasodilation. Nifric oxide also inhibils platelet aggre-
gation and 18 partially responsible for the oyiotoxic actions
of macrophages.

in the brain, nitric oxide mediates the actions of the
excilatory peureiransmitter glutamale in stimulating cyelic
GMI? concentralions, Immunohistochemical stndies have
localized nitric oxide synthase (NOS) o particular newronal
populations in e brain and periphery. Infubilors of niric
oxide synthase block physiological relaxation of the infes-
tine induced by pewronal stimulation, indicating that nitde
oxide has the properties of a neurotransmitter. In this regard,
piric oxile appears o be a novel type of newronal
messenger, i thal, unlike conventional neurofransmitiens,
nitric oxide s ot stored in synaptic vesicles and does nol act
on typical receptor proteins of synaptic membranes. One
function of milric oxide may be {0 profed! neurons from
ischemnic and peurotoxic insults. See, Bredt ef al, “Cloned
and Expressed Nitrie Oxide Syothase Structurally
Resembies Cytochrome 12-45G Reductase,” Nature, Vol, 351,
June, 1991, pages 714718,

Thus, in addition 10 platelet aggregation associated
diseases, @ number of other disease slates in humans are
presently believed o be associated with inadequate nifric
oxide levels in the blood These nitric oxide associated
conditions include: high blood pressure, neurological con-
ditions such as depression, fumors, bacterial and lungal
infections, and npoience.

i1 wounkd therefore be desirable 1o provide & method for
mnereasing the nitrde oxide concentration in human blood, in
order to freal the above-described human discase states
which are characierized by nifric oxude deficiency.

A separate body of prior ar! discloses varions methods of
using OZODe gas 10 treat corlain buman diseases, wounds amd
infections.

V.5, Pat. Noo 695,657 to Smith discloses 2 portable
ozonizer for the reatment of wounds. The device includes
an ozomizer bowsed in @ glass jacke!, one end of which
receives an air-sopply tube and otber end of which functions
as an outlet twbe for the ozonized air, The device enables
topical application of ozone gas, which is said 10 be used fo
freal suppurating or gangrenous surfaces.

U8, Pat No. 3,715,430 1o Ryan relates to & methiod and
apparatus for producing substantially pure oxXygen having 2
confrolled content of ozone and higher oxygen polymers.
The purified oxygen gas is exposed o ultraviole! ight in 2
wavelength of 2485 to 2537 angstrom unils i order to
produce 5 1o 500 parls per million of ozone and higher
oxygen polvmess in the gas mixivre. Ryan indicales thal the
gas produced in this manner is nop-irritaling 1o the human
hocdy and may be infravenously injected into the blood
stream for therapentic use.

1.8, Pat. No. 4,632,980 10 Zee et al. discloses a method
of freeing blood and blood components of enveloped virnses
by contacting the bloed or blood product in an agueous
medium with an enveloped virus inactivating amount of
ozone. The treatment is carried oul at a femperature of 4% C.
10 37° O, and an ozone concentration of 1-100 ppm. The
disclosed process 18 said o wseful for inactivaling the
hepatitis vires, IFTLV-L <11, and -111, and influenza vins.

1.8, Pat. No. 4,831,268 10 Fisch et al. provides a method
for the radiation of corporeal blood 10 preven! arterioscle-
rosis related heart and vascolar diseases caused by distur-
bances in the fal exchange. The disclosed process involves
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irrachiating the blood in & blood conducting tube with radia-
tion having an intensity of Trom shout 1 mWem™ tw© 10
mWem™? in a wavelength range of from about 320 am to
GOG nm.

U8, Pat. No. 4,068,483 o Muller ef al. discloses an
apparatus for the production of oxygenated blood, The
apparatus inchudes a vessel Tor containing the blood to be
processed, an ultraviolet Jamp and infrared Jamp associated
with the vessel, and a feed pipe extending into the vessel to
a postiion near fhe bottom of e vessel, in which the feed
pipe 18 connected {0 a source of orone.

.8, Bat. No. 4,983,637 to Herman relates o a method of
treating systemic viral infections by the parenters] admin-
istration of pharmacologically effective amounts of ozonides

of terpenes in pharmacentically acceptable carriers, The

disclosed method is particularly directed to the freatment of
HIV infections.
118, Pat, No. 5,052,382 to Wainwright discloses an appa-

ralus for the controlled generation and administration of

ozone, The spparates includes a generator for generating
ozone, @ monitor for monitoring the ozone production, a
dosage device For providing a predetermined amount of
ozone administration, and a computer control device for

controfling the operation of the apparatus, The patent further

discloses that administration of ozone o patients s known
for the treatment of viral and bacterial infections, as well as
for the treatment of exlernal sores and wounds.

SUMMARY OF THE INVENTION

Applicant has voexpectedly discovered that in vitro nitric
oxide concentrations in human blood may be rased by
contacting from (.01 mi to about 400 mi of blood with nitric
oxide concentration-increasing effective amount of ozone
gas and uliraviolet radiation.

The wvention also contenplates a method of treating a
condition in a human, by contecting from about 0.01 mi to
about 400 mi of blood with mitric oxide concentration-
increasing effective amount of ozone gas and ultraviolet
radiation, followed by administration of the blood so freated
o a4 burnaen,

DESCRIFTION OF THE PREFERRED
EMBODIMENTS
‘The present invention provides a method of increasing the
nitric oxide concentration in the blood of a human, which
COmpLises:
{2} coptacting from sbout Q.01 mi to about 400 mi of
bPlood with a nitric oxide concentration-increasing

effective amount of ozone gas and vltraviolet racdiation; s

and
(0} administering the blood treated 1o step {2) 10 2 buman,
Examples | and 2 below show that an inhibition of blood
platelet aggregation can only be achieved when the blood is

treated with a combination of ozone gas and ultraviolet 3

radiation {UV), Treatment of blood solely with ozone gas
produces minimal inhibition of blood platelet aggregation,
Treatment of blood solety with vitraviolet light produces no
inhibition of platelet aggregation whatsoever, Moreover,
Examples 3 and 4 show that the inhibition of blood platelet
aggregation proceeds via a opitric oxide mrediated
mechamsm, and that treatment of blood with vitravioler light
and ozone according to the invention increases nitric oxide
concentrations in the blood. Example 5 shows that reinjec-
tion of such nitric oxide-enriched blood, so treated, into the
hurnan body enhances blood fow due 10 creation of a greater
level of available nitric oxide in the blood vessels.
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The combined treatment with ozone gas and uliraviolet
light has therefore been nnexpectedly Tound 1o produce a
notable fncrease in the blood concentration of nitric oxide,
which may be uselul in treating 2 varety of disorders that
are benefitted by inereased blood levels of nitric oxide.

The ozope gas may be provided by any conventional
source known in the arl, such as an ozonizer. The ozone gas
used in connection with the inventive method has a concen-
tration of ozone of Trom about 0.5 0 about 100G ggimd
Preferably, the ozone gas has a concentration of from about
5 to about 56 gg/ml The ozonpe pas is preferably delivered
to the blood by means of a medical oxygen carrier, and is
preferably contacted with the blood by any means known in
the arl, preferably by bubbling the ozone/oxygen mixlure
through the blood sample.

The ulravieket radiation may be provided by any con-
ventional source known in the art, For example by 2 plurality
of low-pressure ultraviolet lamps, The fovention preferably
utilizes a stendard UV-C source of eltraviolet radiation.
Preferably employed are low-pressure gliraviolet lamps that
generate & line spectrum wherein al least about 90% of the
radiation has a wavelength of about 253.7 nm. It is believed
that ultraviolet radiation baving emission wavelengths cor-
responding o standard UV-A and UV-D sources would also
provide acceplable resolis.

The blood to be treated with UViozone is preferably
healed 0 a temperature of from about F to about 56° C.
while being contacted with the ozone gas and sliraviolet
racdiation. Aoy suitable source of heat koown in the art may
he employed 0 beat the blood, preferably one or more

C., most preferably about 42.5% O, prior t0 being contacted
witll the ozone gas and sltraviolet rediation. Preferably, the
termperature of the blood s then maintained at about 42.5°
C. during the treatment with UV/iozone,

Alternatively, the blood sample is heated while being
subjected to UV radiation, until the blood reaches a prede-
termined temperature (preferably about 42.5° CUY, af which
point bubbling of ozone gas Hrough the blood 18 com-
menced, The concurrent UV/ozone treatment is then main-
tained Tor 2 predetermined perod of time, preferably about
3 minuies.

Another alternative method involves subjecting the blood
to UViozone while beating the blood to a predetermined
temperature {preferably about 42.5° (), then cither ending
the treatment once the predetermined temperatare s
reachied, or continuing UV/ozone treatmient for a Turther
period of time, most preforably about 3 minutes.

Heating the blood to about 42.5% C. with the infrared
Tamps preferably employed according to the fnvention has
heen Tound to take From about one minuie and fifty seconds
to about two minutes and ten seconds.

it will be uwnderstood that the source of blood treated
according to the invention may be hlood from an outside
source, such as a blood donor of compatible blood type,
which 18 treated with UViorone and then administered 0 a
patient. Alternately, and preferably, e blood to be treated
may be withdrawn from the buman patient as an aliguot,
treated with UViozone, then readministered to the patient
from whom the aliguot of blood was taken. All or a portion
of the blood removed from the patient may be freated and
then readmimstered to the patient.

in general, from about 0.01 to about 400 m] of blood may
he treated according to the invention. Preferred amounts are
in the range of about (L1 to 200 ml, and more preferably
From about 1 1o 56 mi of blood. The method most preferably
mpvolves treating aboat 10 mi of blood with ozone gas and



5,834,030

5
uHraviolet radiation, then sdoministering {or readminisiering)
the treated bloed to the patient by inframuscalar injection,

Other conventional fechnigues known in the art Jor
administering blood may be employed, such 88 inler-arterial
IRECION, IHTAVEROTS Inecion, suboulaneous injection, and
inraperiioneal injection. The administration of small vol-
umes of host blood i this fashion s termed micro-anio-
hemotherapy.

The invention also contemplates an embodimen! wherein
blood is continuously removed from a patient’s body and
cirenlated through an apparatus which treats the blood with
ozone gas and wliravioled light a8 described above, before
refurning the blood to the patiend. This procedure would
have particular utility, for example, during the performance
of operalive procedures, such as coronary bypass surgery,

The blood is contacted witl the ozone gas and ultravioket
radiation for @ period of tme sufficien! 1o effectively raise
the nitre oxide blood concentration in the patient. A treat-
ment period of Trom aboul a Jew seconds o about 60
minales, preferably from about G5 minutes to about 10
mingles, and mos! preferably abou! 3 minutes, hag been
Found to provide satisfactory increase in nitric oxide hlood
levels, The blood is preferably maintained at a temperature
of about 42.5° C. during the three minule realment periad,

The method should be carried ol under sterile comditions
known to those of ordinary skill in the art. The methed of the
mvention may be carried onf using conventional apparafis
for ozonating blood and rrediating blood witl altraviolet
rachiation known to those skilled in the medical art
Preferably, an apparalus similar 0 that disclosed in U.S. Pat,
No. 4,968,483 is employed to carry out the method of the
invenlion, The disclosure of U8, Pa. No. 4,968,483 is
incorporaled herein in is entirety by reference.

in a preferred aspect of the iovention, a metbod of
increasing the nitric oxide concentration in the blood of a
hpman is provided, which comprises:

{2} conlacting from sbow! Q.01 mi o about 400 mi of
blood with nitric oxade conceniration-increasing effec-
five amount of ozone gas supplied in 4 conceniration
from about § ug/ml to abowt 30 ugiml of ozone gas in
an OxXygen containing gas stream and vhraviolet racdia-
fton having & wavelength of abou! 253.7 om, while
maintaining the blood at a temperatare of from about
37° L 1o about 437 () and

(b} administering the treated blood o a human.

The invention also contemplales a method of freating a
coudilion in & buman, wiich comprises:

{2} conlacting from sbow! Q.01 mi to about 400 mi of
blood with a pilric oxide copcentration-increasing
effective amount of ozone gas and wlraviolet racdiation;
and

(b} administering the treated blood o a human.

The wsefut and preferred ranges of ozone conceniralion,
uHraviolet wavelength, femperature, and other parameters of
the method of treatment are the same as described above
with regard to the method of increasing nitric oxide hlood
concentration.

Those skilled 1o the art will appreciate tha! the methiod of
increasing nifric oxide blood concentration provided by the
invention will have therapeutic utilily Tor (reating a2 wide
range of disease states which may be benefitted by increas-
g the levels of nitric oxide in the blood.

The term “freating” as vsed berein refers (o the alleviation
or prevention of a particular disorder. I the case of trau-
matic conditions such as siroke, preventative freatment is
obviously preferred,

The following diseases are Hlusiralive of konown condi-
tons which are potentially frealable according fo the inven-
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tiive methods gh blood pressure; newrological conditions
such as depression; lwmors; hacterial, viral, protozos], and
fungal infections and impotence. This list is merely ilhs-
trative; those of ordinary skill in the art will appreciate that
other disease states benelitted by incressing the concentra-
fion of pilric oxide in the blood may be treated with the
mventive technigue.

The freatment of peripheral vascular disease with
UViozone gas is deseribed in grandparent application Ser.
Ny, O7/832,798 fiked on Feb, 7, 1992, which s now aban-
doned. The vascular bed of the body 18 considered to be a
single system, and hence any treatment Tor peripheral vas-
cular discase will be effective Tor simiar pathologies Tound
in all other parts of vascular system e, the heart
{cardiovascrlar disease) and the brain {cerebrovascolar
discase, a cause of stroke), Peripheral vascular disease
{PVE}) is thoughi to be associated with a reduction of
endothelial-derived relaxing facior (EDREF), low levels of
which lead to 2 conceniration of the smooth muscle of blood
vessels, and hence a reduction in the dismeter of the lumen
of the vessel and a reduction in blood How. The major
naturally occurring EDRY is nitric oxide, In addition, nitric
oxide stabitizes blood platelers, reducing their aggregation.
An merease in EDRY {miric oxide) tevels, therefore, has a
double beneticiat effect on the circulatory sysiem: # inhibits
aggregation of platelets, making the hlood more Huid, amd i
enlarges the diameter of the vessels, improving the flow. The
reverse, 4 reduchon i nitric oxide levels, may be present in
peripbieral vascular disease, and the other conditions
described above which may be benefitled by increasing the
hlood concentration of pitric oxide,

As llestrated in the examples below, the method of the
ipvention is believed {0 increase npiltic oxide levels in the
blood, which may explain the mode of action in the inven-
five {reatment of peripheral vascular disease and other
conditions associaled with blood platelet aggregation and
nitric oxide deficiency,

The following examples are given o illostrale the inven-
fion bu! are not deemned 10 be luniling thereof,

EXAMPLE 1

INFIBITION OF BLOOR PLAYTELEY
AGGREGATION

The folowing experiment was conducted o stndy the
effects of ozone/uliraviolet light treatment on blood platelet
activity,

EXPERIMENTAL PROCEDURE

Samples (20 mi) of peripheral blood were taken from 10
individuals for 13 separale experiments, Hach sample was
divided ipto two aliguoets. The first aliquot was freated
according o the inventive techoigue, as follows:

The 10 mi aliguo! was treated in vitro for three minutes
witly ozone gas {variable ozone conceniration of 5-50 pg/ml}
arct ultraviole! Hght (253.7 nm), af o temperalure of 42.5° CL
An apparates as disclosed in U5, Pat. No, 4,908 483 was
utilized to carry out the treatment of the blood sample.

The second 10 mi aliquot from cach sample served a8 an
untreated conrol,

Patelets were solated from the confrol or freated samples
by centrfugation, and their abilily 1o aggregate in response
wo different concentrations of ADP (2 natural platelet
stimulator was measured in an aggregometer. A sample of
both ozone-reated and unireated blood was vsed for guan-
(itation of platelef pumbers, osing a Coulter covnter. In some
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of the experiments described below, aliguots of the blood
were treated with different concentrations of ozone. In other
experiments performed, the hlood was treated in the pres-
ence and absence of UVlight irradiation.

in the reporied data, control samples were sssigned a
number of 100 for platelet aggregation and platele! agpre-
galion in the ozone-frealed blood was expressed 8 a per-
centage of this 100% aggregation in the same person
untreated control blood.

RESULTS

As shown in Table 1, the resulis of the experiments
indicate that treatnmen! of blood with ozone and vliraviolet

light according 1o the invention inhibits the aggregation of .

blood platelets, Furthermore, there is an indication that this
inhibition is dose related fo the ozone concentration (see
Table 2).

THE EFFECT OF THGH LEVELS OF GZONE
ON ADP-STIMULATED BLOOD PLALTELETS

High levels of ozone {between 33 and 50 pg/ml) caused
a measurable inhibition of ADP-induced platelet aggrega-

L

8

fion (wrbitrarily taken as 3339 inhibition) in 11 of the 13
experiments {8 of the 10 individpals). Teking 2l the data on
all 10 individuals, the mean inhibition of platelel aggrega-
tion was 49.24/-27.8% {mean+/~sd}. There was no signifi-
cand difference between the inhibitory effects on bleod taken
from males and fermnales {mean inbibition 48,16 and 5G.7%,
respectively).

This inhibition appears {0 relate 10 the concentration of
ADDP (apgregation stimufaiory over (he concentration range
of GOI-G1 oM ADP, with lower inhibition al higher
concenirations of platelet agonist. However, this relalionstip
did pot hokld at higher ADP concentrations {Table 1) amd
could be spurious, although the level of inhibition at 0.01
mM ADD is significantly greater than at 6.1 mM ADP (71%
vs. 95%, p<0.02}

TABLE 1
The effect of high levels of ozone on the aggregation of

human blood platelets i the presence of varying concen-
tration of ADP

Parcenl
Bhate Concentration of  Concentration of  Ialabitior of Piutedet Count
{Individuai) o (aiml) AL (M} Aggregalion Before Ozone Alles Owone
XE11e A i 30 {le ao aggregaiion)
27.11.91 A 5 B33
M i 1.4
30 50
A 0 a L. aggregabon as wath coateol}
a0 0.0
130 EY
AY 0.5 611
M2y 1 R
i A0.0
30 &8
hitd Q.1 0 34 49
0.1 8.2
0.5 4.0
05 0
11,3291 Al 0.0% Y] ie G5
[t 0.1 624
1.0 743
0.0 A0.0
121243 At 0.01 670 5% 121
(M5} 0.l 7.1
Lo BT
131243 Al 0.01 g3 i3 &1
{F) 0.0 AT
0.1 304
0.5 154
1.0 A
50 200
0.0 Y]
90192 kit 0.1 343 34 40
My 0.0% 310
0.1 9.8
0.5 154
Lo 8.2
50 31z
AEEENR N it 0.00% 7.4 i G4
{F3) 0.00% XN
0.01 [
0.0 A3
0.1 3.z
0.5 0.1
1.0 218
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~eogtinged
120582 hitd 0.004 #4300 4 a2
L 0.0 00
.03 452
0.1 ©ze
0.3 a5
1.0 #1.8
A GRE
3.0 0.0
150892 Lt .01 0.0 81 4t
1) 0.0% 714
0.1
0.5
1.0
a0
3.0
AN
HHLO
E0ee A5 0.0 a8 TG
(M}
The Tollowing ix & sinmary of the data sei Todh in Fabie 1
ADP mM it w04 0.4 0.50 140 hEIH 144y
% Enkibstion WhE - FER- AT +H- 0 e B3 80T - et -
of Aggregalion G A T4 g4 Ay 353 A
Now 6 t & 7 7 4 4
0T OF HIGH LEVELS GF GZONE THE EFFECT GF DIFFERENT
ON TGTAL WHOLL BLOGD ATELET CONCENTRATIONS GF GZONE ON TLiE

COUNTS

As any apparent reduction o platelel aggregation follow-
mg ozone treatment of whole blood could be cansed by a
Joss of platelets from the blood during {reatment, total whole
platelet counts were performed on the treated and untreated
whole blood samples in 9 experiments on blood from 8
mdividuals. Overall, the platelel count was 115.5+/-59.8%
of the untreated Jevel following ovonization {range
82-204%).

Thus, the total platelet counts before and after orone/UV
treatment do not indicate a major loss of platelets from the
blood as a result of ozonization.

TABLE 2

30

as

40

INHIBITION OF AGGREGATION OF HUMAN
BLOGO PLATELETS STIMULATED WITH ADP

Three different concentrations of ozone (5, 25, and 50
Hgiml) were wsed 8t a range of ADP concentrations in 4
experiments on 4 Gfferent individoals, Bulking the data for
different orone concentrations from each individeal and
calculating the mean for the data From the 4 experiments
indicated that there was some dose response relationship
between the concentration of ozone vsed and the inhibition
of platelet aggregation (See Table 2)

Although overall these differences were not significant, in
two of the four individuals there was a sigoificantly grester
inhibitory effect of ozone at 50 gg/mi then at 5 up/ml {See
Table 3%

S d

The alfect of dilferenl conceniitions of cxone on inhibition of platelel

aggregation ia the preseace of ADE

Perzeat
Ehate Concenteation of  Concentrstfon of  Ialabition of  Plateled Count
{hnutividusl) Orone {ughmly AL (mM} Aggregalion  Befoe Ozone Aller Owone
Az 15 it 27.3
M2} 24 o1 0
A {5 0
25 A
it ) [or|
h} 143 0
25 14 28.4
tH] 14 A1
B it 0
] hEY 250
A AL AN0
A A AND
a5 A a0
B3 A 481
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TABLE Z-continued

The effect of differeat conceatratioas of czone on mbubition of platelet
apgregation i 1he presenes o ADP

Q.000.92
M6}

160592
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0.00%
0.0
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0005
0.1
0.1
0.1
N3
ns
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1.0
1.0
1.0
s0
a
50
00Kk
00Kk
0.06xE
0035
[IANE
IRV
0.00%
N0z
0.00%
0.0
.08
0005
0.1
0.1
0.1
n.5
ns
ns
1.0
1.0
1.0
0038
0035
[IANE
nn:
0.00%
N0z
0005
[ENR]
.08
0.1
0.1
0.1
ns
n.5
ns
1.0
1.0
1.0
50
s0
a
10,0
100
1n.0

0.1
28.9
343
0
52
210

T1.4
s
&#0.0
315
g
B2
[
44.9
64,9
338
29,3
£1.0
313
39.4
545
301

21.8
539
218

i
30
i
it

878

i)

84.8
7.1
952
819
41,4
929
833
G388
SR8
/332
89.5
1.6
19.2
917
EREd
233
8/0.0
&0.0

12
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73
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45
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Fhe folfowing is »suamary of e datz sel forlh in Tuble 2:

Concenteation of ozxone {ugfmi)

A

23

30

Flatelet Aggregation (9

{mean +— 5d, 8 = 4}

B85 - ARG

58,8 +i- 204

559 +i- 264

12
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TABILE 3

The effect of differsnt concentrations of ozoae on
inhibition of plalelel agereaalion in fwe ndividuais.

Concentration of

oo (pginh 5 ] o]
Flalelel aggregalion 13,3 - M2 539 & Meb ab4 +i- 144
M2 {45}

Fifference ITom 5 p < 0.0]

5 prgiil

Flalelel aggregalion BT afe 9 13 4 102 Z4T 4 00
M6 (%)

Phifference from 135 g 0L02

& paiml

1 = a0t signifoanl

THE EFFECT OF UV LIGHT ON THE
RESPONSE OF PLATELETS TO GZONE

The eHect of ozone on the aggregation of human hlood
platelets was investipated af different concentrations of ADE
in {he presence or absence of UV hight. The resolis, shown
in Table 4, indicate that, although there may be some platelet

aggregation-inhibiory response (o ozone alone, this is

nearly always greater in the presence of UV light and the
effect of UV light was highly significant (p<(.001) in this
sinple experiment. This result was also repeated in a second
experiment, using 2 single concentralion of ADP (0.01 mM).
The results of this sccond experiment are set Torth in Table

D

TABILE 4

The effect of LYV Hglt on the ishilation of ADP-
mmduced platelet aggregation by ozone at & conceateation of
a0 paim] (fwpermenl dafe 15070 97 Indhvidast 1%

Concentration ADP (M) +EY -
.0 0.0 B4.0
0.0% 11.4 ]
0.1 407 AT
0.5 70 i
Lo #1.8 ]
A0 G985 134
100 #5.2 18.5
A0 #4.0 184
3.0 iGN 47

Maean o/~ sd Tad afe BRE T el 106 = 0000

TABLE 3

The effect of LY gl on platelel aggregation
sadnced by ADE [ M) i the presence or absence of ozone,
{Experiment dale 200092, individual M2;
Percent Inbibition of Platelet Agmrepating

Orone 3% pgiml = UV Ozone 35 gpfmi » UV No ezone, UV alone

K34% 11.2% ¥

in sunnary, the results of Example 1 mdicate that the m
vifro freatment of an aliquot of blood with ozone gas and
ultraviclet ight inhibits the aggregation of blood platelets.
This platelet inhibition bas been found o be dose related fo
the ozone concemtration. Faerther, plalelet inhibition was
found 1o critically depend on the combined freatment of
ulraviotet Hplt and ozone gas, as evidenced in Tables 4 and
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5. Trestment with ozoge gas alone resulied in minmmal
inhibition of platelet aggregation, while lreatment with
ultraviolet light alope produced no inhibition of platelet
aggregalion.
HXAMPLE 2
MEASUREMENT OGF NITRIC OXIDBE

in order to elucidate the mechanism whereby ozonization/
UV hight alfects the aggregation of platelets in treated blood,
the concentration of certain oxidized forms of pifrogen were
measured.

The dired! measgrement of nifric oxide s difficult ©
achicve, However, pitric oxide is ap ntermediale in ap
metabolic pathway in which arginine is copverled fo
citrnlling, which is accompanied by the production of otber
stable end-products iocluding thiok-nitrie oxide (nitrite}
complexes, metal-thiol-nitric oxide (nitrite) complexes and
oxidized forms thereol Le, nitrates.

Accordingly, the nitric oxide content for several samples
of blood treated with uliraviole! ight and ozone gas accord-
ing to Example 1 were indirectly determined by measuring
the combined nitrite plus nitrte  concentrations in the
samples hefore and after treatment with ozone/UV Hight,
after converting nitrale to pilrte,

The resulis show that there 18 a small increase in nilrate
plus nitrile concentrations afler treatmen! acconding 10 the
mvention. This increase was copsistently Tound in samples
greated with ozone gas/UV light. Thus, nitric oxide Jevels
appear t© be enhanced by the {realment with ozone gas/UVv
tipht, and this appears 10 be parl of the mode of aclion by
which ang inhibition of blood platefet aggregalion is achieved
by the invention. This therapeutic effect is consistent with
the ctivlogy of peripheral vascular discase deseribed above.

CONCLISIONS

The data of Examples 1 and 2 suggest that the treatment
of blood with ozone gas and uliraviolet ght according 10 the
tpvention 18 actually inducing an inhibition of platele! apgre-
gation for the following reasons

1. The mbabiory effect 18 af least partially dependent on
the concentration of ADP, ozone being more inhibilory af
lower ADP concentrations. This may be interpreted as the
higher agonist concenirations parlially overcoming the
inhibitory effect of ozone by “hyperstimslating” the plate-
fets, This sugpests tha the inhibition 18 at leas! partially
reversible, and is probably not acting by destroying the
platelet’s abilily 10 aggregale.

2. The mhibitory effect appears 1o be dose related 10 ozone
conceniration, with higher concenirations of ozone resuling
i greater inhiibiion of platelet agpregation.

3. The inhibitory effect is UVedependent, suggesting that
this is not 2 pon-specific toxic effect caused by the oxidative
capacily of the ozone gas.

EXAMPLE 3

Venous blood (20 mi), teken from 13 healthy non-
smoking volumteers, 6 females and 7 males, age 20-50G
vears, was collected o sodivrm cilrate apticoaguian!. None
of the volunteers bad taken any medication for af leas! one
week prior to the investigation. The blood was divided into
two 10 mi aliquots. One aliguot was treated with ozone/UV
as described below, the other was an unfrealed conlmol
sample.

OZONE TREATMENT GF BLOOD SAMPLES
Blood was treated according 1o the invention witl differ-
ent concenirations of ovone using a device similar 1o tha
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described i US, Pat. No, 4,968,483, Ozone in medical
oxygen was hubbled through the blood sample at a rate of
(:.3 Limin Tor a fixed perdod of about 3 minutes, The blood
was healed 10 a femperatire of 42.5° (. and exposed 1o
ulraviolet light at & wavelengtly of 253.7 om. The concen-
fration of ozone in the oxXygen carrier was variable between
ahout 5 and 50 ugiml, and was measured using an ozone
monior {FHlumares, Kardsrube, Germany)

PLATELET AGGREGATION STUDIES
Platele! apgregation was measured essentially by the end
point turhidimetric method of Bomn.

Plateler rich plasma (PRP}Y was prepared by centrifuging
10 ml of blood {either ozone-treated or unlrealed control

blood} af room temperalure for 20 minstes at 200 xg. Four -

mi of PRP was diluted by the addiion of 1.0 ml of
phosphate-bulfered saline.

Diluted PRI (0.225 ml) was placed in an aggregomeler
cuvette confaining 2 small magpetic stirrer bar
(apggregometer model 1062, ADG Instruments Lid.,
Cochicote, Herls, UKD and equilibraled at 37° C. After
stirring was commenced, 0.025 ml of agonis! {eather ADP—
ADP platelet aggregation reaction or collagen-—collagen
platelet aggregation reagent; both from Sigma Chemical

Co., Poole, Dorset, UK was added o the fnal concentra- :

tions indicated in the resulls section below. The maximum
change in light transmission was measured. Platelet aggre-
gation i the ozone-freated samples was expressed as a
percent of the aggregation in the control samples for cach
individual experimental condition.

Blood platelet counts were performed on whole blood,
using 2 Coulter counter, provided by the Department of
Hematology, Northern General Hospital, Shefiicld, UK.

RESULTS

Following {restment of whole blood with 35-50 pg/mil of
ozone in oxygen al a How rate of 0.3 T/min for 3 min {total
mass of ozone reacted: 31.5-43 mg) with exposure to UV,
there was an apparent overall increase in the platelet count,
to 1461/579% {mean+/-s1andard deviglion, renge 81-202%)
of the controf value in the 12 individuals investigated, This
suggests thal, under the condifions used in these
experiments, the treatment of whole blood with ozone does
not destroy the blood platelets. Furthermore, following
vispal assessment, o marked bernolysis was observed e
treated blood compared with the control blood samples,
indicating that the lreatment regime had little effect on
ervthrocyie integrily,

il ozone as above showed 2 reduction in their sbility o
aggregale in response 1o ADP (0.G01-1G0 mimold
concentrations), The overall inhibition of aggregation was
53 34/-31.1% {mean+/~standard deviation, n=13}. The inhi-
bition was varizble between individuals, rangiog from 2.6%
o 160%,

This inhibitory effect of ozone/ UV freatment was depen-
dant on the concentration of ADP, showing a higher level of
inhibition of platelet aggregation al low concentrations of
AP (See Table 6). The inhibitory effect at .01 mmol/1ADD
was significantly greater {p=<0.02) than at G.1 mmol of this
agomst {See Table 6},

With collagen as an inducer of platelet aggregation,
platelets treated with 33-30 ug/ml ozone i oxygen also
showed a high level of inhibition of aggregation: 7424/~
43.3% with 1 mg/mol collagen and 76.44/-25.2% witly 10
il collagen {n=5).
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A reduciion i the conceniration of ozone in {hie oXygen
hubbled through the blood sample resuled in a reduction ip
the elfect of treatment on the inhibition of platelet aggrega-
sion. This difference was significant in individual responses
o treatmend, alibough the overall mean values of the four
individuals investigated were no! significantly Gfferent {See
Table T

TABLE 6

The elfect of diferenl concenlations of ihe
Halelel agonist ADP on the ishibition of ADP-iaduced plateiet
sparegation by treatmeat of Bood ia vitro with czeae at a
cogenimion of 30 weiml in oxveen apd UV adiation.

Poseenl Inhibilion
ol Piateiel
Aggregation

Sukject Cone, AR (mmolf)

Male 1 (R
10
AN
AN
{0t
{11
10
{0t
il
10
{0t
03
{11

671
511
508
Ti4

Female 3

Female 2

Maonn

*significantty dilfereal from 401 mmel/l, p = 402

TABLE 7

Fhe elfecl of differenl concenlmmiions of ozone on
the inhinitiog of ADP-induced platelet aggregation by
tealmenl of whete blood In vilso with oxone in oxygen axd UV
srradistion

3 ] 5
Subject ppiml Qeone pgim] Gwone  pgiml Ouone
Male 3 185 559 [N AR
Male 2 87 1132 2477
Mean (1w 4) AR SN 35
wd e 2.4 8.4

"esrgmificanl at p o= (L4
“srgaificant at p < (02

EXAMPLE 4

THE EFFECT GF UV/OZONE TREATMENT GF
BLOOD IN VITROG ON TIHE PLASMA NITRIC
OXIBE CONCENTRATION

EXPERIMENTAL OUTLINE

Blood (16 mi), anticoagulated willy sodivn citrate, from
14 pormal healthy individuals, was treated with UV/ozone
gas as deseribed in Example 3, with oxygen containing

cacl individual was not freated. After removal of the cellular
componens of the blood by centrifugation o 15 G00xg for
30 seconds, the plasma was stored af -20° CL

Nitric oxide, produced metabolically Trom L-arginine, is
unstable and reacts with oxygen to form nitrate and nitrite.
Total pitrate phis pitrite was measured afler copversion of
pifrate {0 mirife wsing a cadmism calalyst. Nifrite was
measured colorimetrically wsing the Griess reagent by a
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method based on that published by Green, Wagner,
Glogowski, Skipper, Wishnok & Tannebaum in 1982

treated and control samples were measured in a single assay
run.

RESULTS

The acieal values of pilrite concentration varied widely
between individuals, ranging from 0.6-27.6 mmeld To
enable comparisons between individuals, the concendration
of gifrife in the ozone-{resled sample was expressed as a
percent of the concentration in the corresponding unireated
control. A summary of the resulis is as foHows:

Percent of Nitrite 1 OQzonated

Bdividual No. Sample Compared Lo Coalrel

1 280
2 A6.7
3 484
4 Hix
& F100
& 1333
7 137.6
8 162.9
9 175.8
30 ARG
11 455
32 9887
i3 ATHL
i4 30674
Arithretic Mean ARG A%

These values do not Torm & normal distribution. However,
an approximale normal distribution can be attained afler
{fogarithmic transformation of the data. Following logarith-
mic ransformation, the level of nitrite in the UV/iozone-
treated blood sanples is sigoificantly prester than in the
untreated samples {p<GD1}.

INHIBITION STUDILES

Nilrie oxide inhibits platelet aggregation-this is one of
its physiological activities. It s known that the effect of
nirce oxide on plaelels can be inhibited by free oxybemo-
globin (Salvemini, Radziszewski, Korbut & Vane, Br J,
Pharmacol.; Vol, 101, pages 991-993, 1990}, We therefore
investigated the effect of oxyhemoglobin on the platelet
aggrregralion inhibilory action of {restment of whole blood
with UV/iozone gas.

EXPERIMENTAL OUTLINE

Platelel rich plasma was prepared from whoele blood, s

eiher treated with UV/orzone or untreated (comtrol), by
centrifugation at 200xg for 20 minuies al room temperature,
Phatelet aggregalion in response 10 ADE, collagen or throm-
bin as stimulators was measured in an aggregometer. Oxy-
hemoglobin was added to the platelet rich plasma subse-
guent {0 ozonizalion amt before measuring platelet
aggrregration aciivity, H treatment of blood with UV/ozone (o
inhibil platelet aggregation s acting via 2 npifric oxide-
mediated mechanism, then the addition of oxyhemoglobin
should prevent the inhibition of platelet aggregation caused
by UViozonization, The resulis are sel forth in Table &
below,
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TABLE &

Subject Flalelel Agonisl N i1 10 el B
Female » Farombia 104 23 4
Female b Faromshia 104 0 57 0
Fhrommlda 10 io 97 a7
ADF 1 mmoll KL 0
Male & Fhrommlin 10 o #0 79
Collagen 1 mgiml 95 &0
ADF 1 mmoll 14 0
ADP 0] mmold i 9

Although rather variable, two of the three subjecs
showed conststent reductions of post-UV ozone therapy
platelet aggregation inhibition in the presence of
haemoglobin, and the third subject showed some reduction
with 3 of the 4 conditions of aggregation used, The overall
means of plalele! aggregation were 54% withou! baemoglo-
bin and 20% in the presence of this inhibitor of nitric oxde
sCtivity.

CONCLUSIONS

The above data show that ozonization of blood raises the
tevel of nitrite {the stable metabolile of nitric oxide), and that
{he inhibition of platelel aggregation caused by ozonizalion
of blood can be reversed by haemoglobin, an inhibitor of
pitric oxide activity, Taken logether, these data strongly
suggest that the freatment of blood with UViozone accord-
g to the invention increases the in vivo blood levels of
nifric oxide, andd inhibits the aggregation of platelets via a
pitric oxide mediated mechanism.

EXAMPLE 5
iIN VIVO STLUDILES

The effect of the administration of UViozone lreated

Plood on patients with vascular disease.
INTRODUCTION

H is known that in vivo pitric oxide has an effect on blood
vessels, causing a relaxation of the muscle layer of the vessel
wall resuliing in vasodilation and an increase i the fow of
Pood through the vessel. Thus, evidence for an increase in
aitric oxide production may be obtained from measurements
of blood flow. However, the flow of blood through the
vessels 18 comtrolled by complex interacling mechianisms
ard the measuremen! of basal blood flow will not reproduc-
ibly reflect effects of nitrde oxide alone. Therefore, in order
1o examine the effect of nitde oxide, blood flow is measured
In response {o stmulating drugs which are koown o be
mediated via pitric oxide production. One sucl drag 18 acetyl
choline whicll is known {o stimulate the production of nilric
oxide by the cells of the endothelivm (blood vesscel Haing)
thereby causing vasodilation and an increase in blood flow.

EXPERIMENTAL OUTLINE

Blood {16 mi)}, anticoagulated with sodinm citrate, was
obtained from patients with a peripheral vascular discase
and was treated in vitro with oxvgen conlaining ozone at a
concentration of 15 pg ozone/ml. oxygen, UV Hight at a
wavelength of 2537 nmm @l a temperalure of 42.5° ¢ for
{hree mimdes viilizing an apparatus o8 disclosed 1o ULS. Pal
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No. 4,968 483, Following treatmen!, the blood was relurned
to the patient by intramuscular injection in the gluteal
mauscle. Bach patient received 10 such individual treatments

investigaled,

Before and after the course of freatments deseribed in e
preceding paragraph, blood fow in the superficial blood
vessels of the forearm were measured by 2 method combin-
ing taser Doppler blood flow measurements with the ionlo-
phoretic inroduction of acetyt choline, vsing a conimer-
cially avaiiable device {DRT4 laser Doppler perfusion and
temperature monitor and MIC 1 iontophoresis controller,
from Moore Insiruments 144, Axminster, Devonshire, UKD,
e blood fow resulting from the introdaction of up 10 36.2
g of acetyl choline was measured. In each case, this dose
of acetyl choline gave a maximal response in terms of blood
flow. The blood How in response to tis dose of acelyl
choline was measured before and after {he course of {reat-
mend with the in vitro treated blood in cach patient, the
resulis being expressed in units of blood flow.

RESULTS

Before & course of {reatment with the in vilro (reated
blood, the average blood flow in response 10 acelyt choline
was 186.94/-34.4 units of blood flow (mean+/~standard
deviation), Following the course of 10 treatments as
described above, the average blood How in response fo
acetyl choline was 261.1+/-1060 unils of biood How
(mean+/-standard deviation). Thus, following the course of
treatmen, the blood flow in response 1o acetyl choline
increased by an average of 39.7%.

CONCILUSION

These results indicate that the blood How in response 1o
acetyl choline is increased after a course of treatment with
in vitro treated blood. B ois koown that acelyl choline
increases blood How via pitric oxade generaled using the
iermediary effecs of the endothelinm. Hence, {his pro-
vides evidence that there is a greater level of available pitric
oxide in the blood vessel following treatment of a patient
with the blood treated by the method of the inveniion,
probably doe o the effects of the re-injected trealed blood
(or some component of 1) on the endothelinm lining the
blood vessels. Thus, pot only does the treated blood aliguot
of the present invention itsell provide enhanced mitric oxide
levels to the blood, for bepeficial purposes, the treated
akiguot of Mood, afier re-introcuction into the blood siream
of the human patient, iself stimulates generation of extra
nifric oxide in e blood, by stimulation of endothelial
action.
What is claimed is:
1. A method of inducing relaxation of the smooth muscle
of blood vessels of & human patien! o effect endargemen! in
the diameter of said blood vessels, which comprises the
successive steps of!
(a} extracting an aliquot of blood, of volume from about
001 mi 1o about 400 ml, from the human patient,

(b} in vitro contacting the extracted aliguot of human
blood with 4 npiric oxide concenirafion-increasing
effective amount of 0zope gas 45 4n OXVERN/OZONE Zas
stream having an ozone concenfration of from 0.5
sigfml o ahowt 100 pg/ml, and aliraviolet radiation, for
a period of time from about G.5-10 mindes and o a
femperure, in the range 0°-56° C., which does not
cause marked hemolysis in the blood aligoot or does
pot cause a major loss of platelets from the blood, 1o
produce an aliquot of freated blood, and
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(¢} increasing {he oitric oxide concentration in the blood
of said patient by administering said treated blood to
the same human palien!,

2. The method of claim |, wherein the sliraviolet radialion
has & wavelength of sbout 2537 nm.

3. The method of claim 1, wherein the aliGuot of hbuman
Bood in step {&) comprises about 10 mi of blood.

4. The method of claim 1, wherein (he blood aliguot is
comacted with the oxygen/ozone gas stream and ultraviolet
ractiation for a period of about 3 minutes.

8. The method of claim 1, wherein the freated blood is
acknimsiered 10 the human by 2 metbod selected from the
group consisting of inter-arterial injection, inframuscuiar
mjection, iFaVenous injec!ion, sebenianents injection, and
mntraperitoneal injection,

6. The method of claim T wherein the aliguot of bloed ip
Step (a) has 2 volume from about 150 mh

7. The method of claim & wherein the blood aliquo! is
maintained at o femperature of from abowt 37°43° C
during the comlacl with ozone gas and wliraviole! radiation.

8. The method of claim 1, wherein the pltraviolet radiation
s from a UV-C source of ultraviolet radiation,

9. A method of alleviating the symptoms of peripheral
vascilar discase in a human patient suffering therefrom, by
imcreasing the pifric oxide copcentralion in {he buman
patient’s blood, which comprises the steps of

(2} extracting an aliquot of blood, of volume aboul

0.1-208 ml, from the human patient;

{(b) i vitro contacting the extracted aliquot of blood with
a piric oxide concenfration-increasing effective
amount of ozone gas, as a mixture of ozone in ap
OXYEEn-OZORe gas stream having an ozone copcenira-
tion of from abowt 0.5 p'mi 1o about 100 gp/ol, while
the aliguo! of blood is simultancously being subjecied
to ubtraviolet radiation, for a period of time from about

(°-56° C. which does not cause marked hemolysis or
mrajor loss of platelets in the blood aliquot; and

(c} adminisiering the treated aliguot of blood so obtained
to said human patient so that stimulated leukoeytes in
said aliguot effect ap increase in nitric oxide concen-
tration in the human patien!’s blood,

). 'the method of claim 9 wherein the blood aliguol

during the contact with ozone and subjection to ultraviolet
radiation.
11. A method of increasing the nilric oxide conceniralion
in the bleod of a human patient which comprises:
(2} extracting an aliguol of blooed, of velume from about
C.01 mi to about 400 mi, from 2 human patien;
(b)) in vitro condacting the extracted abiquot of human
blood with a nilric oxide increasing amount of ozone
gas and nitraviole! radiation for @ period of time from

of §-56° ., which does not cause 2 marked hemolysis
it {he blood abiguot or does nol cause 2 major foss of
platelets from the blood, to produce an aliquol of
treated blood;

(<} monitoring the increase in pitric oxide concentration in

at leas! a portion of the aliquot of treated blood; and

(d) readministering @ leas! a portion of ihe frealed blood

aliguo! with mcreased mitric oxide concentration 1o the
same buman patien),

12. The method of claim 11 wherein the ozone gas is
contacted with a blood aliguot as a mixture of ozone in an
OXYRen-OZONE gas sireamn baving an ozone concentrafion of
from (.5 pgiml lo sbow! 100 uyiml

Ed Ed * + *
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1
TREATMENT OF CERONIC POST-
TRAUMATIC PAIN SYNDROMES

FIELD OF THE INVENTION
This invention relates to methods of medical treatment,
and more specificalfy 10 the treatmen! of reflex sympathetic
dystrophy.
BACKGROUND OF TIE INVENTION

Reflex sympathetic dystrophy (BSD) is a pathogenic
concition affecting a patient’s extremities and characterized
by persisient pain and swelling witll vasomotor and sudo-
mofor changes, and later atrophy. The precipitating cavse of

RSD is soft tissue injury. Fractures of the bones of the wrisls

are commonly associaled with RSD. Chronic undiagnosed
knee pain, with few clinical signs bevond hyperaesthesia
and hmiled movement may suggest RS 1 may only
manifes! #sel davs, weeks, or even years aller the soft fissue
infury has been incurred.

Adopting clinical criteria, the ToHowing operational defi-
nition of RS was adopted at the Sixth World congress of
Pairn

SRSD 18 o descriptive lerm meaning a complex disorder or

group of disorders that may develop as a consequence of :

trauma affecting the limbs, with or without an ohvious nerve
lesion, RS may also develop after visceral diseases, and
central nervous system lesions or, rarely, withou! an obvious
anfecedent event. It consisis of pain and related sensory
abnormalities in the motor system and changes in sirocture
of both superficial and deep tissues (“trophic changes™. It is
not necessary that all components are present, B is agreed
that the name “reflex sympathetic dystrophy” is used in a
descriptive sense and does not imply specific undertying
mechanisms”.

The pathogenesis and pathophysiology of reflex sympa-
thetic dystrophy are most commonly characterized by
impaired vasomotor control which usually results in vasodi-
lation and incressed skin temperalure over the affected area,
in the inital stages, and vesoconsiriction and redoced skin
temperature in the later stages. Also, the blood How and skin
temperature changes in the contralateral Bmb Tollowing cold
stress of the affected limb are abpormal, thus suggesting a
central nervous syslem aboormalily.

There 18 currently o specifie, accepled freatment for
RSD, and cure of it canno! be assured. Vascular and perhaps
neurological changes occur during the natural history of the
discase. Some treatments are divected (o those. For example,
caleiionin, & vasoconsirictor, 18 often used during the carly
vasodilalion slage, byt 18 inappropriafe al lafer stages when
vasoconstriction predominates. In this stage, pharmacologic
or surgical sympathectomy is elfective in some cases. lmmo-
bilization of the alfected limb is avoided, since this exacer-
bates the problem. Alterpalive therapies include
corticosteroids, franscufancons nerve shmulation, acupunc-
ture and anfogenic iraining.

REFERENCE TO THE PRIOR ART

A review of reflex sympathetic dystrophy by D E. D,
Cooke, Thermographic and Blood Flow Uml, S1. Bartho-
lomew’s Hospital, London, UK., appears in “Vascular

SUMMARY OF THE INVENTION

it is an object of the present invention lo provide a novel
treatmen! for reflex sympathetic dystrophy.
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According o the present investion, the treatmen! for
alleviating rellex sympathetic dystrophy, RSD, involves
extracting an aliquot of blood of 2 patient sulfering Trom
RS13 and treating it (either as whole blood or the appropriate
fraction thereol) wilh certain stressors, pamely UV
racdiation, heat and an oxidative environment. The aliguot so
reated I8 reinjected intramuscularly into the patient. Fol-
lowing one or more such treatments, spaced at appropriate
mmtervals, alleviation of the RS8D is experienced.

Another aspect of the present invention s an avtolopous
blood aliguot for adminsiration {0 a patient o alleviate
RSD3, the aliguot having a vohume of from about (.01 mi to
about 400 mi, and being characterized by the presence
therein, in comparison with normal blood of the patient Trom
whom it was extracted, of at lesst one of the following
characierizing fealures:

increased numbers of lvmphocoytes and other letcocytes,
exhibiting a condensed gpoptotic-like morphology,

a release of specific proteins from the cell surface of the
blood leucocyies, including the MELC Class 1T molecule
HLA-DR, resulting in 2 reduction in the number of
cells expressing such surface profeins,

an upregulation in the expression of certain cell surface
markers for example CD-11h, a component of the
ligand Tor the cell adhesion molecule ICAM-1;

a decrease in the amount of heat shock protein LISP-60
comained in the lewcocyles, particalarly the
Iymphocyies, therein, and an increase  HSP-60 in the
plasma;

a deerease in HSP-T2 within the Tymphocyies,

a decrease i profiferstion of freated mononuciear cells
Tollowing mitogenic stimulation.

DESCRIPTION OF THE PREFERRED
EMBODBIMENTS

By inducing an apoplotic-like siate in the lymphocyies
and other lencocytes i the blood comprising the aliguot, as
evidenced by the increased pumbers of Tymphocyles and
other lewcocytes exhibiting a comdensed apoplotic-like mor-
phofogy therein, these cells may become preferentially
phagoecytosed upon re-injection into the host body,

There are 2 number of different phagocytic cell tvpes
present in the mammalian body, including various antigen
presending cells and nevirophils. In order to Tacililate phago-
cytosis by anligen presenfing cells rather than by otber
phagooyies, e lvmphocytes and other lescocyies present in
the aliguot of the invention are treated so that they may
interact preferentially with antigen presenting phagocytic
cells. Cells adhere 10 each othier by 2 number of mechanisors
incluching the expression of cell adbesion molecples. Cell
achesion molecules present on one cell Lype inferact with
specific lgands Tor particular adbesion molecules present op
the adhering cell type, The present invention may resull in
# preferential imteraction of cells in the freated aliquot fo
antigen preseniing cells in the host body, by upregulation, on
the surface of the cells o the trealed aliquot of the expres-
sion of the ligand Tor adbesion molecules Tound on antigen-
preserfing cells in the host body, Antigen presenting cells
express a number of cell adbesion molecules, including
ICAM-1, a componen! of the hgand of which is CD-11b.
One way by which the process of the invention may change
the preferential phagooylosis of apoplosing cells is by
wspreguiation of CD-11b,

Flie preparation of the blood aligoot for use according fo
e present inveniion preferably comprises extracting from
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the patient an aliguot of blood of volume about GG mil to
about 400 ml, and contacting the aliquot of blood,
extracorporeally, with an effective amount of ozone gas and
wltraviolet radiation,

The treatment for the alleviation of reflex sympathetic
dystrophy, R8D, in 2 human patient suffering therefrom, in
aceordance with preferred embodiments of the present
invention, comprises extracting from the paticnt an aliquot
of blood of volune about Q01 mi fo about 400 mi, contact-
ing the aliguot of blood, extracorporeally, with an effective
amount of ozone gas, heat and ultraviolet radiation, followed
by administering the freated blood aliguot fo the human
patient.

in the preferred blood aligoot wsed in the present

invention, the number of mononuclear cells or Jeucocyies

exhibiting the presence of RSP-60 therein is decreased, asis

the amount of HSP-60 in cach cell, as compared with the
normal, wotreated peripheral blood of the source patient.

Whereas the patient normally has, typically, about 30% of

mononuclear cells exhibiting the presence of HISP-60 therein
(as measured by whole blood intracelular fow cviometry),
the treated aliquot has only 12209, In clinical studies, it
has been found that the figure reduces from 29.3% 0 15.5%,
mean 0F six fests, Preferably also, the pumber of leucooyies
exhibiting the presence of FISP-T2, which is about 50% in
the untreated blood of the source patient, 15 reduced fo
25-35% i the treated aliquot of the present invention. In
climcal studies, this figure for HSP-72 reduced from 49 4%

in untreated blood 10 30.2% in the treated aliquot, mean of

six tests, similarly measured.

The nuober of cells which express the cell surface
spectic protein HLA-DER, in the preferred aliguot used in the
present invention, 1s reduced as compared with the patient’s
untreated blood, possibly as a result of its release Trom the
cell surface, Typically, the number of cells expressing LA~
DR redoces from about 23% to about 8-12%, a8 measured
by whole blood How cylometry, In clinical studies, this
figure reduced from 23.3% to 10.3%, mean of five experi-
ments,

The upregulation of the swlace marker CD-11b in the
preferred aliguot used in the present invention can be
expressed as an iocrease mn the percentage of negtrophils in
the aliquot which fest positive Tor CD-11h, compared with
the patient’s source blood. Typically, the increase is From
about 10% up to the approximate range 70-95%. 1n clinical
stuchies, an increase from 10.3% to 849 was obtained, mean
of six fests.

A sigmificant feature of the present invention 18 that the
sourree of the blood from which the alguot is prepared Tor a
specitfic patient is the patient himself or herself, The antigens
forming the basis of the aliguot find their origin in the
patients own blood, No extrancous antigens are added; the
effective antigens are present in the patient’s blood, andior
are released or modified by the process of preparing the
alicot using the patients” own blood as the source material,

The treated aligoot s prepared by extracting the patient’s
venots blood oo an anticoagulant such as sodium cifrate {a
standard, routine procedure), and then exposing the
extracted blood aliquot o at least one stressorn, in controlled
amounts, the stressor being selected from among oxidizing
agents soch as ozope, ulfraviolet radistion and elevated
femperature, and combinations of two or more of such
stressors, The resulting blood aliquot, afier such treatment,
can be reijected into the patient. Following a conrse of such
freatmients, a patient’s R8D may be markedly improved.

Preferably, the stressors o whicl the lencocytes in the
extracted biood aliquot are subjected are @ temperatune stress
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{blood temperature above body temperature}, an oxidative
environment, such as a2 mixiure of ozone and oxygen
hubbled through the blood aliquot, and wltraviolet radiation,
simuliancously o swccessively, but preferably simulia-
neously.

The preferred embodiments of the present invention pro-
vide a method of alleviating reflex sympathetic dystrophy in
a human paticnt, which comprises:

(a} contacting of about .01 ml to about 400 ml of the
humman patient’s blood with an effective amount of
ozone gas and wltraviolet radiation; and

() acdministering the blood treated in slep (a} o the
human patient.

in general, fromy about GG ml o about 400 mi of blood
may be freated according to the invention. Preferred
amounts are i the range of about 0.1 mi to 200 ml. More
suitably, the aliquot Ior treatment bas 2 volume of from

5-15 mis. The method most preferably involves collecting
10 ml of a patient’s venows blood info sodism cilrate
coagniant, transferdng it to a sterile, disposable low-density
polvethylene vessel, and then treating it with ozone gas and
wltravioet radiation, then re-administering the treated blood
tor the patient by intramuscular imjecton.

As poted, 1t s preferred, according to the invention, fo
apply all three of the slorementioned stressors simulia-
necusly to the aliguot under treatment. Care must be taken
notf to stilize an excessive fevel of the stressors, o the extent
that the cell membranes of the white cells are caused to be
disrupted.

The temperature siressor must keep the aliquot in the
Hquic phase, Le. from abowt (° C. 1o about 56° C. and should
oot heat it above about 53° C. Any suitable source of beat
known in the arf may be employed to heat the blood,
preferably one or more infrared lamps. Preferably the tem-
perature stressor warms the aliquot being treated, to 2
temperature above normal body temperature, Lo, 10 about
37-45° C, and most preferably from about 3743° O, eg
about 42.5° €. Preferably the temperature of the blood
alicuot is maintained at this elevated femperature during the
treatment with UV/iozone,

Afternatively, the blood sample 18 hested wihile being
subpected to UV radiztion, until the blood reacties a prede-
termined temperature (preferably about 42.5° CJY, af which
point bubbling of ozone gas through the bleod s com-
menced. The concurrent UViozone treatment is then main-
tainedd for @ predetermined period of time, preferably about
3 minotes.

Another alternative method involves subjecting & the
hlood to UViorone while heating 1o 2 predetermined fem-
perature {preferably about 42.5% (), then cither ending the
treatment once the predetermined femperature is reached, or
contirging UV/ozone treatment for & further period of time,
most preferably about 3 minutes.

The application of the oxidative stressor preferably
mmvolves exposing the aliquot 1o & mivture of medical grade
oxygen and ozone gas, most preferably by bubbling through
the aliguot, af the aforementioned temperature range, 2
stream of medical grade oxygen gas having 0zone as 2 minor
component therein. The ozone gas may he provided by any
convertional source koown in the art. Suitably the gas
stream bas an ozone confent of from about 10100 ggiml,
preferably 3-70 ng/ml, and most preferably from about 550
Hg/ml The gas stream is supplied o the aliquot at a rate of
from about (L01-2.0 liters per minute, preferably 0.1-1.0
titers per minute and most preferably at about .12 Hiers per
minute {811).
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The uliraviole! radiation stressor is suitably apphed by
irradiating the aliquot under ireatment from an appropriale
souree of UV radiation, while the aliquot is maintained al the
aforementioned femperature and while the oxygen/ozone
gaseous mixlure 18 being bubbled through the aliguot. The
ulraviolet radiation may be provided by any conventional
source known in the arl, Jor example by o plarality of
low-pressure ultravielet lamps, The method of the invention
preferably utilizes a standard UV-C source of uliraviolet
radialion, pamely UV lamps emitting in the C-band
wavelengihs, 1.e. at wavelengths shorler than sbow! 280 om.
Ultraviolet radiation corresponding 1o standard UV-A and
UV-B sources can also be used. Preferably employed are
low-pressure sitraviole! lamps that geperate a Hne Spectruny
wherein af leas! 90% of the radiation has & wavelength of
aboul 2537 anm, An appropriate dosage of such UV
radiation, apphied simultancously with the aforementioned
temperatire and oxidative environment stressors, is obfained
from lanips with a power oulpu! of from abow! 5 10 abou 25
watts, preferably sbout 5-10 walts, o the chosen UV
wavelength, arranged 10 swrround the sample container
holding the aliquol. Each such Tamp provides an infensity, at
a distance of 1 meter, of from abont 40-80 microwalls per
sguare cendimeter. Several such lamps swrrosnding the
sample botlle, with a combined ouiput at 2537 nm of 1540
walts, preferably 2040 walts operated al maximum
intensity, may advaniageously be used, Af the incident
surface of the blood, the UV energy supphied may be from
abou! 0.25-4.5 Joules per cm” during a 3-minute exposure,

aliquot which is appropriately modilied sccording to the
invention 1o create the treated alicuot outlined above ready
for re-injection into the patient.

The time for which the aliguod 18 subjected to the stressors
can be From 2 few seconds to about 60 minutes, It is
normally within the time range of from about G.5-60 min-
uies. This depends fo some extent upon the chosen intensily
of the UV irradiation, the temperalure and the conceniration
of and rate o which the oxidizing agen! 18 supplhied to the
aligmot. The more severe the siressors applied to the aliguot,
generally the shorter time for which they need 1o be applied,
Some experimeniation 1o eslablish optimum limes may be
necessary on the part of the operator, once the other siressor
levels bave been set. Under most stressor conditions, pre-
Ferred fimes will be in the approximate range of about

arcund 3 minvtes. The sterling blood temperalure, and the
rale &t which # can be warmed or cooled 10 a predelermined
temperature, lends o vary from patient to patient,

in the practice of the preferred process of the present
invention, the hlood aliguot {or the separated cellular Trac-
tions of the blood, or mixtures of the seperated cells,
wncluding platelets, these varions leucocyle-containing
combinations, along with whele hlood, being referred o
collectively throughout as the “aliguot™} may be treated with
the sitessors using an apparaios of the type deseribed m U S,
Pat. No. 4,968,483 Mucller. The aliguo! s placed in a
suitable, sterile, UV-radiation-fransmissive conlainer, which
is then fitted fnto the machine, The temperatire of the aliuot
is adjusted (o the predetermined value, eg 42.5° (., by the
wse of a suitable beal source such as an IR lamyp, and the UV
lamps are switchied oo for @ fixed period before the gas ow
is applied o the aliquot providing the oxidative siress, 10
allow the output of the UV lamps to stabilize, Then the
oxygen/ozone gas mixture, of keown composition and con-
trotled flow rate, is apphied fo the sligquot, Tor the predefer-
mined duralion of G560 minules, preferably 2-5 minutes
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andd mos! preferably about 3 minuies as discussed above, so
that the aliquot experiences all three siressors simulta-
neously, In this way, the hlood aliquot is appropriately
modified 10 produce a treated aliguot according 1o the
presery invendion salficient 1o achieve the desired treatmen
of reflex sympathetic dystrophy,

The invention is further described in the Following work-
mg example.

EXAMPLE

A young {32 year old) adult Female sultering from rellex
sympathetic dystrophy was ireated according fo the process
of the invention.
The patient’s RSD manifested iself as extremely cold
Feet, with numerous small wounds (chilblaing) on the feel.
Even during hot sumoier weather, the palient experienced
problems with oot pains, The patient was given a course of
frealment according fo the invention, At cach treatment, 2 10
mi aliguet of blood was withdrawn from the patient, and the
blood aliguot was subjected 1o simuliapeons {realment with
an orone/oxyvgen gaseons mixiore {15406 gg/ml of ozone}
amd wlfraviolet light, for 3 minues, at 42.353° ¢, in an
apparatus as described m U5, Pat, No. 4,968,483 Mueller.
A IR lamp was use t0 heal the sterile container holding the
blood liguo! to the preselected lemperature. Ullraviole!
racdiation was supplied Trom a plerality of UV emifting
famps surrounding the container, the lamps providing a
combined output at 233.7 nm wavelength of 0.26 Joules per
om” at the incident surface of the blood, After the frented
aliguot had reverled 10 body temperature, B was re-injected
mtramuscularly 1nlo the patiend, via the gluteal muscle,
The patient received initially 2 cowrse of npine such
treatments, three times weekly Jor three weeks. She reported
improvement by the end of this mitial course. Alter a three
week inferval, the patient reporied that the Improvemen) was
lessening, and so she was given a further course of nine
freatments over three weeks. The improvement resumed.
After a 12 week hreak, after which signs of lessening of the
improvement were reporied by the patient, (Realmenis were
resumed on a fwice per week basis For 6 weeks, followed by
one per week Tor 4 weeks.
The patient reporled a2 substantial alleviation, almost
complete cure, of her RSD symploms Tollowing the comple-
tton of {hese courses of freatments.
Wha is claimed is:
1. A process of allevialing the symptoms of reflex svm-
pathetic dyvstrophy in 2 buman patient sulfering therefrom,
which comprises:
extracting an aliguet of blood of volume From about 0.1
o 400 ml from the buman patient;

treating the extracted aliguod extracorporeally with al lasy
one stressor selected from o group of an oxidative
environment, UV radiation and clevated temperature
up o about 453° O for a period of time in the range
(.5-60 minutes:

and reimjecting the aliquot so ireated into the human

palient.

2. The process of claim T wherein the aliguot of blood is
subjected 1o all three said stressors simultaneously.

3. The process of claim 2 wherein the oxidative environ-
men! stressor 18 a mixture of medical grade oxvgen and
ozone, wherein the ozone content s from 0.1 to 100 ugiml,
hubbled through the hlood aliquot.

4. The process of claim 2 wherein the ultraviolet radiation
stressor 18 glraviole! radisfion from UV lamps emilling
primarily @ wavelengihs of 280 nm or shorter,
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8. The process of claim 2 wherein the elevated lempera-
ture stressor is a temperature in the rage from 38-43° C,
6. A process of alleviating the symploms of reflex sym-
pathetic dystrophy in a human patient suffering therefrom,
which comprises:
exiracling an aliguot of blood of volome from aboat 0.1
o 400G m from the huoman patient;
treating the extracted aliquot extracorporeaily simuifa-
neously with an oxidative epvironment consisting

essentialy of a mixture of medical grade oxvgen and -

owone, wherein the ozone content is from (L1 o 100
sepimil, bubbled through the blood aliquot;

L

8

uHraviolet radiation from UV lamps emilting primarily al

wavelengihs of 280 nm or shorter;

and an elevaled temperatnre in the range from abount

38—43° C; for a period of tme in the range of G.5-60
minuies; and reinjecling the aligeot so trealed inlo the
human patient.

7. A process of atleviating the symptoms of reflex sym-
pathetic dystrophy in 2 buman patien! suffering therefrom,
which comprises subjecling he patient {0 a course of from
18 0 34 treatments as defined in claim 6, over g peried of
621 weeks.
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TREATMENT OF STRESS AN
PRECONIITIONING AGAINST STRESS
This application claims the benefit of U.S. Provisiona]
Applications Nos, 60/058,782 filed Sep. 12, 1997, and
GO/G59,172 filed Sep. 17, 1997

FIELD OF THI INVENTION

This invention relates 1o the field of medicine and medical
treatments. In particular, it relales to siress treatment and
more specifically 10 4 method and composition for treating
mrarnmals, including bumans, in order to provide them with
improved reactions and resisiance 10 Siress.

BACKGROUND ANIY PRIOR ART

The effects of siress on a mammal pormally manifest
themselves in an increase in body femperature, along with a
change in hemodynamic parameters, inchuding an increase
in heart rate and an increase in blood pressure, For patients
already suffering Trom elevated blood pressure
{hypertension), the effects of stress can therefore be particy-
larly dangerous, since hyperlension 15 a magor risk factor for
cardiovascular discase,

Stresses 10 which a mammal may be subjected, and which
can resulf in these effects, can lake 2 wide vardety of physical
forms. Psychological stresses induced by resirain,
confinemen!, sudden exposure 1o danger, shock and the like
trapslate into physical siresses alfecting one or more organs
of the body. Similarly, physical stress such as exposure 1o
heat or cold, inpury including surgical injury, over-exertion
and the tike, resul! in sbnormal fenctioning of body organs,
Stress 18 now recognized a8 a major detrimental factor in
many discases such as cardiovascular disease, cancer, and
immunological dysfunction. Common physiclogical events
which appear 10 vnderlie all stress responses include the
induciion amd upreguistion of syothesis, in all body cells, of
a group of specialized infracellular proteins koown as heat
siress proeins or heat shock proteins (FISPs). These T3SPs
Fanction to protect the cells from polential damage caused
by whatever form of siress s being applied.

One particslar species of physical stress is ischemia,
which is the deprivation of oxygen resulting from reduced
blood How. Ischemia in a body organ, if severe enough,
cuuses the eventual death of cells in the organ, Reperfusion
of the ischemic organ by resumption of blood How therelo
often results in forther inmjury 1o the organ due io
inflammation, and does not invigorate already injured cells,
Repeated application of mild ischemic Stress 10 an organ
often leads to an increased ability 1o withstand stress
wwchemia, an effect thougl to be parlially refated 1o upregu-
lated syutbesis of HSPs. Ischemia may occur as a patho-
logical condition, e.g. as the result of spasm, thrombosis, or
other blood vessel obstruction. Ischemia may be deliberately
induced by clamping of blood vessels during surgery.

# 18 koown to precondition the body of @ mammalian
palient by sabjecting it to controtled stresses, so as better o
eqip the body for subsequen! encouniers with uncontrotled
siresses of the same type. Physical exercise and training, for
example, equips a body for beler handling of physical
exertion stresses. Heating 2 body or a body organ repeatedly
wnder controlled conditions has been shown 1o provide the
body or body organ with preconditioning for the hetler

hancling of subscquent heat stresses, Even in respect of

ischemia, a body organ such as the hear! which has previ-
ously suffered mild ischemia 18 better able 1o resist the
effects of later ischemia, of the lype causing myocardial
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infarction. As staled by Gersh et al., “Preconditioning is an
important phenomenon, probably with clinical implications,
hecause repetitive anginal episodes in patients may develop
into full fledged infarction. Patients with pre-infarction
anging may sulfer from a2 less severe infarct than those
though! 1o vodergo sudden coronary occlusion without the
opportunity for preconditioning. In contrast, patients with
multiple shori-lived attacks of ischemia might become 1ol-
erant through the development! of protective
preconditioning, according to animal date””! Precondition-
ing by subjection 1o beal or ischemia 8 however clearly
mmpractical in respect of most mammalian bodies and body
Organs.

U5 Par. No, 4968483 Mueller et al, describes an
apparalus for oxygenating blood, by (realing an aliquot of 2
patient’s blood, extracorporeally, with an oxvgen/ozone
mixture and wliraviolet Hght, at a controlled femperature.
The apparatus is proposed for use in hematological oxida-
fion therapy.

.8, Pat. No. 5,591,457 Bolion, discloses a method of
inhibiting the aggregation of blood platelets in 2 buman, 2
method of stimulaling the immune system and 2 method of
reafing peripheral vascular discases such as Raynaund’s
discase, by extracting an aliguot of blood From a patient,
subjecting B 10 ozone/oxygen gas muxtare and ulraviolet
racliation at a femperature in the range of abou! 37-43° (0,
and then reinjecting the treated blood into the human patient.

Interpational Patent Application PCT/GRBY3/00259
Bolton, deseribes a similar process for increasing the content
of pilric oxide 1 the blood of @ mammalian patient, polen-
fially wseful in treating conditions such as high blood
pressure in mammalian patients,

SUMMARY OF TR INVENTEON

H is an object of the present invention to provide 2 novel
method of freating stress in a2 mammalian palient,

H is a Further object 10 provide a process of precondition-
ing & mammalian patien! © improve the patient’s resistance
amxl reaction 1o subsequently encountered stress.

3 18 a funther and fmportant objed! of the nvention fo
provide a means of profecting target organs against
ischemialfreperfusion injury.

The present invention is based upon the discovery that an
aliguot of & patient’s blood, subjected extracorporeatly ©
one oF more siressors and then re-injected inio the patient,
has heneficial effects on the patient’s subsequen) abilities to
withstand the adverse effects of subsequently encountered
stresses, as well as beneficial effects on the symptoms of
stress. According 1o the present information, application of
selected slressors o the blood aliquot extracorporeally
appears Lo cause changes in certain of the blooad cells of the
alicuot. It exerls hencficial effects [1o] on the patient’s blood
imcluding 1he incressed resisiance to subsequently eocoun-
fered stresses as reporied in more detail hereinafler,

Accordingly, from ope aspect, the present invention pro-
vides a process of freating 2 mammalian patient {0 counter-
act the adverse effects of stress andfor to precondition the
patient for improved resistance and reaction to subsequently
encotnter stress, which comprises extracting from the
patient an abiguot of blood, subjecting the aliguot 10 extra-
corporeal application of one or more stressors thereto, and
reinjecting the treated blood aliquos into the paticnt.

Stressors which can accordingly be used in the present
imvention, include oxidalive stressors, heat stressors amd
pliraviolet radiation, alone or in combinalions of two or
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three of such stressors, and apphied siwlancously or
sequentially o the blood aliguoed, Thus according to a more
specific aspect of the present invention, there is provided a
process of treating 2 mammalian patient 10 coupferact the
adverse effects of stress andfor o precondition the patier for
improved resislance and reaction o subsequently encoun-
tered stress, which comprises extracting Trom the patient an
aligmot of blood, subjecting the extracted blood aliguot
exiracorporeaily 1o af leas! one stressor selected from an
oxidative environment, UV radiation and clevated
temperalure, and reinjecting af eas! a porlion of the frealed
blood aliguol into the patient.
THE DRAWINGS

in the sccompanying drawings!

$1G. T is a graphical representation of the results oblained
according o speaitic Example 1 described below;

$1G. 2 15 2 graphical presentation of the body temperature
resulis obtained according to Example 2 described below,

FIG. 3 is a graphical presentation of the beart rate resulis
obtained according to Example 2 described below,

FIG. 4 is & graphical presentation of the diastolic blood
pressure restalis objained according 10 Exemple 2 deseribed
below;

F1G. 5 15 2 graphical presentation of the body temperatore
resulis obtained according to Example 3 described below,

FIG. 6 is a graphical presentation of the body temperature
resulis obtamed according to Example 4 described below,

FIG. 7 is a graphical presentation of the body temperature
results obtained according o Exemple 5 described befow,

$1G. 8 15 a graphical presentation of the beart rate resulis
obtatped according 1o Example 5 described below:

F1GS. 9, 10, 1 and 12 are graphical presentations of
resulfs obtamed according to Example 6 below,

FIGS, 13 and 14 are graphival presentation of resulis
obtamed according 1o Example 7 below; and

FIG. 18 is a graphical presenlation of the results of

Example &
THIL PREFERRED EMBODIMENTS

The method of the invention invelves the extraction of an
aliegot of blood from the patient, the subjection of the hlood
aliguot extracorporeally 1o one or more stressors and the
reinjection of the treated blood aliguot into the patient. The
treatment counteracts the effects of stress from which the
patient is suffering at the time and shorily alter the patient

receives the treatment. More significantly and importantly, 5

as a result of the treatment, proferably a series of {realments,
the patien! 1s betier equipped 1o withstand the adverse effects
of subsequently encountered siress, The treatment process
according o the present invention causes the mammalian
palients, when subsequently siressed, 1o exhibit decreased
siress responses as detected by smaller rises in body
temperalure, smaller increases in hear! rate and/or smaller
increases in diastolic blood pressure,

Thus, from another aspect, the present invention provides
the use, for preparing a medicament Tor reating stress in a
palient and for preconditioning 4 palien! fo betler withstand
the adverse effects of subsequently encountered stress, of an
alicmot of blood which has been subjected extracorporeally
to al least one siressor selecled from an oxidalive
environmen!, UV radiation and elevated temperature,

The size of the blood aliguo! 10 be freated 18, in the case
of human patients, generatly from about 0.1 mi to about 400
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mi, preferably from about G100 ml and most preferably

weight For non-human patients, Care must be taken not to
utilize an excessive level of the siressors, fo the extent that
the cell membranes of the white cells of the blood are caused
10 be disrupled, or other irreversible damage 18 cavsed 10 an

excessive number of the cells in the blood,

in the preferred process of the present invention, the blood
aliguot can be extracorporeally subjected to the heat stressor
alone, 1o the UV siressor alone, or o the oxidalive siressor
alone. ¥ can also be extracorporeally subjected 10 both the
heat stressor and the UV stressor, to both the heat siressor
and the oxidative stressor, and t0 both the UV stressor and
the oxidative stressor. It can also be extracorporeally sub-
Jected 1o afl three of the beal stressor, the oxidative siressor
ardd the UV stressor. When combinations of two or more
stressors are used, they can he apphied sequential in any
order, of simultancously, Particalarly heneficial resulls are
obtained by simpltancous use of fwo of the three siressors,
especially the oxidative stressor and the UV stressor, or the
simultancous use of all three of the stressors, as demon-
strated In the specific examples which follow,

The temperatire siressor must keep the aliquot in the
Hquid phase and should not beatl it above about 45°

The term “clevated femperature” as used herein means a
femperature higher than that which the blood affains af the
star! of the subjection of the blood to the stressors in the
process of the invention, Depending upon the precise
method of handling the blood aliguot, its lemperatare af the
start of the process could be as Jow a3 15° C. Whilst the
blood aliquot is at boddy temperature (e 37° C) when first
extracted from the patient, the act of extraction, the sddition
of anticoagulant, the introduction inlo the freatment appa-
ratus and the storage of the Blood aliquot may all exercise 2
coofing effec! on the blood, 1o bring its femperatire down o
as low as 15° € when the process starls. Accordingly the
“levated emperature stressor” apphied in the process of the
invention is 2 heating above this introductory femperature.
Any suitable source of beal known in the art may be
employed 10 heat the biood, preferably one or more infrared
tamnps. Thus, in a preferred process of the presen! invention,
the blood aliquot is subjected 10 infra-red radiation as a
stressor, alone or in combination with the other stressors
pnamely UV radistion and an oxidative environment, the
infrared radiation normally bul not necessarily cassing heat-
tng of the blood aliguot.

The temperatuore siressor preferably warms the aliguot
being treated 10 2 temperature above pormal body

from abow 38-43° O, e.g about 42.5° C, for a period of
firne from abou! ¥ 1o abou! 10 minwles, and preferably about

The application of the oxidative stressor preferably
involves exposing the aligquot o 2 mixtare of medical grade
oxygen and ozone gas, most preferably by bubbling through
the aliguot, af the aforementioned temperafure range, 2
streamn of medical grade oxygen gas having 0200¢ a8 & mnor
componen! therem. The ozone gas may be provided by any
conventional source koown in the art, Suitably the gas
stream bas an ozone conlen! of from about 1.0-100 pprimd,
preferably 3-70 gp/ol and most preferably from about 5-50G
ng/ml. The gas stream s supplied © the aliquot at a rate of
liters per mipuie, and most preferably at about 0.06-0.30
titers per minute {819). Alerpative apphcation of oxidative
stressors include addition of peroxides such as hydrogen
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peroxide to the blood, and addition of biochennically accept-
able chemical oxidizing agents such as permanganales and
periodates 1o the blood aliguot.

The uliraviole! radiation stressor is suitably applied by
irrachiafing the ahiquot under frealment from an appropriafe
source of UV radiation. The ulfraviole! radiation may he
provided by any conventional source known in the an, for
exampie by a plurality of low-pressure wliraviole! lamps.
The metbod of the invention preferably wiilizes a standard
UV-C source of wliraviole! radistion, namely UV lamps
cmitting primarily in the C-hand wavelengths, Le. al wave-
lengths shorler than about 280 nm. Ultraviolet radiation
corresponding 1o standard UV-A and UV-B sources can also
be wsed. Preferably employed are low-pressure sltraviolet
lamps tha! generate a line spectrim wherein o least 909 of
the radiation has a wavelength of about 2537 am. An
appropriate dosage of such UV radiation, applied simuifa-
necusty witly the aforementioned femperature and oxidative
environmen Siressors, is oblained from lamps with a power
output of from about 5 to about 25 watss, preferably about
§ 1o about 1) watts, af the chosen UV wavelength, arranged
to surround the sample container holding the aliquot. Each
such tamp provides an intensily, at a distance of 1 meter, of
from about 4080 micro walls per sguare centimeter, Sev-
eral such lamps surrounding the sample container, with a
combined owlpul at 2337 nm of 1549 watts, preferably
2040 walls, operated af maxdmom infensity, may advania-
geousty be used. Al the mweiden! surface of the blood, the UV
eneryy supphied may be from about .25—4.5 Jiem® during a
3-minute exposure, preferably 0.9-1.8 Jiem™, Such a treat-
ment provides a blood atiquol which is appropriately modi-
fied according to the invention ready for re-injeciion info the
palient.

The time for which the aliguotl 8 subjected fo the
siressor(s} can be from a few seconds fo abow 60 minutes.
it is normally within the time range of from about 0.5-60
minuies. This depends to some extent wvpon e chosen
iensity of the UV irradiation, the temperature and the
concentration of and rate af which the oxidizing agen! is
supplied to the aliquot. Some experimentation 10 establish
optimum times and dosages may be necessary on the part of
the operator, once (he other stressor fevels bave been sel
Under most siressor conditions, preferred limes will be in

erably 2-5 minutes, and normally arousd 3 minutes. The
starting blood temperature, and the rate at which it can be
warmed or conled o 2 predetermined femperatore, lends 1o
vary from patient 0 palient.

in the practice of the preferred process of the present
invention, the Mood aliguot {or the separated cellular frac-
tions of the blood, or mixtures of the separated cells,
including platelets, these verions feucocyle-containing
combinations, along with whole blood, being referred o
colectively throughou! as the “alauot™ may be treated with
the siressors using an apparatus of the type deseribed in US,
Par. No. 4,968 483 Muctier. The aliguoe! is placed in a
suitable, sterile, UV-radiation-fransmissive conlainer, which
1% then fifted into the machine. The temperature of the aliquot
is adusted 1o the predetermined value, eg 42.521° C, by
the use of a spitable heat source such as an LR lamp, and the
UV tamps are swilched oo for a fixed period before the gas
flow 1s applied lo the aliguo! providing the oxidative stress,
to allow the outpil of the UV lamps 1o stabilize. Then the
oxygen/ozone gas mixture, of keown composition and con-
trofled flow rate, is applied to the aliguot, for the predeler-
mined duralion of G.5-60 minules, prefecably 2-5 minutes
and most preferably about 3 minutes as discussed above, so
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that the aliguot experiences alt three siressors simubta-
seously, In this way, the blood aliquot is appropriately
modified according o the present nvention suifficien! to
achieve the desired effects.

Re-imjection of the freated blood aliguo! info the patien
can he accomplished intravenously, intramuscularly, subeu-
fancously or by other common injection administralion
methods. Inframuscelar reinjection 18 preforred,

The process of the presen! invention shows utility both in
{realing & palien!’s siress symptoms eviden! & the time the
freatment is administered, and in preconditioning 2 mam-
malian patient against the adverse eifects of subseguently
encoumered stress, of any of the aforementioned fypes. i is
not specific to providing folerance to o specific stress or 1ype
of stress, bul appears 10 be of general application. A palient
who has undergone a {reatment of 2 series of trealments
according 10 the process of the present invention will exbibat
notably reduced adverse reaclions 10 subsequently eocoun-
fered stress, suell 88 a notably reduced rise in body tempera-
srre andior a reduced increase in heart rate andior a reduced
mncrease in diastolic blood pressure, in response 10 stress, as
compared with a similar bu! unirealed patient, The process
is 1hus particalarty gsefol for patients who sre scheduled o
wlergo stress such as surgery ab a predetermined future
date, They can precondition their bodies 1o be ready for
surgery by undergoing a lreatment or a seres of frealments
according o the imvention prior (o surgery, with the resulf
that they will withstand the surgery better and will recover
from it more quickly, thus reducing the time of hospitaliza-
o,

Another preferred use of the presen! fovention is in
profecting tissues and organs from stress-induced damage,
In & manoer similar {0 ischemic precondilioning. As nofed
previously, repetitive mild ischemic (anginal} episodes cap
repder lissues and organs jess susceptible to stress-induced
darnage, by ischemic precondifioning, although application
of ischemic preconditiomng by curren! methods is larpely
impraciical, The process of the present invention can lake
the place of schemic preconditioning, ischemia heing a
species of physical stress, Accordingly, the process of the
preser invention offers potential for freatment of vostable
anging and decrease of infard! size, a frealment not effec-
sively addressed by available therapies,

Similarly, the process of the present invention is appli-
cable in the protection of body organs destined for trans-
plastation. Treatment of the dooor body by the process of the
preser InVention serves 10 profect body organs apgainsd
darnage resulting from the ipevitable ischemia which the
organ will suffer on removal from the donor body, franspor-
fation and subsequent surgical introduction into the recipient
body. The treatmen! sccording fo the iovention extends the
useful Hife of the transplan! organ between its removal from
the donor body and ifs surgical infroduction into the recipi-
ent body, thereby reducing losses of viable transplant organs
due 10 frapsportation delays.

A further, specific clinical application of the process of the
tpvention 18 in treatmend of patients suffering from transient
ischemic allacks (TIA’s, pre-sirokes), which are due to
temporary obstruction of blood flow to certain areas of the
brain. They commonly indicate the Hkelihood of suffering 2
major stroke in the near folure. Subjection of such patients
o freatment according 10 the process of the invention, af the
onset of TIA's, will precondition the brain to avoid or af
Teast to fessen the severity of the effects of the fortheoming
major siroke.

Stressors wsed fo freat the blood aligeo! i the process of
the presen! iovention and described in the experiments
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detaited below are among those koown 1o have the effect of
activaging the SAP kinase pathway in blood cells. It is
suspected that other stressors known fo activate the SADP
kinase pathway when applied to blood will have similar
effects on the blood aliquo! in the process of the invention,
namely pulling the blood aliguot into @ condition m which,
afler re-injection into the patient, i will have hencficial
effects on body organs in profecting them against stress as
described berein. Such other stressors include gamma radia-
tion and other forms of 1onizing radiation, hyperosmotarnity,
chemotherapentic agents {cisplatinum and mytomyein C, for
examplel, inflammatory eylokines such as TNFo and 31-1,
tunicamycin, anisomyein and sodium arsenite. Stress-
aciivaled profeiny kinsses (SAPKs), also known as clun

amino-terminal Kinases (JNKs), are a family of protein

kinases similar to Erk-1 and Erk-2 MAPKs (mitogen-
activated protein kinases). They can be activated through
their signal transduction pathways {the SAP kinase path-
ways of SAPIN kinase pathway) 1o effect their phospho-
rylation function. Members of the SAP kinase family
include p38 HOG, INK (Jun Neterminal kinase} and BMX-
1. These same siressors are also known 0 activate the heat
stiock protein pathway,

Determination of the state of activation of the SAP kinase

pathway may be a useful indicator of whetbier or not an 2
aliguot of hlood has been tfreated according 1o the process of

the invention, rencdering it reacdy Jor re-injection info the
patient Jor stress-conditioning purposes. There are known,
standard metbods available and published in the hieratore
for determining activation of the SAP kinase pathway. These
mclude immunoprecipilation with amtibodics specific for the
individual SAP kinases (INK, p38 and SAP-K3, for
exarnple}, followed by phosphotyrosine blottng, which, if
positive, indicates SAP kinase patbway schivation.

The beneficial effects of the present invention have been
demonstrated in vivo by clinical experiments on juvenile
and adulf rats, specifically rats of an inbred strain of geneti-
cafly byperlensive rats (SHRUs), Genelically bypertensive
rads (SHR'sY are the mos! widely wsed ammal model for
hyperension research, and are well known and readily
available fo researchers in this feld. SEIR’s have several
genelic defects, one of the most important being faflure 1o
produce appropriaie amounts of HSPs when subjecied 1o
siress, SHR's develop hyperlension rapidly and exhabit
exaggerated increase in hearl rate, hlood pressure and body

temperatire in response 10 stress. They represent a maode] of

hypersensitivity 10 stress, The resulis oblained vsing them
provide refiable indications of polential results obainable
with human patients. The effects bave also been shown by in
vivo clinical experiments on dogs, detailed below in
Example 8

EXAMPLE 1
Blood Trom sacrificed SEIR's of the same strain as the test

animals was collected, treated with sodium clirale anfico- s

agtlant and pooled. A portion of the blood was then placed
in a sterile container, and subjected simulfancousty to the
UV radiation, ozone/oxygen gas oxidalive environment and
elevaled temperature SiTEssOrs, In an apparates as generally
desoribed in the aforementioned Mueller US. Pat. No.
4,968 483, More specifically, the blood sample in the sterile,
UV-rapsparen! container was healed vsing mfrared lamps fo
42.5° (., and whilst being maintained at that temperature, it
was subjected to UV radiation of wavelength 253.7 am
under the preferred conditions previously deseribed,
Simuftapeousty,  gaseous mixiure of medical grade oxygen
and ozone, of ozone content 135155 upimi, was bubbled

5

0

30

40

15

Al

)

()

8

througl the blood sample al a rate of flow over a range from
60240 mlsimin. The time of simultancous UV exposure
and gas mixture feed was 3 minutes.

A Turther portion of the pooled blood, 1© act as a control,
was sirilarly placed in a stertte conlainer and placed in the
aforementioned apparatus, bat was not heated, nor subjected
{0 UV radiation nor subjected (o application of any ozone/
oxygen gas mixture, In addition, to provide a further control,
a sterile aqueous physiclogical saline solution was prepared.

Atota] of 44 seven week old SEIR’s were selected and
divided into three groups, group A containing 15 animals,
group B contaiming 15 animals, and group € containing 14
apimals, For 2 period of 10 davs {at 7-9 weeks of age), each
amimal of group A received a daily intraghiteal injection of
150 gt of the UV, beat and ozone trealed blood. Each enimal
of growp B received af the same (ime a similar daily injection
of the untreated blood. Eacl animal of group € received af
the same time 2 similar injection of physivlogical saline,

AL the age of 9 weeks, 4 days afler completion of the
mjections the animals were anaesthetized and, a telemetry
probe was ioserted surgically inlo the femoral arlery of each
amimal. The telemetry probe (trade-mark DATAGUEST
LABPRO, available from Data Sciences International) is a
commercially available probe equipped with a radio
gransmitter, o permit heartbeal, systolic blood pressure,
diastolic blood pressure and other signals 1o be received and
recorded without further handling of the animals, wihich
might induce Turther, uncontrolled stress reactions. An addi-
tiopal probe was swigically fnseried info the peritoneal
cavily of cach animal, 10 measure body femperature.

Continuous daity recordings of body femperature, blood
pressure and hear! rate were made from each animal, during
the 10 day period following the surgery, readings being
taken during the inactive, al-rest portion of the animals’
daily cycle, Le, the daylight {(“light-on™} porfion, and during
the activily time (nigh!). Growp A animals which received
imjections of blood treated according 10 the process of the
mvention demonstrated 2 significantly more rapid recovery
of normal body temperature following surgery (6 days vs. 10
days), a8 compared with group B animals which received
untreated blood and groop O antmals which received saline
mjections, as shown especiatly by the readings laken during
the resting periods. The differences are less evident Trom
night-lime, aclivily phase readings, suggesting that the
higher cortisol fovels present during activily may have an
influence on the resuits. This demonsitates a sipoifican
effect of the treatment of the present invention on lessening
the mammalian body’s response to the stress of surgery.

The results of these experiments are presented graphically
on FIG. 1, a plot of meassured body temperalures agains
days afler surgery, cach plofted valpe being the mean of
valges obtained from the whole grouwp during the at-rest
periods, Curve A s derived from group A animals, curve B
from group B animals and curve { from group C animals.
The results of the saline-injected group and the unireated
blood growp (B v O are not significantly different (P-value
0.6764). The resulis from the treated hlood group are,
however, significantly different {A v I3, p=0.008; A v C,
p=(r0002).

EXAMPLE 2

The 44 animals treated as deseribed in Example 1, namely
the Group A of 13 apimals which had received injections of
hMood freated according 1o the process of the invention,
Group B of 15 apimals which bad received injection of
wrtreated blood, and Group € which had received injection
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of satine, 10 days after the probe mplaniation surgery
deseribed in Example 1, were subjected to psychological
siress through standand immobilization siress test, by plac-
ing them in small restraint cages Tor a peried of 30 minutes
(age of apimais—I11 weeks), During this immobilization
period, readings of body temperature, blood pressure and
heart rate, at one minute infervals, were recorded.

Accompanying FHG. 2 of the drawings is a graphical
presentation of the results of the body temperature measure-
mends of the three groups, namely a plot of fime &8 ordinate
against body femperature a8 abscissa over the 30 minute
duration of the immobilization stress test, As FIG. 2 shows,
curve 2A derived from experimental Group AJs consistently
and significantly below carve 2B obtained from control
Group B and carve 20 obtained from control Group O
Statistical analysis of alf the date obtained confirms the high
significance of the differences in the figures obtained From
experimental Group A,

FIG. 3 of the accompanying drawings presents graphi-
catly the results of beart rafe measurements on the three
groups, wilh heart rate (beats per minute, bpm) plotted as
ordinate against time of the stress test. Again, the resulls
(averaged over the animals in cach group) show that the
group which received the fnjections of blood treated accord-
ity to the imvention, Group A, bad a lower increase in beart
rate, as compared with the other fwo groups, over substan-
tially the entire duration of the test. The differences between
the respective groups are statistically sigoificant—p=0.0001
it cach case,

$¥1G. 4 of the accompanyving drawings presents graphi-
catly the resglis of the messurements of dastolic blood
pressure of each of the three test groups, with diastolic blood
pressure (mmlig) plotted as ordinate against time of the
siress fest. Again, the valoes from Group A {averaged), the
group which had received mmjections of blood freated accord-
ing to the imvention, are consistently and significantly
(p=0.0001 in cach case} lower than those From the other two
roups.

EXAMPLL 3
The Group C animals from Example 2, Le. the control

group which had, at age 74 weeks, received mjections of

physiologicst saline, were divided info three sub-groups Ca,
Ch, and Ce. Eacll group was given 2 course of 10 daity
injections of, respectively, 150 4 of the treated blood, 150
it of the untreated hlood, and 130 ¢ of physiological saline,
The course of injection started when the animaks were 12
weeks old, te. fully matured aduits, The telemetry probes
remaimed v oplace. The same 30 minote immobilization

siress test was performed on each animal, at age 16 weeks, 5

and measurement of heart rate, blood pressure and body
temperature were taken,

in body temperature response, the group Ca injected with
blood treated according fo the process of the invention

showed a significantly more blunted increase during the -

stress period. This is illustrated in FIG. 8, a graphical
presentation of the resolts simitar to FIG. 2. 1t can be seen
that curves Ca, derived from the Grouwp Ca animals, is
consistently lower than curve Ch derived from Group Ch
animals and consistently lower than curve Ce derived From
Group (o apmmals. The treated blood v unireated blood
resolts, and the treated blood v saline resuls are stanistically
sigmificant—p=0.0001 in each case.

EXAMPLE 4

The Group A experimentally freated animals from
Example 2 which bad received imections of blood treated
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according fo the invention at age 79 weeks were divided
intor three sub-groups, labelled Az, Ab and Ac, five animals
in each group. They were then subjected to a second series
of 10 daily injections of 150 1 of, respectively, the treated
blood, the uotreated blood and the phiysiological saline. The
course of injections staried when the snimals were 12 weeks
old, The telemetry probes were left in place from Example
1, s0 that the surgery did pot need fo be repeated. The
artimals were then subjected again, at 16 weeks of age, to the
same mmobiization stress test a8 described in Example 2
for 30 minstes, and measurements taken at 1 mingte infer-
vals of heart rate, blood pressure and body temperature.

The differences between the groups with regard to body
temperature Fise were very significant. They are Qlustrated
ot FIG. 6, a plot of body femperature against time, based on
averages, simifar to FIG. 2. After about the 12th minute of
the test, group Aa which had received 2 courses of injection
with the blood treated according to the invention exhibited
consistently and significantly {p=G.0019 or fess 1o each case)
the fowest rise in body temperature. Curve Aa derived from
Group As s consistently below curve Ab derived {rom
Group Ab and curve Ac derived from Group Ac. 1t will be
observed that the valaes on curve Aa are also lower thap
those on corve A of FHE 2, indicating that a second
treatment according to the ipvention has additional benefits
on conditioning the animals for tolerance of stress. In
contrast, the values on curve Ac are higher than the values
on curve A of FIG. 2, and lower than the values on curve ¢
of FIG. 2, indicating that the effects of the treatment feod ©
be fost alter about 24 days from the conclusion of the course
of treatment, absent a second “booster” treatment according
10 the invention.

EXAMPLE 5

The stress responses of animals from Example 1 which
had been given two courses of inection with the same fhud
{saline TolHowed by saline, untreated blood followed by
untreated blood, and freated blood Jollowed by treated
blood), at 7 weeks of age and 12 weeks of age, were
measured during 4 second immobilization sfress fest, con-
ducted as previously deseribed, on animals aged 16 weeks.
The results obtained from body temperature measurements
are shown on FIG. 7, 2 graph of body temperature against
tirne during the 30-minute stress test, similar to FIG. 2.
Curve AA 1s derived from the measurements (average of 5
ammals} of animals which bad received two courses of fon
daily injections of Mood treated according to the invention.
Curve BS is derived from the measurements {average of §
ammals) of apimals which received two such courses of
imjections of untreated blood, Curve CU is derived from the
measurements {average of 5 animals) of animals which
received two such courses of saline injections, As the Figure
shows, the values obtained Trom animals treated according
to the process of the present invention are consistently amd
signtficantly (p=G.0001} lower than those derived from the
other two groups.

FIG. 8 of the accompanying drawings similarly presents
the heart rate measurements for the three groups, during the
stress foest. Again, Carve AA derived Trom apimals which
had received two courses of imjection of blood treated
according 10 the invention is significantly {p=0.0001} lower
than the other {wo curves.

EXAMPLE 6

in further demonstrations of the vse of the process of the
presen iovention o preconditioning mammalian body
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orgens and fissues against the adverse effects of schemic
stress and subsequent reperfusion, experiments were per-
Tormed on genctically hyperiensive rats {SHRs)Y, of the type
previousty described, by indocing ischemia in the animalg”
kidneys after they bad been treated by the process of the
invention, The procedure was as follows:

A group of 63 STIRs was divided into two approximately
equal sub-groups, A and B, Sob-group A was given two
courses of inections of blood from the pool described in

Example 1, the injected blood having been treated with

ultraviolet light, ozone-oxvgen gas and elevated temperature
siressors simvgliancously, also as described o Example 1
The first course of mjections started o age 7 weeks, and
comprised 10 injections, over a period of 10 days, of 2 130

b aliguot of the treated blood intragluteally injected, The
second course of injections commenced at age 12 weeks,

and comprised 10 injections, administered daily, of the same
volomes of treated blood ad mnistered in the same manner,
‘The animals of sub-group B were given injections of physi-
ological saline, at the same times and in the same guantitics,
and thus acted as confrols.

Ope day following the second course of Injections, the
rafe were ansesthetized under light gas ansesthesia, and the
right kidney of each animal was removed through back

incision. An occlusive ¢lip was placed on the remalning

renal artery and vein, fo expose the left kidney to transient
wchemia, for 60 minstes. The skin was temporarily closed
by chips. The animals were then Tollowed with respect to the
degree of injury resulting from the ischemia andior the
subsequent reperfusion, by taking blood samples Tor deter-
g serum creatinine and blood vrea nitrogens (BUNY and
by determining survival rates. After talang the inital blood
sample, the skin was defimtively closed.

The survival rate was monitored by daily count of survi-
vors. After 14 days, 55% of the sub-group A animals which
had received the treated blood injections were surviving,
compared witlr only 32% of the sub-group B, saline—=saline
treated animals. The survival rates are shown in more detail
on accompanying FIG. 9, a plot of percentage of survivors
as ordinate against days afier renal ischemia as abscissa. On
FIG. 9, the solid line derives Trom the resslis from the
antrnals of sub-group A, and the dotied line derives from the
resulis from the animals of sub-group B,

The results show a sigoificant (p<0.03, log rank tese),
improvement in animals which received treatment according
to the invention, indicating swccessful preconditioning
against imjury resolting from the ischemin andior the sub-
sequent reperfusion, by the process of the invention.

Blood samples of volume 100-200 1 were taken From the
surviving re-perfused animals at days 1, 3, 6 and 12 after the
ischemia, from the tail artery, and were analysed for crea-
tinine confent and for blood vrea pifrogen {BUN)Y content.
thigh crestinine content indicates impaired renal fonction, in
that kKidneys are pol functioning to clear creatinine content
from the blood adequately. BUN content is similarly a
meastre of the efficiency of renal function—the lower the
BUN and creatinine content of the blood, the more efficient
the renal Function. Both tests are standard determinations of
renal function in mammalian paticnts.

FIG. 106 of the drawings is a graphical presentation of the
results of the BUN content determinations, averaged over
each group of animals. Eacl curve is a plot of BUN values
against days after ischemia. Curve 1B s derived from
contro] sub-group B animals, curve 10A from sub-group A
animals which received the treated blood. At day 6, the
average BUN value for sub-growp A amimals was signifi-
cantly lower (pre<(.025).
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FK: 11 of the accompanying drawings similarly gives a
graphical presentation of the results of serum creatinine
measurements, with the averaged curve A from the
treated, sub-group A animals being consistently and signifi-
cantly lower than the averaged curve from the control
sub-group B animals, af days 1, 3 and 6 {p=<0.025}. These
results show consistently lower creatinine levels and lower
BUN levels in samples from animals receiving freatment
according to the invention, demonstrating that the treatment
effectively preconditions the individueal organs and tissves of
the body for betfer resistance 10 sebsequent seliemia stress
amclior reperfusion injury,

The inereasce in creatinine and BUN in each sub-group
peaked at day 3, with a retarn to basal valoes at day 12. This
peak increase in the sub-group A apimals is significantly
fower, Six days after ischermaireperfusion, the levels of both
creatinine and BUN in the samples from the sub-group A
animal are about half those in the samples from the control
ammals. In the first 24 hours after ischemia, 83% of the rats
in control sub-group B were oliguric {less than 2 mi of vrine
passed in 24 hours) whereas oliguria was present 1o only
426 of the sub-group A rats (p<0.01). This is shown in
accompanving FIG. 12, 2 bar plot of number of animals in
cach group passing wrine during the 24 howrs after renal
ischernta/reperfusion i volume appropriste to classify the
amimals as olguric, mildly oliguric or normal, The solid hars
on FIG. 32 derive from the animals of sub-group A, the open
hars from the animals of sub-group B,

EXAMPLE 7

SHR male rats, 60 in total, were divided into five groups
of 12 animals per group. Samples of pooled blood From
sacrificed SHIR rats of the same strain were given four
different stressor treatments as described in Example 1 bat
using the following, simultancously applied stressor com-
binations:

1. hubhling 0./0, gas mixiure while being subjected to
UV light al elevated tfemperature of 42.5° €. main-
tamed by IR lamps,

2. bubbling (/05 gas mixture while being subjected o
UV light;

3, bubbling 0./0; pas mixture while being maintained at
elevated femperature (42.5° C) by IR lamps; and

4, hubbling O, gas while maintained at 42.5° C. by IR
lamps and being subjected to UV Tight {this does not
constifute an oxidative environment).

The stressor guantilies, times, infepsilies efc. were 48

detatled in Example 1.

The geated blood samples were administered o the
respective groups |, 2, 3 and 4 of animals, group 8 receiving
physiological saline in the seme quentities and af the same
regimen, pamely, imtramuseniar injection of 150G gt daily for
a first course of 10 days commencing when the animals were
T weeks old, and a second, similar course Tor 10 days when
the animals were 12 weeks old, This is described 1o Example
6.

Ogne day following the completion of the second course of
injection, the animals were anacsthetized and subjected to
uminephrectomy as in Example 6. The remaining left kidney
was exposed to trensient ischemia Tor 60 minuies by occlud-
ing the remaining renal arfery. Survival rates were monitored
for 8 days alter ischemia and reperfusion. Urinary outputs
were measured during the 24 hours Tollowing surgery.

FIG. 13 of the accompanying drawings shows the survival
rates of animals in the various groups, 8 days alter surgery.
Group 5, the control group whicl received safine imections
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had only @ 25% survival rate, with all of the ofber groups
significantly belter. Group 2 which received blood freated
with the oxidative stressor and UV Light, was particularly
good, with 2 75% survival rate, indicaling very good pre-
conchitioning o withsland subseguently cocountered
ischennc-reperfusion siresses.

FiG. 14 of the accompanying drawings presents the
resulis of nrine outpul measurements, with an ouipul of 6 mi
or less of urine during the 24 hour period following surgery
beigg determinalive of oliguric amimals, ie. seriously
impatred or nop-existent kidney function. The pumber of
olignric animals is presenled on the vertical axis. The
highest mpmber of oliguric animals is observed in the control]
group 8, with all groups frested according fo the present
inveniion sigmficantly improved.

EXAMIRLL 8

The experimental procedure of Example 6 demonstrating
the use of the process in preconditioning against ischemic
siress and reperfusion o an ischemic in vivo Kidney fes!, was
performed on experimental dogs, namely pure-bred normal
beagles age 1-2 years, equal numbers of males and females
in cach group and sub-group.

Fhus the animals were separated into four groups, A, B,
Card I3, each group consisting of 6 snimals, 3 males and 3
femnales. Apimals of groups A and C were subjected 10 (e
process of the invenlion, by being two 10-day courses of
daily blood aliguot 3 mi) removal, extracorporeal freatment
of the blood aliquot with ozone/oxygen, UV radiation and
heat as described in Example 6, and re-adminisiration of e
treated aligquot 1o he same animal, by inframuscular injec-
tion. Fach snimal experienced a three-week rest period
between the 10-day courses of freatment. Groups B and I
were control groups, given fwo 10-day courses of daily
injections of 3 ml of physiological saline, with a three-week
rest period between the 10-day courses.

One day following the second course of injections, {he
animals were anacsthetized under light gas anacsthesia, and
the right kidoey of cach animal was removed through back
incision. An occlusive clip was placed on the remaimng
renal artery and vein, to expose e left kidney to {ransient
ischemia, Tor 60 minuies. THood samples were subsequently
taken from the animals, and analysed for creatinine and
blood vrea pitrogen, the indicators of impatred renal func-
fon 48 described 1o Example 6.

The creatinine resulls are presented graphically on accom-
panying FIG. 15, a plot of blood crealinmne confent against
time, over a period of 6 days Tollowing ischemia, Curve AC,

of results obtained Trom group A amd group C animals, is 5

consistenily lower than curve BD of resulls from control
groups B and [}, indicating signiticantly better renal func-
tinal For the dogs treated by the process of the invention.
Fhe notation ARF indicates acute renal failore. The changes
over fime within groups are highly significant {p<0.0001).

Injury 0 an orgen subjected 0 ischemia Can OCCur 4% a
comsequence of the ischemiz alone (e in cases where
ischennia 15 cavsed by a blood clot which is subseqguenily
dissolving, but blood does not flow hack into the affected
area of the organ alter the ¢lot is dissolved-—the so-called
“no-reflow” phenomenony, or by the sabseqoen! reperfusion
of the organ with blood after ischemia, when leukooytes or
Tree radicals or the like may damage the blood vessels and
cells of the organ. The lerm “injury resulting from ischemia
andfor reperfusion” and the term “ischemia/reperfusion
inury” as used berein cover botl types of injury, occurring
alone or in combination.
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The above results of the procedure of the present inven-
gop cap protec! the kidney from injury resulting From
ischemia andior reperfusion, as measured by survival rale,
blood wrea and creatinioe levels and wrinary flow o the
SHR. This indicates vse of the procedure o profecting body
organs in general from ischemia/reperfusion injury, inchud-
ing the heart, the Hver, the brain, the spinal cord and other
vital organs and Hssues as well as the kadney, and indicates
praciical application of e procedure on paticents scheduled
1o underge surgical procedures involving ischemia/
reperfusion of 2 body organ, such as surgical repair, removal
or transplantation of 2 body organ.

in particelar, ischemic acule renal Failure 18 an importan
clinical problem with bigh morbadity and high mortality, The
process of the presen! invention presents a novel approach to
combatting this disorder, It can be adopted prior to kidney
rapsplantation, on either of both the donor or recipient. H
can be adopted prior to kidney revascularization. ¥ can be
adopted prior {0 invasive evaloalion in high risk subjects,
¢.g. anglography in diabetics. B can be adopted prior to
abdominal aortic surgery such as aortic ancurism repair and
enal bench surgery (e, where (e kidney is lemporarily
reroved and operated on ex vivo, and then re-implanied}.

As regards Hs use In copnection witl procedures involv-
ing the heart, the procedure of the invention can be con-
ducted prior o coronary angioplasty, and bypass, or prior to
fransplantalion, as in the case of the kidoey. It is indicated
for use with patients abow! o undergo open bear! surgery
with cardio-pulmonary bypass for coronary arlery bypass
grafiing, valve replacement or surgical repair of congenttal
or acquired cardiac structural abnormalities. In the case of
the brain or other vital organs and fissuves including the
infestines, the kidoeys and Hmbs, the procedure of the
ipvention can he wsed prior lo angioplasty or
endartercclomy, o high rsk subjects,

Fhe use of the process of the present invention prior o
general anaesthesia in connec!ion with major sgrgery can be
viewed as general pre-conditioning of the body, 1o beffer
withstand ischemia-reperfusion injuries to which the major
organs will later be subjected, ¥ is indicaled Tor use prior to
copducting major swrgical procedures involving general
anaesthesia in patients known 0 have or Hkely (o bave a
significant degree of underlying stherosclerosis in e arter-
ies supplying the brain, beart, liver, intestine, spinal cord,
kidneys or limbs, the atherosclerosis rendering them more
suseeplible to a thrombo-ischemic event in the operative or
post-operative period. Sgch similar general pre-condilioning
of the body by the process of the mvention 18 also indicated
for use in alleviating the effects of subsequently encountered
shock, leading to under-perfusion of vital organs and fissues
hirough failure 1o cardiac action loss of blood or other body
fluids, excessive dilation of blood vessels and excessively
tow blood pressure. Examples include major blood Joss,
frauma, sepsis and cardiogenic shock. Individuals likely to
he exposed 10 such hazards, including paticnts awaiting
surpery, rescue and relief crews Tor natural disasters, would
be beneticiaries of the process of the ivention.

Other areas of oildy of the procedure of e presen
mvention, in conpection with preconditioning of a patient
hody and body organ prior 10 subjection fo sfress, ¢.g.
ischernic stress as parl of a surgical procedure, general
psychological stress or physiological stress, as part of sar-
gery of other foreseeable stress-situations, will be apparent
10 those skilled in the ar,
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What is claimed s
1. Process for precondilioning & mammalian patien! 1o
better withstand the adverse effects of ischemic stress
encountered following subsequent surgery which results in
wchemia-reperfosion of cells, tissues and/or & body organ of
the patient, which comprises:
exiracting an aliquot of the patient’s blood;
subjecting said aliquol of blood exiracorporeally to at
least one stressor selected from an oxidative
environment, UV radistion and clevated temperature
up o abow! 45° C., and injecting the so-treated aligquot
of Bleod into the patient,
2. The provess according fo claim T wherein the blood
atiguot 18 of volume abou! 0.1 m] 10 400 ml.
3. The process according 0 claim 2 wherein the chosen
siressor or combination of stressors is spplied to the hlood

4. The process according to claim 3 wherein e oxidative
environmen siressor 1o which the blood aliguot 18 subjected
is a mixture of medical grade oxygen and ozone, with ap

8. The process according 1o claim 3 wherein the sliravio-
let radiation siressor 1s uliravioet radiation from UV lamps
emitling primarily at wavelengths of 280 nm or shorter.

6. The process according to claim 3 wherein the elevated
femiperaliee SIressor is a temperature in the range from about
3843° C

7. The process according to claim 3 wherein the aliguot of

blood is subjected to the oxidative environment stressor and
the UV radiation stressor simultancously.

8. The process according o claim 3 wherein the aliquot of
blood is sebjected 1o the oxadative stressor and the elevaled
femperatiire stressor simulianeously.

9. The process according to claim 3 wherein the aliquot of

blood is subjected fo the UV radiation stressor and the
elevated femperature siressor simslianeousty.

3. The process according to claim 3 wherein e blood
aliguot is subjected t0 all three said siressors simultaneously,

1. The process according 1o claim 10 wherein the
elevaled temperature stressor 18 applied by infre-red radia-
B

12, Process for protecting mammalian donor organs des-
tined for transplantation Ffrom a2 mammalian donor 0 a
mammalian recipient, which comprises extracting an aliguot
of blood from the donor, subjecting the aliguot of exiracor-
poreatly 1o at leas! one stressor selected from an oxidative
cavironmen!, UV radiation and ¢levated temperatare up 1o
ahout 453° (., and injecting the so-treated aliquot of hlood
into the donor prier 1o the removal of the organ therefrom.

13. The process according to claim 1 wherein the
ischemic stress s ischemia-reperfusion of the patient’s
kidney, heart, liver, intestine, spinal cord or brain.

4. The process according to c¢laim 1 wherein the
wchemic stress is schemis-reperfusion of e kidney.

15, The process according 1o claim 1 in which the patient
suffers from atherosclerosis and 8 scheduled for pgeneral
apzesthesia prior 10 ischemia of a vilal organ in 2 surgical
procedure.

16. The process according 1o claim 1 in which the patient
s scheduled o undergo open-heart surgery or beard frans-
planptation with cardio-pulmonary bypass.

17. The process according o claim T which comprises
subjecting an aliquot of the mammalian patient’s hlood
extracorporeally 10 infrared radiation, and reipjecting the
so-treated blood aligeo! info tie patient.
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18. The process according o claim § wherein {hie palien!
is scheduled to undergo aonic ancurysm repairn,

19. The process according o claim 17 wherein the aliquot
of blood s subjecied exiracorporeally 1o infra-red radiation
g combination with an oxidative environment andior UV
rackiation.

290. The process according Lo claim 1 in which the patient
soffers from atherosclerosis and 18 scheduled for surgery.

21. The process according 1o clainy 280 comprsing a
plerality of injections of blood aligmots which have been
subjected to said stressors, adminisiered at intervals of al
teast omce per day.

22, T process according o claim 10 wherein the oxi-
dative environment stressor to which the blood aliquot is
subjected is a mixture of medical grade oxygen and ozone,
with an ozone condent from about 01100 g/l the
wliraviotet radiation stressor is ultraviolet radiation from UV
lamps emitting primarily al wavelengths of 280 mm or
shorter, and the elevaled femperature sfressor is a fempera-
fure in the range from aboud 38—43° C.

23, The process according to claim 12 wherein the blood
aliquot is of volume about 0.1 ml to 400 ml,

24. The process according to claim 23 wherein the chosen
stressor or combination of stressors 18 applied 10 the blood
aliguot for @ period of time from G560 minvles.

25 The process according to claim 24 wherein the oxi-
dative environment stressor to which the blood aliquot is
sobpecied 18 a mixtere of medical grade oxvgen and ozone,
witll an ozone conten! from about 001100 gpiml.

26. The process according 1o claim 24 wherein the ulira-
vielet radiation stressor is ultraviolet radiation from UV
tarmps emifling primardy at wavelengths of 280 nm or
shorter.

27, The process according o claim 24 wherein e
elevated temperatire Stressor is a temperalure in the range
from about 38-43° (.

28. The process according o claim 24 wherein the aliguo!
of blood is subjecied 10 the oxidative enwironment siressor
amd the UV radiation stressor simullancously.

29 The process according to claim 24 wherein the aliquot
of blood is subjected 10 the oxidative stressor and the
elevated temperature stressor simullancousty.

30, The process according (o claim 24 wherein the aliguo!
of bloed is subjected to the UV radiation stressor and the
elevated temperainre stressor sanullaneousiy.

31, The process according 1o claim 24 wherein the blood
aliguot s subjected 1o all three said siressors simulianeousty.

3Z. A process of preconditioning @ mammalian palien!
susceplible fo psvchological stress, 1o better withstand the
acdverse effects of subsequently encountered psychological
stresses, which comprises

seleciing a patient susceptible o psychological stress;

extracting an aliguot of said selected patien!’s blood;

subjecting said aligoot exiracorporealty o at least one
stressor selected from the group consisting of an oxi-
dative environment, UV radiation and elevated lem-
perature up 10 abou! 45° C.; and

igjecting the so-treated aliquol of blood into said selecled

patient.

33 The process according 1o claim 32 wherein the blood
aliguot is of volume about 0.1 ml to 400 ml

34, The process according 1o claim 33 wherein e chosen
stressor or combination of stressors 18 applied 0 the blood

35 The process according to claim 34 wherein the oxi-
dative environment stressor to which the blood aliquot is
sobjecied 18 a mixture of medical grade oxvgen and ozone,
witll an ozone conten! from about 001100 gpiml
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36, The process according to claim 34 wherein the alite-
violel radiation stressor is ultraviolet radiation Trom UV
lamps emitting primarily at wavelengths of 280 nm or
shorter.

37, The process according to claim 34 wherein the
clevaled temperatore stressor 18 g lemperature i e range
Trom about 38-43° (0,

38, The process according to claim 34 wherein the aliguot
of blood is subjected to the oxidative envitonmen! slressor
and the UV radiation stressor simultancously,

R

18

39, The process according (o claim 34 wherein the aliguo!
of blood is subjected 10 the oxidative stressor and the
elevated temperatire Siressor simuliancousty.

4. The process according to claim 34 wherein the aliquot
of blood s subjecied to the UV radiation stressor and the
clevated tomperature stressor storallancously,

41. The process according 10 claim 34 wherein the blood
alicuot s subjected (o all three said stressors simuliancously.
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{57} ABSTRACT

An improved method for treating or preventing a pathologi-
cal condition 1 a mammalian subject in which modified
mammalian blood s admmistered to the subject. The
method comprises administering 10 the subjed rom two o
four aliquots of modified mammalian blood, with the admin-
stration of any pair of consecutive treatments either baing
on congecuiive dayy or heing separated by a rest period of |
10 21 days. The treatment is nselud for treating or preventing
a wide range of pathological condtions m which modified
mammalian blood s effective, including precomditioning a
mammalian subject to better withstand the adverse effects of
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1
METHOD FOR TREATING MAMMALS
WITH MODIFIED MAMMALIAN BLOOD

This application §s a continuation of U, S, patent apph-
cation Ser. No. 09/564,853 filed on May 5, 2000 now U1 8,
Pat. No. 6,986,888, which claims priority to Canadian Patent
Apphcation No. 2,2171,190, filed on May 6, 1999, all of
which applications are incorporated hercin by refercnce in
their entirefies.

FiELD OF THE INVENTION

This invention refates to the field of medicine and medical
treatments. In particolar, the invention relates o improved
methods for freating the mammalian body, including the
human body, by administration therete of modified mam-
malian blood.

BACKGROUND GF THE INVENTHON

Mammalian blood modified by exposure to one or more
certain stressors has been found usefi] for the treatment and
prevention of a wide variety of pathological conditions, The
siressors 10 which the blood 1s exposed are selected from one
or more of an oxidative envirooment, a temperatare siressor
aod ultraviolet (UV) light. The following s a brief discus-
siont of the prior art relating 1o uses of mammalian blood
which has been modified by one or more of the above-
menioned Siressors.

U8, Pat. No. 4,968,483 10 Mueller et al. describes an
apparatis for oxygenating blood by treating an aliquot of 2
patient’s blood extracorporeally, with an oxygen/ozone mix-
fure and UV Hgld, at a controlled temperature. The apparatus
tanght by Maeller is proposed for use in hematological
oxidation therapy.

U8, Par. No, 5591457 10 Bolton discloses a method of
inhibHing the aggregation of blood platelets in a buman, a
method of stunvlating the immmme system and 8 method of
treating peripheral vascular diseases such as Raynaud's
disense, by extracting an aliquot of blood from a patient,
subjecting it to an ozone/oxygen gas mixture and UV light
al a temperature in the range of abowt 37 10 437 ., and then
re-ingecting the treated blood in the human patient,

1.8, Pai. No. 5834030 10 Bokon describes a sunilar
process for mereasing the content of nitric oxide in the blood
of mammalian subject, potentially wsefisl in treating condi-
tions such as high blood pressore in mammalian subjects,
Bxample 5 of dus patent discloses a course of ireaiment
eomprising ten imections of modified mammalian blood
sdministered over a period of 2 10 4 weeks.

Imternational Publication No. WO 98/07436 describes an
afonnmne vaccine for administration to human patieats {o
alleviate the svimptoms of agfolmmune diseases such ag
rhewmatord arthritis, The vaceine comprises an aliquot of the

subject’s blood which has been subjected extracorporenily to s

an oxidizing eoviromment, UV light and elevated tempera-
fure. This application discloses a conrse of treatment com-
prising from 30 to 60 igjections of modified mammalian
blood,

International Publication No, WO 96/34613 relates 1o
treatment of vascdar disorders associated with deficient
endothelial fonction, 1 a mammalisn subject, by adininis-
tration to the patient of an aliguot of blood which has been
modified by having been subjected o ot least one stressor
selected from elevated temperatire in the range of 37° 10 55°
C., UV Hght and an oxidative enviroament. This application
discloses & number of diflerent treatment methods. For

1C

[

an

35

40

45

w

&)

e

2

example, Bxample 1 discloses ten ijections of modified
mammalian blood administered over a period of 2 weeks,
Example 2 discloses ten injections over a period of 2 to 4
weeks; Fxample 3 discloses a treatment schedule compris-
g two courses of freatment, the frst course comprising fen
mjections over a period of 2 10 4 weeks and the second
course comprising five mjections; and Fxample 5 discloses
administration of fve injections at 2 t0 3 day intervals.

1.8, patent spplication Ser. No. 09/190,236, filed Nov, 13,
1998, describes a method for lowering levels of Hpids in
mammals by injecting a mammalian sebject with an aliquot
of mammalian bleod which has been treated extracorpore-
ally by one or more stressors sclected from heat, UV light
and oxidative environments. This application describes a
study in which animals were subijected 10 a course of
ireatment comprisiag a folal of 10 injections over 12 days,
with two sets of 5 daily injections baing separated by a rest
pertod of two days.

1.8 patent application Ser. No. 09/151,653, filed Nov. 9,
1098, discloses a method for treatment of stress and pre-
conditioning against stress by injecting a mammalian subject
with an ahguot of mammalian blood having been subjected
extracorporeatly 10 at Jeast one stressor selected from an
oxidative enviromnent, UV hight and elevated temperatare
up to about 45° C. This application discloses various treat-
merd methods. Examples | and 3 disclose a single course of
trestment comprising fen mjections administered over a
periodd of 10 days; and Fxamples 4 and 6 o 8 disclose a
ireatment method comprising two courses of freabment, cach
comprising fen injections administered over a period of 16
davs, separated by a rest period of about three weeks.

Although the {reatments described above have heen
shown 10 be usefn] m the trentment and prevention of a wide
range of pathological conditions, there s a desire 10 develop
a treatment schedule which is Tess costhy to administer and
more convenient (o patiends, and which either improves or at
lenst does not reduce the effectiveness of the treatment.

SUMMARY OF THE INVENTION

The present ivention provides a novel method of ireating
a mammalian subject with modified mammalian blood
which provides advantages over previously known methods
of treatment, which have typically reguired subjects 10 be
ireated with a relatively large number of gjections of
madified blood.

The present invention is based vpon the discovery that an
affective treatment may be provided in which the number of
aliguots of modified blood administered 1o the mammalian
subject is substantially reduced from that disclosed in the
prior art, while the eficacy of the treatment is significantly
enbanced.

Accordingly, in one aspect, the present invention provides
a method of treatment or prophylaxis of a condition in a
mammalian subject in which modified mammalian blood is
admindstered fo said subject, said blood being modified
extracorporeally by exposure 1o af least one slressor selecled
from the group consisting of an oxidative environment, an
electromagnetic emission and 3 temperature above or below
body temperature, said method comprising: adminisiering fo
said subject from two o fowr abiquols of sald modified
mammalian blood, with the admmistration of any pair of
consecutive aliguots erther being on consecmiive days or
heing separaied by a rest pertod of 1 to 21 days on which no
aliguots are administered to the subiect; the rest period
preferably being from abow 3 o abowt 15 davs.
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The modified aliguot of blood 1s preferably prepared by
exposing # 0 one Or more stressors selected from an
oxidative stressor, » temperature stressor and ag electromag-

netic emission, alone or in combinations of two or three of

such stressors, applied sumultaneously or sequentially,
BRIEY DESCRIFTION OF THE DRAWINGS

The wvention will now be more frilly described, by way

of example only, with reference to the accompanying draw-
ngs.
FIG. 1 is 2 graph showing the survival rate of rals

indicated as the namber of days following surgery to mduce
ischemia/reperfusion wjury versus percentage of survival
rate of the rals, where the rats received injection of modified
blood on dayvs 1 and 21,

FIG. 2 1s 2 graph showing the urine volume {ml) i rals
24 hours alter renal ischemial/reperfusion injory was surgi-
catly induced, where the rats recetved ingection of modified
blood on davs T and 21,

FIG. 3 is & graph showing the swrvival rate of rals
indicated as the namber of days following surgery to mduce
ischemia/reperfusion injory versus perceniage survival rate
of the rats, where the rats received mjection of modified
blood on day 1, followed by a five day rest pertod, and a
second injection of modified blood oo day 7.

FIG 4 1s 2 graph showing the urine volume {ml) m rals
24 hours alter renal chemia/reperfusion imjury was suegi-
cally induced, where the rats received injection of modified
blood on day 1, followed by a fve day rest pertod, and a
second injection of modified blood on day 7.

FHG. 5 is a graph showing the survival rafe of raisg
indicated as the mumber of days following surgery to induce
ischemia/reperfusion injory versus percentage survival rate
of the rats, where the rats received mjection of moedified
blood on day 1 and day 2, followed by a rest period of 11
days, and a third injection of modified blood on day 14,

FHG. 6 18 a graph showing the urine volume {ml) i ralsg
24 hours afler renad ischemial/reperfusion injury was surgi-
cally indnced, where the rats recerved injection of modified
blood on day 1 and day 2, followed by a rest period of 11
days.and a third mjection of modified blood on day 14

FEG. 7 is a graph showing the survival rafe of ralg
indicated as the namber of days following surgery to nduce
ischemin/reperfusion injury versus Percentage sarvival rate
of the rats, where the rats received an injection of saline on
days 1 and 21

FHG. B 18 a graph showing the urine volume {ml) i ralsg
24 honrs after renal ischenva/reperfusion injary was surgi-
eally indoced, where the rats recerved an injection of saline
on davs |and 21

FHG. 9 is a graph showing the survival mte of ralsg
indicated as the number of days following surgery to mduce
ischemin/reperfusion injury versus porcentage survival rate
of the rats, where the rats received injection of treated blood
on day 1, followed by a rest period of 12 days, and a second
injection of freated blood on day 14

FHG. 16 is a graph showing the mumber of days following
the induction of arthritis and mean ot volume in the control
group {saling) m the test group.

DETAILED DESCRIPTION OF PREFERRED
EMBOIMMENTS

According to a preferred process of the present inveniion,
an aliquot of blood is extracted from & mammalian subject,
preferably a homan, and the aliguot of blood s frented ex
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vive with cerfain stressors, described in more detail below,
The terms “aliquot”, “aliquot of blood” or similar terms nsed
heremn include whole blood, separated cellular fractions of
the blood mcluding platelets, separated noncellular fractions
of the blood iscluding plasma, plasma components, and
combinations thereof, The effect of the stressors 18 o modify
the blood, andfor the cellnlar or pon-cellular fractions
thereof, contained in the aliquot. The modified ahquot is
then re-tfroduced o the subject’s body by any suitable
method, most preferably mtramusentar gjection, but also
mcluding subcufaneous injection, ntraperifoneal injection,
mtra-arierial mjection, miravenons inpection and oral, nasal
or rectal administration.

The stressors 1o which the aliguot of blood is subjected ex
vive according o the method of the present inveation are
selected from temperature stress (blood fempermture ahove
or helow body temperatare), an oxidative environment and
an electromagnetic emission, individually or in any combi-
nation, simultaseously or sequentially. Suitably, in human
patients, the aliguot has a soilicient volume that, when
re-introduced mto the patient’s body, has the desired effect.
Preferably, the volume of the aliquot is up to about 400 mi,
preferably from about G {o about 100 ml, more preferably
from about 5 1o about 5 ml, even more preferably from
about 8 to about 12 m, and most preferably about 10 ml

H s preferred, according to the mvention, to apply all
three of the aforementioned stressors simuktaneonsly 1o the
aliguot woder freatment, in order to ensure the appropriate
modification o the blood. B may also be preferred in some
embodiments of the invention 10 apply any two of the shove
stressors, for example o apply temporatue stress and oxi-
dative stress, tempersture stress and an electromagnetic
emisgion, or an clectromagnetic enission and oxidative
stress. Care must be taken to wiilize an appropriate level of
the stressors o thereby effectively modify the blood to
achieve the desired effect,

The temperatsre siressor warms the aliguot being treated
10 a temperature above nomual body temperature or cools the
aliguot below normal body lemperature. The temperature is
selected so that the temperatare stressor does nol canse
excessive hemolysis in the blood contained m the alignot
and so that, when the treated aliguot is igjected nfo a
subject, the desired eflect will be achieved. Preferably, the
femperaiure stressor 15 applied so that the temperature of all
or & part of the aliguot 18 up to abour 33° C., and more
preferably in the range of from abowt -5 Ol to abow 55° .

In some preferred embodiments of the wvention, the
temperature of the aligoot is raised above normal body
temperature, such that the mean temperature of the alignot
does not exceed a temperatwe of sbomt 55° (., more
preferably from abomt 40° €. to abom 50° €., even more
preferably from about 40° O o abow 44° €., and most
preferably about 42.521° €,

I other preferred embodiments, the aliguot 15 cooled
helow nommal body temperature such that the mean tem-
perature of the aliguot is within the range of from about -5
. 10 about 36.5° (. even more preferably from about 107
. to about 30° ., and even more preferably from about 157
C. ot about 25° C.

The oxidative environment stressor can be the application
10 the aliguot of solid, Houid or gaseous oxidiring apents.
Preferably, it involves exposing the aliquot 10 a mixture of
medical grade oxygen and ozone gas, most preferably by
hubbling through the aliguot, al the aforementioned tem-
porature range, a stream of medical grade oxygen gas having
orone as a minor component thereln, The ozone content of
the gas siream and the fow rate of the gas stream are
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5

preferably selected soch that the amount of orone introduced
to the blood aliguot, either on its own or in combination with
other strassors, does not give rise to excessive levels of ecl
damage such that the treatment 15 rendered ineffective.
Suitably, the gas siream bas an ozone content of up to about
300G po/ml, preferably uwp to about 100 pg/mi, more prefes-
shly about 30 ue/ml, even more preferably up 1o about 20
ug/ml, partieularly preferably from about 10 ng/mi to about
20 ug/ml, and most preferably about 14.521.0 pp/ml The
gas sirenm is sutlably supplied 1o the aliquot at a rate of up
to about 2.0 Hters/min, preferably up 1o about 0.5 Hrers/min,
more preferably up to sbout 0.4 Hters/min, even more
preferably up to about 033 liters/imin, and most preferably
about 0,240,624 Lters/min. The lower lmi of the flow rate
of the pas stream is preferably not lower than 0.01 Heers/min,
more preferably not lower than 0.1 liters/min, and even more
preferably not lower than 0.2 Tiers/min.

The eleetromagnetic emission stressor is suitably applied
by irradiating the aliquot under freabment from a source of
an electromagnetic emission while the aliquot is maintained
af the aforementioned temperature and/or while the oxygen/
ozone gaseous mixture is being bubbled through the aliguot.
Preferred electromagnetic emissions are selected from pho-
tonic radiation, more preferably ultraviolet UV}, visible and
indrared light, and even more preferably UV Halt, The most
preferred sourees of UV hight are UV lamps emitting pri-
marily UVC hand wavelengths, ie. wavelengths shorter
than about 280 am. Such lamps may also emit amouats of
visible and infrared light. Sources of UV light corresponding
to stancard UV-A (wavelengths from about 315 1o about 400
wm) and LW-B (wavelengths from about 280 1o about 3157
ean also be used. For example, an appropriate dosage of such
UV light, applied simultaseously with one or both of the
afvrementioned temperature and oxidative environment
stressors, ean be obtained from up to eight lamps arranged
to surround the sample container holding the aliquot, oper-
sted at an intensily to defiver a total LW Light energy at the
surface of the blood of from abowt G025 fo about 1D
joulesfom?, preferably from abowt 6.1 1o about 3.0 joules/
em”. Preferably, four such lamps are used.

The time for which the aliquot is subjeeted to the stressors
is normally within the fime range of up to about 60 minutes,
The time depends fo some extert upon the chosen infensily
of the clectromapgnetic cmisston, the temperature, the con-
centration of the oxidizing agent and the rate at whieh # is
supplied o the aliquot. Some experimentalion 10 establish
optinyum fimes may be necessary on the part of the operator,
once the other stressor levels have been set. Under most
stressor conditions, preferred times will be in the approxi-
mate range of from showt 2 to about 5 minutes, more
preferably abowt 3 minutes. The starting blood temperature,
and the rate at which it can be warmed or cooled to a
predetermined temperature, tends to vary from subject to
subject. Such a treatiment provides a modified blood aliquot
whieh is ready for injection into the subject,

I one preferred embodiment of the present invention, the
aliguot of blood is stressed by being simoHBaneously sub-
jected 1o all three of the above stressors using an apparaius
of the type described in aforementioned U5, Pat. No,
4,968,483, issued on Nov. 6, 1990 to Mueller, The sliquot is
placed in a suitable, stertle, UV hghi-transmissive container,
which is fitted info the machine. The UV kunps are switched
on for a fixed period hefore the gos Tow is applied to the
ahiquot providing the oxidative stress, 1o allow the output of
the UV lamps to stabilize. The UV lamps are fypically on
while the tempersture of the aliquol is adpsied 1o the
predefermined valoe, e 42.521° . Then the oxygen/
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ozone gas mixfure, of known composition and comrolied
flow rate, 15 applied to the aliquot, for the predetermined
duration of up to about 60 minles, preferably 2 10 5 minutes
and most preferably about 3 minutes as discussed above, so
that the aliguot experiences all three stressorg simulta-
neously, ba this way, blood is appropriately modified accord-
tng 1o the present invention 1o achieve the desired effects.

In the preferred method of the inveation, each course of
freatment comprises the administration to 2 mammalian
subteet of from two to four aliguots of mammalizn blood
which has been modified as discussed above.

For optimum effectiveness of the treatment, # is prefemred
that no more than one aliquot of modified blood be admin-
istered to the subject per day. In some preferred embodi-
ments of the invention, at least one rest period is provided
during the eourse of reatment. As used herein, the term “rest
pertod™ is defined as the number of days between consecu-
tive aliguots on which no aliguots of modified blood are
administered o the subject. The maxupum rest period
between any two eonsecutive aliquots during the eomrse of
treatment is preferably no greater than ahowut 21 days, and is
more preferably from about 3 to about 15 days.

In some preferred embodiments, aliguots of modified
blood are administered o the subject on consecutive days,
teo withont an intervening rest period. Some preferred
embodiments of the invention {comprising administration of
3 or 4 aliguots) include administration of a pair of aliguots
on conseculive days and also provide for a rest petiod
hetween a pair of consecutive aliquots.

More preferably, a conurse of treatment comprises admin-
tstration of two or three aliquots to the subject, the course of
treaiment optionally including at least one rest period, with
the longer (n the case of three aliguots) or the only {in the
case of two aliguots) rest period between consecutively
adnimistered aliguots being from abow 5 1o 15 days,

Where the eourse of tremiment comprises the administya-
tion of two aliquots 10 the subiect, it is most preferred that
the aliguots be administered on consecutive days without an
tafervening rest period.

‘Where the course of treatiment comprises the administra-
tion of three aliquots to the subject, it may be preferred o
provide two rest periods, ineluding a longer rest period
having a leagth of 9 1o 13 days, more preferably about 10 fo
12 days, and most preferably about 11 days; and a shorter
rest period of | to 3 days.

However, where the course of treatment comprises three
injections, it is most preferred to administer two of the three
aliguots on eomsecutive days, and also to provide a rest
period between two aliquots having a length of 910 3 days,
more preferably abouwt 16 to 12 days, and most preferably
about 11 days. in a partieularly preferred example, the first
and second aliquots are administered on eonsecutive days
withowt an infervening rest period, and the second and third
aliguots are separated by a rest period of 1 davs.

Although # may be sullicient to administer only one
course of treatment as described above 1o the subject, # may
be preforred in some circumstances to administer 1wo or
more eourses of treatment, or to follow the above-deseribed
course of freatment by periodic “bhooster” treabments, 1T
necessary, fo maindain the desired effects of the present
invention. in partieular, it may be preferred to administer
booster treanments or o administer o secomd evurse of
treatments to the subjeet following a time period of several
weeks or months, For example, # may be preferred fo
provide a tune pertod of from abow | 1o about 4 months
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7
between conseculive courses of freatment, with 6 weeks
being particolarly preferred in some embodiments of the
investion,

I one preferved embodiment, it s preferred to adiminister
a Hrst course of therapy comprising three injections, with the
first and second aliquots being administered on consecutive
days withou! an intervening rest period, and the second and
third aliquots are separated by a rest perfod of 11 days.
Following a period of six weeks from the end of the Brst
course of therapy, an ideatical second course of therapy is
administered to the subject.

The tovention is fiuther Mustrated and described with
reference 10 the following specific examples, comprising
animal studies conducted in an approved mamer,

In Following Examples | 1o 5, the beneticial effects of the
present ivention are demonsteated in vive by clinical
experiments on ivenile and adolt rats, specifically rats of an
inbred stream of genetically hypertensive rats {SHR 5L
These genetically hvpertensive rats are the most widely used
animal model for hypertension research, and are well known
aod readily available o researchers in this field. SHR’s have
several genetic defects, one of the most mmportant being
failure o produce appropriate amounds of heat shock pro-
feins when subjected fo stress, SHRs develop hyvpertension
rapidly and exhibit exaggerated increases in heart rale, blood
pressare and body temperature in response fo stress, They
represent a model of hypersensitivity o stress. The results
obtained using SHR's provide reliable indications of poten-
tial results obfatnable with human patients,

EXAMPLE 1

Blood from sacrificed SHR's of the same strain as the test
antmals was collected, freated with sodivm cifrate antico-
agalant and cooled. A portion of the bleod was then placed
in a sterile container, and subjected simultaneonsly o UV
light, an ozonefoxyvgen gas oxidative emviroament and
clevated temperature stresgors, in an apparafus as generally
descrihed in the abhove-mentioned Muoeller patent. More
specifically, the blood sample in the sterile, U'V-transparent
eontainer was heated nsing infraved lamps 1o 42.5° (., and
while maintained at that fomperature, was subjected to UV
light emitting UV-C band wavelengths under the preferred
conditions previously described. Simnltaneonsly, a gaseons
mixtare of medical grade oxvgen and ozone, the mixtare
having an ozone content of 13.5 to 15.5 pe/ml, was bubbled
through the blood sample at a flow rate of about 240 ml/min,
The time of simelancous UV exposure and gas mixture feed
was 3 minues.

To provide a control, a sterile agoeons physiological
saline solution was also prepared.

A total of 60 seven week old SHR's were selected and
divided imfo live groups, Groups A, B, F, G and ¥, each
containing 12 animals. For a period of 10 days (st 7 10 9
weeks of age), each animal of Groop A received a daily
idraghteal injection of 156 ul of the UV, hieat and orone
treated blood, followed by a rest period of 21 days. After the

rest period, the animals were sabjected 1o a second series of

10 daily injections of the modified blood, each injection
having a volome of 150 ul,

Oue day following the second course of igjections, the
rais of Group A were anesthetized vader Hglt gas anesthesia,
aod the right kidney of each animal was removed through o
back incision, Anocehasive olip was placed on the remaining
renal artery and vein to expose the lefl kiduey o transiont
ischemia, for 60 mimses. Following the exposure fo
ischermia, the skin was definitively elosed. The animals were
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then followed with respect 10 the degree of injury resulling
from the ischemia andfor the subsequent reperfusion by
determining sorvival rates and by observing the urine ouput
of the animals, which is 2 measure of renal function.

The survival rate was monitored by datly comnt of survi-
vors, and is graphically represented in FIG. 1. Afier eight
davs, 58% (7 animals) of the sub-group A animals which had
reeeived the trested blood injections were surviving, FIG. 2
iHusirates that 5 animals were anoric, meaning that they
produced less than 2 mi of arine in the 24 how peried
following surgery.

EXAMPLE 2

The twelve animals of Groop £ were trested as discussed
gbove in Example 1, with the exception that the conrse of
therapy comprised a single course of treatinent, eacl com-
prisiag iwo ingjections separated by a 5 day rest petiod (e,
injection on day I, followed by a five day rest period,
followed by an injection on day 7).

Ischemia was induced one day following the final injec-
tion ag described jn BExample 1 in the Group B animals, and
the results are shown ia FIGS. 3 and 4. Specifically, FIG. 3
shows that after 8 days following sorgery, 67% (8 animals)
of the Gronp £ animals were sarviving, and FIG. 4 illastrates
that only 4 of the animals of Group £ were anuric.

EXAMPLE 3

The Group F animals were treated as set oot in Fxample
1, with the exception that the course of treatment comprised
a total of three injections, with the first two njections being
administered on consecutive davs, with 1l days rest sepa-
rating the second and third injections {i.¢. injections on days
Fand 2, 11 day rest period, injection on day 14)

Ischemia was induced one day following the final injec-

tion in the Group ¥ animals as deseribed above in Fxample
1, with the resolts being shown in FIGS, 5 and 6. FIG. 8
iHustrates a significant increase In survival rale, with 100%
of the animals sorviving elght days after the sargery. In

addition, only 3 of the animals of Group ¥ were shown o be
amuic i the 24 howr period following surgery.

EXAMPLE 4

The animals of Groap G received injections of physi-
ological saline in place of modified blood, following an
injection schedule identical o that in Example 1. Ischemia
was induced ope day Following the Hnal injection as
deseribed above in Example 1, and the results are showa in
FIGS. 7 and 8. Only 42% (5 apimals) of the Group G
animals were surviving 8 days after the surgery, and 7 of the
animals were shown o be anurie in the 24 howr period
following surgery.

EXAMPLE S

The animals in Groap H were treated with a single course
of treatme, comprising two injections separated by a 12
day rest pertod (Le. injection on day 1, 12 dav rest period,
injection on day 14). The results of the ischemic stress onthe
animals of Group H are illustrated in £1G. 9, which illus-
frates that 67% (8 animals) in Group H were surviving eight
days afier the surgery, Algo, 3 of the animals in Group H
were anuric in the 24 bour period following surgery.
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The resuls of the above anmmal studies are tabulated
below,

TABLE T

Sirvival
#of #of Rest Pariod Rate # of Amine
Crromgp Courses  Injections {Davsy Adter % Davs  Animals
A 2 1+ 10 2% IR 5
E 1 1+1 5 o 4
¥ 1 2+1 ii 0% 3
[t 2 1+ 10 23 42% 7
i 1 1+1 12 o 3

*8aline Conhel

The above resulls demonstrate that the method of the
present mvention profects the kidoey from injury resalfing
from ischemia andfor reperfusion, as measured by survival
rale and wme flow in the 24 hours following surgery i the
SHR. This indicates use of the procedure in protecting other
body organs from ischemia/reperfusion mjury, including the
heart, the liver, the brain, the spinal cord and other vital
organs, snd indicates practical application of the procedure
on patients scheduled (o undergo surgical procedures involv-
ing ischemia/reperfusion of a body organ, such as surgical
repair, removal or transplantation of a body organ.

In particular, ischemic acute renal fatlore 18 an important
chindcal problem with high morbidily and high mortality. The
process of the present invention presents a novel approach o
combatting this disorder. B con be adopted prioy 1o kiduey
transplantation, on either or both the donor or recipient, ¢
cann be adopted prior to kidney revascularization. It can be
sdopted prior o invasive evaluation i high risk subjects,
e.g. angiography in diabetics. Tt can he adopted prior {o
shdominal aortic surpery such as aortic aneurism repair and
renal bench surgery (e where the kidoney 8 temporarily
removed and operated on ex vivoe, and then re-implanted).

As regards 11s use in connection with procedures involv-
ing the heart, the procedure of the nvention can be con-
ducted prior to coronary angioplasty, and bypass, or pror 1o
transplantation, as in the case of the kidney. B is mdicated
for use with patients about 10 undergo open heart surgery
with cardio-pulmonary bypass for coropary artery bypass
grafting, valve replacement or surgical repair of congenital

or acquired cardiac structural abnormalities. In the case of

the brain or other vial organs and Hssoes including the
idestines, the kidnevs and linbs, the procedure of the
invention can be used prior to angioplasty or endarferec-
tomy, in high risk subjects.

In connection with body organs destined for transplanta-
tion, freatment of the donor body by the process of the
present invention serves o prolect body ompans against
damage resulting from the inevitable ischemin which the
organ will suffer on removal from the donor body, transpor-
tation and subsequent swrgical introduction o the recipient
body, The treatment according 1o the invenlion extends the
useltul ife of the transplant organ between it removal from
the donor body and its surgical mtroduction mo the recipt-
ent boddy, thereby reducing losses of viable transplant organs
due fo fransportation delays.

The use of the process of the present invention prior o
general anaesthesia i conpection with major surgery can be
viewed as general pre-conditioning of the body, 0 better
withstand ischemin-reperfusion minries 1o which the major
organs will later be subjected. §1 is indicated for use prior 1o
conducting major surgical procedures nvolving peneral
anaesihesia in patiens known 1o have or likely to have a
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significant degree of underlving atherosclerosis in the arter-
tes supplying the brain, heart, liver, mtesting, spial cond,
kidneys or limbs, the atherosclerosis rendering them more
susceptible to a thrombo-ischemic event in the operative or
post-operative period. In addition, # is known that repetitive
mild ischemic {anginal) episodes can render lissues and
orpams  Jess susceptible to stress-induced  damage, by
tschemic preconditioning, althongh application of ischemic
preconditioning by current methods 8 largely impractical.
The process of the present invention can fake the place of
ischemic preconditioning, ischemia being a species of physi-
sl stress. Accordingly, the process of the present invention
offers potential for tremtment of unstable anginn and
decrease of infarct gize, a treatmend not effectively addressed
by available therapies.

A further, specific clinteal application of the process of the
mvention is i treatment of patients suffering from transient
tschemic attacks {TIA's, pre-strokes), which are due to
temporary obsiruction of blood flow to cerlain areas of the
bram. They commonly indicate the lkelihood of suflering a
mator stroke i the pear finure. Subjection of such patients
o freatment according 1o the process of the invention, at the
onsef of TIA s, will precondition the brain to avoid or at
teast to lessen the severity of the effects of the forthcoming
miaor stroke.

Similar general pre-conditioning of the body by the
provess of the invention is also ndicated for use in allevi-
ating the effects of subsequenily encountered shock, leading
10 undet-perfugion of vial organs and tissoes through Baitlure
of cardiac action due 10 loss of blood or other body fhids,
excessive dilation of blood vessels and excessively low
blood pressure. Fixamples inchide major blood loss, trauma,
sepsts and cardiogenic shock, Individuals likely o0 be
exposed 1o such hazards, incloding patients awarting sor-
gery, resenc and relief crews for natural disasters, would be
beneficiaries of the process of the mvention.

T now appears that cormuon phystological events underlie
all stress responses, including  responses fo  ischemic
stresses. These phyvsiclogical events mmclude the induction
and upregulation or synthesis, in all body cells, of o gronp
of specialized mtracelludar profeins known as heat stress
profeins or heat shock proteins (FESP's) These HSPs e
fion fo profect the cells from potential dumage caused by
whatever form of stress is being applied. Therefore, i is
expected that the method of the present invention is of
general application and will be effective 1o provide a subject
with resistance 0 a wide varety of different types of
stresses, whether evident at the thme the freatment 18 admin-
istered, or whether subsequently encountered. For example,
psychological stresses mdnced by restramt, confinement,
suckden exposie to danger, shock and the like translate mto
physical stresses aflecting one or more organs of the body.
Similarly, phyvsical stress such as exposure fo heat or cold,
over-exertion and the like, result i abnormal funclioning of
hody organs,

A gubject who has vadergone a freatment according to the
method of the present invendion will exhibit notably reduced
adverse reactions o subsequently encountered stress, such
as a nolably reduced rise in body temperature, a reduced
merease m heart rate and/or & reduced increase in diastolic
blood pressure in response 1o stress, as compared © a similar
but udreated subject,

In additon, it is expected that the mproved results
obtamned by using the process of the invention would also be
apphcable to other conditions which may be tremted by
admindstration o a subject of modified mammalian blood,
such as those discussed above with reference 1o the prior art
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Specific examples of such conditions are diseases of the
circulatory sysiem caused by atherosclerosts, for example
coronary artery diseasc, cerebrovascular disease, peripheral
vascular disease and disesses of other vascular systoms;
vasospastic disorders including primary and secondary
Raynaud’s disease, cardiac syoadrome X {microvascular
angina), migraine hesdache, cluster hemdache, hypertension,
pre-eclampsia, and thrombotic disorders related o Increased
platelet aggregation and/or coagalation abnormalities andfor
refated endothelial dystoaction, mmune system disorders
such as rheumatoid arthritis, asthma, prafi-versus-host dis-
ense, dinhetes mellitus, organ rejection, miscarriage, sys-
temic lapus erythematosus, atopic allergy, multiple sclero-
sig, allerpic dermatitis, inflanunatory bowel disease and
PSOFHSIS,

EXAMPLE 6

Model:

The parpose of the experiment 15 to determine the effects
of treatment according the present invention on the devel-
opment of atherosclerosis wn the LD receptor (1LDL-R)
defictent monse model, o widely used transgenic atheroscle-
rosis model created by targeted disruption of the LDL
receptor. This animal model s analogous fo familial hyper-
cholesterolemia, an inherited conditton in which a mutation
resulls in complete lack of fuactional LDL-R. in the human
disease, homozygous mdividuals demonstrate o marked
increase . serum cholestero] and develop severe premature
atherosclerosis, oflen succumbing fo this disease at an carly
age. In patients with this disease, currently used lipid

lowering agents do not have a significant effect in ferms of

lowering cholesterol levels,

The {431-R deficient mouse model shows miolerance to
cholesterod feeding and develops widespread atherosclerolic
changes which progress o mature brous lesions morpho-
Jogically indistinguishable from established human sthero-
sclerosis, Apart from the defined genetic abnommality cous-
ing predisposition 0 atherosclerosis, this model has the
advantage of rapid development of widespread atheroscle-
rosis wihin 6 to 8 weeks following institetion of cholesterol
feeding.

Protocol:

1DE-R deficient mice were purchased from Jackson
{.aboratories, The mice were entered into the study at 22
weeks of age, The mice were mantained on a 12 hour
dark/F2 hour lght evele with free access to food and water,
and were fed a specified diet as ollows,

Group A {coatroly—fed a normal diet;

Group Bl-fed a high cholestero] diet as described below
for § weeks;

Group B2--fed a high cholestero] diet as described below
for 12 weeks;

Group Cl-—fed a high cholestero] diet as described below
for § weeks, and treated by the preferred method of the
preseat invention as described below at 4 weeks of dietary
iervention, and

Group C2--Fed a high cholesterol diet as deseribed below
for 12 weeks, and treated by the preferred method of the
present invention as described below at 8 weeks of dietary
infervertion.

The high cholesterol grouwp were fod a diet containing
1.25% cholesterol, 7.5% cocoa butter, 7.5% casein, and
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0.5% sodivm cholate. To ensure proper food mtake, food
consumption and animal weight were monitored on =
weekly basis. In previous experiments, it was demonstrated
that 8 weeks of feeding with the high cholesterol diet results
in substantial atherosclerosts developmend, particularly in
the aoriic arch and the descending thoracie aorta,
Treatment:

Animals fed the high cholesterol diet were selected at
random {o undergo & course of treatment by the preferred
method of the invention, The treatments began four or eight
weeks after indtiation of the study, with each of the animals
on the high cholesterol died recetving a total of 3 {resiments
{injections on days 1, 2 and 14 of the treatment), Fach
mdividual injection adminmstered to the animals treated by
the method of the present mvention consigled of the colfee-
tion of 10 ml of blood from genetically compatible donor
amimals fed on a normal diet, the blood being collected to
sockiom eirsle anticoagulant. 1o ovder to collect each 10 ml
aliguot of blood, about 1 mi of blood was extracted from
each of 10 animals. The blood was extracted by cardiac
puncture, with the animals belng voder full xylazmefket-
amine anesthesia during the blood extraction procedure, and
heing given 61 mmnediately following extraction. The
hood aliquot was transferred fo a sterile, disposable, low-
density pobvethiviene vesgel for ex vive treatment, and was
then treated simultanecusly with a pasecus oxygen/ozone
mixtire and ulraviolet Heht at elevated temperature using
an apparatus as generally described in aforementioned US.
Pat. No. 4,968,483 to Mueller ef al,

The constiution of the gas mixiure was 145210 up
oroneml, with the remainder of the mixture comprising
medical grade oxygen, The gas mixture was bubbled
through the aliquot at a rate of 240224 mVmin for 2 period
of 3 minuwies, The temperature of the aliguot was held steady
at 42.521.6° C. The UV lght was within the UV-C band, and
mehided & wavelength of 253.7 am.

After treatment by the preferred method of the present
mwvention, 30 i of the treated blood was re-mjected intra-
muscularly o cach animal underpoing freatiment accord-
ing to the present invention. As discussed above, 3 treat-
ments were administered 0 each mimal over a 14 day
period, with injections being administered on days 1, 2 and
14

In the sham {remiments, 30 gl of untreated blood was
mgected intramuscularly imdo each of the remaining fve
amimals on the high chelesterol digt.

Assessment of Atherosclerosis:

After 8 or 12 weeks, the animals were anesthetized with
zylaxine/ketamine and the heart was exposed. Afler nicking
the vena cava o oblain blood samples, the animals were
perflised via ventricular puncture, lirst with PBS to Hush owt
the blood and then with 10% neutral buffered formalin for 3
minutes t0 fix the aorta. The thoracic aorta was dissected
away from the thorax en bloc and stored i 10% formalin ot
4% {7, Pressure-fixed (10% formalin} acriae were removed en
bloc and opened to allow a longiudinal B length inversion.
The aortae were then mounted mtemally exposed on glass
slides and stoined with of red G, The bright red sinining
{indicating lipid deposition) was then quantified using a
comprier assisted morphometric svstem, and expressed as a
percentage of 1otal sortic intimal surfce.

Statistical Analysis:

Continuons variables are reported as meanz SD. Differ-
ences in atherosclerotic lesion area among groups were
tested using the ope-way ANOVA test in conjunetion with
the Boaferroni correction
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Resulis:

As demonsirated by measurement of atherosclerotic area,
the animals of group B (high cholestero! diet alone} exhib-
ited substagtial aortic lipid deposition, with group Bl ani-
mals having atherosclerosis ratios (AATA) of 016201 at
eight weeks and group B2 animals having ratios oF0.1720.1
at 12 weeks of dietary mtervention. In contrast, the animalg
of group C (high cholesterol diet with treatment according to
the inveniion) exhibiied profonndly reduced lipid deposi-
tion, with group 1 animals having ratios of 0.042002
{p<(05) at eight weeks of dietary intervention, and group
C2 agimals having ratios of 0.0420.02 (p<D.01} at twelve
weeks of dietary dervention,

The animals of group U also exhibited a marked reduction
it xanthelasma and limb swelling as compared o animals of
group 13,

As shown in Example 6, the treatinent according to the
present invention substaniially inhibited the development of
atherosclerosis in a monse model of familial hypercholes-
ferolemin These improvements in cardiovascular healih
were accompanied by luprovements in the animals’ general
overall appearsoce and appetite.

EXAMPLET

It this example, LDL-R deficient mice were fed o high
cholesterod diet as w1 Bxample 6 for a period of 12 weeks and
divided into two treatment groups, Group Fand Group 1Al
animals of both groups recetved a first course of treaiment
comprisiog injections on days 1, 2 and 14 as described above
in Fxample 6. In addition, the animals of Group I received
a second, identical course of treatment 6 weeks after the end
of the first course of freatment.

All andmals were sacrificed 24 weeks after initiation of the
high cholesterol diet. Caleulation of percent plague area by
en fhce exanunation of oif red G stained aortas revealed a
38% reduction in plague-area m Croup 11 amimals
{0.32:0.03% for sham versus (2020.03% for treated,

animals.

The above example indicates that b some embodiments
of the wvention # may be preferred to adininister two or
more courses of therapy at spaced intervals.

EXAMPLE B

This example demonsirates the beneficial effects of the
preseqt invention n vive clinical experiments on rats, spe-
etfically male Lewis rats i which rhenmatoid-like arthritis
has heen mchuced, An animal model used for studyiog

rhewmatond arthritis s adjpvagt-induced arthritis in 2 rat 5

maodel (see, for example, Pearson, €., 1956, “Development
of Arthritis, periardritis and perostitls in rats given adju-
vant”, Proc. Soc. Exp. Biol Med., 91:95), According o this
model, arthritis is induced in rats by injecting them with
adjovant condaining Mycobacterium butyricum.

Male Lewis rats, 4 to 5 weeks of age, 100 1o 120 g, were
obtained from Charles River Laboratories, quarantined one
week and entered into the study. Ao adjuvant mixture was
prepared for induction of arthritis by suspending 50 mg M.
Batyricun (Difco Laboratories, Inc., Detroit Mich.} in 5 m]
light white paraffin oil--m3516 (Sigma Chemical Co., 81
{.ouis, Mo and thoroughly mixed using 2 homogenizer.
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Aliguots of the mixture suificient 1o supply 0.15 mg M
butyricum were injected into each animal subcwlaneousty, at
the base of the mil, Symptoms of artheitis appeared abont 12
days afler induction, io each animal, as evidenced by hmb
swelling.

Blood was collected from domor animals, by cardiac
punctire. 10 m] of citrated donor blood was transferredto a
sterile, low depsity polvethylene vessel for ex vivo treatment
with stressors according fo the invention. Using an apparatus
as described in the above-mentioned Mueller patent (more
spectiically, a VasoCare™ V7000 apparatus), the blood was
heated 10 42,5217 C. and at that tempernture iradiated with
ultravioket hght, principally at 2 wavelength of 254 am,
while a pas mixture of medical grade oxygen comaining
14,52 1.0 pgim of ozone was bubbled through the blood at
a How rate of 240224 mi/min,

Six animals were given a course of 2 injections 0of 0.2 ml
aliguots of the treated blood, on days 1 and 2 after disease
mduction. Highteen animals were mjected with unireated
blood or saline ag condrols. Hind paw volumes and clinical
scores of the antmals were measured every 2 10 3 days for
S weeks after disease induction. Hind paw volumes were
measured by water displacement in 2 250 m] beaker using o
top-toaded Mettler balance.

The results of this study showed that the locidence of
arthritis in the treated group was decreased as compared
with the control group, as measured both by chinical scores
and fool volumes. The results of the foot volume measure-
mes for each group of animals were averaged and are
preserded graphically on the accompanving FIG, 10, a plot
of mean foot volume against days after induction of arthritis.
The upper curve 15 derived from the control group of
animals, the lower curve from the animals which recetved
the course of injections of freated blood. A signilican
decrease in the severity ol the arthrilis, as indicated by lower
foor volumes, 15 apparent for the trealed animals as com-
pared to the animals of the control group,

Althouph the iovention lias been deseribed i conaection
with cerfain preferred embodiments, H s fo be appreciated
that 1 s gof hmied thereto, Rather, the preset invention
wchides within its scope all embodiments which may fall
within the scope of the following claims.

What is claumed is:
1. A method for inhibiing injury ansing from hvperlen-
sion or endotbelial dyshmction in & mammalian subject
which method comprises:
identifying o mammaliag subject at risk of injury from
hypertension or endothelial dvsfunction;

admmistering to said subject three aliguots of sald sub-
jeet’s modified blood according to the following regi-
men

a} two aliquots of modified mammalian blood o 2 volume

of about 0.1 ml to 100 mi on consecuwtive davs; and
b} a third abgoot of modified mammalian blood 1 a
volune of about 0.1 ml to 100 ml, aller a rest period of
11 days after administration of the second aliguot,

wherein said blood is modified extracorporeally by expo-
sure for a period of from about 2 10 5 minses to 4
combination of stressors selected {from the group con-
sisting of a conceniration of opone from abow 1010 20
ug/ml, UV light af 2 dosage of from about .1 1o abom
3 Joulesicmn®; and heating t0 a temperature above
normal body temperature 1o about 55° €.

2. The method according to claim I, wherein said injury
arises from hyperlension,
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3. The method according fo claim 1, wherein the injury
arises from endothelinl dysfunction.
4. A method for mhibiting mjury arising from hyperten-
ston or endothelial dysfunction o a mammakan subject
which method comprises:
identifving a mammalian subject at sk of injury from
hypertension or endothelial dysfunction;

skministering 1o said subject three aliguots of sard sub-
Jeet™s modified blood according o the bllowing regi-
e

ay two aliguots of modified mamimakian blood in a volume

of abowt 0.1 mi to 100 ml on consecutive days; and

by a third aliguot of modified mammalian blood in a

volimme of about 0.1 mi to 100 ml, afier a rest perlod of
H davs after administration of the second aliguot,
wherein said blood s modified extracorporeally by expo-
sure for a period of about 3 minutes to a combination
of stressors selected from the group consisting of a
concendration of ozone from 13.5 10 15.5 pp/ml at a

How rate of about 240 ml/mingte, UV hght af a dosage 2

of from about 0.1 to asbout 3 joules/om?®; and 2 tem-
perature of about 42.5° C,

10
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5. A method for inhibiimg injry arising from hyperien-
sion or endothelial dyshmction in 2 mammalian subject
which method comprises:
identifving 8 manunalian subject at risk of inpwy of
hypertension or endothelial dvsfunction;

admuistering to said subject three aliguots of saild sib-
Jeet’s medified blood according to the following regi-
men

a} two aliquots of modified mammalian blood i a voline

of abonut 0.1 ml to 100 mi on consecuirve davs; and
b} a third aliquots of modifled mammalian blood in a
volume of abont (41 mi 10 100 ml, afler a rest period of
11 days after administration of the second aliguot,

wherein said blood is modified extracorporeally by expo-
sure for a pertod of about 2 fo 5 mimdes ©© a combi-
nation of stressors selected from the group consisting of
a concentration of ozoge from about 10 to 20 ng/ml,
UV light at a dosage of from about 0.1 to about 3
Joules/om®; and heating 10 a temperature from show
40° o about 50° C.
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METROD FOR PREVENTING AND
REVERSING AIHEROSCLEROSIS IN
MAMMALS

Tliis apphication 18 a confipgation-in-par! application of
.S, patend application Ser. No, 09/190,236 Bled Nov, 13,
1998,

FIELD OF THE INVENTION

‘This invention relates 1o freatment of blood, and o the use
of freated, moditied blood in conpeclion with cerlain abnor-
mal mammalian physical conditions and disease stales,
More specifically, if relales to modilied mammalian hlood
and the freatment of cardiovascular disorders associaled
with elevated levels of Hpids in the blood, in a mamimalian

subject, by admipistration o the subiect of such modified

blood,
BACKGROUNI OF THE INVENTION
Hyperlipidemias such as bypercholesterolemiaz and

clevated serm triglyceride levels are among the most potent

risk factors in the causation of atherosclerosis, which is the
build-up of Tatly plagoe deposits within the walls of blood
vessels. For example, nigh levels of serum cholesterol bound
to Jow density poprotein (LDL), intermediate density lipo-
protein (IBL) or very low density lipoprotein (VLIDLY are
koown to correlate strongly witly the occurrence of athiero-
sclerosis in bumans. in parlicular, 1t 18 beleved thal the
higher the circelating levels of cholesterol in the form of
LI3L, 1D and VLDL. cholesterol, and the higher the circu-
lating levels of other lipids such as triglycerides, the more
likely i 15 that cholestere] and lipids will be deposiied within
the blood vessel wall and cause or contribute to atheroscle-
Fosis

in hypercholesterolemis, for example, the increase i the
blood cholesterol level is associated mainly with a rise in the
concentration of LDL, IBL and VLI cholesierol
However, the specific causes of hypercholesterolemia are
complicated and wvaried. Al least one kind of
hypercholesterolemia, known as FTamilial
hypercholesterolemia, is cansed by 2 mulation in the gene
Tor the LD . receptor that moves cholesterol out of the blood,
prirarily in the hver. Mool more commonly, bypercholes-
terolemia has been associated with high dietary inlake of
safurafed fatty acids and cholesterol, resualiing in elevaled
blood cholesterol levels. High serum tnglyceride levels have
also heen associated with high dictary intake of Tatty acids,

Reduction of hyperlipidemia, including
hypercholesierolemia, results in @ delayed onset of athero-
sclerosis and @ decrease in the progression of
atherosclerosis, thus reducing the risk of coronary heart
discase. In addition, there is evidence that relatively com-
plicated plagues induced by hyperlipidernia can regress, and
that further progression of atberosclerosis will decrease or
cease when hyperlipidemia s removed, Some forms of
hyperlipidemia, including hypercholesterolemia, are poten-

tially partially reversible with current techniques of preven- s

tive management. Taking cholesterol-lowering drugs can
resul! oo redpction in serum chiokesterol, and other drugs
may lower serum triglyceride levels. Hlowever, drags are not
always warranted Tor hyperlipidemia, and some Hpid-
lowering drugs may bave serious side effects, Dietary
therapy is usually recommended For all patients with bhyper-
lipidemia but the effect s often not safficient to reduce risk
optimally.

Therefore, there is a need for 2 method which is effective
in lowering blood lipid levels, especially cholesterol and
trigiyeeride levels, and which does pot have signiticant side
etfects,
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SUMMARY OF THE INVENTION

The present inveniion overcomes at least some of the
above-noted amd other disadvaniages of presently knows
therapies Tor treatment of hyperlipidemia, such as hyperc-
holesteroteniiz and elevated serum (righveeride levels, by
providing @ method for treating byperlipidemia in which an
aliuot of mammalian blood is treated ex vivo and subse-
quently introduced into the body of a mammakian subject.

The aliguo! of blood s frealed by being subjected 10 one
or more siressors which have been found 1o modify the
hood. According to the present invention, the blood aliguod
can he modilied by subjecling the blood, or separated
cellnlar or non-ceHular Fractions of the blood, or mixtures of
the separated cells andior non-cellntar Fractions of the blood,
10 stressors selected Trom heat, ultraviolet Hght and oxida-
ive environments such as freatment with ozone/oxygen
mixiures, or any combinalion of such stressors, simuha-
neously or sequentially

The observed effects of the moditied blood of the presemn
mvention, when infroduced into the mammalian subject’s
body, are several m number. Firstly, there 15 an observed
recduchon in {otal serum cholestero! levels, primarily due 1o
a reduction in the levels of LIDL and VLDL cholesterol.
Levels of beneficial DL cholesterol are pot reduced.
Reductions in cholesterol levels of as high as about 40
percen, as compared 1o subjects which received unirealed
Bood as 2 placebo, have been observed. Secondly, there is
an observed reduction in serum triglveeride levels. Such
reduchons in servm cholesterol and triglveernides would be
expecied 10 delay the onset and retard the progression of
atherosclerosis due to hyperlipidemia.

Another of the observed effects of the treatment according
10 the present mvention is thal mammalian subjects freated
according {0 the presen! invention show substantially
reduced deposition of lipids within blood vessel walls, as
compared o unlreated subjects. As well as refarding the
progression of plague deposition, the treatment of the inven-
fion has been sbown 1o cause exisling plagues 1o regress, I
is belioved that this observed vessel profection 1s due &t least
i part to the reduced serum lipid levels in subjects treated
by the method of the present invention, However, the
reduced deposition of lipids within blood vessel walls bas
also been observed in the absence of a reduction in serum
Tipids.

Agcordingly, in one aspect the present invention provides
a method of reducing the serum Jevel of a lipid in a mammal,
comprising, (4} frealing an aliquot of mammalian blood ex
vive with al least one stressor sclecled from the group
consisting of a temperature above or helow hody
fermperature, wliraviolet light and an oxidative environment;
and {b) administering the aliguot of blood freated in step (2}
10 the mammal, wherein the alicuot has a volume sulficient
10 achieve a reduction in the serum Hpid level in the
mammal.

in another aspect, the presen! invention provides @ method
of prevenling or freating a condiion in & mammalian
subject, said method reducing the serum level of a lpid in
the mammal and comprising (2) treating an aliquot of
mammalian blood ex vivo with at least one stressor seleclod
From the group consisting of a temperalure above or below
body femperature, shiraviolet light and an oxidalive envi-
ropment; and {b) administering the aliquot of blood treated
in step {a) to the mammal, wherein the aliquot has a volume
sofficieny to achieve a reduction in the serum lpid level in
the mammal.

BRIEF DESCRIPTION OF THE DRAWINGS
The file of this palen! contains @ least one drawing
executed in color Copies of this patent with color drawing
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(s} will be provided by the Paten! and Trademark Office
upen request and payment of the necessary fee,

The invention will now be more fully described, by way
of example only, with reference to the accompanying
drawings, v which.

£1G. 1 18 a photograph showing two fall length aoriae
obtatped from LD receptor defieient mice whicl under-
went the study described in Example 1, the aorta labeled “A”
being oblained from ap animal which received 2 high
cholestero] diet and sham treatments, and the aonia labeled
“B" being oblained from an animal which received a high
cholesterol diet and was {reated according to a preferred
method of the present invention, with aortic Hipid deposition
being made visible by staining the aortae with ofl red O,
F1G. 1 35 dentical 1o FIG 1 of co-pending application o,
(9/190,236, of which this application s & conlinuation-in-
part, and which is incorporated herein by reference.

DETAILED DESCRIPTION OFF PREFERRED
EMBODIMENTS

According to & preferred process of the present invention,
an aliquot of blood is exiracted from 2 mammalian sebject,
preferably 2 human, and the aliquot of blood is treated ex
vivo with certain siressors, desoribed in more detail below,
The terms “aliguot”™, “aligeo! of blood” or similar ferms vsed
herein mchude whole blood, separated cellalar fractions of
the blood including platelets, separated non-cellalar frac-
tions of the bleod inchuding plasma, and combinations
thereof The effect of the stressors is to modify the blood,
andior the cellular or non-ceflufar fractions thereof, con-
tained in the aliguot. The modified aliguot s then
re-iptrocduced ino the subject’s body by any method suitable
Tor vaccination, preferably selected from infra-anerial
injection, intramuscular injection, infravenous injection,
subcaneous injection, mtraperiioneal injection, and oral,
rasal of reclal admimisiralion.

The siressors to which the aliquo! of blood is subjected ex
vive according to the method of the present invention are
selected Trom temperature stress {blood lemperature above
or below body lemperature), an oxidalive environment and
ulraviolet Hphy, individoally or in any combinstion, sirmul-
taneously or sequentially, Suitably, in buman subjects, the
aliquot has a volume sulficient that, when re-introduced into
the subject’s body, a reduction in a serum lipid fevel andior
a retardation in progression or a regression of atherosclerotic
plague formation is achieved in the subject, Preferably, the
volume of the aliquot is up to about 400 mi, preferably from
about 0.1 1o about 100 ml, more preferably from about 5 1o
ahou! 13 ml, even more preferably from about 8 to about 12
ml, and most preferably about 10 ml

# 1s preferred, according 1o the inverntion, fo apply all
three of the aforementioned stressors simuliancously to the
alicuot under treatment, in order 1o ensure the appropriale

modification o the blood, 1t may also be preferred in some s

embodirents of the invertion to apply any fwo of the above
siressors, for example 10 apply temperature stress and oxi-
dative stress, lemperalure siress and ultraviolet light, or
ultraviclet light and oxidative stress. Care must be faken 1o
wiilize an approprisle level of the stressors 1o therehy
effectively modily the blood 10 achieve a serum lipid redoe-
tion i the subject.

The temperafiire stressor warms the aliquot being tfreated
to & lemperature above normal body femperature or cools the
aligmot below normal body temperature, The temperatire is
selecied so thal the lemperature stressor does not cause
excessive hemolysis in the blood contatned in the aliquot
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and s0 thal, when the treated aligoo! 18 mjected o 2
subject, a lipid reduction and/or a relardation ip progression
or regression in the formation of atherosclerotic plagque will
he achieved. Preferably, the lemperature stressor is apphied
50 that the temperatore of all or & part of the aliguot s up o
about 35° C., and more preferably in the range of from abou!
-3° (.t about 557 O

in some preferred embodiments of the mvention, the
semperaure of the aliquot is raised above pormal body
femperalure, suchl that the mean temperatore of the aliguoy
does not exceed a lemperslure of abou! 55° ., more
preferably from abowl 40° C. to about 507 C, even more
preferably from about 40° . o about 44° C., and most
preferably about 42.5x1° .

in other preferred embodiments: the aliquo! 8 cooled
betow pormal body temperaiore such that the mesn fem-
peralure of the aliquot 18 within the range of from abou! -5°
C. 1o about 36.5° C, even more preferably from about 1P°
C. to aboul 30° C., and even more preferably from is about
15° € 1o about 25° C

The oxidative environment sfressor can be the apphication
1o the aliquo! of solid, hguid or gaseous oxidizing agenis.
Preferably, it involves exposing the aliguot (0 a mixture of
medical grade oxygen and ozone gas, most preferably by
bubbling through the alquot, al the aforementioned lem-
peralure range, 4 stream of medical prade oxygen gas having
ozone 48 & minor component therein, The ozone content of
the gas stream and the flow rate of the gas stream are
preferably sclected such that the amount of ozone introduced
10 the blood aliquot, either on 18 own o in combination with
other siressors, does no! give rise 10 excessive levels of cell
damage suclh that the therapy i rendered ineffective
Suitably, the gas stream has an 0zone content of up 1o about
300 pgiml, preferably up to aboul 100 ugiml, more prefer-
ably abou! 30 ug/ml, even more preferably wp to about 20
fml, particelarty preferably from abou! 10 gg/ml 10 about
20 pgfml, wnd most preferably abowd 14.521.0 pg/ml. The
gas stream is suitably supplied to the aliquot at a rate of up
10 about 2.0 lers/min, preferably up to about (.5 liters/min,
more preferably wp o about G4 Hiers/min, even more
preferably up to about (.33 llers/min, and mos! preferably
about .2420.024 Jiters/min, The lower limit of the How rate
of the gas stream is preferably not lower than 0.91 liers/min,
more preferably not fower than 0.1 liters/miy, and even more
preferably nof lower than G2 hters/min,

The uliraviolet light stressor 18 suilably applied by ira-
diating {he aliquot wnder treatment from a source of UV light
while the aliquot 15 maintained al the aforementioned fem-
perature and while the oxygen/ozone gascous mixture is
being bubbled through the aliquol. Preferred UV sources are
UV lamps emitiing UV-C band wavelengibs, 1o, at wave-
lengths shorter than shout 280 nm. Ultraviolet light corre-
sponding to standard LFVAA (wavelengths from about 315 o
about 400 nm) and UV-B {wavelengihs from about 280 to
about 315} sources can also be uwsed. For example, an
appropriate dosage of such UV light, applied simmultancousty
with the aforementioned temperature and oxidative environ-
ment siressors, can be obtained Irom up to cight Jamps
arranged to surrownd the sample coptaiper bolding the
aliguot, operated al ap infensity fo deliver a total UV light
energy al the surface of the blood of from abow! G025 w©
about 10 joules/om™, preferably From about (11 fo about 3.0
joulesfom®, may advantageously be used. Preferably, four
such lamps are vsed,

The time for which the aliguot is subjecled fo the siressors
is pormally within the firme range of up o abou! 60 minutes.
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Thie time depends fo some exten upon the chosen infensy
of the UV light, the temperature, the concentration of the
oxidizing agent and the rate at which # is supplied 1o the
aliguot. Some expermentation to establish optimum limes
ey be necessary on the part of the operator, once the otber
stressor levels have been sef. Under mos! stressor
conditions, preferred times will be in the approximale range
of from about 2 to about 5 minutes, more preferably about
3 minutes. The starting blood femperature, and the rate af
which it cap be warmed or cooled fo a predelermined
femperalure, fends o vary from subject o subject. Such a
treatmen! provides a2 modified hlood aliguol which s ready
Tor injection into the subject.

in the practice of the preferred process of the present

inven{ion, e blood aliqeo! may be treated with the sfressors

wsing an apparaius of the type described in U8 Pal No
4 968,483 1o Mueller. The aliquot is placed in a2 suitable,
sterle, UV light-transmissive container, which is fitted into
the machine, The UV kunps are swilched on for a fixed

period before the gas How 18 apphied to the aliquot providing -

the oxilative siress, o allow the outpwt of the UV tamps (o
stabilize, The UV lamps are typically on while the lempera-
ture of the aliquot is adjusted to the predetermined value,
eg 42.521° ¢ Then the oxypen/ozone gas mixiure, of

koown composition and controlled How rale, 18 applied to 2

the aliquot, for the predetermined duration of up to about 60
minutes, preferably 2 10 5 minutes and most preferably about
3 minutes as discussed above, 50 that the aliquot experiences
att three siressors simultapeously. In this way, blood s
appropriately modified according to the presen! invention 1o
achieve the desired effects.

The iovention is Turther iHustrated and described with
reference to the following specific examples,

EXAMPLE 1
Animal Stadies
Model

The purpose of the experiment 18 o determine the effects
of freatmen! according the presen! iovention on the devel-
opment of atherosclerosis i the LI receptor {LIDL-R)
deficient mouse model, a2 widely used transgenic atheroscle-
rosis model created by targeted disruplion of the LDL
receptor, This animal model 8 anslogous to fammbial
hyperchofesierolemia, an inherited condilion in which a
matation resulis in complete Jack of functional LDL-R. In
the human disease, hbomozygous individuals demonstrate a
maarked incresse in serum cholesterol and develop severe
premature atherosclerosis, often succumbing 1o this disease
al an carly age. In patients with this disease, currently vsed
Hipid Jowering agents do nol have a significant elfect in terms
of lowering cholesterol levels,

The 1DI-R deficient mouse model shows intolerance 10
cholesterod feeding and develops widespread atherosclerotic
changes which progress 1o malure fibrous lesions morpho-
jogically indistinguishable from established human athero-
sclerosis, Apar! from the defined genetic abnormalily caus-
ing predispostiion to alherosclerosis, this mode! has the
advaniage of rapid development of widespread atberoscle-
rosis within 6 to 8 weeks following institution of cholestero]
Teeding.

Protocol:

1DL-R deficient mice were purchased from Jackson
Laboratories, A total of 20 mice were entered info the stady
at 22 weeks of age, and 15 mice completed the study, The
length of the study was 8 weeks, The mice were maintained
on & 12 hour dark/12 hour light oyvele with free access 1o food
and water, and were fed a specified die! as follows, A control
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group comprised of 5 animals, all of which completed the
stady, received a normal diet. The high cholesterol group
comprising 15 animals, of which 10 completed the stady,
were Jed a diet containing 1.23% cholesterol, 7.5% cocos
butter, 7.5% casein, and 0.5% sodium cholale. To ensure
proper food intake, food consumplion and animal weight
were monitored on a weekly hasis. In previous experiments,
# was demonstrated that 8 weeks of Teeding with the high
cholesterol die! results in substaptial atherosclerosis
development, perticularty o the aortic arcly and the descend-
ing thoracic aorta,

Treatment:

Ten of the animals fed the high cholesterol diet were
selected af random 10 vndergo a course of treatmen! by (he
preferred method of the invention. Six of the freated animals
completed the study. It is t©0 be noted that the four deaths in
this group were not in arty way related 1o the freatment, but
occurred early in the study as a result of fghling among
armals which were boused together doring the study. The
other five ammals on the high cholesterot die! underwent a
course of sham treatments, and Four survived the protocol,

The treatments began four weeks alter initiation of the
study, with each of the snimals on the high cholesterot diet
receiving a tolal of 10 freatments (2 courses of treatmen! of
1 injection per day for 5 days, the 2 courses of treatmen
separaled by two days, Le. 10 injections over a period of 12
days). Fach individual treatment administered to the animals
frealed by the method of the present invention consisted of
the coblection of 10 ml of blood from genelically compatible
donor amimals Ted on a normal diet, the blood heing col-
lected into sodium cifrate anticoagulant. In order to collect
cach 10 mi aliquot of blood, about 1T mi of hlood was
extracted from each of 10 animals. The blood was extracted
by cardiac punciure, with the amimals being under il
xylazine/ketamine anesthesia during the blood extraction
procedure, and being given T-61 immediately Tollowing
extraction. The blood aliquol was transferred 1o a sierle,
disposable, tow-densidy polyethyiene vessel for ex vivo
freatment, and was then treated simultaneously with a gas-
cous oxygen/ozone mixiure and nltraviolet Hght at elevated
lemperalure using an apparates as generally described in
aforementioned U8, Pal. No. 4,968,483 to Muetier ¢t al.

The copstifution of the gas mixiure was 14.521.0 g
ozoneiml, with the remainder of the mixiore comprising
medical grade oxygen. The gas mixture was bubbled
through the aliguot at a rate of 24024 ml/min for a period
of 3 minuies. The temperature of the aliguo! was beld steady
at 42.521.0° C. The UV light was within the UV-C band, and
inchded a wavelength of 253.7 nm.

After treatment by the preferred method of the present
invention, 30 i of the treated blood was re-injected intra-
muscatarly nfo cach animal undergoing freatmen! accord-
ing 1o the presen! inveniion,

in the sham freatments, 30 1 of untreated blood was
injected inframuscularly into each of the remaining five
amimals on the high cholesterot diel.

Assessmen! of Atherosclerosis:

After 8 weeks, the animals were anesthetized with
rylaxine/kelamine and the heart was exposed, After nicking
the vena cava 1o oblain blood samples, the animals were
perfused via ventricular puncture, firs! with PBS o flush owl
the blood and then with 109% neutrad buffered formalin for 3
minutes 0 fix the aora. The thoracic aoria was dissected
away from the thorax en bloc and stored in 10% Tormalin af
4° (. Pressure-fixed {10% Tormalind 2orize were removed en
bloc and opened to aflow 2 loogitadina] fufl fength foversion.
The aortae were then mounted mternally exposed on glass
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shdes and stamed with oil red G, The bright red staimng
(incticating lipid deposition) was then quantified vsing a
computer assisted morphometric system, and expressed as a
percentage of total aoric mimal serface,
Plasma Lipid and Lipoprotein Analysis:

Lipoprotein profiles were obtained by means of fast-phase
liguid chromatography with 2 Superose 68 colmmn. 200 1
aliguots of platelet-poor plasma from each apimal were
loaded onto the column and eluted with TSE buoffer af a
constant How rate of (.35 mifmin. An aliuot of 80 4 from
cach fraction was wsed for the measurement of total choles-
terol minus estertfled cholesterol. Total cholesterol and
triglyeerides in plasma samples aod column fractions for 11
representative animals were measured by an enzymalic
method established in the Hpid research group at 8t Micha-
el's Hospital, Toronto.

Statistical Analysis:

Contimuous variables are reported as mean =51, Differ-
ences in cholestero] levels and triglyeeride levels among
groups were fested by Student’s t-test, Differences in ath-
erosclerofic lesion area among groups were tested using the
ope-way ANOVA test in comunction with the Bonferroni
correction.

Results:
The measurement of the cholestero! levels among the

different groups of ammals showed that the total seram 2

cholestero] level did not change significantly in the animals
which received the normal diet, but was markedly increased
in the animals receiving the high cholesterol diet, This
rrrarked increase occurred both o the shany trested group and
o a lesser extent in the group which received the treatments
according to the preferred method of the present invention.

The measured trghveeride levels were also higher in the
animals which received the high cholesterol diet, as com-
pared o the amimals which received the normal diet
However, smong the animals which received the high cho-
lestero] diel, the increase in triglyeeride levels was much
greater i the sham treated group than m the group which
was treated according to the preferred method of the present
IBVEntion,

The measured cholesterol and trighyeeride levels, and the
average cholesterol and triglyeeride levels Tor each group,
are shown below in Table &

TARIE §
CHOLESTEROL  TREGFEYCERIDES

CGROUYP ANEMAL (B [}
Freaded 3 1209 {1305
Treated 2 13in £.330
Freated 3 .22 .548
Freated 4 14487 37

Average (11} 143 £ 1.5 38 & L0
Conleod 6 4.4] {1343
Conlnl 7 535 3387
Comtrol & AT 44t

Avesage (-8} 51 =07 130 = {05
BT Eaet 11 L) ST
HECT Eaet iz 2650 372
T Fret i3 2345 HAuia]
HECT DXt i4 2458 R

Average (31-14y A=l 00 - 08

in Table 1, the “Treated” group of snimals received the
high cholesterol diet and were trested according o the
preferred method of the present invention, the “Control”
animals received the normal diet and no treatment, and the
“THC Iet™ animals received the high cholesterol diet and the
shrarn freatment. From the above data, 11 is apparent that the
ratio of the average cholesterol level of the HC Dhet group
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to that of the Cogtrol group i 5051 {p=00000051%,
whereas the ratio of the aversge cholestero] level of the
Treated group fo that of the Control group is 2.8%1:1
{p=0.00010), Therelore, the increase in the average choles-
terol level of the Treated group s significantly lower than the
mmcrease o the average cholesterol level of the HO Dhet
group, with the ratio of the average cholesterol level of the
Treated group to that of the FIC et group being 0.56:1
{p=0.000043}. These variations in cholesterol level ocenrred
primarily in the LI3E and VEIDE fractions. In addition, it was
foard that there was no significant difference in the serum
tevel of HIM. cholesterol between the Treated and HC
groups. Therelore, the treatment of the present invention
does not bring about a reduction in serum HIBL cholesterol,
which is belicved o be beneficial,

i iz also apparent from the above date that the ratio of the
average triglyceride level of the HC Dhet group to that of the
Control group 18 1.69:1 (p=0.00050), whereas the ratio of the
average trighveeride level of the Treated group to that of the
Control group is 9.88:1 (p=0.11) Therelore, the increase in
the average trighveeride fevel of the Treated group is sig-
nificantly lower than the increase in the average triglveeride
level of the TEC Diet group, with the ratio of the average
trighveeride level of the Treated group to that of the HC Txet
group heing 0.52.1 (p=0.000034),

EXAMPLE 2

Human Studies

The reduction in triglvoeride levels observed in the animal
studies is consistent with resulis obtained in two humanp
studics, the results of which are presented below.
Ituman Study A

Actotal of 94 healthy buman volunteers, of which 57 were
males and 37 were females, were given & course of six
treatments according to the preferred method of the present
mvention over a two week period. Serum triglveeride levels
were measured before and after the course of treatments, and
the average measwrements are shown below m Table 2,

TABLE 2

Pre-treatrent tnglycersde  Post-treatment trighvoeride Signifonace
levei {rgrdl} tevel {mgidi) )]
146 134 0.04

Huoman Study B

A total of 49 patients from farmly praciice were given
varions schedules of treatments according fo the preferred
method of the present invention. The treatments comprised
from 5 to 40 injections per patient. Serum trighveeride levels
of each patient were measured before and alter the course of
therapy and the average measurements are presented below
m Table 3.

TABLE 3
Prereatmen wiglveeside  Post-leslmenl ighveaide Significenee
level {maidl} teval {mgili) i)
135.4 i2ne =05

From the above human studies, it can be concluded thal
the treatment according to the preferred method of the
present mvention achieves @ significant recduction in fotal
sergn {riglyveeride levels in buman subjects.
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EXAMPLE 3

Animal Studies
In this study, LDL-R deficient mice were divided inlo

groups and studied using the following protocol:

Groop A {control)—Ted a pormal die! as in Example 1;

Groop Bl—Ted a high cholesterol diet as described in
Example | Tor 8 weeks;,

Group B2e-Jed a high cholesterol diet as described in
Example 1 for 12 weeks,

Group Cl—fed a high cholesterol diet as deseribed in
Exammple 1 for 8 weeks, and freated by the preferred
method of the present invention as described in Example
1 a1 4 weeks of dictary intervention; and

Groop C2—Jed a high cholesterol diet as described in

Exammple § for 12 weeks, and frealed by the preferred

method of the present invention as deseribed in Example

1 al 8 weeks of dietary intervention.

For cach group of animals, atherosclerotic area was
assessed at either 8 or 12 weeks according to the method
described in Example 1 uoder the heading “Assessment of
Atherosclerosis”™. As demonstrated by measurement of ath-
crosclerofic arca, the animals of group B (high cholesterol
diet alone) extibiled substaniial aoric lipid deposition, with
group Bl animals having levels of G.1620.1 af eight weeks

and group B2 animals having levels of G 17201 a1 12 weeks 2

of dictary intervention. In contrast, the animals of group C
(high cholesterol diet with treatment according fo the
inveniion} exbibiled profoundly reduced lipid deposition,
with group C1 apimals having levels of 0.0420.03 {p<G.05)
al eight weeks of dietary intervention, and group 2 animals
having levels of 0042002 {p<0.01) at twelve weeks of
dictary intervention,

The animals of group C also exhibited a marked redoction
in xanthelasma and limb swelling as compared 1o animals of
group B,

Total lipoprotein profiles were measured as in Example 1
by Fast-phase Hquid chromatography and an enzyme-linked
assay. The results of this snalysis showed that the animals of
group B (bigh cholesterol diet alone) bad markedly
increased levels of total serum cholesterol {CHO 25.5x1.9
mM and triglycerides as compared o control group A {CHO
51407 mM). This is to be contrasted with the animals of
group O, wihicl showed a significant reduction in both
cholestero] {CHO 14.321.5 mM,; p<G.01 for B vs. } andd
triglyeerides as compared 10 the animals of group B.
Conchisions:

The treatmen! according 1o the preferred method of the
present invertion achieved abou! & forly percent reduciion in
total serum cholesterol and a significant reduction in trig-
Iveeride levels, and substantially inhibited the development
of atherosclerosis in a mouse model of human Tamilial
hypercholesierolemia, o addition o substantially reducing
the development of atherosclerosis at an carly slage and
inhibiting the progression of established atherosclerotic
lesions, the treatment according to the preferred method of
the present invenion was shown fo ciuse regression of
existing atherosclerotic lesions, This can be seen for
exarmnple by comparing the results for the animals of sub-
groups B and €2 in Example 2, which show thal existing
plaque deposits at week eight of 2 high cholesterol diet are
reduced by show! 75% when the animals are treated af week
eigh! according to the presen! mvention, These improve-
ments i cardiovascelar bealth were accompapied by
improvements i the animals’ general overall appearance
and appetite, 1t is believed that the atherosclerosis inhibitory
effect is af least partially due to the reduciion in cholesterod
and triglyceride levels, However, the retardalion in progres-
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sion amd regression of the formation of atherosclerotic
plagques is not necessarily accompanied hy a reduction in
sermm Hpid levels,
Furthermore, the frealmen! of the present invention 18
capable of not only prevenling increases in serum lipad
levels caused by a high cholesterol diet, but is also effective
in reducing existing moderate o high lipid levels,
Although the invention bas been deseribed with reference
1o specific preferred embodiments, 11 will be apprecialed {hat
many variations may be made o0 the invention withou!
departing Trom the spirit or scope thereol. All such modifi-
cations are intended to be included within the scope of the
following claims.
Wha! i claimed is:
1. A method of cavsing regression of an exasting sthero-
sclerotic lesion in a mammal with atherosclerosis, compris-
mg
(a} treating mammakian blood ex vive wilh at keas! one
stressor selected from the group consisting of a lem-
peratere above or below body lemperature, alivaviolet
Hight and an oxidative environment; and

(b) administering the mammalian blood treated in slep (a}
to the mammal in an amount sufficien! 1o achieve &
regression m said existing atherosclerotic kesion in the
Frrrnnnal,

2. Fhe method of claim 1, wherein the oxidative environ-
ment comprises applying an oxidizing agen! 10 the aliquot.

3. The method of claim 2, wherein the oxidizing agen!
confains ozone gas, and the ozope gas s infroduced info the
Plood aliquot in an amount which does not give rise to
excessive Tevels of mutagenicity,

4. The method of claim 2, wherein the oxidizing agent
comprises a mixivre of orone gas and medical grade oxygen,
the ozone gas being conlained in the mixtore i & concen-
gration of up 10 about 300 ugiml

5. The method of claim 4, wherein the ozone gas is
contained in the mixtire in 2 concentration of up o ahou! 30
timl

6. 'The method of claim 1, wherein the mixure is apphed
10 the aliquot at 2 How rate of up 0 about (133 liters/min.

7. The method of claim 1, wherein the ultraviolet light
comprises one of more UV-C band wavelengths,

8 'The method of clam I, wherein the femperature o
which the aliquot 18 cooled or beated 18 a temperature which
does not result in substantial hemolysis of the blood in the
alicuot.

9. The method of claim I, wherein the temperalure
stressor 18 applied so tha! the temperature of at least part of
the aliquot is in the range of Trom sbont -5% C 1o about 35°
C.

1. The method of claim 1, wherein the mean femperatire
of the blood 1o the aliquod 18 in e range of from abowt 37°
C. to about 44° C,

1. The method of claim 1, wherein the mean temperature
of the Mood in the aliguoel is in the range of from abow 0°
C. 1o about 36.5° C

12. The method of claim 1, wherein (he mean temperalure
of the blood in the aliguod 18 in the range of from about 10°
C. to about 30° .

13 The method of claim 1, wherein the temperature is in
the range of from about 37° € to about 35° C.

14. The method of claim 13, wherein the lemperature 18
42.521° C.

15, The method of claim 1, wherein the volume of the
aliquot is up 1o about 400 mh

16, The method of claim 15, wherein the volume of the
aliguot 18 abow! 10 ml
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7. 'The method of clam 1, wherein the aligoot 8 sub-
jected to the stressors Tor a period of up o about 60 minutes,

I8, The method of claim 17, wherein the aliquot is
subjected to the stressors for 2 period of about 3 minutes,

19, The method of claim |, wherein the blood is admin-
wwtered to the mammal by @ method suitable for vacoination
selected from the group consisting of intra-arterial injection,
imframuscalar injection, iravenous injection, subcutaneous
inection, intraperitopeal injection, and oral, nasal or rectal
adminisiration.

12

20. The method of claim 1, wherein all of the stressors are
simudtancously administered to the aliguel,

21 The methed of claim 1, wherein any wo of the
stressors are simultancousty administered 1o the aliquot.

22, The method of caim 1, wherein the blood treated in
step (a) 18 provided by removing the blood from the same
mammal to which the treated blood is administered in step

{b),
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1
METHOD OF TREATING
ATHREROSCLEROSIS

CROSS-RIFERENCLE TO RELATED
APPLICATIONS

This application is a2 continnation-in-part of U.S. patent
application Ser. No. G8/754,348, filed Nov. 22, 1996 which
s ssued Nov, 9, 1009 ag ULS. Pat. No, 5,980,054 which is
a vontinuation-in-part of .8, patent application Ser, No,
(8/352,802 filed Dec. 1, 1994 and which issued on Jan. 7,
1997 as U8, Pat. No. 5,591,457, which is in tun a
contimuation-in-part of U8 patent application Ser. No,
G7/941.327 filed Sep. 4, 1992 and now abandoned, which

was in {urn 2 continnalion-in-part of U.5. patent application |

Ser. No, 07/832,798 {now abandoned) filed Feb, 7, 1992
FIELD GF THE INVENTION

This invention relates 10 vaccines, their preparation and
wse in medical freatments. More particolarly, # relates fo
treatments Tor alleviating autoimmune discases and their
sympfoms, t0 a vaccine uselul therein, and to processes for
preparing and wsing such a vaccine. In ope particularly
preferred aspect, e present invention relates 1o methods for
treating and preventing atberosclerosis,

BACKGROUND OF T1E INVENTION

Antoimmune {Immune-mediated) diseases include rhen-
mutoid arthrlis, graft versus host disease, systemic Tupus
erythromalosis {SLE)Y, scleroderms, nnltiple sclerosis,
diabeles, organ rejection, inflammatory bowel disease,
psortasis, and other afflictions. I is becoming increasingly
apparent that many vascular disorders, including atheroscle-
ralic forms of such disorders, have an avioimmune
component, and a number of patients with vascalar disease
have circulating aslo antibodies. Avtoimmune diseases may
be divided inlo two general types, pamely svstemic anloim-
mune discases {exemplificd by arthritis, Tupus and
sclerodermal, and organ-specific (exemplified by multiple
sclerosis, diabetes and atherosclerosis, in whicl lalter case
the vasculature is regarded as a specific organ).

In gencral ferms, a normally functioning immune system
distingnishes between the antigens of Toreign invading
organisms (non-sell}y and fissues native 10 #s own body
(sell}, s0 as to provide a defence agains! foreign orgamsms,
Central o the proper functioning of the immune sysiem,
therefore, is the ability of the system to discriminale bepween
self and pon-self. When a patient’s immune system fails fo
cdiscriminate between sell and pon-sell and slarls 1o react
against sell anligens, then an avtoimmune disorder may
arise,

The causes responsible Tor the reaction of an affected
person’s immune system against sell are not Telly

understood, and several different theores have been put

forward. The immune response fo an anligen s riggered by
the interaction of the antigen with receplors of predefer-
mined specificity on certain lymphocytes, ¥t is believed that,
at an carly stage in development of the immune system,
those lymphocytes will receptors recognizing self antigens
are recogmzed and ehiminated from the body’s system by a
process of deletion. Alternatively, or in addition, sech self-
reactive lymphocyles may be controlled by the suppression
of their activities. Both mechanisms probably oceur.

The immune sysiem of normal bealthy individuals is able
to identily and to react agains! & family of profeins which are
highly conserved in nature {1.e. they have a similar strocture
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firoughon! all bving orgaisms). This family of profeins is
called the stress or heat-shock proteins (FISP), and they are
grouped according to their approximate molecular weights.
Members of the HSP family include the HSP60 group,
incluching, among otbers, proteins in the molecelar weight
range 30 10 100 kilodalions, Lnoreased production of LISPs
was first identified as a response to heal stress, but this now
appears 10 be part of a peneral response 10 & variety of celf
stresses, HSPs are normally located within cells, and their
funclion appears to be slabilization of the structure of
various profeins i stressed cells, so as 0 protect the cell
from the protein depnaturing effects of various stressors.
However, 1 is lkely that HSPs have a number of otber
functions which arg, as vet, not Tully understood. Heat shock
proteins, HSIs are discussed in some detail by William 5.
Welch, in an article in “Scientific American”, May, 1993,
page 56,

One group of the family of 81, the HSP6O group,
conains profeins whicll show about 50% identity between
hacterial cells and bhuman cells. Infections with bacteria
containing HISP 65 resulls in an immune response in healthy
humans agains! the bacterial HSPOS, evidenced by the
produciion of anti-HEPS6S antibodies. Thus, a healiby
Inmune sysiem appears 10 be able o identily and react
agains! self-like antigens,

In cerlain pathologies, Tor example many anfoimmune
diseases such as rheumatoid arthritis and scleroderma,
patients also show the presence of antibodies o HSP6S. In
the pasi, this has led 10 conchusions thal antoimmune dis-
cases result from bacterial infection. Now it scems likely
that autoimmune discases are associated with an inappro-
priafe comirol of autoimmune response. In other words, # 18
possibie that the antibodies to HSP6S restl! from an antoim-
mune reaction mitiated by LISPs Trom the body itself, bu
one which has been improperly controlled. In such cases,
fierefore, B should be possible to control an inappropriate
sutoimnrane response, by stimulaling the body’s patural
e control mechanisms, vsing a particelarly and spe-
cific method of vaccination,

To stimulate the body's immune response, a vaceine is
regquired which will, spon injection info fe bost body,
cnable the host immune system o present! (e aptigens
corfained in the vaccioe to cells of the bos! immune system.
Amtigen presentation is performed by antigen presenting
cells.

A vaccine to treat antolmmune diseases should conlain
antigens of fragments thereof {peptides) that will activale the
body's imrmgne control mechaniss present. o addition, the
antigens (peptides} should be present in a form which can be
recognized by the bost immune system when the vaccine is
miroduced o (e bost. Certain of the antigens may be
preser on intac! cells. The objective of sach a vaccination
1 10 activale regolatory immune pathways, particularly
those controlling anioimmune responses, thereby downrega-
fating the autoimmune response,

The particalar anfigens which will activate fhe control
mechanisms of & mammalian agloimmune system are nol
felly understood. 1! is however recognized (hat they may
inchde antigens derived from lymphocyte receptors, which
may function 10 stimulate control mechanisms, to inhibil
hose lvmphooyies which cause pathological awloimmune
responses in e patient. They may akso include HSPs, such
as the HSPO0G group of proteins, and leucocyvie surface
molecules such as those of the Major Histocompatibility
Complex (MELC) inchuing MELC Class 1T molecules. MLIC
Class i molecules function physiologically to present pep-
fides to CD4YE-cells as part of e immune response,
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# 1 amporian that the lvinphocyie receplors anmd otber
cell-derived molecules for vaccination of an auvloimmune
suffering patient be derived Trom cells obtained Trom the
same patient, since this system will contain the auloimmune
speciticily. Receptors on olber lepcocyles in the blood may
allerpatively or additionally be mmportant in 2 proposed
vaccination process, The use of such a system as the basis of
a vaceine may be considered analogous 1o the use of a
particular viral anfigen as a vaccine o freat and prevent
disease catsed by thal vires, A vaccine for frealing an
anlomtne disease should, therefore, be prepared from a
sumple of the patient’s own blood. Such a vaccine may be
described as ap anfovaccine.

For antigens o be effective in stimulating {or inhibiting)
the immune sysiem, the antigens sboukl be presented 1o
irnmgne colfs of the bost systeny by antigen-presenting cells,
which are pamrally present in the body. Many of the
antigen-presenting cells are phagocyies, which atfach o the
anligens, engulf them by phagocytosis, and break them
down or process them. The preparation of such an aulovac-
cine should include @ process whereby the Iymphooyles and
other leucocytes in the vaceine, which may be a source of
antigens, are modified info a form whereby they are likely 1o
be phagocyviosed by phagocytic anlipen-presenting cells

wpon re-injection Mo the patien!, so that the antigens or 2

effective residues thereoT are presented on the surface of an
antigen-presenting cell, Then they can effect a2 controlling
mechanism on the immune system, either inhibitory or
stimulatory.

During the normal growth period of & mammalian body,
tissues become resbaped with arcas of cells being removed,
This is accomplished by the cells” undergoing a process
called programmed cell death or apoptosis, the apoptotic
cells being phagooyiosed while oot becoming disrupled
sufficient {0 expose self-anfigens 10 the mmune syslem.

BRIEF REFERENCE TO TiE PRIOR ARY

115, Pat. Noo 3,715,430 Ryan relates o0 2 method and
apparatus Tor producing substantially pure oxygen having a
controlled confert of ozone and higher oxygen polymers,
The purnfied oxygen gas 18 exposed to liraviolet light in a
wavelength ol 2485 to 2537 angstrom unils i order o
prociuce 5 to 300 parts per million of ozone and higher
oxygen polymers in {he gas mixtere. Ryvan indicates that the
gas produced in this manoer 18 pon-irriating 10 the human
body and may be inravenously imjected inlo the blood
siream Tor therapentic use,

U8, Pal. No. 4,632,980 Zee ¢ al, discloses a method of
Treeing blood and blood components of enveloped viruses
by comtaciing the blood or blood prodoc! 1o an agqueous
medir with an eoveloped virgs inactivaling amoun! of
ozone, The treatment is carried oul at a temperalure of 4% 1o
37, and ap ozone concentration of 1100 ppm.

118, Pat. No. 4,831,268 Fisch el al, provides a method for
the radiztion of blood 1o preven! arteriosclerosis related
heart and vascolar diseases caused by disturbances in the fat
exchange, The disclosed process involves irradiating the
bloed in a blood conducting tube with radiation having an
iensity of from abos! 1 mWem™ fo 10 mWem'? in a
wavelength range of from about 300 o 600 nm.

US, Pat. No, 4,968,483 Muller ¢! al, describes an appa-
raius for oxygenating blood, by treating an aliquot of a
palient’s blood, exiracorporeally, with an oxypen/ozone
mixture and shiraviolet lght, &l a conirolled temperature.
The apparatos 8 proposed for wse i haematological oxida-
tion therapy.
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U8, Pal. No. 5052382 Wainwright discloses an appara-
s for the controlled generation and administration of
ozone. The apparates includes a generalor for generating
ozone, a monitor Tor moniloring the ozone production, a
dosage device Tor providing 2 predefermined amoun! of
ozone administraiion, and @ compuler control device for
controlling the operation of the apparatus. The palent further
discloses that administration of ozone to patients is known
for the trealmen! of viral and bacterial infections, as well as
for the freatment of external sores amd wounds.

SUMMARY OF THE INVENTION

H is an object of the present invention o provide 2 povel
avtovaceine useful in the prevention and alleviation of
symptoms of atherosclerosis,

H s a further object of the present invention to provide a
novel process for the preparation of such an antovaccine,

# 18 2 Forther and more specific object of the presemn
imvention o provide a novel method for prevention and
alleviation of the symptoms of atherosclerosis in 2 mamma-
lian subject, preferably a human subject.

Accordingly, the present invention provides, from a first
aspect, an astovaccine for prevention and frealment of
atherosclerosis in a mammalan subject, and derived from an
aliquot of the subject’s own blood, The autovaccine is
characterized by the presence therein, in comparison with
the normal blood of the patient, of al leas! one of the
following characterizing features:

increasing numbers of Iymphocyles and other legcocyies,
exhibiting a condensed apoptolic-like morphology;

a release of specific proteins from the cell surface of the
blood lencocyies, including the MIIC Class B molecule
HELA-DR, resulting a2 reduction in the number of
cells expressing soch surface profeins;

an upregulation in the expression of certain cell surface
markers for example CD-11a, a component of the
ligand for the cell adhesion molecule ICAM-1; and
cerfain Teell regulatory molecules;

an increase in the amount of heat shock protein HSP-60
in {he plasma;

4 decrease in FISP-72 within the ymphooyies,

By inducing an apoplofic-like siate in the lymphocyies
and other lewcocyles in the blood comprising the
autovaceine, as evidenced by the increased pumbers of
Ivinphocyles and other levcocyles exhibiting 2 condensed
apoptofic-like morphofogy therein, these cells may become
more readily phagocytosed upon re-injection info the host
body,

There are 2 number of different phagocytic cell tvpes
preserd in the mammaliag body, including various antigen
presending cells and nevlrophils. In order to facilitate phago-
cytosis by anligen presenfing cells rather than by other
phagocytes, the lvmphocytes and other leucocytes present in
the awtovaccine of the invenlion are {realed so that they may
mmterac! preferentially with anligen presenling phagooytic
cells. Cells adhere 10 cach othier by 2 nuntber of mechanisois
inchuding the expression of cell sdhesion molecules. Cell
achesion molecules present on one cell type inleract with
spectfic igand for particelar adbesion molecules presen on
the adhering cell type. The present invention may resull in
a preferential interaction of cells in the autovaccine to
antigen presenting cells im the host body, by upregnlation, on
the surface of the cells in the auntovaccine, of the expression
of the hgand for adhesion molecales Tound op antigen-
presenfing cells in the bost body, Anligen-presenting cells
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express a number of cell adhesion molecules, mwehding
ICAM-1, & compenent of the ligand of which is UB-11a,
One way by which the process of the favention may change
the preferential phagocytosis of apoptosing cells is by
wpreguiation of CHD-11a.

The preparation of the autovaccine according o the
present invention comprises extracting from the subject an
atiaot of blood of volume abowt 001 mi to abow 400 mi,
and contacting the aliguot of blood, extracorporeally, with
an Bmmune system-stimulating effective amount of ozone
gas and uliraviolet radiation.

The method for preventing and allevialing the symploms
of atherosclerosis in @ buman subjec!, o accordance with the
present invention, comprises extracting from the patient an
alicmot of blood of volume about 0.001 ml 1o about 400 mi,
contacting the aliguot of blood, extracorporeally, with an
iEHEe systen-stimalating amount of ozone gas and ulire-
viole! radiation, followed by administering the treated blood
aliquot to the subject.

in another aspect, the present inven!ion provides a method
of treating or prevenling atberosclerosis in a mammalian
subject, comprising: {a) extracting an aliquot of blood Irom
the subject; {b} treating the aliuot of blood ex vivo with at
least one stressor selecled from the group consisting of an
oxidizing agen!, shiravioket radiation and elevated lempera-
ture; and (¢} administering the aliquot of blood yeated in
step {P) o the subject,

BRIEF BESCRIFTION OF THE BRAWINGS

The patent file contains at least one drawing executed in
color, Copies of this patent wilh the color drawing(s) will be
provided by the Office upon reqguest and payment of the
necessary Jee.

The accompanying drawing

F105. 1 shows scanning electron micrographs of peripheral
blood monoouctear cells isolated from whole blood by
densily gradient centrifugation, the micrograph fabeled (A)
showing moponuclear cells obtained from an unfrealed
blood sample, and the micrograph labeled {B} showing
mononaciear cells obtained from a sample of blood 1reated
according 0 the method of the present ivention;

FIG. 2 s a graphival presentation of the results of
Example 2 below;

FIG. 3 comprises photographs of two full length soriae
obtatped from LD receptor deficient mice wihicl under-
went e study desceribed in Exsmple 5, the aorta labeled 1
being oblained from an animal which received a high
cholestero diet and sham treatments, and the aonia labeled
2 being obtained from @n animal which received a high
cholesterod diet and was freated according 10 a preferred
method of the presen! invention, with aortic lipid deposition
being made visible by staining the aortae with oil red O, and

FIGS, 4 10 6 comprse photographs of aortic cross-
sections obtained from LBL receptor deficient mice which
woderwent the study deseribed in Example 5, the aora
stown v FHE 4 being obtaioed from an animal which
received a pormal diet, the aorta of FIG. 5 being oblained
Trom an animal which received the high cholesterol diel and
stram freatments, and (e aorta of FIG 6 being oblained from
an animal which received a high cholesterol dig! and was
treated according to a preferred method of the present
invention, with the presence of macrophages in the aorfic
plague deposits being macde visible by immunostaining the
aoriae.

BESCRIFTION OF THE PRE
EMBODIMENTS

Wihen the anlovaccine according fo the present invention

i imected ino the avloimmune patient, significant allevia-
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fion of the patient’s sutormmune condition s experienced,
as set oul in the specific embodiments of the invention
deseribed below. Exactly how the vaccine operates follow-
ing b8 re-injection s not currently fully wodesstood. The
following tentative explanations are offered for a betler and
more complete description of the invention, but are nol to be
considered as hinding or limiting.

Feells, which are one kind of Iymphocyle and which play
a signficant role in the confrol of the immune system,
inchdke CD-8 cells, and (-4 cells otherwise known as
T-helper cells, further subdividable into THI and TH2 cells.
The THI cells scorete pro-inHammatory oytokines such as
mmterferon gamma. The THZ cells are considered 10 be
regulatory cells and secrete regulalory coviokines, such as
mterleukin-4. In a normal, healthy individual, the ratio of
TEIE cells to TH2 cells is around 3:1, In amloimmune
conditions, there is usually an imbalance in the TH cell
1ypes, often with an increase in the TH cells compared 1o
the THRZ cells, te. there 8 a change in the ralio between
them, with a consequent development of an inflammatory
condition often noted in autoimmune discase. A pumber of
componens of the astovaceine of the present investion,
possibly including HEA-DR and/or other MHC antigens
released from the lewcocyie cell surfaces, wvpregulale the
TEI2 cells in the paticnt’s blood and/or locally at the site of
the inflammation, therehy increasing the scoretion of regu-
fatory eyviokines, arb/or upregulating the suppressor cells o
strmnlale an mhibitory patbway for the astoimmune disease
and alleviate or even switch off the autoimmune response
pathway,

i s also commonly accepied that autoimmune discase
sufferers may have significant populations of aboormal
avtoreactive T-cells, which are partly responsible for the
avtoimmune disease. The awloimmune discase sulfering
patient’s abilily o suppress these autorcactive Tcells is
compromised, The autovaccine of the invention restores the
syslem {owards a normal irmmune sfate,

The awtovaccine is prepared by exposing the blood aliguot
10 at least one stressorn, m controlled amounts, the stressor
heing selected from among oxidizing agents such as ozone,
ultraviolet radiation and elevated temperature, and combi-
nations of fwo or more of sech siressors, The resulling blood
aliguot, afler such frealment, serves 4% an avlovaceine, and
can be reinjected into the autoimmune patient. Following a
course of such freatments, a patients signs and symptoms of
avtoimmune discase such as those of rheumatoid arthritis,
soleroderma and the Hke are markedly reduced. The subjec-
five reports of alleviation of symploms of theumalod arthri-
tis are consistent with objective measurements of relative
erythrocyte sedimentation rates, an objective fest accepled
as meaningful in measoring the progression of an astoim-
mune disease such as rhenmaloid artbritis, by the American
College of Rheumatofogy,

In preparing the autovaceine according fo the invention,
by maodification of a blood aliquot extracted Trom the patient,
the blood cells are stressed. This affedts the beal shock
profeins, HSP, contained in the celf. HSP-60 levels in the
monontclear cells are reduced, and are ncressed in the
plasma, Further, the level of HISPT72 present in the mono-
puclear cells is reduced. Also as a result of the process of the
invention, certain surface {membrane} profeins on the
tymphocyies, for example HEA-DR, sre reduced whereas
others, such as CD-3, do nol change and vet others such as
CD-11z in neutrophils are wpregulated, Accordingly it is
apparently not 2 pon-specific membrane change which is
occurring, nor 8 1 cell destroction. It is @ complex active
PIOCESS,
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On mrcroscopic visualization of the sulovaccine accord-
ing 10 the present invenlion, mononuclear cells with a
condensed apoptotic-like morphology can be observed, sug-
gesting the presence n the autoveccine of increased num-
bers of apoptosing cells capable of preferential phagocyiosis
upon reipgection, for appropriate presentation of the antigens
of the autoimmune disease, The effect of the treatment of the
present invention on the morphology of blood moponuclear
cells s illustrated in FIG. 1, which shows scanning clectron
micrographs of { A} mononuclesr cells from untreated hlood
and (BY monoesuckear cells from hlood treated according 1o
the method of the ivention. The blood cells were isolated
from whole blood by densily pradient centrifugation and
observed under scanping electron microscopy.

In the preferred avtovaccine in accordance with the
present invention, e number of moponuclear cells or
leneocytes exhibiting the presence of HSP-60 therein is
decreased, as does the amount of LISP-60 in cach cell, as
compared with the normal, untreated peripheral blood of the
source patien). Whereas the patient normally has, typically,
abou! 309 of monoouckear cells exbubiting the presence of
NSP-60 therein {as measwred by whole blood intraceliular
How cytometry), the avtovaccine has only 12-20%. In
clirdeal studies, it has been found tha! the figure reduces
from 29.3% to 15.5%, mean of six tests, Preferably also, e
number of lencoeyles exhibiling the presence of HSPT72,
which is about 30% in the untreated blood of the source
patient, 18 reduced o 25-35% in the awlovaccine of (e
present invention. In chinical studies, this figure Tor HSP-72
reduced from 49.4% in untreated blood o 30.2% ip the
arovaceine, mean of six tests, similarly measured,

The pumber of cells which express the cell surface
spectic protein HEA-DR, in the preferred anlovaccine of the
present inveniion, 1s reduced as compared with the patient!’s
untreated blood, possibly as a result of #s refease Trom the
cell surface, Typically, the pumber of cells expressing LA~
DR redoces from abou! 23% fo abou! 8-12%, a8 measured
by whole blood How cylometry. In clinical studies, this
figure reduced from 23.3% o 10.3%, mean of five experi-
mems.

The upregnlation of the surface marker C13-11a in the
preferred antovaccine of the presest inveniion can be
expressed as an iocrease in \he percentage of nentrophils in
the autovaccine which test positive for CD-11a, compared
with the patient’s source blood. Typically, the increase is
from about 10% up to the approximaie range 70-93%. In
chnical studies, an increase from 10.3% o B4% was
obtained, mean of siX fesis,

A sigmificant feature of the presen! invention 18 hat (e
source of the blood from which the autovaceine is prepared
Tor a specific patient suffering from an auntoimmune discase
s e patien! himself or hersell, The antigens forming the
basis of the autovaccine find their origin in {he patient’s own
blood. No exirancous amfigens are added; the effective
anfigens are present in the patient’s blood, andior are
released or modified by the process of preparing the auto-
vaccine using the patien!’s own blood a8 the source material,
Moreover, in many cases, e precise avlomnmune disease
From which the patient sulfers appears t0 be immaterial, The
antigens for the antovaccine for the disease are presen! in, or
are developed by treatment of, the patient’s own hlood,

Preferably, the stressors o whicl the lecocyles i (e
extracted blood aliguo! are subjected are o lemperalune stress
(blood temperatire above body femperatire), an oxidative
cavironmen!, such as a mixture of ovone and oxvgen
bubbled through the hlood aliquot, and ultraviolet radiation,
simultancously or successively, but preferably simulia-
neoushy.
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The preser! invention provides a method of preventing
and alleviating the symptoms of an autoimmune disease in
a luman, specifically atherosclerosis, which comprises:

() contacting of about G.01 mil to about 400 ml of blood
with an mymtne systemn modifying effective amount of
ozone gas and wliraviolet radistion; and

(b) administering the blood treated in step (a) to a human.

In another aspect, the present invention provides 2 method
of freating or prevenling atherosclerosis in @ mammalian
subject, comprising: (a} extracting an aliquot of blood from
the subject; (b)Y frealing the aliquo! of blood ex vivo with af
least one stressor selected from the group consisting of an
oxidizing agent, ultraviolet radiation and elevated fempera-
fure; and {0) admimstering the aliquo! of blood treated in
step (b} 10 the sabjec!.

In general, from about .01 mi to about 400 mi of blood
may be frealed according to the invention. Preferred
amous are in the range of ahout 0.1 ml o 200 ml. More
soilably, the abigoot for freatment bas @ voluoe of from
about 3.1-100 mis, preferably 1-50 ml and mos! preferably

alicuot of about 10 mls of blood with ozone gas and
wltraviotet radiation, then re-adminisiering the freated blood
{0 the patient by intramuscular imjecton.

As poted, 1t s preferred, according to the invention, o
apply all three of the sforementioped stressors simulta-
necusly 1o the aliguot under treatment. Cure must be taken
not o siilize an excessive fevel of the siressors, o the extent
ha! the cell membranes of the white cells are caused 10 be
disrupted.

The temperature siressor must keep the aliquot in the
Hquic phase, Le. from abowt (° C. 10 about 56° C. and should
not heat it above about 553° C. Any suitable source of heal
known in the art may be employed to heat the blood,
preferably one or more infrared lamps. Preferably the tem-
perature stressor warms the aliquot being treated, to 2
iemperature above normal body femperature, Lo, 10 abount
37-55° €., and most preferably from about 3743 C eq
about 42.5° € Preferably the lemperature of the blood
alicpuot is maintained at this elevaled temperatire during the
reatment with UV/iozone,

Afbternatively, the blood sample 18 hested wihile being
subpected to UV radiztion, until the blood reacties a prede-
fermtined temperature (preferably abou! 42.5° CJY, af which
poinl hubbling of ozone gas through the bleod is com-
menced. The concurrent UViozone freatment is then main-
{gined for @ predetermined period of tme, preferably about
3 minales.

Another aliernative method involved subjecting the blood
10 UViozone while heating to a predetermined lemperature
{preferably aboul 42.5° (1), then either ending the treatment
once e predefermined temperature 18 reached, or conlinu-
ing UViozone treatment for a further period of fime, mosy
preferably about 3 minufes.

The application of the oxidative stressor preferably
involves exposing the aliquo! 10 & mivture of medical grade
oxygen and ozone gas, most preferably by bubbling (irough
e aliguot, af fhe aforementioned temperafure range, 2
stream of medical grade oxygen gas having 0zone as 2 minor
componen! therein. The ozone gas may he provided by any
converfional source koown in the arl. Suitably the gas
stream has an ozone content of from 0.5-10G ppimi, or abouy!

alicuot at a rate of From about G.O1-2.0 Hters per minute,
preferably 0.1-1.0 hiers per mintte and mos! preferably af
abopt 012 liters per mimule (8TH).
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The uliraviole! radiation stressor is suitably apphed by
irradiating the aliquot under freatment from an appropriale
souree of UV radiation, while the aliquot is maintained al the
aforementioned femperature and while the oxygen/ozone
gaseous mixlure 18 being bubbled through the aliguot. The
ulraviolet radiation may be provided by any conventional
source known in the arl, Jor example by o plarality of
low-pressure ultravielet lamps, The method of the invention
preferably utilizes a standard UV-C source of uliraviolet
radialion, pamely UV lamps emitting in the C-band
wavelengihs, 1.e. at wavelengths shorler than shbow! 280 mn.
Ultraviolet radiation corresponding 1o standard UV-A and
UV.B sources can also be used. Preferably employed are
low-pressure sitraviole! lamps that geperate a Hne Spectrum
wherein af leas! 90% of the radiation has & wavelength of
aboul 2537 am. Au appropriate dosage of such UV
radiation, apphied simultancously with the aforementioned
temperatire and oxidative environment stressors, is obfained
from lamps wilh 2 power output of from about 15 1o about
25 watls, af the chiosen UV wavelength, arranged 1o surrcund
the sample container holding the aliguoy, cach lamp provid-
ing an intensity, at a distance of 1 meter, of from about
4565 mWisqom. Several such lamps surrounding the
sample botlle, with a combined oulput at 253.7 nm of 15-25
watts, operated al maximum inlensity, may advaniageously
be used, Al the incident swrface of the blood, the UV energy
supphied is 0.2-0.25 Joules per cm”. Such a treatment
provides a blood aliguo! wihicll s appropriately modified
according to the invenlion to create the autovaccine ouilined
above ready for re-injection into the patient,

The time For which the aliquot is subjected to the stressors
can be From 2 few seconds to about 60 minufes. ¥ is
normally within the time range of from about G.5-60 min-
wies, This depends 1o some extent upon the chosen iniensiy
of the UV irradiation, the temperature and the concenlration
of the rate al which the oxidizing agent is supplied to the
aliquot. The more severe the stressors applied to the aliquol,
generally the shorter time for which they need 10 be apphied.
Some experimeniation 1o esiablish optimum {imes may be
necessary on the part of the operator, once the other stressor
evels have been set. Under most siressor conditions, pre-
ferred fimes will be in the approximate rapge of about
(.5-10 minstes, mos! preferably 2-5 minvles, and normally
around 3 minuies. The starting blood temperature, and the
rate at which # can be warmed or cooled to a predelermined
temperature, tends to vary from patien! to palient,

in the practice of the preferred process of the present
inveniion, the blood aligoo! {or the separated cellular frac-
tions of the blood, or mixtures of the separated cells,
including platelets, these various lencocyle-containing
combinations, along with whele hlood, being referred o
cotlectively throughou! @s the “aliquot”™) may be treated with
the siressors using an apparaios of the type deseribed in U S,
Pat. No, 4,968,483 Muclier. The aliguot is placed in a
suitable, sterile, UVeradiation-transmissive container, which
i then fitted into the machine. The temperature of the aliquot
1% adjusted 10 the predetermined value, e 42.5% ¢ by the
wse of a suitable beal sovree such as an IR lamyp, and the UV
Jamps are switched on Tor a lixed period before the gas How
is applied 1o the aliquot providing the oxidative siress, 10
altow the output of the UV lamps to stabilize. Then the
oxygen/ozone gas minture, of known composition and con-
trodled Pow rate, is applied to the alicuot, Tor the predeter-

and most preferably about 3 minutes as discussed above, 50
that the aligeo! experences all three stressors simuolia-
neously. In this way, the blood aliquo! 8 appropriately
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modified 10 produce an astovaccine according (0 the presen
mvention sufficient to achieve the desired effedts.

Example 4 below supports the finding that the method of
reating blood according to the invention has an immune
modifying effect. In particslar, freatment of blood with
UViozooe has been found 10 increase the expression of
activation markers on the swiace of the lymphoeytes,

Thus, the invention also provides a method of stimulating
or aclivaling the immine syslem in a human by conlacling
about 0.01 mi 1o about 400 mi of blood from & human with
an immune system-stimuolating effee! amount of ozone gas
and ulraviole! radiation, followed by administering the
greated blood to 2 human. It is believed that this stimulation
or aclivation of the immune system may have the effed of
prevending and alleviating atherosclerosis, Similarly, (he
ivention confemplates & method of treating an existing
immupe sysiem disorder in a human, in particular
atherosclerosis, by contacting about 0.91 mi to about 400 mi
of blood from & buman will an immune system-stimalaling
effective amoun! of ozone gas and uliraviole! radiation,
followed by administering the freated hlood 10 a human,

The immune system disorders which may be freated by
{his method include allergic conditions, agfoimmune
conditions, and inflammatory conditions. Specific immune
systern disorders which may be treated according 1o the
mvention inchide rheumatoid arthrifis, scleroderma, diabe-
tes mellitus, organ rejection, miscardage, multiple sclerosis,
inflammatory bowel disease, psoriasis, and other inflammma-
fory disorders. The discoveries of the present inven!ion may
also be applied to treat anloimmune diseases which manifest
as infertility, including endometriosis. It is also effective in
reatment of atherosclerosis, which can be regarded as an
autoimmune discase of the vascolature.

The invention is further described for iHlusirative purposes
with reference to specific examples of pre-clinical and
clinical use of it and objective and subjective results Trom
such uses.

SPECTFIC DESCRIPTION OFF TIiE MOST
PREFERRED EMBODIMENTS

EXAMPLE ]

Thirty patienis with active rheamatoid arthritis, 21
females and 9 males, were treated by the preferred process
according 1o the present invention. The age range of the
patients was 26—72 vears, with the mean age 52.2 years, af
the start of the study. Each patient received between 30 and
60 individual treatments {mean 48.3 treatments} over a lime
span of 62 weeks {mean 20.6 weeks). Hach individual
greatment consisted of the removal of 10 2 ml. aligeot of
blood, the freatment of e blood aliquot simuhancously
witll gaseons oxygen/ozone mixture and wliraviole! light af
clevaled lemperature wsing an apparalues as generally
described in the alorementioned US. Pal. No, 4,968,483
Mucller et al

The copstifution of the gas mixtore was 1415 meg/mi.
oponemedical prade oxygen. The gas mixture was fed
through the aliqued at a rate of about 200 mLs/minute, for a
period of 3 minuies. The femperature of the aliguot was held
steady at 42.5° O The UV radiation has a wavelength of
2537 nm.

Post freatment meastrements were conducted 1 day fo
nine months alter the Bnal treatment of each patient (mean
12.4 weeks). Blood samples were taken and analyzed for
leucocyies, ervibrooyte sedimentation rate, rheumatoid fac-
for and C-reactive protein, vsing slandard fes! procedures.
The erythrocyle sedimentalion rate and C-reactive profein
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are elevated In most milammatory condilions mwehuding
rheumatoid anthritis, and Rheumatoid Faclor is elevated in
most cases of theumatoid arthritis as well as in some cases
of corfain other awfoimmune discases, White blood eell
cour, eryibrocyte sedimention rale, thepmatoid factor and
Crreactive protein afl showed sigoifican reduciion aller the
course of treatment. Particnlarly noteworthy is the signifi-
cant reduclion in erythrocyte sedimentation rate, an indica-
tor of rheumatoid arthritis improvemen, accepted by the
American College of Rhenmalology.

in addition, patients were raled by medicsl personnel
subjectively, for the apparent severily of their rheumatoid
artbritis sympioms, belore and afler the courses of treatment,
on a scale of 3 {very bad) to 1 {excellent). Again, 2 marked
improvemen! in cach case was reported,

The mean resalis are given 1 Table 1 below.

TABLE ¥
Clinteal Normai Pre-Trestment  Post-Treatsent Paired
Measuements Ranges {Mean = SEY) {Mean = 8D} T Hest
Syanom ERE Y e x s pehi0
Hatiag
Taneeyies, 400 31168 = 283 B e 300 pefiiiil:
1L 304}
Erythrocyie 2 Ani w204 280 = 3AT peniio:
Seel. Rale 1
Tee {rvaes)
Rlemaloid = HH] 1T TR 957 » 674 peiniil
Faoinr iu
C-Reactive =1.0 A28 & 362 A3 & 344 peri0n

Prolein mgt.

EXAMPLIL 2

Four patiens witl primary Raynaed’s disease were given
a course of therapy according to the invention, In an open
cHuical trial performed at St Bartholomew’s Hospital,
fondon, uader properly controlled apd supervised condi-
tions. AH four patients showed alfeviation of their sympioms
following treatoien,

An investigation of an anioimmune componen! of the
discase in these paticnts demonstrated high levels of auto-
antibodies specific for HSP-60 and HISP-65 in one patient.
The levels of these avlo-antibodies in s patient are shown
on FiG 2, from which 1 can be seen that the levels
decreased markedly Tollowing a course of therapy. The first
course of treatment, indicated “17 on FIG. 2, consisted of 9
treatments cardied out over 14 days. Furthermore, the levels
of these anto-anibodies began 10 increase again some weeks

later, and were again lowered following a second course of -~

therapy. The second course of reatment, indicated “27 on
FIG. 2, consisted of 5 treatments carded out over 10 days.
These date suggest that therapy with blood treated according
o the inveniion, Le. the astovaccine described herein, may
reduce an aioimmune response a8 evidenced by a reduction
of anto-antibodies in a freated patient.

EXAMPLE 3

‘The belper Tlymphocevie subsets THE and TH2 have been
meastred in 13 pormal confrol volunieers and in fwo
patients suffering from the astoimmune disease sclero-
derma. The ratio of THIITIEZ in the controls, as measured
by intracellular cytokine flow cytometry, was Iound o be
3.0294/-0.639 (mean+/~standard deviation). The patients
with scleroderma bad THITHZ ratios of 5.0 and 458
respectively, most likely, indicating an increase in the TTH]
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population relalive to the TTH2 population. Io inflammatory
pathologies such as many autoimmune discases there is g
relative increase in the THI cells; therefore B was t0 be
expected that this ratio would be higher in these patients than
in the bealthy conlrol individuals.

foltowing @ course of therapy with blood (reated accord-
ing to e invention {Le. the autovaceine described herein),
the THITIIZ ratios in these patients was 3.29 and 3.13
respectively, e, the ratio had approached the pormal range.
These data sugges! tha! therapy with blood treated according
{o the presest invenlion may redice an aplOimpne
response as evidenced by a relative increase in the TH2 cells.

EXAMPLE 4
Staining of Aclivalion Markers

This example illustrales s experimental approach which
indicates that treatment of blood with UViozone according
{0 {he invention has an imoaoe-stirmslatory effect on buman
blood, as evidenced by an iocrease in cerlain aciivalion
markers on the swrface of the treated monomaciear cells,

Samples (20 mb of peripheral blood were taken from
inctividuals, Hach sample was divided into two aliquots, The
first aliguot was trealed according {0 the inventlive
fechnigue, as follows:

The 10 mi aliquot was treated fn vivo Tor three minutes
with ozone gas {variable ozone concentration of 3.50 ug/m1}
anct nifraviole! light (253.7 nm), at 2 temperature of 42.5° C.
An apparates simifer 0 that disclosed i US. Pal. No.
4,968 483 was uiihized to carry out the (realment of the blood
sample,

The secomt 10 mi aliquot From each sample served as an
urtreated comrol,

Each blood sample was stained for certain aclivalion
markers of THymphocytes ssing conventional monoclonal
antibocdy techniques. The proportion of the total cells which
stained positive Tor the individual markers was guantitated
by microscopy. The resulls are shown in Table 2 below:

TABLE 2

Marker Control OrroaefIV Treated

2R {HL-2 reaeplon)
{Feroselie Teceplor}

The above data for (his example are all means of
duplicales, and indicate that (reatment with UV/ozone
according to the mvention resulis in the activation of
T-tymphocyies.

EXAMPLE 5

Model

The purpose of the experimen! is 1o delermine the elfects
of freatment according the present invention on the devel-
opment of atherosclerosis in the LDL receptor (LIDL-RY
deficient mouse model, 2 widely used transgenic atheroscle-
rosis model created by fargeled disraption of the LD
receplor. This anmimal model s apalogouws 1o familial
bypercholesterolemia, an inberiied condition in which a
mudation results in complete Jack of Tunctional LDL-R. In
the human disease, homozygous individuals demonsirate a
marked increase in serum cholesterol and develop severe
premature atherosclerosis, offen sucenmbing o this disease
at ap early age. In patients with this discase, currently used
lipid lowering agents do not have a significant effect in terms
of lowering cholestero] levels.

The LIL-R deficien! mouse model shiows infolerance o
chotesierol feeding and develops widespread atherosclerotic
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changes which progress o mature fbrous lesions morpho-
Jogically indistingnishable from established human athero-
sclerosis. Apart Trom the defined genetic abnormalily caus-
ing predisposition fo atherosclerosis, this model has the
advanlage of rapid development of widespread atheroscle-
rosis within 6 to 8 weeks following institution of cholesterol
Teeding.
Protoco]

1DL-R deficient mice were purchased Irom Jackson
f.aboratories. A tolal of 20 mice were entered into the study
al 22 weeks of age, and 15 mice compileted the study. The
length of the study was 8 weeks. The mice were maintained
on & 12 hour dark/12 hour light cyele with free access o Food
and water, and were fed a specified diet as follows, A control
group comprised of 5 animals, all of which completed the
stucly, received 2 normal diet, The high cholestero] group
comprising 15 anpimals, of which 10 completed the study,
were fed a diel containing 1.25% cholesterol, 7.5% cocoa
butter, 7.5% casein, and 0.5% sodivm cholate, To ensure
proper food intake, food comsumption and snimal weight
were momiiored on a weekly basis, In previous experiments,
it was demonsirated that 8 weeks of feeding with the high
cholesterol diet resulls in substaniial alherosclerosis
development, particotarly in the sorlic arch and the descend-
ing thoracic aoda,
Treaiment

Ten of the apimals fed the high cholesterol diet were
setected al random to undergo a course of frealment by the
preferred method of the invention. Six of the treated animals
completed the study, 11 is 10 be noted that the four deaths in
this group were nol in any way related 1o the treatment, but
occurred eardy in the study as a result of fighling among
animals which were housed together during the siudy, The
otber five animals on the high cholesterol diet underwent a
course of sham treatments, and four survived the protocol.

The treatments began Tour weeks afler initiation of the
stucly, with cach of the animals on the high cholesterol diet
receiving a lotal of 10 freatments (2 courses of {reatment of
1 imjection per day for 5 days, the 2 courses of {realment
separated by two days, Le, 19 injections over a period of 12
days). Each individual treatment administered o the animals
treated by the method of the presen! invention consisted of
the collection of 10 mi of blood from genetically compatible
donor animals fed on 2 normal diet, the blood being col-
Jected inlo sodinm cilrate anticoagulant, In order fo collect
cach 10 mi aliquot of blood, ahout 1 mi of blood was
extracted from each of 10 animals. The blood was extracted
by cardize punclure, wilh the apimals being under ol
xylazinekelamine anesthesia during the blood extraction

procedure, and being giver 1261 immediately following 5

extraction. The blood aliguot was transferred o 2 sterile,
disposable, low-density polvetbylene vessel for ex vive
treatment, and was then treated simullancousty with a gas-
eous oxXygen/ozone mixtwre and vliraviolet light at elevated
temperalure using an apparais as genperally deserbed in
aforementioned UK. Pat. No. 4,968 483 1o Mucller ¢! al,

The constitlion of the gas mixture was 145210 ug
ozone/m, with the remainder of the mixture comprising
medical grade oxygen. The gas mixture was bubbled
through the alguot af a rate of 240224 mi/min Tor a period
of 3 minutes, The femperature of the aliguot was held sleady
al 42.521.0 ° C. The UV Lght was within the UV-(C band,
and mncluded a wavelength of 253.7 nm.

After treatment by the preferred method of the present
invention, 30 g of the treated hlood was re-injected intra-
rrnscdarty info each animal wodergoing freatment accord-
ing o the present inveniion,
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in the sham {reaiments, 30 gd of ontreated blood was
injected inframuscularly into each of the remaining five
apimals on the high cholesterol diet.

Assessment of Atherosclerosis

After 8 weeks, the animals were anesthetized with
rylaxine/hetamine and the bear! was exposed. Aller nicking
the vena cava 10 obfain blood samples, the animals were
perfused via ventricular puncture, first with PBS to Hushout
the blood and then with 109% nevtral bulfered Formalin for 3
mingies to fix the sorta. The thoracic aorla was dissecled
away from the thorax en bloc and stored o 10% formatin &
47 . Pressure-fixed {10% Tormalind aortae were removed en
Boe and opened to allow 2 Jongituding] Tull length foversion.
The aortae were then mounted internally exposed on glass
slides and stained with o red O, The bright! red staining
{indicating lipid deposition) was then quantificd using a
compuier assisted morphometric system, and expressed as 2
percemage of total aortic intimal surface.

Plasma Lipid amd Lipoprotein Analysis

fipoprolein profifes were oblained by mesns of Fast-phase
Hauid chromatography with a Superose 6B column. 200
aliquots of plaelet-poor plasma from cach animal were
toaded onto the column and eloted with TSE bulfer at 2
constan! How rate of .35 mlimin. An aliquot of 80 g from
cachl fraction wis used For the measarement of total choles-
serol minus eaterified cholesterol. Total cholesterol and
trighveerides in plasma samples and column fractions for 11
representalive apimals were measured by an enzymatic
method establisbed in the lipid research groop at 81, Micha-
el’s Hospital, Toronto,

Stafistical Analysis

Continuous variables are reported as meansSD. Differ-
ences in cholesierol tevels and iriglyeeride fevels among
groups were fesled by student’s t-4est. Differences in ath-
erosclerotic lesion area among groups were fested using the
one-way ANOVA tes! in conjunction with the Bonferroni
correction.

Results

FIG, 3 idtnstrates two foll length aorfae stained with ol
et O to detect lipid deposition and plague Tormation inside
the arteries. The animals which received the high cholesterol
diet and the sham treatments exhibited substantial aortic
tipid deposition {aorda 1 in FIG. 3}, with 2 ralio of sthero-
solerotic ares (AAY 1o tolal area {TA) being G.162G.1. In
comparisen, those animals which were treated by the pre-
ferred method of the present invention showed 2 profoundly
reduced fevel ol aortic Hipid deposition (aorta 2 in G, 3),
witlt AASTA being 0042002, These ratios are sigmfbicantly
different, with p<(.05. In the animals which received the
normal diel, no signilicant atherosclerolic changes were
observed.

in addition, the animals which were (rested according fo
the preferred method of the present mvention were observed
10 have hetter general appearance, reduced skin xanthoma-
osis (evelids, nose and paws), reduced lmb swelling, and
betier appetite than the onireated animals which received the
high chiolestero! diet.

To Furiber iHustrale the effecis of the method of the
present invention, sections of aortac obtained from animals
in this example were immunostained for MOMA-Z, a
marker of inflarnmatory monocyie/macrophages. These
results are Husirated 1o FIGS . 4 {normal dien), 5 {13 diet-no
reatment) and 6 {130 dict-treated), No staining is seen in
F3G. 4. Staining is visible in both FIGS. 8 and 6, indicating
that the majority of cells in the neointima of the animals
which received the bigh cholesterol die! were monocyie/
macrophages. However, @8 seen by comparing FIGS. § and
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6, agirnals that had been irealed by the metbod of the
mvention showed a marked reduction in the amount of
plaque deposition, and therefore also show a decrease in the
overall pumber of monocyte/macrophages. This indicales a
reduciion in astoimmung/infammatory processes in the
plague of treated compared to control animals,

The measurement of the cholesterol levels among the
different groups of apimals showed that the total serum
cholesterod level did not change significantly in the animals
which received the normal diel, bt was markedly inereased
in the ammals receiving the high cholesierol diet, s
marked increase ocenrred both in the sham treated group and
tor a lesser extent in the group which received the freatments
according 1o the preferred method of the present invention,

The measured frighveenide levels were also higher in the
animals which received the high cholesterol diet, as com-
pared 10 the apimals which received the normal diet
However, among the animals which received the high cho-
lesterod dhet, the incresse in iriglveeride levels was much
greater in the sbam (reated group than in the group which
was realed according o the preferred method of the present
invention,

The measured cholesterol and Irighyeeride levels, and the
average cholesterol and trighyeeride levels for cach group,
are shown below in Table 3.

TABLE 3
CHOLESTERGL  TRIGYLCERIDES
GROEP ANIMAL {mM) {mM)
Freated 1 (.35
Freated 2 .33
Freated a 0348
Freated 4 0,537
Average {14 .35 = 304
Counteod 4 0,341
Cunteod 7 0,247
Conlrol & 044
Averape (6-8) 0.3G & 403
H EHet 13 0687
HC EHe 12 0724
BT 14 (.48
HC Biet 14 1.4636
Aversge (11— 46 & 508
14}

in Table 3, the “Treated” group of amimals received the
high cholesteral died amd were frested according o the
preferred method of the present invention, the “Control”
animals received the normal diet and no trealment, and the
“LEC iet™ animals received the high cholesterol diet and the
stiam freatiment.

EXAMPLL 6

in this stucdy, LR deficient nrce were divided info
groups and studied using the following protocol:

Group A {control}--fed a normal diet as in Example 3;

Groop Bl—fed a high cholesterol diet as deseribed
Example 5 for 8 weeks;

Group B2—Ted a high cholesterol diet as deseribed in
Example 5 Tor 12 weeks;

Group Cle-Jed a high cholesterol diet as deseribed in
Example 5 Tor 8 weeks, and tfreated by the preferred
method of the present invention as described in Example
5 al 4 weeks of dictary intervention; and

Group C2—fed a high cholesterol diet as deseribed in
Example 5 Tor 12 weeks, and treated by the preferred
method of the present invention as described in Example
5 o 8 weeks of diefary interveniion,
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for each group of apimals, atherosclerofic area was
assessed at either 8 or 12 weeks according 10 the methad
described in Example 5 under the heading “Assessment of
Atherosclerosis”, As demonstrated by measurenien! of ath-
erosclerotic area, the animals of group B {high cholesterol
dic! alone) exhibited substantial aortic Hpid deposition, with
group B animals having levels of 0.1620.1 at cight weeks
and group B2 animals having levels of 017207 a1 12 weeks
of dictary infervention. o contrast, the antmals of group ©
{high cholesterol diet with freatmen! according o the
invention) exhibited profoundly reduced lipid deposition,
with growp C1 animals having levels of 042002 {p<0.05}
at eight weeks of distery infervention, and group U2 aninrals
having levels of 0042002 {p<0.01} at twelve weeks of
diglary intervention.

The animals of group C also exbibiled & marked reduction
in xardbelssma and Hmb swelling a8 compared 1o ammals of
group B.

‘Total lipoprotein profiles were measured as in Example 5
by Fasi-phase liguud chromatography and an enzyme-linked
assay. The results of this analysis showed that the ammals of
group B {high cholesterol diet alone} had markedly
mcreased lovels of tolal serum cholesterol (CHO 46.71x3.61
mM} as compared 1o control group A {CHG 5. 1207 mM}
The apimals of group C did not show & signficant reduction
in cholesterol {C1H0 44,6922 83 mM,; p=0.27 for Bvs. Cas
compared 10 the animals of group B

As shown m shove Examples 3 and 6, the treatment
according 10 the present invention substantially infnbited the
development of atherosclerosis in a mouse model of human
familial hypercholesterolemia. In addition o substantially
rechicing the development of atherosclerosis at an early stage
amd inhibiting the progression of established atherosclerotic
lestons, the treatmen! according to the prelerred method of
the presen! invention was shown 1o cause regression of
existing atherosclerotic lesions. This can be seen Tor
example by comparing the resulis for the animals of sub-
groups Bl and €2 in Example 6, which show that existing
plague depositg at week eight of a high chiolestero] diet are
recduced by about 75% when the animals are (realed at week
gight according o the present invention. These improve-
ments in cardiovascular health were accompanied by
improvements in the anpals’ general overall appearance
amd appetile.

fFurthermore, Example 5 indicates that the method of the
vention also achieved about a Torty percent reduction in
otal serum cholesterol and a significant reduction in trig-
tyceride levels, However, Example 6 demonsirates (ha! the
retardation in progression and regression of atherosclerotic
plagques is nol necessarily accompanied by & significant
recuction in serum lipid levels,

As discassed above, atherosclerosis has a significant
immune-modulated inflammatory component. H s therefore
believed tha! the abilty of the metbod of the invention o
prevent and treat atherosclerosis is af least partially due fo ifs
anti-inflammatory action, and in particular #s ability to
produce an incresse in the TH2 cells andior 2 decrease in
THI cells in the blood of treated subjeots, a8 demonsirated
in Example 3. As previously discussed, @ relative increase in
Ti2 cells which seccrete anti-inflammalory cyiokines, rela-
ive fo TLi1 cells which secrete mllammatory cytokines,
would be expecied to redoce an aBiOIMMENE rESPORSE.

Althougl the invention has been described with reference
to specilic preferred embodiments, i will be appreciated that
many variations may be made to the ipvention without
departing from the spirit or scope thereol. All such modifi-
cations are intended o be included wittin the scope of the
Following claims,
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What is claimed s

1. A method of inhibiting the development of atheroscle-

rodic plagues in 2 mammalian subject, comprising:

(a) identifying 2 subject in peed of inhibiting the devel-
opment of atherosclerotic plagues;

(b} extracting an aliguot of blood from said sabject;

(¢} modifying the extracted blood aliguot extracorporeally
by subjecting # o about G.5-100 gp/ml of ozone gas
and ultravicolet radiation at 2 tfemperature of from about
0° . to about 36% () 50 as to create in the blood
alicuot, in comparison with an equal volume aliguot of
the subject’s womodified blood, at least one of the
following distinguishing features:

{B) increased mumbers of leukoeytes exhibiting a con-

densed apoptotic-like morphology;

{11) & reduction in the number of leskooyles expressing
the MHC Cliss 11 leskooyte cell surface specific
protein HEA-DR;

{iii} an upregulated expression on levkooyvies of the

CI3-11a cell surface marker;
and re-ipjecting the blood shiquot so modified o the
subject, thereby intbibiting the development of atheroscle-
rotic plagues in said subject.

2. Fhe method of claim 1 wherein the aliquot size is from

G.01-400 ml.
3. The method of claim 2 wherein the aliquot size 18 from
150 mid.

L

0

18
4. The method of claim | wherein the ozone gas amd
ultraviolet radiation are applied to the blood aliguot
simtaneously, whilst the blood aliquot is at a femperature
of from 37-55° (.

5. the method of claim T wherein the ozone is adminis-
tered as a gas siream in admixture with medical prade
oxygen af a rate of from G.01-2.0 Hiers per minute (811,
over a period of 0.5-60 minutes.

6. The method of claim § wherein the blood aliquot 18
treated with ozone and nltraviolet radiation at a temperatire
from 37-43° C, for a period of from 2-5 minutes, the
ozoneioxygen mixiure being supplied at a rate of from
0.1-1.0 Hters per minute, with an ozone content of from
550 pgiml.

7. The method of elaim 1 whereln the vliraviolet radiation
is supplied from at least one ultraviolet lamp emitting in the
C-band wavelength.

8. The method of daim 1 wherein the ultraviolet radiation
s obtained from wlraviolet lamps emitting at least about
90% of ultraviolet radiation of a wavelength of about 2337
nm.

9. The method of claim 1 wherein the extracted blood
alicuot is extracorporeally treated 50 a5 10 create in the
sobject, @ decrease in the ratio of THITHL cells,
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INRIBITION OF GRAFT VERSUS HOST
DISEASE
FIELD OF THE INVENTION

This mvention relates (o cellular compositions vseful in
medical freatments, processes for thedr preparation and their
uses i medical trealments, More specifically, it relates Lo
cellular compositions uselul in alleviation of complications
following allogeneic bone marrow {ransplantalion, namely
gralt versus host disease in mammalian patients, especially
in human palients, and © processes for preparation of such
compositions of matfer,

BACKGROUNID OF THE INVENTION

Bone marrow {ransplantation, BM'T, ik indicated follow-

ing a process which destroys bone marrow, For exumple,
FoHowing intensive systemic radiation or chemotherapy,
bone marrow is the first targe! to fail, Metastatic cancers are
commonly treated witl very indensive chiemotherapy, which
is inlended io destroy the cancer, but also effectively
destroys the bone marrow. This induces 2 need Tor BMT,
feukemia is a bone marrow malignancy, which is often
treated with BMT afler chenothierapy andior raciation has
been ptilized to eradicate malignaent cells, BMT ik currently
wsed for treatment of leukemnias which are Ife-threatening.
Some autoimmune discases may be severe enough (o require
obliteration of their native immune sysiems which includes
conconiian bone marrow obliferation and regoires subse-
gquer bone marrow {ransplantation. Alleviation of aony but
the most acafe Hfe-threatening condilions involviag bone
marrow disorders wilh BMT 15, however, generally regarded
as {00 risky, because of the likelihood of the onset of graft
versus host discase.

Grraft-versus-hos! disease, GVHLD, is an immunological
disorder {hal 18 the major Faclor that Hmis the stecess and
availahility of allogeneic bone marrow or stem cell frans-
plamtation (collective referred o herein as allo-BMT) for
treating some forms of otherwise incursble hematological
malignencies, such as leskemia, GVHD s @ systemic
inflammatory reaction which canses chronic iHoess and may
Jead to death of the host mammal. Ar present, allogencic
transplants invariably run a severe fisk of associaled GVIID,
even where the donor bas a high degree of bistocompatibil-
ity with the host

GVIID is cassed by donor Teells reacting against sys-
temically distributed mcompatible host antigens, causing
powerful inflammation. In GVELD, matare donor Tecells that
recognize differences between donor and bost become sys-
temically activated. Corrent methods 10 prevent and freat

VD involve administration of drugs such as J

cyclosporin-A and corticosteroids. These have serious side
effects, must be given for prolonged periods of time, and are
expensive {0 administer and 10 montor. Atfemnpls bave also
been made 10 vse T-cell depletion 10 prevent GVHD, but this

requires sophisticated amd expensive Tacililies and expertise, -

Too great a degree of Tcell depletion leads o serous
problems of fatlore of engrafllment of bone marrow stem
cells, falure of hematopoiehic reconstittion, infections, or
relapse. More Hmiled F-eell depletion leaves behind cells
that are still competent to initiate GVHD, As 2 result, current
methods of treating GVIID are only successful in limited
donor and host combinations, so thal many patients cannot
be offered polentially life-saving lrealment.

BRIEF REFERENCE TO THE FRIOR ARYT
infernational Patent Application No. POT/CAST/00564
Bolton deseribes an antovaccine for alleviating the symp-
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foms of an autoimune disease g mammaliag paliend,
comprising an aliquot of modified blowd obtained from the
same patient and freated extracorporeally with uliraviolet
radiation and an oxygenfozone gas mixiure hubbled
therethrough, at an elevated lemperature {42.5° ), the
autovaccine being re-administered 1o the same patiend after
having been so freated.

H is an object of the present ipvention o provide a process
of alleviating the development of GVIID complications in 2
mammalian palient vodergoing allo-BMT procedures.

SUMMARY OF T INVENTION

According {o the presend invenlion, 4 paliend being (realed
by 2Ho-BMT is administered 2 composition containing
Ticells oblained from an allogencic donor, said Teells
having been subjected in vitro 1o oxidative siress 10 mluce
{herein decreased inflammatory cyiokine production
coupled with reduced proliferative response. H appears that
such oxidatively stressed allogeneic Ticells when injected
inte 2 mammalian patient, have a down-regulated immune
response and @ down-regulated destructive allogeneic
response agains! the recipient, so thal engrafiment of the
hematopoictic stem cells, administered along with or sepa-
rately from the stressed Fecells, can take effect with signifi-
canily reduced risk of development of GVEID. The popula-
fion of stressed T-cells nevertheless appesrs 10 be sble 1o
exeri # sufficiend profective effect on the mammalian system
1o guard against Tailure of engrafiment and against infection,
whilst the hemalopoietic system is undergoing
recons{iffulion, &l least in pard, by proliferstion and differen-
{tation of the allogeneic steny cells,

Oge aspect of the presend invenlion provides, accordingly,
a process of realing a mammalian patient for alleviation of
2 bone marrow mediated disease, with alleviation of conse-
quently developed grafl versus host disease {GVHDY, which
comprises administering 10 the patiend allogeneic bemato-
poiedic stem cells and allogeneic Troells, al least a porlion of
said Tecells having heen subjecled o oxidative stress in
vitro, prior to administration o the patient, so as 0 induce
an altered eyviokine production profile and 2 reduced prohf-
craive response {herein.

Agother aspect of the present invention provides a popu-
tation of mammatian T-cells, essentizlly free of slem cells,
said Tcells having been subjected in vitro o oxidative stress
s0 as o induce in said cells an altered eviokine production
profile and a redoced profiferative response.

A further aspect of the presen! invenlion provides a
process for preparing an allogencic cell population for
acdministration 0 2 human patient sulfering from & bone
marrow mediated discase, which comprises subiccting, in
vitre, 4 population of donor cells enrichied in Tocells o
oxidative stress o induce in said Teells an allered cytokine
production profile and a reduced proliferalive response.

BRIEF REFERENCE TO THE DRAWINGS

FIGS. 1 and 2 of the accompanying drawings are graphi-
cal presertations of restlis obtatned according 10 Example 3
below,

$1¢3. 3 15 a depiction of the resulis obtained from Example
4 below,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The process of the presen! invention mmvolves an infial

collection of bematopoietic slem cells and T-eells from a
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donor. The preferred souree of such cells s mobilized stem
cells and Twells from the peripheral bload of the donor
Stem cells are present in very small quantities in peripheral
blood, and one preferred way of operaling in accordance
with {he Imvention 18 10 eorich the stem cell population of the
donor’s peripheral blood, and then o extract the donor's
peripheral Mood for use as a source of stem cells and Toells
for treatmen! a8 described and subsequent injection info the
palient. Egrichiment may be achieved by giving the donor a
course of injections of appropriate growth factors, over
several days eg. five days prior 0 extracting peripheral
blood from the donor. Appropriate cell Fractions can be
collected from the blood by levkopheresis, @ koown
procedure, as it is extracted, with the plasma and red cells
being returned to the donor, in a closed flow system, The
white cell collection, which contains the stem cells {about
3% and Treells {about 409) along with B-cells, newtrophils
and other while cells, may be treated to aller their oytokine
prochuction profiles and 10 reduce the proliferative response
of the T-cells therein, and then adminisiered to the host
patient, in accordance with the invention, as a2 whole col-
lection of cells (peripheral blood mononuclear cells).
Preferably, however, the donor T-eells are separated from the
other cells, so that only the Tcells are subjecied 1o oxidative
siress and then administered 1o the patient, with the stem
cells for engraliment being administered to e patient
separately From the (reated T-cells. For practical purposes,
however, subjection of the colleciion of peripheral blood
mononuclear cells to the stressors is satisfaclory, without
Turther Tractionation to isolate the Tecells, which is a ditheult
and expensive procedure. Separate admimstralion of stem
cells s strongly preferred.

H Tor some resson 1t is desired 1o sabjec! the enlire while
cell eollection 1o oxidative siress to induce the aforemen-
tioned changes in the Tecell portion thercof, and then admin-
wier the enlire collection to the patient, it i preferred 1o
protect the stem cells from any damaging elfects of the
oxidative stress in a2 manner described helow.

In an aMernative, bul less preferred, procedure, whole
bone marrow of the donor can be used as the source of
T-eells and steny cells Tor the process of the invention. Whole
bone marrow has in the past been the vspal source of cells
Tor allogencic cell fransplantation procedures, and can
indeed be used in the present process. It is however an
inconvenient and uncomiortable procedure for the donor,
requiring anaesthetic and lenglhy extraction procedures.
Agy source of T-cells and stem cells from the donor can be
used in principle, bul peripheral blood enriched in stem cells
and Tcells is the most clinically convenient.

The alteration in eytokine production profile induced in
the f-eells in the process of the invention is preferably a
reduciion in production of inBlammalory eviokines, sucl as
inferferon-y and tissue necrosis facior-cL.

The oxidative siress may be applied 10 the Tcells by
subjecting them to an oxidative epvironment such as the
addition of & gaseous, liquid or solid chemical oxidizing
agent (ozone, moleculir OXygen, OZone/OXygen gas
mixtwres, permanganates, perodales, peroxides, drags act-
ing on hiological systems through an oxidative mechanism
such as adriamycin, and the like). In one preferred method
according 1o the invention, the T-cells are subjected, in
SUSpension, fo a gaseons oxidizing agent, such 4% an ozone/
oxygen gas mixiure bubbled through the suspension of cells,
optionally in combination with the simullancous subjection
of the cells 1o whraviolet radiation, in appropriale doses.

One method according o the presend invention subjec!s
the allogeneic white cells Irom the donor, incleding both the
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steny cells and the T-cells, to oxidative stress, This elininates
the peed Lo inchide a complicaled and costly step of sepa-
rating the Tcells from the other cellular components of the
white cells composition, In such case, however, i1 is strongly
preferred to proted! the stem cells in the composition from
deleterions efects of the stress. This can be accomplished by
inchuding one or more stem cell growth Tactors in the cell
composition &l the tme of subjecting it fo the siress.
Protection of the stem cells from the deleterions effects of
the oxidative stress s achieved by the preseoce of growth
factors, and so, pror to subjecting the stem cell-Teell
composition 10 oxidative siress, one or more stem cell
growth factors are added fo the composition. Stem cell
growth Factors vselul in the process are oytokines which
promote survival of stem cells (but pot Feells) during this
stressing. They are eytokines which interact with growth
receptors on stem cells. They are believed to activate the
MAP-kinase patbway of the cell, resulling i the aclivalion
of erk. Examples of sutlable such growth Factors, include
stem cell specilic growth factors, kit-ligand, 1.3, GM-CSF
and FLE 3 ligand, alf of which are keown. It is preferred to
add precise amounts ol extracted, purified growth Faclors o,
especially, recomrbinant growth factors avadable on the
market, or combinations thereol, suilably dissolved or sus-
pended in appropriate, hiologically acceptable fluids.

One preferred method of subjecting the allogeneic Teeells
{0 oxidalive stress according fo the ipvention involves
exposing & suspension ol the cells 1o a mixture of medical
grade oxygen and ozone gas, for example by bubbling
through the suspension a stream of medical grade oxygen
gas having ozone as 2 minor component therein, The sus-
pending medinm may be any of the commonly used bio-
togically acceptable media which maintains cells in viable
condition. The ozone gas mav be provided by any conven-
giomal source known in the arl. Spitably the gas stream has

370 p/mit and mos! preferably frony about 5-50 ap/ml. The
fas stream 18 supplhied to the aliguot at a rate ol from abou!

migute, and most preferably at about (L.06-0.30 Hters per
minute {811,

Another metbod of subjecting the Treells 1o oxdative
stress to render then suitable for use in the present invention
is to add to 2 suspension of the cells 2 chemical oxidant of
appropriale biological acceptahility, and in biclogically
acceptable amounts. Permanganates, perodates and perox-
es are smiable, when wsed in appropriafe guanhiies,
Hydrogen peroxide is uselul in demonsirating the elfective-
ness of the process of the vention and i giving guidance
on the appropriate quangity of oxidizing agent 10 be used,
although it 18 pot an agent of firg! choice Tor the presemn
imvention, for practical reasons. Tlus, a suitable amount of
oxidizing agen 18 hydrogen peroxide in 2 concentralion of
from 1 micromolar-2 millimolar, contacting 2 10 m] sus-
pension containing from 10-% to 10-% cells per ml, for 20
mingtes, or equivalent oxidative stress derived From a dif-
Ferent oxidizing agend. Optimam s abou! 1 oillimolar
hydrogen peroxide in such a suspension for abowt 20
minutes, of the equivalent of another oxidizing agent cal-
culated to give a corresponding degree of oxidative stress to
the cells.

The size of the cell suspension (o be subjected 1o oxidative
stress is generally Trom about L1 mi 1o about 1000 ml,
preferably Trom about 1300, and containing appropriate
aumbers of Tcells for subsequent administration fo a patient
undergoing allo-BMT These nombers generally correspond
0 those used o prior methods of allogeneic T-cell admin-
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siralion i connection with allo-BMT, andd are familiar fo
those skilled in the arl,

One specific process according 1o the invention i§ 1o
subject e cell suspension simulancously 10 oxypen/ozone
bubbled througl the suspension and sliraviolet radiation.
Fhis also effects the appropriate changes in the pature of the
‘F-eells, Care must be faken not to utilize an excessive dosage
of oxygenfozone or UV, to the extent thy! the cell mem-
branes are capsed to be disrupted, or other irreversible
damage & caused 10 an excessive pumber of the cells.

The lemperature at which the Tweell suspension is sub-
jected 10 the oxidative siress does nol appear o be critical,
provided that it keeps the suspension 1n the Hguid phase and
is pot so high thal # causes cell membrane disruption, The
temperatire should not be higher than about 45° C.

When ulraviolet raciation s used in conjupction with the
oxygen/ozone oxidative siressor, B 15 sullably applied by
irrachiating the suspeosion under treatmen! from an appro-
priate source of UV radiation, while the aliimot is main-
tained at the aforementioned temperature and while the
OXYREROZ00e gaseous mixiure 1s being bubbled through the
aliguot. The vHraviole! radislion may be provided by any
conventional source kpown i the art, for example by a
phrrality of low-pressure uhiraviclet lamps, There is prefer
ably used a standard UV-C source of whiraviolet radialion,
namely UV lamps emitting primarily in the C-band
wavelengihs, L.e, at wavelengths shorler thag about 280 nm.
Ultraviolet radiation corresponding 1o standard UVRA and
UV-B sovrces can also be used. Preferably emploved are
low-pressure wltraviole! lamps that geperste a Hne Spectrtm

wherein al least 90% of the radiation has 2 wavelength of

ahout 254 nm. An appropriate dosage of such UV radiation,
applied simulianeonsly with the aforementioned lempera-
ture and oxidative environment stressors, s oblained from
Jamps with a power output of from about 5 1o abou! 25 watts,
preferably about 3 to abowt 10 watts, al the chosen UV
wavelength, arranged 1o surround the sample confainer
holding the atiquol. Each such lamp provides an infensity, af
a distance of 1 meter, of from about 40-80 micro watts per
square centimeter. Several such samples surrounding the
sample container, with 2 combined oulpy! at abow! 254 nm
of 15—40 walls, preferably 2040 watts, operated a! maxi-
mpm intensily may advantageously be used, At the incident
surface of the aliquot, the UV energy supplicd may be from
abou! 0.25-4.5 ifom® during & 3-minse exposure, preferably
(.9-1.8 jom” Such a treatment provides a suspension
aliquot which is appropriately modilied according to the
invention ready for injection into the patient.

The time for which the aliguo! is subjected 1o the stressors
can be from a Few scconds to about 60 mimales. H 18
normally within the time range of from about 0.5-60 min-
uies. This depends 1o some extent upon the chosen intensily
of the UV irradiation, the temperalure and the concenration
of and rate o which the oxidizing agen! 18 supphied to the
aliguot. Some expermentation to establish optimum limes
and dosages may be necessary on the part of the operator,
once ihe other stressor levels bave been set. Under most
stressor conditions, preferred times will be in the approxi-

minutes, and normally around 3 mmules.

in the prachice of one preferred process of the present
invenlion, the sospension of cells may be frealed with
oxygen/ozone gas mixture and oplionally also with UV
radiation using an apparatus of the type deseribed in US,
Pat. No. 4,968,483 Mucller, The suspension 8 placed i a
suitable, sterile, UV-radiation-tramsmissive conlainer, which
is then fitted into the machine, The temperatire of the aliquot
is acjusted fo the predetermined value, eg 42.521° C, by
the use of 2 suilable beal source such a8 ag IR lamp, and the
UV lamps are swilched oo for a fixed period before the gas
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How i3 applied to the aliguot proviciog the oxidative stress,
W allow the ontpul of the UV lamps to stabilize. The
oxXygeniozone gas mixture, of known composition and con-
frol How rate, 18 applied 1o the aliguot, for the predetermined
duration of (.5-60 mipuies, preferably 1-5 minuies amd
mos! preferably about 3 miputes as discussed above. In this
way, the suspension is appropriately modified according to
the present invention sufficien! fo achieve the desired elfects
of alleviation or prevention of GV,

From another aspect, the preferred embodiment of the
present invention may be viewed as a process of freating
allogeneic Teells prior to thelr introduction into a patient, by
extracorporeally siressing the Treells, which comprises sub-
Jecting the Teells 1o oxidative stress such s exposure to
ozone or ozonefoxvgen. The treated allogeneic Teells From
the process of the invention have a divect effect on the
development and progression of GVEHD. The donor T-eells
prefreated sccording 10 the process of the invention prior o
introduction info the host patient, have bheen modilied, so
that they no Jonger mount a deleterions response, Their
abilily o mosnt an inflammatory eviokine response has been
decreased. For example their ability 1o secreie INy, TNFa
amd 1L-2, and their proliferative response (o standard mito-
gens has been reduced. Accordmgly they no longer react
apains! incompatible systemically distributed host listocom-
patibilily antigens to cause inflammation 0 any grest extent.
The allogeneic stem cells administered to the patient cap
proceed with engraltment with improved chance of success.
After a period of time, the treated T-cells largely recover
their proliferative ability and immune response funclions,
but remain relatively unresponsive {tolerant) fo differing
host histocompatibilily antigens,

The invention is further described, for ilustrative
purposes, in the following specific examnples.

SPECIFIC DESCRIPTION OF THE MOST
PREFERRED EMBOIDMMENTS

The spleen of & mammal offers a convenien!, accessible
soprce of cells, especially T-cells but also including small
quantities of stem cells and is particnlarly wselul in conpec-
ion with animal models for experimental purposes.

Experimental lesting to obtain indication of the utility of
the process of the present invenlion was conducied using 4
model of acute GVHD in SCID mice. Trcells From C57131763
{B6} mice were intravenously injected into sub-lethally
rrradiated (B-17 SCID mice. The katter are congenitally
tymphopenic and provide @ sirong stimulus For donor cells
due 1o their complete disparily at the major hislocompat-
ibility focus (MLICY. The mean survival time of host mice in
this model is 14 davs. GVEID is characterized by suppres-
sion of hos! hematopodetic recovery from irradiation; expan-
sion of T-eells tha! use VB3 chain o Torm their T-cell
receptor complexes {TCRsY spontancous secretion of
mterferon-y and TNFw, by donor Tecells, and sherrant
tocahization of dooor Treells 1o the red pulp areas of the
spleen. I donor marrow s co-injected with T-cells, @ chronic
form of GVEIID resulis.

EXAMPLE 1

Mouse spleen cells from C57BL6I (B6) mice were sus-
pended 1o a dessity of 107/m] i a-MEM, 2ME and 10%
fetal call serum (FOSY The FOS contains cytokines and
growth factors, The cell suspension was subjected simulta-
meously to ultraviole! radiation Trom UV-C lamps, wave-
tength 2537 om, whikt bubbling through the suspemsion a

at 42.5° C. The treatment fook place Tor 3 minutes.
immediately afler the treatmend, the cells had a viability
of only about 10%.
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EXAMPLE 2

The expeniment of Example 1 was essentially repeated
excep! that the cells were suspended in 1009 FCS. The
immediale survival of the colls i this case was 30-60%,
indicating that Tactors present in the FCS have exerted a
protective elfec! on at keas! some of the cells.

EXAMPLE 3

Murine 36 spleen cells suspended in 100% FUS were
subjected 1o UVeoxidation-heat treatment, The cell suspen-
sion was subjected simultancously 1o ultravielet radiation
from UV-C lamps, wavelength 253.7 nm, whilst bubbling
through the suspension a gas mixiure of 14-15 moepiol

ozone/medical grade oxygen, at 42.5% . The treatment took |

place Tor 3 minutes. Varying pumbers were injected info
sub-lethally irradisted CB-17 SCHD mice. Their subsequent
behavionr was compared witl similar mambers of 136 spleen
cells, not subjected fo the treatment.

FIG. 1 s a graphical presentation of the results of these
experiments, where the % survival of the animals in cach
group 18 plotted as ordinate against days Tollowing injection
of the treated or umireated cells. At ol dosage levels, there
is a marked improvement of survival when the freated cells
are used as opposed fo the untreated cells, demonsirating

potential For the process of the invention in alleviating -

V.

G, 2 of the accompanying drawings is a plot of the
mmher of donor Tecells per spleen against davs after GVHD
induclion, in these same experinents. This shows that the
treated dopor T-cells survive and expand in number in the
host mice, although to a more Hmited degree than control,
uptreated B6 Feells.

EXAMPLE 4

Six days after infliation of GVHD in the mice by injection
of the dopor cells {{reated and vnireated}, donor T-cells were
separated Trom SCHD spleen cells by density gradien! cen-
trifugation. Intracellnlar cytokine staining was performed
according 1o the gethod of Ferriek, D AL et al, NATURE
373 225, 257, 1995, The staining was performed on spleen
cell suspensions on day 8 after injection of B6 spleen cells,
Cytokine production was determined 4 hours alter stimula-
tion in vilre with PHA and fonomycin in the presence of
brefoldin-A and after gating on CD4™ and CD8™, The resulis
were assessed Dy imtraceHular flow cytometry, and the
resulis thereof are depicted i FIG. 3 of the accompanying
drawings. The percentage of each cells in cach guadrant is
recorded. The drawing shows significantly reduced levels of
the inflammatory cytokines interferon-y (INFY and lissue

necrosis Tactor-c {TNF), lower right quadrants, from the 5

T-cells which had been stressed as described i Example 1,
as compared with untreated cells and controls.

EXAMPLE 5

Inversion of the normal ratio of CD44 to CD8+ Tcells 5

(usually approximately 2:1} is knows (0 accompany GVHD,
By imfracelinlar oviokine staining techniques following the
method of Ferrick etal., Narare 373 255257, 1995 and
wsing anti-CD4 and CD8-ricolor amtibodies, {D4/CDS
ralios were determined, In the unireated donor spleen cells
aller injeciion into sub-lethally irradiated mice, the inversion
of the normal ralio was confirmed. The inittal CHACDR
ratios of 1.320.2 and 2.220.3 decreased to (.3320.05 and
(.920.1 by day 13 Tor unstressed B6 and C3H donor Feells,
respectively, af @ time when many animals were succumbing
to GVHD. In confrast, the ratios remained greater than 1 at
all times and correlated with the lack of clinical evidence of
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GVHD when dooor cells bad been prefreated with the
stressors as described in Example L

EXAMPLE 6

This example demonstrates the principle of the invention,
wsing oxidative siress alone, provided by hydrogen peroxide,
an effective chemical oxidizing agent and represeniative of
many other, perhaps more hiologically suitable, chemical
oxidizing agen!s.

Peripheral human blood monopuclear cells PBMCs,
which is & collection of white blood cells comprising abou!
409 T-cells, were stressed by contact wilh aqueous solo-
sions of hvdrogen peroxide, of various concentrations, Tor 20
minutes, Theilr immediale survival was measured, along
witly their immediate phyviohacmagglotioin (PHA) response.
Then their survival alter 24 hours was measared, followed
by their PHA response (iritiated thymidine uptake Tollowing
mitogenic stimulation with PHAY and cviokine profile after
7 cdays. The results are given in the following table

TABLE
Immedinte PHA

Ciong. B iade 24 PIIA respmse Uvloking
1,0, survival 9 sureival % respoase T-day Profile
HH) gemalelE B850 iEEE 2480 + N
30 wmole/L A0 ki EEEN] & N

1 mmobed. H0-90 L A0 +

3 mmoie. A0 EE 23 3

Crralral 9% o5 575 @

These resulls indicate that T-eells subjedled to oxdative
stress alone achieve a decreased proliferative response and
decreased inflammatory cytokine production, suitable Tor
use in 1he presen! inveniion,

i clainn:

1. A process of alleviating the development of grafi versus
host disease complications in a mammalian patient under-
going or abou! to undergo 2 bone marrow transplan!, which
comprises extracting from an allogeseic human donor an
aliuot of whole blood; separating Trom said aliquol a
celhdar fraction enriched in Teeells; subjecting said fraction
1o oxidalive siress in VIiEo 80 as 10 induce decreased inflam-
matory oviokine production and @ reduced proliferative
response therein; and administering the oxidatively stressed
fraction to the patient,

2. The process of claim 1, wherein the oxidatively stressed
Fraction of T-cells i3 administered o the patient separalely
from acdministration of stem cells from the allogeneic dopor
10 the patient.

3. The process of claim 2, wherein the oxidatively stressed
T-cell fraciion consists essentially of peripheral blood mono-
suclear cells obtained Trom peripheral human blood,

4. The process of claim 2, wherein the oxidatively stressed
T-cell Traction has been subjected to oxidative siress by
applicalion thereto of & gaseons oxXygeniozone mixiure.

8. The process of claim 2, wherein the oxidatively stressed
Teeell fraction has been subjected to oxidative siress by
applicalion thereto of a chemical oxidizing agent.

6. The process of clainy 4, wherein the oxidatively stressed
Twell fraction has been additiopally subjected o UV
ractiation, simultancously with the subjection o oxidative

7. The process of claim § wherein the oxidatively stressed
Ticell fraction has been additionally subjected o UV
raciation, simultancously with the subjection o oxidative
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INFILAMMATORY CYTOKINE SECRETION
INHEBITION

CROSS-REFERENCE 10O RELATED
APPLICATIONS

FOOB1]  This application claims convenlion prionly from
Canadian patent spplication serial number 2,327,631, filed
Dec. 5, 2000, amd from Canadian palent appHeation serial
mmher 2,327,628, filed Dec. 5, 2000, the disclosures of
which are incorporated herein by reference in their entirety,

FIELD OF THE INVENTION

FOO02]  This invention relates 1o freatment of biologicat
cells and immune system modelalion. More specifically, 1t
refates 0 treatment of cells of the mammalian immune
system o after the cviokine profiles of cerain lypes of
cons{ifvent cells, and therapentic applications of such reat-
MRS,

BACKGROUND OF TLHE INVENTION

FODG3]  The mammalian immune sysiem comprises lym-
phooyies (one type of white blood cell), the major compo-
nents of which are B cells, which mature within the bone
mrarrow, and T cells which migrate from the bone marrow o
mature i the thymus glind B cells react 10 anligens {o
proliferate and differentiale into memory B cells and effecior
B cells 10 generate and express antibodies specific to the
anligen, thereby removing the antigen from the host. T eefis
have 't cell receptors which recognize anligen associaled
with M molecules on a cell, and as a resull of this
recognition differentiate into memory T cells and various
types of efector T eells. The T eell population is made up of
‘F-helper (T} cells and Troylotoxic {123 cells, distinguished
from ope another by the presence of the surface membrane
glveoprotein CD4 on Ty, cells and the surface membrane
ghveoprotein CD8 on T cells. Activation of a 15, celf can
cause il to secrete various growth factors {oyiokines). Dif-
ferent types of T, cells seorete different cytokines. These
eyiokines play key roles in {be immune response, incluchng
AHOHNITHINE ESPOnses,

cviokines which, in excessive amounts, can cause inflam-
mation in the mammakian body. Examples of such inflam-
matory oytokines include interferon-y (IEN-y), interleskin-6
(IL-6} and inerlenkin-12 {11.-12). When the body produces
inappropriately large amounts of imflammatory oylokines,
significantly more than epdogenous levels found in the
correspondding non-discased tissue of healthy individuals,
either through over-activation of T, cells, activation of
excessive mumbers of T, 1 cells, or a switch of other 1ypes
of T cells fo the Tyl type 1o create excessive mumbers of
cviokines expressing Tyl cells, an inflammatory disorder
can manifest! itself o a patient.

SUMMARY OF THE INVENTION

FOOBS]  The present mmvention provides a process whereby
expression of inflammalory oyiokines including EN-y and
iL-6, either individually or in combination, is reduced in a
mammalian patient body, This process involves introducing
blood cells mto the patient which cells have been extracor-
poreatly stressed by subjection to an oxidalive siress andfor
uwlraviolet racdiation. O infroduction of these stressed blood

Jul, 11, 2002

cells, there 1s & reduciion in the expression of one or more
of these inllammatory eyiekines, either by down regulating
Ty 1 cells, or perhaps by decreasing the population of 13,1
cells, e.g. by cavsing a switch of T cells from T,;1 10 T2,
Whatever the precise mechanism of action, the resul! 15 2
significant and measurable decrease in these inflammatory
cytokines in the patient™s system. Accordingly, the process
of the invention is useful in the medical treatment of patients
saffering from, prone 1o, or af risk of contracting & disorder
associaled with excessive amounis of one or more of the
nHammatory eyiokines 1PNy and IL-6 (¢.g., chionic fatigue
syndrome-—see Cannon elal, J. Chn Immuncl 19H6):
414-21, 1999; and Gupta, S, etal, fmn J. MolMed, 32)
209-13, 1999),

[8086] 'Thus according o the presen! invention, there 18
provided a process of decreasing the expression of one or
more of the imflammatory eviokines [FN-y and H.-6 by cells
in 2 mammalian patient, which comprises administering to
the patient an effective amount of stressed mammalian blood
cells, said stressed cells having been extracorporeally sub-
Jected 1o at least one stressor selecied from oxidalive stress
amd ultraviolet radiation,

[8087] 'There is furthier provided @ method for treating an
inflammatory discase condition in a patient mediated by
inflammatory eyvtekine production, which method comprises
achministering to the patient an ellective amount of stressed
mammalian blood cells wherein said siressed mammalian
blood cells have been exdracorporeally sabjected 1o af least
one stressor selected from oxidative conditions and ultra-
violet radiation.

BRIEF REFERENCE TO THE DRAWING

[8008] 'The accompanying FIGS. T and 2 are graphical
presemfations of the resolis of the experiments reporled
helow in the Examples.

DESCRIPTION OF THLE PREFERRED
EMBODIMENTS

(00091 A preferred embodiment of the invention is a
process of decreasing the expression of H.-6 from cells in a
mammatan patient, which comprises administering to the
patient an effective amount of stressed mammalian blood
cells, said stressed cells having been extracorporeally sub-
jected 1o at least one stressor selected from oxidalive siress
ard wlraviolet radiation. Such a process s useful in realing
medical disorders associaled wilh excess expression or
excess presence of IL-6. A preferred application of the
process of the present invention is in the treatment of
disorders medialed by oXCes8 SXPROSSIOnN OF £XCESS Presence
of 1l-6 other than graft versus hos! disease (GVEHD);
autoimmune diseases, such as rhewmatond anhritis, psonia-
sis, scleroderma, lupus, diabetes mellitus, organ rejection,
miscarriage, mulliple sclerosis, inflammatory bowel discase
ardd atherosclerosis; and confac! hypersensitivity disorders.

9616 A particularly preferred embodiment is a process of
decreasing 11-6 expression by cells in a mammalian palien
which comprises administering 1o the patient an effective
amount of stressed mammalian blood cells, said siressed
cells having been extracorporeally subjecied to al least one
stressor selecled from oxidative stress and vliraviole! radia-
fion, This process is particolarly vselol for alleviating dis-
orders such as chronic Tatigee syndrome.
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FOOE1T  The source of the stressed blood cells for use in the
present invention is preferably the patient’s own blood, Le,
an aliguot of autologous blood.

(00121 The terms “aliquoet”, “aliguot of Mood” or similar
terms wsed herein mchide whole blood; separated cellular
fractions of the blood, incleding platelets; separated non-
cellular fractions of the blood, including plasma; plasma
components; and  combinations  thercof. Preferably, in
harman patienss, the volume of the aliguo! i up fo about 400
mi, preferably from about 0.1 to about 100 ml, more
preferably from about 1o abont 15 mi, even more prefer-
ably from about 8 to abou! 12 mi, and miost preferably about
10 ml The effect of the stressor or the combination of
stressors is 0 modify the blood, andior the cellular or
non-cellnlar fractions thereof, contained in the aliguot. The
modified aliguot s then re-infroduced Into the subject’s
body by any suitable method, most preferably intramuscotar
injection, but also including subcutaneous injection, ntrap-
eritoneal njection, infra-arierial injection, infravenous injec-
tion and oral administration, following which B causes
decrease in the expression of one or more of the inflamma-
tory eytokines INFwy and H-6.

FOO13]  According 1o a preferred process of the present
mvention, an aliquot of blood is extracted from a mamma-
Hian subject, preferably a haman, and the aliquot of blood is
treated ex vivo, simullancously or scquentially, with the
aforementioned stressors. Then # 18 injected back into the
same subject. Preferably @ combinetion of both of the
aforementioned stressors B used,

FOOT4]  Preferably, the aliguot of blood s in addition
subjected to mechanical stress. Such mechanical stress
includes siress that is that appHed to the aliquot of blood by
exiraction of the blood aliquo! throagh & conventionat blood
exiraction peedle, or a substantially eguivalent mechanical
stress, shortly before the other chosen stressors are applied
to the blood aliquot. This mechanical siress may be supple-
mented by 2 mechanical siress exerted on the blood aliguot
by bubbling pases through it such a8 ozope/oxypen mix-
tures, as described below, Oplionally, a temperature stressor
may be applied fo the blood aliquot, simultancously or
sequentially with the other siressors, Le, a femperature af,
ahove or below body temperature,

FOIS]  The optionally applied temperature stressor either
warms the aliguot being treated to a lemperature above
normal body femperature or cools the aligquot below normal
body temperatore. The femperalure 18 selected so that the
temperatiire siressor does pot cause excessive hemolysis in
the blood contained m the aliquot, and so that, when the
treated aliquol s ingected inlo @ sabjec), the desired effect
witl be achieved withou! the developmen! of signiticant
adverse side effects. Prelorably, the lemperalure siressor is
applied so that the lemperatare of all or a parl of the aliquot
is up to ghout 535° C, and more preferably in the range of
from abowa! -5°0 C. {0 about 55° €, but mainiaining the
aliguot targely in the Hguid phase.

FOOI6]  In some preferred embodiments of the invention,
the temperatture of the aliquo! 18 raised above pormal body
temperature, such thal the mean temperature of the aliquot
does not exceed a temperature of about 35 O, more
preferably from about 40° C 1o about 30° (0, even more
preferably from aboul 40° C. to about 44° €, and most
preferably about 42.521° €
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{0017 fo other preferred enbodioents, the aliquot is
cooled below pormal body temperature such that the mean
wwmperature of the aliquot is within the range of from abouy
4° {10 about 36.5% O, more preferably From about 107 C.
10 abou! 30° O, aod even more preferably from abow 15° C
10 abowt 25° C.

{8018] 'Tlhe oxidative environmen! sitessor can be the
applicalion to the aliguot of sohid, lguid or gaseous oxidiz-
tog agends. Preferably, it involves exposing the aliguot to &
mixtere of medical grade oxygen and ozone gas, mosi
preferably by applying 1o the aliguot medical grade oxygen
gras having ozone a8 a component therein. The ozone conlent
of the gas siream and the How rate of the pas siream are
preferably selecied such that the amount of ozone introduced
10 the blood aliguod, either on ks own o in combination with
one of the other stressors, does not give rise 0 excessive
tevels of cell damage, e, 2 degree of cell damage can be
foderated as long a8 1 18 withow! sigmfican! adverse side
effects. Snitably, the gas stream has an ozone content of up
10 about 300 gg/ml, preferably 0.1 up 1o about 100 ug/ml,
more preferably up to ahout 30 ug/ml, even more preferably
up 10 abow! 20 gg/ml, patticolarly preferably from abou! 10
gfmito abowt 20 pgiml, and most preferably about 14521 .6
tgfml The gas stream is suitably supplied to the aliquot al
a rate of up to about 2.0 Hres/min, preferably up to about (0.5
litres/min, more preferably vp o abou! 0.4 Hires/min, even
more preferably up to abouw 033 lres/min, and most
preferably about 02420024 Ires/min, The lower Hmi of
the How rate of the gas stream is preferably not lower thap
001 Heres/min, more preferably not lower than Q.1 Titres/
min, and even more preferably not lower than 0.2 lilres/min,
all rales al STP (0° € and 1 aimosphere pressure). In the
alternative, chemical oxidants such as hydrogen peroxide,
permanganates and periodates, of hiologically acceptable
types and in hiclogically acceplable concentrations, can be
used in the Hguid phase 1o provide the required oxidative
¢nvironment.

[6019] 'Fhe uliraviolet lipht siressor s suilably applied by
rrradialing the aliquo! voder treatmen! from a source of UV
Light, ie. eleciromagnetic radiation of wavelength from
about 180-400 nm. Preferred UV sources are UV Jamps
emitting UVLC bamd wavelengths, e wavelengths shorter
than abowt 280 nm. Uliraviole! light corresponding o stan-
dard UV-A (1.e., wavelengthis from about 315 10 about 400G
amy and UV-B (i, wavelengths from abowt 280 to about
315 nm} sources can also he vsed. The UV dose should be
selected, on ils own or in combination with the other chosen
stressords), so thal excessive amounis of cell damage do oo
ocear, and so thal, when the treated aliquo! s injecled info
a suhjecl, the desired elfect will be achieved. For example,
an appropriate dosage of such UV Hght, applied simulia-
neously with the alorementioned temperalure and oxidative
environment stressor, can be obtatoed from lamps with 2
power ompe! of from abou! 10 to sbow! 30 walls, arranged
10 surround the sample contamer holdimg the alquot, each
lamp providing an intensity, at a distance of 16 mm, of from
shout 5 to abou! 20 mWien® Up fo eipht such lamps
surrounding the sample boltle, with a combined oulpu! af
2537 om of 10-30 watls, operated at an intensity ¢ deliver a
otal UV light encrgy at the surface of the bloed of from
about 9.025 to about 10 joulesiom™, preferably From about
0.1 1o ahout 3.0 joutes/om™, may advantageously be used.
Suchr a treatmen!, applied in combination with the oxidative
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environmen! stressor, provides a modified blood aliquot
which is ready for injection into the subject,

FOO20T It is preferred to subject the aliquot 1o the oxidative
covironment stressor, the UV light stressor and the lempera-
ture sressor simultaneously, following the subiection of the
atiguot 1o the mechanical siress, e by extraction of the
blood from the pationt. Thus, the aliquot may be mainiained
at a predelermined temperatare above or below body fem-
perature while the oxygen/ozone gas mixture is applied
thereto and while i is irradiated with ultravielet light.

FO921]  The time for which the aliquot is subjected fo the
stressors is normally within the fime range of from abou! 0.5
mingles up 1o abow! 60 minutes. The toe depends 10 some
exfer! upon {he chosen combination of stressors, When UV
Tight is used, the intensity of the UV light may affect the
preferred time. The chosen temperature level may also affect
the preferred time. When oxadative environment in the form
of a gaseous mixture of oxygen and ozone applied to the
aliguot 18 chosen 48 one of the fwo stressors, the concentra-
tion of the oxidizing agent and the rale at which il is supplied
to the aliquot may alfect the preferred temperatire, Some
routine experimentalion (o establish optimum limes may be
necessary on the part of the operator, once the other siressor
Jevels have been set, such experimentation being well within
the skill of the art. Under most siressor conditions, preferred
times will be in the approximale range of from about 2 o
abou! 12 minutes, more preferably from abouw! 2 1o shout 5
minales, and most preferably about 3 minvtes. The starting
blood temperature, and the rale al which 1t can be warmed
or cooled 10 2 predetermined temperature, fends to vary from
subject fo sebject. Warming is suitably by uvse of one or more
infraret lamps placed adjacen! to the aliquo! container
Other methods of warming can also be adopted.

FO22]  As ooted, it 38 preferred 1o subject the aliquel of
blood 10 a mechanical stressor, in addition to the chosen
stressor(s) discussed above. Extraction of the blood aliguot
from the patient through an injection peedle constifutes the
most convenien! way of obtaining the aliguot for forther
exiracorporeal {realment, and this exfraction procedure
imparts a suitable mechanical siress 10 the blood aliquot. The
mechanical stressor may be supplemented by subsequent
processing, Tor example the additional mechanical shear
siress caused by bubbhing as the oxidative siressor 18 apphied,

FO23]  In the practice of the preferred process of the
present invention, the blood aliquot may be freated with the
heat, UV light! and oxidalive environment siressors using an
apparatus of the type deseribed i alorementioned U8, Pay,
No. 4,968,483 to Mitller et al, The aliquot is placed in a
suitable, slerile conlainer, wincl is fitled info the machine, A
UV-permeable conlainer is used and the UV lamps are
switched on for & fixed period before the other stressors are
applied, to allow the output of the UV lamps fo stabilize,
When a temperature stressor is also used, the UV lamps are
typically on while the temperature of the aliguot is adjusted
to the predelermined preferred value, e 42.521° C. Four
UV lamps are sutably used, placed around the contamer,
The oxidative stressor is then applied.

(09241 LIn the preferred method of the invention, 2 mam-
malian patient under treatment Tor an IFN-y mediated dis-
order or an IL-6 mediated disorder is given one or more
courses of irealments, each course of freatment comprising
the adminisiration 1o & mammalian subject of one or more
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{e.g. one to six o one 10 fwelve) aliquots of mammalian
blood modified as discussed above,

[8028) For optimum effectiveness of the freatmen, i 18
preferred that no more thap one aliguot of modified blood be
acministered to the subject per day, in one or more injection
sites, and that the maximum rest period befween any fwo
conseciive aliquots during the course of treatmen! be no
grealer than about 21 davs. As used berem, the term “rest
period” is defined as the pumber of days between consecn-
tive aliguols or consecutive courses of freatment on which
no ahiquots of modified blood are admipistered to the
subjec!.

[8026] Flerefore, except where aliquots are administered
{0 the subject on conseciive days, a rest period of from 1
10 21 days is provided between any two aliguots during the
course of treatment. Moreover, at least one of the rest
periods durng the course of treatmen! preferably has 2
tength of abowt 3 10 15 days,

[0627] Although # may be sufficient to administer only
one course of treatment s described above 10 the subjecy, 1
may be preferred 1 some circumsiances o adminsier more
than one course of lreatment, or fo follow the above-
described course of freatment by periodic “hooster™ treat-
menls, if pecessary, t0 maintain e desired effects of the
preserd invernion. For example, 1 may be preferred o
admimsier booster reatmens at intervals of 110 4 months
following the initial course of reatment, or t0 administer a
second course of (reatments to the subject Tollowing a rest
periodd of several weeks or nionths,

[0628]  Inview of the Fact that the process of the invention
described above leads 10 a significant decrease 1n the expres-
sion andfor activily of the inflammalory oviokine [1-6, the
invention is partionlardy indicated for prophylaxis or alle-
viation of chronic Tatigue syndrome (CFSY} in human
patients, Whilst the etiology of T

S remains conlentious,
there 18 4 general consensos that 1L-6 plays & role in CFS,
either as 4 result of abnormal levels of H.-6 in the patient or
abnormal seositivity 1o 71.-6 on the parl of the patient, See,
for example, Gupta &, et al, J. Psychiarr Res. 31{1):
149-156, 1997; Cannon §. G etal, J. Clndmmunol 19{6):
414-421, 1999, and Palt M. L., Med Fhypotheses S4{1)
115-25, 2000, Although excessive kevels of andior excessive
sensitivity 10 IL-6 are almost cerfainly not the only factors
controlling CFS in a pateient, they are af Jeast a significant
confributing factor, and the process and composilion of the
mmvention whereby Il-6 18 downregulated accordingly
shows potential in successiul alleviation of this disorder,

[8029] ‘'Fhe invention i Turther iHestraled ad deseribed
witls reference to the foHowing specific example, comprising
apimal stadies conducted in an approved manner. The
examples are offered for purposes of ilhesirating the inven-
tion and stioald not be construed as a milation,

EXAMPLE

[8036] As & measure of the effect of the process of the
presen! invendion on inflammation resulting from T cell
secretions, & contact hyperseasilivity {CHS) lest was used,
according 1o approved apimal experimentation procedures,
using the method deseribed by Kondo el al,, BrJ.Dermatol.
131:354-359, 1994, with minor varialions. The disclosure
thereof 15 incorporated berein by reference. Briefly, to
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induce S, the abdominal skin of each mouse was shaved
and painted with dinitrodifluorobenzene (DNFB), the sen-
silizing chemical, using 25 ul of .5% DNIB in a 411
acetoneolive ol solation. This sensilization was applied 1o
four groups of five Balb/e mice. In addition, & measure of the
responsible cytokines was made,

F031] Whole blood was obtained from Balb/c mice by
cardiae punciure through an injection oeedle, and frealed
with an anti-coagulant. An alguot of this anticoagulated
blood was subjecled 1o the process descrbed herein, lo
obtain treated blood, The remainder was lef! uvptreated, for
use I comrol experiments. Since the Balb/c mice wsed were
genetically identical, the adminisiration of the freated blood
to others of the group is equivalent fo administration of
aufologous blood.

[O032] To oblain freated blood, the selected aliquot, in a
sterile, UVefransmissive container, was treated simulia-
necusly with @ gaseous oxygenforone gixfure and sliravio-
let hight o elevated lemperature Using an apparafus as
generally described in aforementioned U8, Pal. No, 4,968,
483 Miiller et.al. Specifically, 12 ml of citrated blood was
transferred to 2 sterle, low density polyethylene vessed
{more specifically, a Vasogen VUT0602 Blood Conlainer) for
ex vivo treatmen! with stressors according 1o the invention,
Using an apparatus as generally deserbed in the aforemen-
tioned Miller et al patent {more specifically, 2 Vasogen
VOO0 apparatus}, the blood was heated t0 42.521° C. and
af tha! femperalure irradiated with UV light al @ wavelength
of 253.7 om, while oxygeniozone pas mixiare was bubbled
through the blood Lo provide the oxidative environment and
tor Facilitate exposure of the blood to UV, The constitution of
the gas mixture was 14.521.0 gg ozone/ml, with the remain-
der of the mixtore comprising medical grade oxygen. The
gas mixture was bubbled through the aliquot al & rate of
240£24 mlimin for a perod of 3 minutes.

FOO33]  Of the 4 groups of sensitized mice, the first, control
group A-1 recerved po treatment, The second, control group
B-1, was treated with 50 gl of physiological saline. The
third, conirol group C-1, was sham treated, with 30 4 of
blood which had been exiracted but not freated with the
stressors, The Tourth, fes! group [3-1, was freated with 50 4
of blood subjected 0 stressors as described above. Treat-
ments, each involving intramuscular injection of 30 41 of the
respective liquid, starled on the day of sessitization, and
were repeated every day For a tolal of 6 days. On the same
day as the last treatment, bot aller i1s administration, the
animals were challenged with DNIR, by applying 10 one ear
of each animal 10 14 of (.2% solution of DNTB, Inflamma-
tion due to CHS manmfesis iisell in a swelling of the ears. Ear
thickoess was measured 24 bowrs afler challenge, with a
Peacock spring-loaded micrometer {Ozaki Co., Tokye,
Japan). The results were expressed as the change {Jrom
pre-challenge level) in ear thickness and represent the mean
maximal increase al 24 hours after challenge.

(00341 The animals were sacrificed, and lvmph nodes
draining the car which was challenged with DNFB were
collected. The expression of the mRNA for the oytokines
PNy and -6 was fested, This process of festing and
analysis essentially followed the procedures described in
Kondo, 8., elal, Jlmmunology 4822:157, 1996, Thus the
PCR products were defermined by scanning of photonega-
tives using 4 laser denstiometer, and the densitometric value
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of cach was normalized to that of the housckeeping pene
Beactin. The analyses indivated that animals which bad
received 2 course of injection of blood subjected t0 siressors
as described bad sigoificently reduced N~y and H.-6 as
compared with sham treated animals and conlrols, as illus-
grated dn the accompanying Pigures, in general correlation
with the anti-inllammatory results.

(90387 Results shown in FIG, 2, a plot of relative amount
of mRNA for 3.-6 from the lvmph fissue of the freated
apimals and the confrols (sakine treated), averaged across the
amimals of each growp, are particelarly poleworthy, The
demonstrated reduction in [1-6 shows the potential of the
process and compositions of the present invention in the
prophylaxis or alleviation of chronic Tatigue syndrome in
human palicnis.

(96361 The results shown in FHG. 1, namely the reduction
in the secretion of IFNy from cells as a result of the process
of the invenlion, suggest another therapentic wse of the
preser invention, namely o association with chemother-
pewtic or radiation therapy of malignancies such as lvmpho-
mas, It is known that malignant cells in lymphomas such as
chropic lymphooylic leskemia {CLI) secrele excessive
arpous of IFN-y, which then acis as protectant for the
malignant cells against apoptosis inducing agents such as
chemotherapeutic chemical agents and radiation freatments
commonly adopted fo treat the Iymphomas. Inhibition of
secretion of this eviokine from malipnant cells accordingly
renders them more sosceptible 10 subseguen! chemothera-
pentic or radiation therapy, Another aspect of the presenl
mvention accordingly provides a process in which 2 mam-
malian patient undergoing or awaiting chemotherapy and/or
racdiation for a malipnancy such as a Iymphoma 18 given one
oF more courses of reatments of stressed mammaliag blood
cells as deseribed above, to render the patient’s malignancy
more susceptible 10 chemotherapentic or radiation therapy.

1. A method for treatment or prophylaxis of an nflam-
matory disease concition in 2 patient mediated by excess
inflammatory cyiokine production andior abnormal seosi-
(ivity of the patient {0 one or more inflammatory eytokines,
said cyviokines being selecled from the group consisting of
IFN-y and I1L~6, which method comprises administering to
the patient an effective amount of stressed mammalian blood
cells wherein said stressed marmmahian blood cells bave
been extracorporeally sebjected o at least one siressor
selected from oxidative conditions amd wltraviolet radiation.

2. A method for treatment or prophylaxis of an inflam-
matory disease condilion in a patient mediated by exoess
I1.-6 production and/or abnormal sensitivily of the patien! 10
I1.-6, which method comprises adminisiering (0 the patien
an effective amount of stressed mammakian blood cells
wherein said stressed mammakian blood cells have been
extracorporeally subjected 1o @ least one siressor selected
from oxidalive conditions and uliraviolet radiation,

3. The method of claim 2 wherein the disease condition is
chropic Tatigue syndrome.

4. The method of claim 3 wherein the stressed mammalian
biood cells bave been extracorporeally subjecled to both
oxidative conditions and wHraviele! radiation simulia-
neously,

5. The method of claim 4 wherein the stressed mammalian
hblood cells have additiopally been extracorporeally sub-
Jected o heat siress simuhancously witl subjection o both
oxidative conditions and uliravioke! radiation.
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6. The method of claim 5 wherein the oxidative comdilions
comprise bubbling 2 gascous mixture of medical grade
oxygen and ozone through the blood, for a period of from
ahoul (L5 minutes to about 60 minutes,

7. Yhe method of claim 6 wherein the gaseous mixture has
an ozone content of from abowt 0.1 10 about 100 gp/mi.

8. The method of claim 7 wherein the UV stressor is UV-C
radialion.

9. The method of claim 8 wherein the temperature siressor
1% a temperalare in the range from about 40 o about 55° €
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1. The method of claim 9 wherein the stressed mamma-
lian blood cells comprise 2 volume of whole blood of from
about 9.1 fo about 400 mis.

1. A process of decreasing (e expression of one or more
of the inflammaltory eytokines IFN-y and -6 from cells in
a mammalian patient, which comprises adminisiering to the
patient an effective amount of stressed mammalian blood
cells, said stressed cells having been extracorporeally sub-
Jected (o at least one stressor sefected from oxidative siress
amct nliraviolet radiation.
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TREATMENT OF IL-16¢ DEFICIENCIES
FIELD OF THL INVENTION

FODGL]  This invention relates 1o the cytokine inteleukin-10
(hereafter 1.10), and methods for the treatment or prophy-
laxis of mammalian disorders assoctated with [1-10 defi-
CIERCY.

BACKGROUND OF THE INVENTION AND
PRIGR ART

[O0G2] 1t is koown that 1L-10, origisally described as
cylokine synthesis inhabitory factor, plavs 2 role in sappress-
ing imne and inflammatory responses in the mammalian
body, by iohibiting the production of pro-inflammatory
cyviokines. A deficiency of IL-10 resulis in the development
of 2 number of significant inflammatory events inchuding
wchemia-reperfosion injury, and bas been implicaled in
anfomnmune diseases such as psoriasis and pemphigus, [t
has been reported 1o be a Th2-derived cytokine that infibis
the cytokine release by Thi cells {see Biorencino et al,, I
Exp. Med. 170 3081-2095, 1989). Smdies of the biologic
activities of 1L-10 in vitro bave shown that 11-10 inhibits
production of cyviokines af both mENA and protein fevels by
mouse Th clones stimulated by antigen or 133 antibody in
the presence of macrophages (see, again, the above cited
paper by Biorencino ef al)).

P03 Kondo, McKenzie and Sauder, “The Jonrnal of
Ifrvestigative Dermatologe,” Vol, 103, 1994, pages 811-814
have reported that 11.-10G gpplicalion suppresses interferon
gamma mRNA gp-regelation in challenged skin, suggesting
that 11-10) significantly modifies the ehcidation of allergic
contact seRsHIVILY reaclions.

[O064]  The administration of exogenouns IL-10 as a thera-
pentic agent o real 1L-10 deficiency-associated disorders in
a mamnalizg patient, on any sigmfican! scale, is currently
woatiraciive, The preparation of H.-10 by chemical synibe-
sis, or by cell cultivation and expression technigues (e.g.,
using recombinant DNA technologies) is prohibitively
expensive.

FOOGST  Current freatment of pemphiges s with oral ste-
roids, usually predoisone, Immunosuppressive drugs such as
fmuran and Cvioxan are also wsed as adponciive therapy 1o
the steroid (reatment. However, these drogs bave serious
side effects and, accordingly, treatment for pemphigus which
has reduced side effects is needed,

SUMMARY OF THE INVENTION

FOOBET 1t has now been Tound that increased secretion of
1L-10 can be caused in vivoe, in a mammalian palien), and
that such enbranced secrelion of H.-10 in vivo bas a beneli-
cial, therapentic effect on a wide variely of mammalian
disorders, including, but not fimited o infammatory disor-
ders and disorders arsiog from @ deficien! immune system
or a deficien! endothelial function in the patien!.

FOOBT]  One aspect of the present invention is a method for
the prophylactic or therapeutic freatment of inflammatory
components and inflammatory aspects of ap 11-10 defi-
ciency-mediated disease in 2 mammalian paticnt, which
method comprises administering o said patient an aliguot of
blood which has been treated ex vivoe with al least one
stressor selected from the group consisting of an oxidative
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environment, thermal stress and UV light, wherein the
concemration of IL-10 secreted by immune cells in the
Plood or tissues of said patient is increased, with an asso-
ciafed reducton of harmful inflammatory effects of the
11.-10) deficiency-mediated disease,

[8008]  In another embodinment, the method comprises (1)
entifying a patien! baving an #.-10 deficiency-medialed
disease condition, or 18 &l risk of having an #H.-10 deficiency-
mediated disease condition, which has a significant inflam-
malory component; (bY evaluating the patient identified in
{a) above 1o determine whetber tha disease condifion or risk
of disease condilion can be effectively treated by increasing
the concentration of IL-10 in the patient; and {¢) if an
mnorease in the copcentration of IL~19 would he suitable for
the prophylactic or therapentic treatment of such a discase,
then administering 10 said patient an aliguo! of blood which
has been treated ex vivo with &t leas! one siressor selecled
from the group comsisting of an oxidative environment,
thermal stress and UV light.

(90097 Another aspect of the invention is a method for
preveniing or treating an IL-10 deficiency-associated disor-
der in 2 mammalian patien! which method comprises (a}
entifyving a patien baving an H.-10 deficiency-medialed
disorder which disorder ® characterized by a decressed
amount of 11-10 seoretion; {(b) evaluating the patient to
determine whether thal disorder can be effectively treated by
mmereasing the amoun! of 11-10 secrelion; and (¢} adminis-
lering to the patien! an effective amount of extracorporeally
stressed blood to stimulate 11-10 secretion in the palient.

[8016]  Yet another aspect of {his invention 18 & method for
preveniing of treating an [L-10 deficieney-medisted disorder
in a mammalian patient, which method comprises {a) select-
ing a patient having an 1L-10 deficiency-mediated disorder
which disorder 18 characlerized by a decreased amoun! of
IL-10 secretion; (b} evaluating the palient to delermine
whether the! disorder can be effectively trealed by stimulat-
ing 11.- 10 secreting cells; and {¢) administering to the palient
an effective amount of extracorporeally stressed blood to
stimulate 11.-10 secreting cells thereby Increasing the rela-
five proporiion of IL-10 secreting cells in the mammalian
patient and stimulating the seeretion of H.-10.

[8011] Ancther aspect of the iovention 18 a method for
preveniing of treating an [L-10 deficieney-medisted disorder
in a mammalian patient, which method comprises {a) select-
ing a patient having an IL-10 deficiency-mediated disorder
which disorder 18 characlerized by a decreased amoun! of
11-10) activily; (b} evalsaliog the patien! o delermine
whether thal disorder can be effectively treated by increasing
the activity of IL.-10 in the patient; and {¢} administering to
the patient an effective amount of extracorporeaily stressed
blood o increase 11-10 activity in the palien!,

196127 Another aspect of the invention provides a process
of incressing in vivoe levels of -10in & mammalian patient,
by increasing the namber or refative proportion of [1-106-
secreting cells in the mammalian body or by increasing the
amount of 1110 secretion from 1L-H-secreting cells in the
mammalian body, or by increasing the activity of 1L-10
secreted i the mammalian body, and thereby effecting
beneficial therapeutic effects in the patient.

[8013] From another aspect, the invention provides bio-
togically acceplable compositions of matter adorinisirable o
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a marnmatian patient, and which, upon or after such admin-
siration, stimulate enbanced seoretion of IL-10 in vivo in

the mammalian patient, Tor treatment or prophylaxis of

various marmmahian disorders.

BRIEF DESCRIFTION OF THE DRAWINGS

FOOE4]  The figures of accompanying drawings are graphi-
cal presemiations of results oblained according {0 specilic
examples described below,

FOOEST  FIG. T shows 2 comparison of ear thickness mea-
swrement in mice following freatment as described in
Example 1.

FI6]  FIG. 2 is a cross section of the car of animals
treated as desoribed in Bxample 1.

FET]  FIG, 3 shows a comparison of net ear swelling in
mice following treaiment as described in Example 2.

FODI8]  FIG. 4 shows a comparison of net ear swelling in
mice following treatment as described in Example 3.

(09191 FIG, 8 shows a comparison of net ear swelling in
mice following treatment as described in Example 4.

DETAILED DESCRIPITON OF THE
INVENTION

P2 This invention is directed to methods For the freal-
men! or prophylaxis of mammalian disorders associaled
with 11.-10 deliciency, in particular discase such as pemphi-
gus and psoriasis, The following lerms are delined with
respect o this apphcation.

FO2I]  “Pemphigus” is a group of autoimmune discases
characterized by the formation of watery hlisters on the skin.
1 is an infraepidermal blistering disease characterized clini-
catly by superficial blisters and erosions of the skin and/or
mucons membranes, especially the mouth. It is corrently
treated with massive doses of steroids.

FO0221 It is classified into three major forms: “pemphigus
Toliacens,” a superficial and more benign form; “pemphigus
vilgaris,” a deeper, more serions and more common forny;
and “parancoplastic pemphiges,” the rarest and mos! serious
Torm which occurs most often in patients who have been
diagnosed with a malignancy {cancer).

FOO23]  The forms have minor varants, Pemphigus folia-
ceus (“PFT) is caused by the location of the blister fust below
the stratam corpeum of the epidermis. Oral lesions are
wocommon. Pempliges velgaris (*PV”) patients gencrally
present in their fifth {o sixth decade, exbibiting blislers and
erosions on skin and mucows surfaces, Oral lesions often
precede skin lesions by a few months, The lesions appear as
erosions due 1o the fragility of the blisters. The oral lesions
can spread o the pharvex and the laryox, with resuliing
hoarseness, excriciating pain, and inabildy 1o eal and drink.
it has a grave prognosis if not treated. Before the introduc-
tion of oral steroid treatments, mortalily was 100% by 5
years, due o malnwirition, debilfation, sepsis andior elec-
trodyte and water loss. Parancoplastic pemphiges palienis
generally exhibit sores in the mouth, Hps and esophagus and
skin lesions of different fypes occur. This Form of the discase
is usually unresponsive to standard steroid treatment, In
some cases, surgical removal of the associsted tomor can
lead (o improvement of the symptoms of pemphigus. Colell,
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S, Robinson, N. ). and Chan, 1. S, American Journal of
Emergency Medicine, (May 2000} Vol 18, No 3, page 1,
further describe the various (ypes of pemphigus.

[8024]  Toto, I, Feliciani O, Amerio P, Suzuki I, Wang B,
Shivii G M, Woodley I3 and Sauder D N, L Jmmunol (Fan
1, 2000) 164{1)522-9, repor! tha!l pemphiges vulgars
{“PV"™) 15 characterized by antibodies 1o the desmosomal
cactherin desmoglein-3. This work, on delineating the poten-
sial role of Tocell signalling pathways in the pathogenesis of
PV, involved passive transfer experiments with PV 1gG in
gene largeted mulan! mice. Data described therein suggests
# polenfial role of H.-10G in PV

[80258] 'Fle ferm “prophylaxis” refers to the prevention of
disease or preveniive {reatment of & discase.

[8026] Patients having T1-10 deficiency-associaled disor-
ders can be wdentitied by an examination of their symploms.
The presence of the visible symptoms of psorasis of pem-
phigns on a paticat’s skin, or the presence of symploms of
inflammatory bowel disesse in a palient, are evidence of
-39 deficiency. Such wentification can also be made, or
conlirmed, by measurement of 11L~10 apd 11-10 mRNA in
alfected tissues of the patient, i the patient’s blood and/or
the patient’s blood cells. I1-10 measurements can be con-
ducted by methods well koown {o those skilled in the anl.
See, Tor example, the aforementioned papers of Biorencino
et al. and Kondo et al, page 1 hercol, and especially
references ciled therein, Commonly, antibody measurements
are used, in plasma or tissue, as with measurements of other
cytokines.

[8027] A patient thus dentified a8 having an H.-10 defi-
clency-associsied disorder may be evalpated o determine
whether that disorder can be effectively reated by increasing
the amount of in vivo 1L-10 secretion, by administering 1110
from an external source and observing the resultant effect on
the patient’s symptoms of this disorder, [E-10 18 commer-
cialty avaitable, at least in lest quantities. §f can be admin-
istered 10 the lest palient infravenously or by local injection
at the sife of the disorder, as a Hauid infusion in a hiclogi-
cally acceptable carrier.

[8028] One way o enhance I1-10 secretion is by intro-
duction imlo the patient of compatible whoele blood which
has been extracorporeally subjecled 10 an oxidalive siress.
Another 18 by iroduction inlo the patient of compatible
whole blood which has been subjected extracorporeally to
an appropriale dose of UV radiation. Yet another is by
mmtroducton oo the patient of compatible Whole blood
which has been subjected extracorporeally 10 an oxidative
stress and an appropriate dose of UV radiation simulta-
neously,

[8029] Sl other processes are the infroduction into {he
patient of a celhdar fraction of compatible blood, optionally
incheding platelets, which has heen subjected extracorpore-
ally to oxidative stress, or one which has been sabjected ©
an appropriate dose of UV radiztion extracorporeally, or one
which has been subjected extracorporeally 10 both an oxi-
dative stress and an appropriate dose of UV radiation
simudtancously, In all cases il is preferred 1o use the patient’s
own blood or blood cells, Tor extracorporeal processing and
mtrodduchon inlo the patient,

[80363] A preferred process of the presen! invendion
mmvolves extraction of an aliguot of biood from a mammalian
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subject {prefersbly a buman), and treatment of the aliquot of
blood or 2 separated cellular Traction thereof ex vive,
simultancousiy or sequentially, with the oxidative stress and
UV racdiation. Then o s injecied back ino the same subjec!,
Preferably a combination of both of the oxidative stressor
and the UV radiation is used simulaneously. The resul! s an
enhanced secretion of 11-19 in the mammalian patient,

FOO31T  Preferably also, the aliquo! of blood 18 in addition
subjected 10 mechanical siress. Such mechanical stress s
suitably that applied 1o the aliguot of blood by extraction of
the blood aliquot through a conventional Mood extraction
needle, or a substantially equivalent mechanical stress,
applied shortly before the other cliosen siressors are applied
to the blood aliquot. This mechanical stress may be supple-
menied by the mechanical siress exerted on the blood aliguot
by bubbling gases through it such 8 oZope/oxypen mix-
tures, as described below, Optionally also, a temperature
stressor may be applied 10 the blood aliquo!, sinnellancously
or sequentially with the other stressors, Le., a femperature al,
ahove or below body temperature,

[O032]  The terms “aliguot,™akiquot of blood” or similar
terms wsed herein include whole blood, separated celiular
fractions of the blood including platelets, separated non-
cellular fractions of the blood iocluding plasma, plasma
components and combinations thereof. Preferably, in human
patients, the volume of the alicuot s up o about 400 mi,
preferably from about 9.1 to about 100 ml, more preferably
from abou! 1 10 abowt 15 ml, even more preferably from
abou! 8 1o sbout 12 mi and mot preferably about 10 ml
When a cellular fraction is used insteacd of whole blood, the
aligot shoukd contain the number of blood cells which
would ordinarily be contained in whole blood of the afore-
mentioned volumes, e.g., L7-10°% The effect of the com-
bination of stressors ® 0 modify the blood, andior the
ceHular o non-ceflular fractions thereod, contained in the
abiquot. The modified aliquot is then re-introduced into the
subject’s body by any suitable method, most preferably
iramuscutar injeciion, but also including subegtancous
inection, infraperifoneal injeciion, intra-arerial injeciion,
inlravenous injection and oral administration.

F33]  The oplionally applied femperature siressor either
warms he aliquot being freated 10 a2 lemperature above
normal body lemperatare or coods the aliquot below pormal
bocly temperature. The femperature is sclected so that the
temperalure siressor does oot cause excessive hemolysis in
the blood contained in the aliguo! end so thal, when the
treated aliqued is injected info & subject, the desired effect
will be achieved. Preferably, the temperature stressor is
applied to that the temperature of all or a part of the aliquot
% up to about 55° C., and more preferably in the range of
from about -5° O 1o abou! 53°

FO34]  Tn some preferred embodiments of the invention,
the temperattre of the aliquo! 18 raised above pormal body
temperalure, such tha! the mean temperature of the aliqoot
does not exceed a2 temperature of about 353° O, more
preferably from about 40° C 1o about 30° (0, even more
preferably From aboul 40° C. to about 44° O, and most
preferably about 42.521° €

(09351 In other preferred embodiments, the aliguot is
cooled below gormal body temperalure such {ha! the mean
temperalure of the aliguot s within the range of from about
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4% € to ahout 36.5° O, miore preferably from about 10° CL
10 about 30° C and even more preferably from ahouwt 153° CL
10 ahout 23° C.

[9036] The oxidative stressor can be the application o the
aliquot of solid, liguid or gascous oxidizing agents, Chemi-
cal oxidants sach as bydrogen peroxide can be wsed. Prel-
crably, # involves exposing the aliguo! 10 & mixture of
medical grade oxygen and ozone gas, niost preferably by
applying to the aliquot medical grade oxvgen gas having
ozone as a component therein, The ozone content of the gas
streamn and the How rate of the gas strean are preferably
selected sucl tha! the amount of ozone infroduced 1o the
blood aliquod, eitber on its own or in combination wilh one
of the other stressors, does nof give Hse 1o excessive levels
of cell damage, and so that, when the treated aliquot is
mmjected 1ot a subjedt, the desired effect will be achieved.
Suilably, the gas stream has an ozone content of up 1o abou!
300 ugiml, preferably up to about 100 ugiml, more prefer-
ably about 30 pg/ml, even more preferably up to about 20
ngfml, particalarly preferably from about 10 ug/mi 1o about
20 ggiml, and most preferably about 14521 .0 ppiml The
fas stream 18 suitably sopplied o the aliguot at a rate of wp
1 about 2.0 Hiers/min, even more preferably up to about
0.33 Hiers/min, and most preferably about 0.24:0.024 fiters/
min. The lower limil of the Jow rate of the gas stream is
preferably pot lower than (.01 Liers/min, more preferably
oot lower than 0.1 Hiers/min, and even more preferably oot
lower than 0.2 [ders/min.

[8037] 'Fhe sltraviolet Hght, which may also be regarded
as a siressor, is suitably applied by irradiating the aliquot
uncder treatment from 2 sowuree of UV fight. Preferred UV
soprees are UV lamps emitting UV-C band wavelengths, Le.
at wavelengibs shorter thian about 280 om. Ultiraviole! high
corresponcding 1o standard UV-A {wavelengihs from abou!
315 to about 400 pm} and UVAB (wavelengths from about
280 10 about 313) sources can also be vsed, As in the case
of 1he oxidalive stressor, the UV dose should be selected, on
Hs own or i combination of the other chosen stressors), so
that excessive amounts of cell damage do not occur, and so
that, when the freated aliquol is injected info a subjoct, the
desired effect will be achieved, For example, an appropriate
dosage of such UV light, can be oblaiped From wp 1o eigh
tamps arranged 10 be exposed o the sample container
holding the aliquot, operated 2 ap intensity to deliver a (otal
UV {ight energy at 253.7 pm at the surface of the blood of
from about 0,025 1o about 10 joules/om®, preferably from
about (.1 to about 3.0 joulesfom™, Such a treatment, apphied
in combination witll the oxidative environmen! siressor,
provides 2 modified blood aliquot which is ready for injec-
gion into the subject, 10 cause enhanced Jevels of H-10 to be
generated i vivo in the sabjec!,

[O6387  Iris preferred 1o subject the aliguot to the oxidative
environment stressor, the UV Hght stressor and the tempera-
fure stressor simuliancousty, Tollowing the sebjection of the
afiguot 0 the mechanical siress, e.g by extraction of the
Plood from the patient. Thus, the aliquot may be maintained
at a predetermined femperature above or below body tem-
perafure while the oxygen/ozone pas mixture 8 applied
thereto and while it 18 irradiated with uliraviolet hght.

(90397 The time for which the aliquol is subjected to the
stressors 18 normally within the time range of from about G5
minies up 10 about 60 minutes. The time depends o some
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exiens wpon the chosen combination of stressors. When UV
Tight is used, the intensity of the UV light may affect the
preferred time. The chosen temperature level may also affect
the preferred time. When oxadative environment in the form
of a gaseous mixture of oxygen and ozone applied to the
atiquot 18 chosen 48 one of the fwo stressors, the concentra-
tion of the oxidizing agent and the rale at which il is supplied
to the aliquot may alfect the preferred temperatire, Some
experimentalion 10 eslablish oplimum times may be peces-
sary on the part of the operator, onee the other siressor fevels
have been set. Under most stressor conditions, preferred
times will be in the approximale range of from about 2 o
ahoul 5 minutes, more preferably about 3 minutes. The
starting blood temperature, and the rate at which 11 can be
warmed or conled 1o @ predetermined temperatore, lends o
vary from subject to subject. Warming is suitably by usc of
one or more infrared lamps placed adjacent fo the aliquot
container, Other methods of warming can also be adopled.

FO040T  As noted, it s preferred 1o subject the aliquot of
blood o a mechanical stressor, as well as the chosen
stresson(s} discossed above. Extraction of the blood aliquot
from the patien! through an imection needie constitntes the
most convenient way of obtaining the aliquot Tor Further
exitracorporeal freatment, and this extraction procedure
imparls a suitable mechapical stress 10 the blood aliquol. The
mechamcal stress may be supplemented by subsequent
processing, for example the additional mechanical shear
stress caused by bubbling as the oxidative siressor is applied,

FO041] Tn the practice of the preferred process of the
present inveniion, the blood aliquot may be freated with the
heat, UV light and oxidative environment stressors using an
apparatus of the type deseribed in alorementioned U8, Pay,
No. 4,968 483 1o Mueller. The abiguot is placed 1o a suitable,
sterite cordainer, which is fitted info the machine. A UV-
permeable container is sued and the UV lamps are swilched
on for a fixed period hefore the other stressor is applied, fo
alfow the output of the UV lamps to stabilize, When a
temperaltre siressor is used combination, the UV lamps are
typically on while the temperature of the aliguot is adpusted
to the predetermined value, e.g, 42.521° C. Four UV lamps
are suitably used, placed around the container,

FO042] Tn the admimisiration of the extracorporeally
treated aliqued Lo the patient for the stimulation of T11-10
secrelion in the patient’s body, a mammalian palicn! is
preferably given one or more cotrses of {realments, cach
course of treatmen! comprising the admimstralion o a
mammakian subject of one or more {&.g. one 1o $ix) aliquols
of mammalian blood modified as discussed above,

FO043]  The pharmuceniical compositions of has invention
may optionally include a pharmacentically acceptable
excipient, Some examples of suilable excipients include
sterite water, sterile salioe, phosphate buflered salive, and
the like.

FOD44]  Tor optimum efectiveness of the treatment, ¥ is
preferred tha! no more than one aliguot of modified blood be
administered 10 the subject per day, i one Or more injection
sites, and that the maximum rest period between any two
consecutive aliquols during the course of frealment be no
greater than about 21 days. Booster freatments as deseribed
betow may advaniageousty be vsed. As used berein, the term
“rest period” 18 defloed as the pumber of days between
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consect{ive aliguots oF conseculive cotrses of frestmen on
which no aliquots of modified hlood are administered to the
subject,

(80437 Therefore, except where alicuots are administered
10 the subject on consecntive days, a rest period of from 1
10 21 days is provided between any fwo aliguots during the
course of treatmen!. Moreover, at least one of the rest
periodds during the course of treatmen! preferably has a
length of abowl 3 fo 15 days,

[8046] Although # may be sufficient to administer only
one course of treatment as descrthed above to the subject, it
may he preferred in some circumstances o adminisier more
than ome course of Irealment, or o follow the above-
described course of {realment by periodic “booster” treat-
menls, if pecessary, 10 maintain e desired effects of the
present ipvention. For example, it may be preferred to
administer booster treatments at intervals of 3 1o 4 months
foltowing the iniial course of freatment, or to adminisfer a
second course of frealments 1 the subjed following a rest
period of several weeks or months,

[8047] 'Fhe process of the present invention increases (he
IL~-30 level in a mammalian patient’s body, both in tissue
and in hlood, and accordingly shows polential in the freat-
ment and prophylaxis of a wide varety of inflammatory
events and other disorders which are associaled with #.-10
deficiencies.

[B048] 'Tlhe invention is Turther Hlustraled amd deseribed
witly reference to the folowing specitic examples, compris-
ing animal studies conducted in an approved manoer. The
sysiem chosen to demonstrale the role and elfect of
enhanced secretion of 11-10 in mammalian patients is con-
{act hypersensiivity, a T-celt mediated defayed-type hyper-
sensitivity reaction in which the skin of a patient exhibits a
reaction to an agent which the body has previously encoun-
sered, by contact or by ineculation, There is available ap
establisbed experimental mouse modet for induclion amd
lesfing freatments of this disorder, a8 desoribed in the
folfowing Examples. In addition geneticatly moditied labo-
ratory mice, specifically bred to produce no 11-149, are
available commercially 10 permil festing of the elfeats of
various processes on prodeciion, see Example 4 below,

[B0497  Patients having 11.-190 deficiency-associaled disor-
ders can be identified by an examination of their symploms.
The presence of the visible symptoms of psoriasis or pem-
phigns on a patient’s skin, or the presence of symploms of
imflammatory bowel disease in a patient, are evidence of
11.-19 deficiency, Such identification can also he made, or
confirmed, by measurement of 11.-10 and 1L-10 mRNA in
affected fissues of the patien, in the patiert’s blood andfor
the patient’s blood cells. 11.-190 measurements can be con-
ducied by methods well known to those skilled in the
art--see for example the alforementioned papers of Bloren-
cine of #f. and Kondo ef al, page 1 hereof, and especially
references ciled therein, Commonty, antibody measurements
are used, in plasma or tissue, as with measurements of other
cytokines.

[D05G] A patient thus identified as having an H.-10 defi-
ciency-associated disorder may be evaluated (o determine
whether that disorder can be effectively treated by Increasing
the amount of in vivo H.-10 secrelion, by administering
IA0rom an external source and observing e resultan
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etfect on the patien!’s symptoms of this disorder, -10 18
commercially available, al least in test quantities, 1t can be
adminisiered to the les! patient intravenously or by local
injection af the site of the disorder, as a Lgeid infusion in a
biologricatly acceptable carrier,

EXAMIRL 1

FOOS1]  The effectivencss of the treatment according 10 4
preferred embodiment of the present invention, on confact

according to approved animal experimentation procedures,
wsing the method desceribed by Kondo ¢f at, “Lymphocyle
function associaled anligen-1 (LFA-1} 18 required for maxi-
mum elication of allergic contact dermatitis™ Br ], Derma-
tol. 131:354-359, 1994, with minor variations, The disclo-
sure thereof is incorporaled berein by reference. Briefly, 1o
induce CHS, the abdominal skin of each mouse was shaved
and painted with dinflrodifluorobenzene DNEB, the sensi-
tizing chemical, using 25wl of 0.5% DNFB in 411 acelone:
olive ol solution. This sensitization was applied fo Jour
groups of five Balb € mice.

FO032]  Whole blood was obtained from Balbic mice, by
exiraction from a main arlery throsgh an injection needle,
and treated with ap anli-coagulan!. An aliqoot of this was
subjected 1o the process of @ preferred embodiment of the
imvention, 10 oblain treated blood. The remainder was left
untreated, for use in control experiments. Since these mice
are genctically identical, the adminisiration of the frealed
blood 1o others of the group is equivalent to adminisiration
of the treated blood fo the donor animal,

PR3] To oblain treated blood, the selected aliquot, in a
slerile, UV-ransmissive container, was treated simullae-
neously with 2 gascous oxygen/ozone mixiure and ultravio-
et light at elevated fomperature using ap apparatus as
generally described in aforementioped U8, Pal. No. 4,968,
483 Mueller ¢t al. Specifically, 10 o1 of citrated blood was
transferred to 2 sterile, low density polvethylene vessed
(more specifically, a Visogen V7002 Blood Container) for
ex vivo treatment with stressors according 10 the invention.
Using an apparaies as described in e aforementioned
Muetier patent (more specifically, @ Vasogen VU700 appa-
ratusy, the blond was heated o 42.521% ¢ and at that
temperature irradiated with UV Hght principally at 2 wave-
lenptlh of 253.7 nm, while oxygen/ozope gas mixture was
bubbled thropgh the blood to provide the oxadative enwi-
ronment and (o Facifitate exposare of the blood o UV, The
constitution of the gas mixture was 14.521.0 gg ovone/ml,
with the remainder of the mixture comprising medica] grade
oxygen. The gas mixiure was bubbled through the aliquot at
a rate of 240224 mi/mn for & period of 3 minsies.

FOO84]  OfF the 4 groups of sensitized mice, the first, control
group A-1 received oo treatmend. The second, controf group
B-1, was freated with physiologicat saline, 50 gl The thind,
control group -1, was sham freated, with 30 ¢ of blood
which had heen extracted but not treated with the stressors.
The fourth, lest group DD-1, was freated with 50 g of blood
subjected 1o stressors as described above, Trealments, cach
involving intramuscular injection of 30 g of the respective
Higuid, started on the day of sensitization, and was repeated
every day for a total of 6 days. On the same day as the last
treatmend, but afler #s; adminigiration, the animals were
challenged witll DNEB, by applving fo the ecars of cach

Oct. 17, 2002

ammal 10 g of 0.2% solution of DNFB. inflammation due
10 CHS manifests iself in 2 swelling of the cars, Ear
thickness was measured, 24 hours after challenge, with a
Peacock spring-toaded micromeler (Ozaki Co., Tokyo,
fapan). The resulls were expressed as the change (from
pre~challenge level} in ear thickeess and represent the mean
maximal increase at 24 hours afler challenge.

[B633]  The experiments were repeated two more times,
using two more sets of four groups of animals, 10 ensure
stafistical significance in the results, FIG, 1 of the accom-
panying drawings 1s @ graphical presentation of these resulis,
A notable and sigoifican! reduction in ear thickness {inflam-
mation} is to be observed with the animals treated according
10 this preferred process of the invention, as compared with
any of the other groups. FIG. 2 of the sccompanying
drawings represent pholographs of cross-sections of the cars
of a representative (reated animal of group -1 {picture {2)}
and a representative unlreated group A-1 animal {picinre
{b)). The decreased skin thickness, and the reduced lym-
phocyte infiltration (lower density of dark stained cells) is
readily apparent on picture {2) from the freated anpimal,
further demonstrating a significant reduction in inflamma-
{30

[B036]  The percentage suppression when compared with
the standard CIES response (no frealment, control group
A-1Y is 8% Tor the saline treatment group B-1, 14% for the
sham treatoyen! group C-1 and 46% for group [3-1, (reated
according o the embodiment of the process of the invention.

EXAMPLE 2

(96371 The procedure of Example 1 was followed, using
four groups of Balb/c mice, with one group receiving a
blood aliguo! which had been subjected to UV and ozone/
oxygen bubbling, as described, but without application of
the heat stressor (e trealed al room lemperature), Thus,
group A-Z recerved po treatment, group B-2 recerved
untreated hlood (sham treatment), group C-2 received blood
frealed with UV and ozone but no heal, and growp [3-2
received blood freated the same way as in the case of group
1321 of Example L.

[B038] 'Fhe resulls are presented graphically on FIGL 3, in
the same manner as

[8059] FIG. B The result from group [3-2 is marginally
better than that from group C-2. The percenlage suppression
when compared 10 the standard CEHS response {no treatment,
group A-2) s 99 Tor group B-2, sham treatment, 52.5% for
group C-2 and 549 for group [3-2

EXAMPLES

[8066] Whole blood was oblained from Balb/e mice. Par
of the blood was subjected Lo UV, ozone and heal treatment
as described in Example 1, and part of the blood remained
urtreated. Botlr the untreated blood and the freated blood
were centrifuged o obtain @ cellplar fraction, and washed
with saline. The freated and sntreated fractions were adoin-
istered 10 animals challenged with DNFB to develop contact
hypersensitivily as described in Example 1

(90611 Four groups of 5 mice cach were injected accord-
ing to the schedule of Example 1, and evaluated, as Follows:
Group A-3—no-treatment; Group B-3—cellutar fraction of
sham treated blood; Group C-3—cellolar par! of treated
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blood, Group D-3—whole freated blood, e administra-
tions fo the mice fook place just prior fo sensitization with
(1.5% DNEFB and contineed every day until challenge with
G.2% DNIEB, 5 days later. A total of 6 injections were
administered to cach mouse.

FO062] The car swelling of each mouse was measured 24
hours afler challenge, Each experiment was repealed three
times, 10 cosure statistical significance of the results. Net car
swelling as a measure of contact hypersensitivily and sup-
pression thereof was caloulated as T—{ear swelling of blood
administer mouse/ear swelling of no blood administered
moase )« 100

FO063]  The results are presenied graphically on FIG. 4, a
sumrrary of three expeniments. A sigoifican! suppression of
CHS is scen with the cellular fraction of the treated blood,
There was o significant difference between the freated
cellular fraction and treated whole blood.

EXAMPLL 4

F064]  To demonsirate e fundamental mle of 11-10
secretion i the provesses deseribed above, the procedure of
Example T was essential repeated, using a genetic strain of
laboratory mice deficient in the gene responsible for 11-10
prociection and secrelion, Le. [1-10 knock-ou! mice. These
are available from laboralory animal sources, for approval
experimental purposes.

FO065]  Fowr groups cach comprising five H.-10 koock-out
mice were sensitized with DNFB, as described in Example
1. Whole hood was obtained from the 1L-10 knock-out
mice, by extraction from a miatn srtery through an injection
needle, and treated with an anti-coagulant. Aliquots of this
blood were treated as described in Example 1, and other
aligmots left-untreated for use as controls.

F66]  Control group A-4 received no injection. The ani-
mals of Control group B-4 were treated with physiological
saline, The animals of control Group C-4 were then (reated
with 50 g of blood which had been extracted bat no! trealed
with stressors. The fourth test group of soimals -4 were
treated with 50 ¢l of blood subiccled 1o siressors as
desoribed. The treatment schedules, challenge with DNERB
and measuremen! of resglis via car swelling were all as
described in Example 1.

FOOBTT  The resulis were shown graphically on accompa-
nying FIG. 5§ There 15 no difference between any of the four
groups. This demonsirates that the (reatment according o
the invention is ineffective when applied t0 IL-10 knock-out
mice whereas it is very effective when applied to mice of the
same genetic background but expressing the 11-10 gene, so
that [1-10 secrefion is a4 key funclion in the treatmen,

Wha! s claimed s

1. A method for the prophylaxis or therapeutic frealment
of an 1L-10 deficiency-medisted disease in @ mammalian
patient, which method comprises:

ackministering 10 said patient an abiquot of blood which
has been lreafed ex vivo with al least one siressor
selected from the group comsisting of ap oxidative
environment, thermal stress and UV light, wherein the
conceniration of [1-10 secreted by immune cells in e
blood or tissues of said patient 18 increased, willl an

6
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associated reduction of harmful inflammatory effecis of
the H.-10 deficiency-mediated discase.

2. The method of claim 1, wherein the oxidative environ-
men! comprises applying an oxidizing agen! 1o the aliguol.

3. The method of claim 2, wherein the oxidalive agen!
comprises ozone gas, and the ozone gas is imroduced wio
the blood aliguot in ah amount which does not give fdse to
excessive levels of cell damage,

4. The method of clum 2, wherein the oxidizing agen
comprises a mixivee of ozone gas and medical grade oxygen,
e ozone gas being conlained in the mixtore & conoen-
gration of up 10 about 300 ugiml

5. The method of claim 4, wherein the ozone gas is
corfained in the mixtere in 2 conceniration of up to abou! 30
ppiml

6. The method of claim 5, wherein the ozone gas is
comained in the mixiure in a concentration of from about
13.5 ng/mi 1o about 133 ug/mb

7. The method of claim 4, wherein the mixure is apphed
10 the aliguot af @ fow rate of up o about 0.33 lers/min,

8. The metbod of claim 7, wherein the mixture 1s apphied
10 the aliguot at a flow rate of from about 0.21 liters/min to
about .27 {fersimin.

9. The method of claim 1, wherein the electromagnetic
emission comprises wHraviole! light baving ooe or more
UV-C band wavelengths,

1. The method of claim 1, wherein the lemperature o
which the aliquot is cooled or healed is a tfemperature which
does no! result in substantial hemolysis of the blood 1 the
aliguot.

11, The method of claim 1, wherein the temperature
stressor is applied so that the temperatire of at least part of
the aliquot is in the range of from about -5% C. 1o about 35°
C.

12. The method of claim 1, wherein e mean temperalure
of the blood 1n the aliguod 18 i the range of from about 37°
C. to about 44° (.

13 The method of claim 1, wherein the mean femperature
of the Mood in the aliguot is in the range of from abow 0°
C. 1o about 36.5° €

14. The method of claim 1, wherein (e mean temperalure
of the bleod in the aliquot is in the range of from about 10°
C. t0 about 30° (.

15. The method of claim 1, wherein the temperature is in
the range of from about 37° € to about 55° C.

16. The method of claim 15, wherein the lemperature 18
42.521° C.

17 The method of claim 1, whercin the volume of the
aliquot is up 10 about 400 mh

18 The method of claim 17, wherein the volume of the
aliguot is abow! 10 mb

19, The methodd of claim 17, wherein the volume of the
aliguot 18 abow! 2 mb

20. The method of claim 1, wherein the aligquot is sub-
jected o the stressors for a peried of up to about 60 minutes.

21 The method of claim 20, wherein the afiguot is
sabpecied 1o the stressors for a period of sbow! 3 minuies,

22, The method of clam 1, wherein the blood is admin-
istered 10 the mammal by 2 method seitable for vaccination
selected from the group consisting of intra-arferial injection,
intramuscular injection, Intravenous injection, suhcaiancous
mmjection, infraperitonesl injection, amd oraf, nasal or rectaf
adimimsiralion.
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23, The method of claim 1, wherein all of the stressors are

simultancously administered (o the aliquot.

24. The method of claim 1, wherein any two of the

siressors are simualfancousty administered 1o the aliquot.

25 The method of claim 24 wherein the mammal s a

human.

26, The method of claim 25 wherein the 11-10 deficiency-

mediated disease is pemphigus.

27, The method of claim 1 including the additions] steps

of!

(2} idemtifying a palien having an H.-10 deliciency-
mediated disease condition, or 1% af risk of having an
IL-310 deficiency-mediated disease condition, which
has 2 significant inflammatory component;

(b} evalnating the patient identified in (a) above to deler-
mine whether that disease comdition or risk of discase
condition can be effectively {realed by increasing e
conceniration of I1-10 i the patien!; and

(o} if an increase in the conceniration of [1-10 would be
suilable for the prophiyiactic or therapenlic (reaiment of
such a discase, then administering 1o said patient an
aliuot of hlood which has been treated ex vivo with at
Teast one stressor selected from the group consisting of
an oxidalive environment, ermal stress and UV light,

28. A metbod for the propliviactic or erapentic irealment

of inHammatory components and inflammatory aspects of ap
I ~10 deficiency-mediated disease i a mammalian patient,
which method comprises:

(ay identifying a patient having an I1-10 deficiency-
mediated disease condition, or 18 af risk of having an
IT.-10 deficiency-medialed discase condition, which
bas @ signtficent inflammatory component;

(i} evaluating the patient identitied in (a) above o defer-
mine whether that disease condition or risk of disease
condition can be effectively freated by increasing the
concertration of 11.-19 in the patient; and

(¢} if an increase in the concentration of 11-10 would be
suitable Tor the prophylactic or therapentic trealment of
such a disease, then administering o said palien! an
aliguot of blood which has been treated ex vivo willy at
Teast one stressor selected from the group consisting of
an oxidative environment, thermal stress and UV Hghy;

wherein the concentration of 1110 scoreted by immune
cells i the blood or tissues of said patient is increased,
witly an associated reduclion of harmfsl inflammatory
effects of the I1-10 deficiency-mediated disease.

28, A method for preventing or freating an J1L-10 deli-
ciency-associated disorder n 2 mammalian patient which
method comprises (a) identiTying a patient having an 11-10
deficiency-mediated disorder which disorder 15 character-
et by a decreased amound of 1110 secretion; {b) evale-
ating the patient o determine whether that disorder can be
effectively treated by increasing the amount of 11-10 seere-
tiosy; and (¢} administering to the paticnt an efective amount
of extracorporeally siressed biood to stimulate 11.-10 secre-
tion i the patient.

36 A method For preventing or treating an [L-10 defi-
ciency-mediated disorder in a2 mammalian patient, which
method comprises (a) selecting a patient having an 11-10
deficiency-mediated disorder which disorder 18 character-
ived by a decreased amound of 1110 secretion; {b) evaly-
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ating the patient to delermine whether that disorder can be
elfectively treated by stimulating 1L-10 secreting cells; and
{¢) administering to the patient an effective amount of
extracorporeally stressed blood fo stimulate I1-190 scoreting
celis fhereby increasing (e relalive proportion of H.-16-
secreting cells in the mammalian palien! and stimulating the
secretion of 11-140.

31 A method for preventing or treating an $H.-10 defi-
ciency-mediated disorder in 2 mammalian palient, which
method comprises {2) selecting @ patient baving an #H.-10
deficiency-mediated disorder which disorder 18 charscter-
ized by a decreased amount of H.-10 activity; (b) evalualing
the patient o delermine whether that disorder can be effec-
tively freated by increasing the activity of 1L-10 in the
patient; and {¢) admimstering o the patien! an effective
arnoun of extracorporeally stressed blood 1o increase H.-10
activity in the patient,

32, The method according 1o claim 29, 30 or 31 wherein
the extracorporeally stressed blood s compatible whole
blood or blood cetls.

33, The process of claim 32 wherein the extracorporeat
stress 18 an oxidalive Siress.

34, The process of claim 32 wherein the extracorporeat
stress ks UV radiagion.

35, The process of claim 32 wherein the extracorporeal
stress comprises simultancously applving oxidative siress
amct UV radiation.

36, A method for increasing I1-10 levels in the blood
andhior tissues of a premmalizo patient, which method com-
prises extracting an aliquot of the patient’s hlood, extracor-
poreally applying o al least the cellular portion of the
aliuot at feast one stressor selected Trom UV radiation and
oxidative siress, and re-admimsiering e resultant aliguot to
e mammalian patient.

37, The metbod of claim 36 wherein both the UV radia-
tion siressor and the oxidative stressor are extracorporeally
apphied to the aliguol simuliancously.

38 The process of claim 36 or 37 wherein the oxidative
stress is bubbling of & mixture of medical grade oxvgen and
ozone rough the aliguol.

39, A pharmraceniical composition for sdmimsiration 0 &
mammalian patient comprising patieni-compatible 11-10
secretion-stimulating mammalian blood cells wherein the
blood cells stimulate an increase in H.-10 levels in the blood
anctor tissues of the mammalian patient when administered
o (e mammalian pationt.

4. The pharmacentical composition of claim 39 whergin
the blood cells are extracorporeally stressed with at least
stressor selected from the group consisting of oxidalive
stress and uliraviolet radiation siress.

41. A process of alleviating he symploms of, or prophy-
taxes of, an 11-10 deficiency-associaled disorder in mam-
malian palienl, which comprises in vivo stimulation of
enhanced 1L-10 scoretions in the mammalian paticnt by
applicalion o {he patien! of J1L-10 secrelions stimulaling
extracorporeatty stressed compatibie whole blood or blood
cells.

42. A process of alleviating the sympltoms of, or prophy-
faxes of, an 1119 deficiency-associated discase in 3 mam-
malian patien!, which comprises in vivo increasing the
number of relalive proportion of [L-1-secrefing cells in the
mammalian patient and stimulating #H-10 secrelion there-
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from, by application o e patient of I1-10 cell enhancing
extracorporeslly stressed compatible whole blood or blood
cells,

43. A process of alleviating the sympioms of, or prophy-
laxes of, an 1L-10 deficiency-asssociated disorder i a man-
malian paticnt, which comprises in vive ephancing the
activity of 11-1-in the mammalian patient’s hody by apphi-
cation to the patient of 11-190 activily increasing extracor-
poreally stressed compatible whole blood or blood celis.

44, The process of claim 41, 42 or 43 wherein the
extracorporeal stress is an oxidative stress.

45, The process of claim 41, 42 or 43 wherein the
exiracorporeal siress 18 UV radiation.

46. The process of cdaim 41, 42 or 43 wherein the
exfracorporeal siress i 4 combination of oxadative stress and
UV radiation, applied extracorporeally fo the whole blood or
cellular fraction thereof simullancously.

47. A process of increasing H.-10 fevels in the blood
andior tissues of a memmalisn patient, which comprises
exiracting an aliquo! of the patien!’s blood, extracorporeally
applving 1o al Jeast the celhilar portion of the aliquot at Jeast
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one stressor selected from UV radiation and oxidative siross,
and re-administering the resulant aliquol fo the mammalian
patient.

48. The process of claim 48 wherein hoth the UV radia-
ton stressor and the oxidative stressor are exiracorporeally
applied o the aligoo! simuliancousty.

49, The process of cdaim 47 or claim 48 wherein (he
oxidative stress is bubbling of a mixture of medical grade
oxygen and ozone through the aliquot.

59. A biologically acceptable composition of matter Jor
acminisiration 10 2 mammalian patient, said composition of
matler comprising extracorporeally siressed  compalible
mammalian blood cells which have been subjected o af least
one of oxidative stress and nltraviolet radiation stress, said
composition of matier baving the ability, upon administra-
{ion fo the mammalian patient, of stimulafing an increase in
I1.-10 tevels in the blood andior fissues of the mammalian
paticnt,
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METHODS FOR TREATING THE
INFLAMMATORY COMPONENT OF A BRAIN
DISORDER

REVERENCE TO RELATED APPLIECATIONS

FOOLT  This spplication is based vpon and claims priorily
from U.S. provisional paten! application seriz] No. 607282,
120 filed Apr. 6, 2001, the disclosure of which is incorpo-
rated herein by reference, in its entirety,

BACKGROUNID OF THE INVENTION
(621

[O0G3]  This iovention is direcled to methods for treating
the inflammatory component of brain disorders in mamma-
lian patients, and more particelarly for freating (hose neg-
rofogical brain disorders in which reaclive oxygen species
play 2 significant role in the underlving wHammatory
pathology,

FODGHE] 2. State of the Art

FOOBST  The events that lead 10 nesrological disorders with
a significant inflammalory component (including myasthe-
nia gravis, GBS, CIDP, and mulliple sclerosis} are not clear,
but the Tollowing sequential steps appear o be crilical. {1)
The breaking of folerance, 2 process in whicll oytokines,
molecular mimicry, oF superantigens may plav a role in
rendering previously apergic Teells to recognive peural
atoantigens. {2} Antigen recognition by the Tieell receplor
complex and processing of the anligen via e major histo-
compatibility complex class § or 1 {3) Costimalatory fac-
tors, especially B7 and B7-hinding proteins {CD28, CTLA-
4y and intercellular adbesion molecule (FUAM-1}Y and ils

i, Field of the lnvention

eukoeyte Tunction-associated (LEA)-1 ligand. {4} Traflic of

the activated T cells across the blood-brain or blood-nerve
barrier via a series of adhesion molecules that include
selectins, leukooyle inlegrins (LEA-1, Mac-1, very lale acti-
vating antigen (VLAY4Y and their counterreceptors (1CAM-
1, vasculer cell adbesion molecule {VCAM)) oo the endot-
hehal cells. (5 Tisswe injury when e activated T cells,
mracrophages, o specific aufoantibodies find their anligenic
targets on glial cells, myelin, axon, calcium channels, or
mascle.

FOO06] Lo designing specific immunotherapy, the main
components involved in every step of the immune response
need 0 be considered. Targets for specific therapy in ney-
rofogical disease inclode agents amd freatments that {a)
inferfere or compete with antigen recogaition or stimulation;
(b} inhibit costimulatory signals or cvtokines; (¢} inhibif the
traffic of the activaled cells 1o tissues; and (d) infervene al e
anligen recognition siles in the targeted organ.

FOO07]  Reactive oxvgen species (ROSY are activated forms
of oxygen, inchiding superoxide anion {0,.7) and bydroxyl
radicals (130.) topether with hydrogen peroxide (14.0,,) and
various unstable intermediates of lipid peroxidation. They
are generated as a result of acrobic metabolism. Neuronal
brain tissue is particalarly susceptible 10 oxadative damage
due s to hgh conssmption of oxygen and #s linnled
antioxidant defense system. Reactive oxygen species for
mation is thought 10 have an impact on synaptic plasticity,
cell signaling and the aging process. An age-related increase
in reaclive oxygen species produciion bas been demon-
sirated (Martin ef al, 2000) and the accpmulation of reactive
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oxygen species bas also been shown o be moreased in the
hippocampus as a consequence of peripheral LIPS adminis-
ration (Vereker ef al., 2000a). This is mimicked by IL-1$
admimsiration (Vereker ef al., 20000}, O'Donnell and col-
leages {2000) bave reported parallel changes in reactive
oxygen species formation and 1L-fproduction; reactive
oxygen species Tormation was shown to cause an inorease in
IL-3§ production while 1115 has the ability to induce
reaciive oxygen species formation s sugpesting the exist-
ence of a positive feedback loop which is potentially dam-
aging to cells.

[8098]  Increased concentrations of [L-15 have also been
closely Hoked with newronal degeperation (Mogi et al,
1996, Feoneti ef al,, 1998)

[8009] Enhanced sctivity of the stress-activated kinase
¢-Jun NI -lerminal kinase (INK} is associated with cell
degeneration and death (Park etal,, 1996; Maroney etal,
1998), and has been shown to be activated in e hippoc-
arnpis by several agents, including bydrogen peroxide, an
incucer of reactive oxygen species production, and pro-
inflammatory eytokines.

[9616G]  Another example of a neuronal Dbrain deficid
induced by IL~1§ and LPS, is the impaiemen! of long term
potentiation {LIP) in the hippocampus {Vercker et al 2000z,
Murray & Lyoeh, 1998). 1P is @ form of synaptic plasticity
hal was originally described o the hippocampus, 2 brain
region that 15 particularly vulnerable to degeneration which
is associated with cognitive dysfunction. On the basis of this
amd olher observations, LTP has been proposed as a bio-
togical substrale Tor fearning and memory {Bliss & Collin-
gridge, 1903

[8011]  Certain neurological brain disorders such as Downs
syndromre {Lavion elal, Kedziora etal, Schuchmann e
al.}, epilepsy, brain tranma (e.g. physical damage to the brain
such as concussion¥iavton etal, Wildhurger elal, Trem-
bovier el.aly and Huntington’s discase {chorea¥ Green} are
correnily undersiood fo mwolve inflarmmation of brain cells
as a sigoifican! componen! of the underlving pathology of
the disorder. This inflammation could be the consequence of
one or more of a variety of biological processes, such as the
generafion of excess-amounts of inflammatory coytokines
soch a8 [I-IP and TN¥F-a, in the brain cells or ofber
componerts of the brain lissue, perhaps associated with the
presence of high concentrations of reactive oxygen species
in the hrain tissue, which correlates to high levels of tissue
damage or exacerbalion of the disease. Reaclive oxygen
species are one of the effectors of inflammation in tssue
such as brain fissue.

[8012] Other nevrological disorders which have a signifi-
cant inflammatory component include Guillain-Baré svp-
drome (GBS), chronic inflammatory demyclinating poly-
penropathy  {CID¥),  myvasthenia  gravis (MG}
dermatomyvosiiis, polymyositis, inclusion body myositis,
pos! stroke, neurosarcoidosis, vascular dementia, closed
head frauma, vasospasim, subarachnoid bemorrhage, adrenal
leukocvtic dystrophy {storage disorders), inclusion body
dermatomyostis, minimal cognitive impairment and duch-
enne mscular dystrophy,

[0613]  Chronic inllammatory demyelinating polyneuropa-
iy {CIDD) 18 a pewrological disorder characterized by
slowly progressive weakoess and sensory dysfooction of the
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legs and arms. The disorder, which 8 sometimes called
chronic relapsing polvneuropathy, is caused by damage o
the myelin sheath of the peripheral nerves, CIDP cap ocour
al any age and in both genders, 1S MO COMMON I young
adulls, and in men more so then women, The primary
symploms include slowly progressive muscle weakness and
sensory dystunction alfecting the upper and lower extremi-
ties. Other symptoms may inchude Tatigue; abnormal sensa-
tions including burming, numboess andior lingling sensa-
tions (heginning in the toes and fingersy; paralysis of the
arms and/or legs; weakened or ahsent deep tendon reflexes
(arcHexial, and, aching pain affecting variows muscle
PIOuUpS.

FO0I4]  CIDPis closely related 10 the more common, acule
demyelinating nevropathy koown as Guillain-Barré syn-
drome (GBS), CIPT} 8 considered the chironic counterpar of
the acute disease GBS, CIDP s distinguisbed from GBS,
chielly by chlinical course and prognosis. However, both
disorders have similar clinical features, and both share the
CSE albuminocyiological dissociation and the pathological
abnormalities of mulit-focal inflamimatory segmental demy-
clination with associated nerve conduction Teatures reflect-
ing demyelination.

FDIS]  Guilain-Baré Syndrome {GBS) is an acute pre-
dommately motor polyneuropathy with sponfaneous recov-
ery that may lead 1o severe quadriparesis and requires
artificial ventilation o 20-309% of patients. The discases that
wnderhie this syodrome have been classified a8 acute inflam-
matory demyelinating polvaeuropathy {AIDP), the most
common form, acute motor and sensory axonal neuropathy
(AMSAN), and acste molor axonal nevropatlly (AMAN).
fisher syodrome 18 a cranal nerve variand of GBS which
characteristically  resulis in opthalmoplegia, ataxia and
arcflexia, GBS is oflen preceded by infection with either
Campylobactericiuni, which is mos! common, cytomega-
lovirus {UMV}, Epstein-Barr virus or Mycoplasma prensno-
niae.

FOO16]  Auloimmune myasthenia gravis {MG) s a disorder
of nesromuscular fransmission leading to flucinating weak-
ness and aboormal fatigoeabilily, Weakoess 18 atinbuled fo
the blockade of acetylcholine receptors (AChRsY at the
newromuscalar endplate by circulating autoantibodies, Tol-
lowed by local complemen! activation and desirsction of
acetylcholine receptors (Stangel o al, J. Newrol Sci
153(2x203-14 {1998}, AchR is expressed on regenerating
myoblasis but in normal adull muscle the ACBR is only
expressed at the motor endplate. In patients with carly onset
MG bowever the thvmic medulla is infiltrated by lymph
node-tike T cells and germinal cendres and there are myo-
blast-like myoid cells in the thymic medulla which express
ACER. Therelore the presentation of the AChR antigen by
these cells or by myoblasis is likely 1o be involved in the
disease process (Curnow ¢ al, J. Newroinpnunol, 115{1-
2¥127-134 {20601)). In stodies of expernnental avloimmune
myasthenia gravis (EAMG) the Th2 cytokine, INTwy, has
been shown 10 be favolved in disease progression and has
been reporied o be capable of inducing the production by
myoblasts of class | and T major histocompatibilily anti-
gens, ACHR and ICAM-1. Il.-1 has also been shown (o play
arole in EAMG where disruption of the FL.-1 bela gene was
shown to diminish acetylcholine receptor-induced responses
(Garcia et al, J. Newrolmnumol 120(1-2%103-11 (200G1);
Stegall ef al, J. Newroimmunol, 119{2):377-386 (200G1}).
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[017] 'Fle causes of inflarmmatory muscle diseases der-
matomyositis, polymyositis and inclusion body myositis
{IBM) are unknown, but inmune mechanisms are sirongly
impheaied. Although climeally and immunopatbologically
distine!, these diseases sbare three dominent bistological
featres: inflammation, fibrosis and loss of muscle fibres, In
dermatomyositis, the endomysial inHammation and muscle
fiber destruction s preceded by activation of the comple-
men! system of plasma profeins, and deposition of membra-
nolyiic attack complex on the endomysial capilisries (Dala-
kas, Curr, Opin. Pharmacol. 1(3y300-306 {2001)). There is
evidence that this attack may also involve the blood vessels
in the dermis (Dalakas o al, Cuwrr Opin Phaornacol
Q(3¥%235-230 (1996)). Translorming growlh factor beta,
shown 10 be overexpressed in the permmysial connective
tissue in dermatomyositis, is down-regulated after success-
ful immunotherapy and reduction of inflammation and fibro-
sis {Dalalas, Arch Newrod 55{12%1500-1512 (1998)).

[O618] In polymyositis and IBM the discase begins with
the activation of CD8™ T cells. These cytotoxic T eells reach
the endomysial perenchyma 10 recogmise muscle anligen(s}
associaled with the upregulation of the major histocompat-
ihility complex (MHO) 1 on muscle fibres. The anloinvasive
T cells exhibil gene rearrangement of their T-cell receplors
{TCR) amt are specifically selecied and clonally expanded in
sity by herctofore previowsly wnknown antigens. Muscle
cells do not normally express MIEC T and 11 but in cases of
polvmyvositis apd [BM over expression of MIIC s an early
event that can be delected even in arcas remofe Trom the
inflammation. INFy and TNFa, eviokines that induce MEIC,
have been Tound in patients with active polymyositis (Dala-
kas, Corr Opin. Pharmacol. 1(3):300-306 (20013

{8019] No signs of apoptosis have been detected in
patients with inflammatory myopathies and in fact two
strong anti-apoplotic molecules have recently been found to
be expressed in the muscle Bbers. One is the Pas-associated
death domain-like Ti-I-converting enzyme inhibitory pro-
fein {FLIP) and the other buman TAP (inhibiior of apoplosis
profeinklike protein. The result of upsuccessful apoptotic
clearance of nflammatory cells is Hkely t0 be the cause of
the sustained chronic eytotoxic muscle fiber damage (Vat-
femi ef al, J. Newroimmunol, 111{1-2%146-151 {26003}

(86267 Sarcoidosis is a multisystem chronic disorder with
sitknown cause and & worldwide distribulion. Newrosarcoi-
dosis is a complication of sarcoidosis involving inflamma-
fion and abnormal deposils o the issues of the pervous
system, Sudden, fransient facial palsy is common with
involvement of cranial nerve VI, Other manifestations
mmchude aseplic meningitis, hiydrocephales, parenchymalous
disease of the central nervous system, peripheral neuropathy
amd myopathy, Intracrapial sarcoid may mimic various
forms of meningitis, inchuding carcinomatous and infracra-
nial mass lesions such as meningioma, Iymphoma and
glioma, based on newrorsdiolopical imaging. A lumbar proe-
fure may show signs of inllammation. Elevaied levels of
angiotensin converiing enzyme may be found in the hlood or
CSE Therapy consists of immunosuppressive agents and
corficosteroids {Nowak el al, J Newrol 248(5):363-372
{20601); Stern et al, Arcfr. Newrol 42(9%009-917 {1985%).

(00217 Viscular dementia (VaD} is the general form for
dementia caused by organic lesions of vascular origin, such
s cerebral  infarction, infracercbral baemorrhage or
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ischemic chianges in subeortical white matter. It s the most
Trequent cause of dementia afler ADD accounting For about
20 of cases and 50% in subjects over 80 vears (Dib, Arch,
Gerontol. Geriatr 33{1):71-80 (2001}, Parnetli et al, Ins. J.
Clin. Lab Res. 24(1% 15-22 (1994)). The clinical distinction
between AD and Vall may be dilficult and there are standard
guidelines for research stdies. VaD and AD can coexist as
“mixed dementia” where the presence of cerebrovascular
disease may worsen Alzheimer dementia, Traditionally Al
1% characterized by the insidious oose! of memory loss,
FoHowed by a gradual progression o dementia in the Face of
normal fimdings on nearological examination, VaD on the
otlrer band, 18 characterized by stepwise cogoitive decline
punciuated by episodes of stroke thal are accompanied by
focal deficits on neurological examinalion, and evidence of
stroke on computed topography (CI) or magnetic-resonance
imaging {Jagust, Lancet 338(9299):2097-2098 2001)). H is
assurmed hat the risk factors for stroke and vascular disease
are also factors for Vald, These inclode bypertension, smok-
iy, diabetes, obesity, cardiac rhythoy disorders, byperlipi-
dagmia, bypercholesterolaemia  and  hyperbomocystein-
aemia The apolipoprotein B4 genotype s also considered as
a risk factor for Vald, Al and ischemic stroke {Dib, Arcle
Gerortol, Geriatr, 33{1):71-80 (2001Y). Curren! frealments
of vascular dementia include anti-platelel agents andior
surgery, and the freatment of cognitive symploms (Parnetid
el al, fue . Cline Lab, Rews, 24(1):15-22 (1994)).

FO22]  Tlead trauma is associated with a variety of physi-
ological and cellutar phienomena such as ischemia, wereased
permeabitity of the blood-brain bartier {BBR), edema,
necrosis and motor and memory dysfunction (Moor e al,
Newrosci. Lett. 316{3):169-172 {2001); Shobami ¢ al, J
Newroiapmunol, T2 169-177 (199TY). Ischemia caused by
the iniiaf brain injury induces a cascade of secondary evenls
and the release of excitslory amino acids {EAA)Y sucl as
ghitamale and aspartale. Alteration in the levels of ions and
nenromodulators lead 1o oxidation and cellular membrane
damage and ultimately cellular death (Stahel et al, Brain
Res, Rev 27{3):243-256 {1998)). Experimental models for
closed head injury {CHI) developed in the rat show e
spatial and temporal induction of 11-1, 11-6 and TNT-cx gene
MRNA, transcription along with an induction of 11-6 and
TNT- activily in the ral brain {Shohami et al, J. Neuroim-
mrgiriol, T2 2R 160-177 {1097y 111§ has also been shown o
be released and | s the presence of (hese eviokines along

with damage 1o endothelial cells that result in disruption of
the BBB integrity, This disruption allows the recruitment of

nettrophils ino the subarachnoid space (Stahefef al {1998)),

FOO23]  TNT-x has been identified in the brain in several
pathotogical conditions and inhibitors of TNF-a such as
dexanabinol (IHU-211) have been shown to lmprove neuro-
logical owteome Following CHI {Shohami ef al, J. Neuroim-
muriol. T2{2):169-177 (1997Y).

FOO24] Cerebral vasospasm 13 delayed onset cerchbral
arlery marrowing in response o blood clots left in the
subarachnoid space afler spontancous ancurysimal subarach-
noid hemorrhage (SATY) (Ogihara of al, Brain Res. 889{1-
2y80-07 {20013, Tt 1s angiographically cheracierized as e
persisiont luminal narrowing of the major extraparenchymal
cercbral arteres and affects the cerebral microcirculation
and causes decreased cerebral blood flow (CBF) and delayed
ischemic newrological deficits. A number of studies have
demonstrated morphologicsl changes in cercbral areries
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after SAH. Smooth muscle cells showed necrofic changes,
such as dense bodies, degeneration of mitochondria, con-
densed Ivsosomes and dissolution of muclear substances and
the appesrance of cell debris {Sobey ¢ al, Chn Exp
Pharmacol, Physiol, 25(11:867-876 {1998)). The impaired
dilator and increased constrictor mechanisms that oveur after
SALT may be caused by oxyvhaemoglobm produced by
erythrocytes that inactivates NO in the subarachnoid space.
Alternatively it may be due o an impaired activily of soluble
guanylale cyclase resulling in reduced basal levels of cGMP
m cerehral vessels and 50 a reduced responsiveness o NO
{Ogihara i al, Brain Res, 889(1-2%:89-97 {2001)}. Produc-
fion of H-6 and [L-8 in the cerebrospinal Quid following
SAH has also been demonstrated. Tt 18 hough! that H.-6 may
play a particelar role in vasospasny as in inbuced vasocon-
striction in a canine cerchral arfery (Osuka ef al, Acta
Newrochir 140(91:943-951 {1998)).

(9625 Duchenne muscular dystrophy (DMD) is one of the
most common, inheriled, lethal disorders in childhood. It is
an X-linked nensromusculer disease thal affects 1 in 3500
males. Progressive muscle weakness begins between 2 and
5 years of age and ullimately leads o premature death by
respiratory or cardiac Tathwre durdng the middle o late
rwenties. Approximately 30% of cases are due to spontane-
ous mulation of he dystrophin genes while the remainder
are infierited {Spencer ef o, Newromuscul, Disord. 11{(6-
T):556-564 {2001}, DMD patients therefore lack the protein
dysirophin which is an essential link in the complex of
profeins iad conneo! the oyloskeleton to e exiracellular
matrix  {Alderton ¢ al, Trends Cardiovascudar Med,
TG(6):268-272 (20003, Although gene therapy s the only
cure for MDD i is helieved that immune interventions may
slow the progress of the disease, The reason Tor this s that
here 1s evidence that mmune cell interactions with dystro-
phin-deficient muscle can confribute 1o cell deatlr in dystro-
phinopathies. I has also been shown that the population of
fmmune cells in dyvstbrophic muscle are not only different
from those found that invade mechanically-damaged tissue;
ey are samilar to those Tound in inflammatory disease such
as polymyositis, Curren research indicates that 1 cells may
play a role in the pathology of dystrophin deficiency and that
there may be an aufoimmune component to the discase in
which T cells are activaled by 2 common antigen (Spencer
et al, Newromuscular Bisord, 11(6-79:556-564 (20G1)).

[8026] U8 Pal. No. 5,834,036 {Bollon} describes a pro-
cess for frealing a palien! o combat peripheral vascolar
disease, which comprises extraciing an aligoo! of the
patient’s blood, freating the blood aliquot extracorporeally
with stressors such as an oxidative eavironment {ozone/
oxygen gas mixture bubbled there throughy, mcident UV
lipht and an elevated lemperature.

[8027] U8 Pat. No. 5,980,954 (Bollon) describes similar
processes for {realing sutcimmune diseases in mammalian
paticnts,

[8028] 11 is an object of the present imvention 1o provide a
povel treatment or prophylaxis of newrological disorders
which bave a significant inHammatory component, such as
chropic inflammatory demyelinating polynevropathy and
Guiltain-Bareé syodrome.

90297 “Immune modulation therapy™ as the ferm is used
herein, 18 an ex vivo lrealment profocol which involves
exposure of autologous peripheral blood to combinations of
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af leas! two physicochenical siressors, namely heat, oxida-
tive siress such as ozonation and clectromagnetic radiation
such as ultraviole! irradiation and subscquen! administration
of the treated blood to the patient, suilably by intramuscular
injection. There 18 recent evidence that such immune mody-
lation therapy suppresses contact hypersensitivity {Shivii et
al, 2000 as well as demonstrating an attenuated hyperther-
mic response t0 immobilisation stress in spontancously
hyperensive rats (Kovamé of al, 1997) thes suggesting a
possible protective role. In sapport of (his is the report that
ToHowing such immune modulation therapy & reduction in
the relative number of pro-inflammatory T cells and an
increase i T2 cells have been observed in bumans,
signifving a redoction 1o the inflammalory response
{Rabinoviteh ef al., 1998),

SUMMARY OF THI INVENTION

FOO30]  This invention is directed to the surprising and
unexpected discovery that such immune modulation therapy
can exert benchicial anti-inflammatory effects across the
blood-brain barrier of @ mammalian palien!, apparenily
through a significant reduction of the accumulation of reac-
tive oxygen species and/or a significan! down-regulation of
assoctated inflammatory eylokines such a8 TNF-a, partics-
larly in the cortical lissue of mammals. Accordingly, the
therapy is stitable for either prophylactic or therapeatic
treatment of the inllammatory component of newrological
brain diseases such as Downs syndrome, epilepsy, TTunting-
ton's disease and brain {ravmas, through mediation of the
development or activily of reaclive oxygen species which
play a role in the development or manifestation of such
inflammation.

(00311 The present invention also provides Tor a method
Tor the prophylactic or therapeuntic treatment of inflamma-
tory components and inflammatory aspects of a nourological
disease in o mammalian patiend diagnosed witl or af risk of
a newrological disease, which method comprises:

FBO32]  admimsiering o said patient an atiguol of blood
which bas been freated ex vivo with al leas! two
stressors selected from the group consisting of an
oxidative environment, thermal siress and clectromag-
netic radiation, wherein the concentration of the reac-
{ive oxygen species in negronal cells or fissues of said
patient 18 reduced, with associated reduction of harmiul
inHammatory effects therein.

F33] Trom another aspec!, the present invention pro-
vides a process Tor alleviating the symptoms of a neurologi-
cal brain disorder having a significant inflammatory com-
ponent associated with  eXCess  AClive oXygen species
(reactive oxypen species and oxidative free radicals), such as
Down's syndrome, Hunlington’s disease, epilepsy and brain
traumas, which comprises scavenging of aclive oxygen
species from the brain of 2 mammalian patient by adminis-
tering 10 said patient an aliquol of blood which bas been
treated ex vivo with at keast two stressors selected from the
group copsisting of an oxidative environmen!, thermal stress
and eleciromagnetic radiation,

FOO34]  Accordingly, the present invention is also a method
of alleviation, prophylaxis against or preconditioning o
hinder the onset and progression of peurodisorders which
have a significan inflammatory component, sech as Guil-
lain-Barrd syndrome {GRS), chronic inflammatory demryeki-
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nating polyneuropathy {CIDP), myastbenia gravis {MG),
dermatomyosilis, polymyositis, inclusion body myositis,
post stroke, neurosarcoidosis, vascular dementia, closed
head fravma, vasospasm, subarachnoid hemorrhage, adrenal
levkooviic dystrophy {storage disorders), inclusion body
dermatomyostis, minimal cognitive impairment and duch-
emne muscular dvstrophy, wherein saild method comprises
ireating a patien! suffering from or al sk to contrac! such a
disorder amned having impaired endothehial funclion a the
blood vessels, 1o improve the performance of endothelial
function at the blood-brain barrier or al the blood-nerve
harrier towards restoration of normal endothelial function.
This represents a novel and ionovative approach 1o the
mansgement and reatment of nevrological disorders,

BRIEF DESCRIPTION OF THI DRAWINGS

[803%]  In the accompanying drawing:

[8036] FIGL T s a graphical presentation of the effed of
the freatment acconding 1o a preferred embodiment of the
invention on he body weight of test animals, as deseribed in
the specific experimental section below;

[9037] FIG, 2 is a graphical presentation of the results of
testing LIS-induced impairment of LTP deseribed in the
experimental section below,

[D6387  FIGS, 3 is a graphical presentation of the measure-
ments of reactive oxygen species accumulation described in
the experimenial section below,

90397 FIG, 4 is 2 graphic presentation of the inHamma-
fory cytokine TNE, measurements and anti-inflammatory
cytokine [1.-10 measurements in the cortex of tes! animals,
deseribed in the experimental section below;

[8046] FIG. 8 is o graphical presentation of the measure-
ments of c-Jun NI ~lerminal kinase (INK} activity in the
coriex of experimental animals treated as descrobed in the
experirenial section below, FIG. 6 is a graphical presen-
{ation of the results of measurements of T1-1 Receptor Type
T concentration in corical tissue of fest animals treated as
deseribed in the experimental section helow.

THE PREFERRED EMBOGDIMENTS

(96411 In one of the preferred methods of this invention,
a patien! having a seurological discase condition with a
significant inflammatory componen! mediated by reactive
oxygen species, or al risk of developing such a brain disease
condition, is first identified. Such patient may have a risk
which is significamly greater than the risk in the average
popuiation, ey, as a resglt of prior frauma, bereddary
mdication and the hike. Tha! patient i then evaluated to
determine whether that disease condition or risk of disease
condition can be effectively treated by reducing the concen-
gration of reaclive oxygen species, H in the opinion of the
attending chinician, 4 reduction in the concentrafion of
reaciive oxygen species and associated reducton in geuro-
togical inflernmation would be suitable for the prophylactic
or therapentic treatment of such a peurological discase,
Immune modulation therapy is administered to said patient.

(00427  Accordingly, in one of #s preferred aspects, this
mvention is directed to a method for the prophylactic or
therapentic {reaiment of the inflarmmation-associaled aspecis
of & pewrological disease baving a significant inflammatory
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component and mediated al feast in par! by reactive oxygen
species, which method comprises:

{80431 (&) identifving a paticnt having & neurotogical
brain disease condition or at risk of developing a
neurological brain disease condition having 2 sig-
niftcant inflammatory componer! and mediated by
FEACTIVE OXVEen Species;

[8044] (b} cvaloating the patient identified in {a)
above to delermine whether that disease condition or
risk of discase condition can be elfectively treated by
reducing the concentration of reactive oxvgen spe-
cies; and

JO0431 (¢} if a reduction in the concentraion of
reaclive oxXygen species would be soitable for the
prophylactic or therapentic freatmen! of such a dis-
case, then

[8046] (4} adminslering 1o saxd patiend an aliquot of
blood which has been freated ex vivo with at least
two stressors selected from the group consisting of
an oxidative environment, thermal stress and elec-
tromagnetic radiation,

[8047]  wherein, Tollowing such administration, the
neurodogical brain lissue inflarnmation andior the
concentration of the reactive oXygen species in the
neurological brain fissue of said patient is reduced,

[0048]

FO049]  The aliquo! of blood i treded by being subjecied
o stressors whiell bave been found 1o modify the blood,
According Lo the present invention, the blood aliguot can be
modified by subjecting the blood, or separated cellular or
non-cellptar fractions of the blood, or mixiures of the
separated celis andior nop-cellular fractions of the blood, 1o
stressors selected From lemperalure stressors, electromag-
netic emissions and oxidative environments, or any combi-
nation of such stressors, simulfaneously or sequentially.

The patien 18 2 mammal and preferably @ buman,

DETAILED DESCRIPTION OF 1HE
INVENTION

FOOSO]  The following terms are defined with respect fo this
invention:
[8051] “Therapeutic treatmen!™ refers 1o the freut-

mend of a discase wherein the treatment reduces or
chiminates the symptoms of that discase,

(90521 “Prophylactic (realment” or “prophylaxis”
refers to the prevention or hindrance of development
of disease.

[0053] The ferms “aliquot,™aliquot of blood” or
simitar ferms used herein include whole blood, sepa-
rafed cellutar fractions of the blood including plate-
lets, separated pop-cellular fractions of the blood
including plasma, and combinations thereol,

FO084]  Methodology

FOOSS]  The method of {his imvention provides for the
prophyviactic or therapeutic treatment of a neurological brain
ciscase mediated by reactive oxygen species. 1n this method
apatien! is first identified as having such a discase condition
or 18 #f risk of having such a disease condition mediated by
reactive oxygen species. The patiend s then evalvaled 1o
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determine whether that disease condition or risk of disease
condition can be effectively treated by reducing the concen-
fration of reactive oxygen species. Such evalpation is made
by the attending clinician based gpon the disease 1o be
frealed and the progression of the disease. Such factors are
well within the skill of the art. If, in the opinion of the
attending clinivian, a reduction in the concemtration of
reactive oxygen species would be suitable Tor the prophy-
tactic or therapentic treatmen! of sucl a disease, then the
patient 18 adminisiered an aliguo! of blood whicl has been
ireated ex vivo with al least two stressors selected Trom the
group consisting of an oxidative environment, thermal stress
and electromagnelic radiation. The ex vivo treatmend of the
aliguot of blood 8 described below, The method provides a
reduced concentration of the reactive oxypen species in said
patient.

{8036 In this preferred method, the patient 1s evalaated o
determine whether the pewrological braln disease condition
or risk of peurological brain disease condition could be
effectively treated by reducing the concentration of reactive
oXygen species, ey, whether 118 inflammalion componen
associaled witl the presence of reactive oxXygen Species can
be effectively reduced by reducing the concentration of
reactive oxygen species, In this regard, the reduction of the
reaciive oxygen species 18 redoced in the patien! at the fime
when @ reduction of reactive oxygen species effectively
treals (either prophylactically or therapeuntically) the discase.

{8087] 'Fhe concentration of reaclive OXygen species may
be measured by a variety of methods known in the art. For
example, one can determine them from measurements of
depletion of anti-oxidative enzymes {glutathione, catalase}
g the patient’s blood {see Lavion ¢t al). An allernative i
1o fes! the serum of a patent for oxidized low density
Hpoproteins, using anti-oLDL BLISA immunoassay {see
Wilburgur el ab). One can also measure lipid peroxidation
products such as liabarbiuric acid and its derivatives in
plasma, or measure arachidonic acid oxidation producis in a
patient’s blood.

[B058] 'Fle freated blood is adminstered 1o the mammal
by a method suitabie Tor vaccination selected from the group
consisting of infra-arierial injection, inframuscular injection,
intravenous injection, subcutancous injection, intraperito-
neal injection, and oral, nasal or rectal administration. Intra-
oyuscutar imjection s preferred.

[80391  Ex vivo Treatment of Blood

(906807  According to a preferred process of the present
mnvention, an aliquot of blood is extracted from a mamma-
tian subject, preferably a buman, and the atigeo! of blood 18
freated ex vive with cerfain stressors, described in more
detat] below. The effect of the stressors is to modily the
hlood, and/or the cellular or non-cellular Tractions thereof,
comained in the aliguot. The medified aliguot is then re-
mtrocluced info the subject’s body by any route suitable for
VaCCinion,

[8061] 'The siressors fo which the aliquot of blood s
subpecied ex vivo according o the method of the present
mvention are selected from temperature stress (blood fem-
peralure above or helow body femperature), an oxidative
environment and ap electromagnetic emission, individually
or i any combination, simuliancousty or sequentially, Smit-
ably, in human sebjects, the aliguot has o volume sufficien
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that, when re-infroduced into the sebject’s body, at least
partial alleviation of the reactive oxygen species mediated
cisorder is achieved in the subjecl.

F0962]  Preferably, the volume of the aliguot is up 10 about
490 mi, preferably From about .1 o abowl 100 ml, more
preferably from about 5 fo about 15 mi, even more prefer-
ably from about 8 to abou! 12 mi, and mos! preferably about
10 ml, along with an anticoagulant, ¢.g., 2 misodium citrate,

FO063] Tt is preferred, according to the invention, o apply
all three of the aforementioned siressors simulisneously Lo
the aliquot under treatment, in order to ensure the appropri-
ate modification o the blood. # may also be preferred in
some embodinments of the invention o apply any two of the
above stressors, for example to apply temperalure stress and
oxidative stress, femperatare stress and an electromagnetic
cmission, or an clectromagnetic emission and oxidative
siress, Care must be laken 1o viilizve an appropriafe level of
the stressors o thereby effectively modify the blood 1o
alleviate the reachive oxygen species mediated disorder in
the subject.

[0964]  The temperatire stressor warms the aliquot being
treated 10 a temperatire above normal body temperature or
coods the alwpmot below normal body temperatare. The
femperalure 18 selected so that the lemperature stressor does
ROt catse excessive bemolysis i the blood contained in the
aliguot and so that, when the treated aliquot is injected info
a subject, alleviation of the reactive oxygen species medi-
atext disorder will be achieved, Preferably, the temperatore
stressor 15 apphied so that the femperature of &l or 4 part of
the aliquod Is up to about 35° €, and miore preferably in the
range of from abhout -3% C. 1o about 5357 (.

FO065]  In some preferred embodiments of the invention,
the temperature of the aliguo! is raised above normal body
temperatire, such that the mean temperature of the aliquot
does not exceed a temmperature of about 35° €, more
preferably from abou! 40° C fo about 56° €, even more
preferably from aboul 407 C. to about 44° €., and most
preferably about 42.5x1°

(00661 In other preferred embodiments, the aliguot is
cooled below normal body temperatire such thal the mean
temperature of the aliquot is within the range of Trom about
-5 C. 1o abowt 36.5° C., more preferably from abou! 10° ¢
tor ahout 36° €, and even more preferably from about 15°C
to about 25°

F0067] The oxidative environment stressor can be the
application fo the aliguol of solid, liquid or gaseous oxidiz-
ing agents, Preferably, it involves exposing the aliquot 10 a
mixture of medical grade oxygen and ozone gas, most
preferably by bubbling through the aliquoy, at the aforemen-
toned femperalure range, a sliream of medical grade oxygen
gas having ozone as a minor component therein, The ozone
content of the gas siream and the Jow rate of the gas stream
are preferably selected such that the amount of orone
iroduced to the blood aliguo!, either on its own or in
combination with other stressors, does pot give rise 1o
excessive levels of cell damage such that the therapy is
rendered ineffective,

FODGE]  Suitably, the gas stream has an ozone content of up
to about 300 gg/ml, preferably up to about 10 ug/mi, more
preferably abowt 30 go/ml, even more preferably up to about
20 pgiml particelarly preferably from about 10 ggimi o

6
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about 20 gp/mid, and most preferably abont 145210 pgiml
The gas stream is suitably supplied o the aliquot 8 2 rate of
up to about 2.0 liters/min, preferably up to about 0.5
titers/min, more preferably wp 1o abou! 0.4 hilers/min, even
more preferably up to abow 033 lHers/min, and most
preferably about (.2420.024 Hers/min, at STP, The lower
Hmit of the flow rate of the gas stream is preferably not lower
than 0.0 litersimin, more preferably not lower than (.1
liters/min, and even more preferably not lower than G2
liters/min.

[8069] 'Tle eleciromagnetic £mission sITessor is suitably
applicd by irradiating the shiguot under treatmen! from 2
source of an electromagnetic emission while the aliquot is
maintained af the aforementioned lemperature and while the
OXYEeR/OZ0Ne gasents mixlure is being bubbled through the
aliguot. Preferred cleciromagnetic emissions are selected
from photonic radiation, more preferably UV, visible and
infrared light, and even more preferably UV light. The most
preferred UV sources are UV Jamps emifling primarily
UV-C band wavelengths, 1.6, al wavelengths shorter {han
abont 280 nm. Such lamps may alko emif amounts of visible
amd infrared light, Ultraviolet Hight corresponding 10 stan-
dard UVLA (wavelengths from about 315 to about 400 nm}
amd UV-B (wavelengths Trom about 280 fo about 315}
soprces can also be wsed. For example, an appropriate
dosage of such UV hight, applied simullancousty with the
aforementioned lemperature and oxidative environment
stressors, can be obtained from lamps with a combined
power owlp! of from about 15 o abow! 25 watts, arranged
1o surround the sample container bolding the aliquot, cach
tarnp providing an inlensity al a distance of one meler, of
from abou! 4565 mWicm®. Up 1o eight such lamps sur-
rouncing the sample bottle, with 2 combined output 2t 2537
om of 15-25 watts, operated af an iofensily to deliver a otal
UV Hght energy at the surface of the blood of from about
0925 10 about 19 joules/om”, preferably from about 0.3 fo
about 3.0 joulesiom®, may advantageously be vsed. Prefer-
ably, four such lamps are used,

[907G]  The gime for which the aliquol is subjected to the
stressors 15 normally within the time range of up fo about 60
mingtes. The time depends o some exien! wpon the chosen
mmfensity of the electromagnetic emission, he lemperature,
the concentration of the oxidizing agent and the rate at which
# s supplied to the aliguot. Some experimentation (0 eslab-
lish optimum limes may be pecessary on the part of the
operator, once the other stressor levels bave been set. Under
most stressor conditions, preferred fimes will be in the
approximate range of Trom about 2 10 about 5 minuies, more
preferably about 3 or about 3% minutes. The starting blood
femperalure, and the rale af which # can be warmed or
cooled 1o a predetermined lemperature, fends o vary from
sabpec! to subject. Such a treatmen! provides a moditied
hlood aliguot which is ready Tor injection o the subject.

[8071] in the practice of the preferred process of the
present invention, the blood aliquot may be tfreated with the
stressors using an apparatus of the type deserbed in US.
Pat. No. 4,968 483 to Mucller, The aliguot is placed in a
soifable, stertle, UV light-lramsmissive conlainer, which is
fitted fnto the machioe. The UV lamps re switched on for 2
fixed perieed hefore the gas flow is applied fo the aliquot
providing the oxidative stress, to allow the outpul of the UV
tamnps fo stabilize. The UV lumps are typically switchied on
while thie lemperatore of the aligeot 18 adjested fo the
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predelermined value, e, 42.521° C. Then the oxygen/
orone gas mixre, of known composition and controlled
How rate, is apphied to the aliquot, for the predelermined
duration of up to abow! 60 mimates, preferably 2 o 5 minutes
and mosy preferably about 3 minvtes as discussed above, so
that the aliguel experiences al] three stressors simulfa-
neousty. In this way, Mood is appropriately modified accord-
ing to the present invention to achieve the desired effects.

FOO72] A subject preferably undergoes a course of treat-
ments, such individual treatment comprising removal of a
blood shguot, (reaiment thereol as described above and
re-acdonnistration of the freated aliquot o the subject. A
course of such treatments may comprise daily administration
of treated blood aliguots for 2 number of consecutive days,
or may comprise a first course of daily treatments for a
designated period of time, foltowed by an interval and then
ope or more additional courses of daily frealments,

P31 In one preferred embodiment, the subject 18 given
an imtial course of freatments comprising the adminisiration
of 4 to 6 aliguots of treated blood. In another preferred
embodiment, the subject is given an initial course of therapy
comprising adminisiration of from 2 to 4 aliqoots of reated
blood, with the adounistralion of any pair of consecutive
aliguots being either on consecutive days, or being separaled
by a rest period of from 1 to0 21 days on which no aliguots
are administered o the patient, the rest period separating one
selected pair of consecative aliguols being From about 3 1o
15 days. In @ more specifie, preferred embodiment, the
dosage regimen of the initial course of treatments comprises
a total of three aliguots, with the Birst and second aliguots
being administered on consecutive days and a rest period of
11 days being provided belween the admimstration of the
second and third aliquots,

FOO74] Tt may be preferred to subsequently administer
additional couvrses of treatments following the initial course
of treatments, Preferahly, subsequent courses of frealments
are administered at Jeast about three weeks after the end of
the initial course of freatments. In one particolarly preferred
embodiment, the sabjec! receives a second course of {real-
mer comprising the administration of one aliquol of freated
blood every 30 days following the end of the initial course
of treatments, for a period of & months.

[O075] It will be appreciated thal the spacing bebween
sueoessive courses of treatments should be such that the
positive ¢ffects of the reaiment of the invention are main-
tained, and may be determined on the basis of the observed
response of individual subjects.

EXAMILES

FOO76]  The fovention is demonstrated and illustrated by
the following animal experiments, conducted on Wistar rats,
aceording to cthically-approved procedures and protocols,

FOTT] The experments investigated the effect of pre-
treatment of peripheral blood exposed to immune modula-
tion therapy on LPS-induced impairment of LIF in rat
hippocampal lissge. Preliminary studies were also carried
out in cortical tissue 0 explore the consequence of immune
modulation therapy on the acenmulation of ROS, the con-
centration of the cviokines FNFa and 1110, as wel as J1-1
receptor type I, and on the activity of the stress-sclivaled
protein kinase, INK.
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EXPERIMENTAL PROCEDURE
[8078]  Animals

[8079]  Four groups of eight male Wistar rals {300-350 g,
BioResources Unit, Trinity College Dublin, Republic of
Ireland} were used in these experiments. Anmmals were
howsed in groups of four under a 12-howr Hght schedule,
ambicn! temperatinre was controlled between 22 and 23° CL
andd rats were maintained vnder velerinary SUpervision.

(00807 Freatment Protocol

[0081] Whole blood was obtained by cardiac puncture
from donor rats and anticoaguiated with sodinm citrate {10
mi of blood+2 mt of 3.13% sodium cilrale solution}. The
anticoaguiated blood was divided into fwo aliguots; 2 mi o
he used Tor sham treatment and 10 mi to undergo immune
modulation treatment, For immune modulation (reatment,
10 mi of anticoagulated blood was transferred 10 2 custom-
buil sterile, low-density polvetbiyiene disposable blood con-
{fainer (Vasogen Ine, Toronio, ON, Canada) and exposed o
a combination of controlled physiochemical stress factors in
a medical device {Vasogen Inc).

[B082] During processing, the lemperature of the blood
was raised to 42.57 (., during which time blood was exposed
{0 UV gl (maximun emission specirum al 254 nm). When
this femperature was reached, @ gas mixture of 145210
ng/mi. of ozone in medical oxygen was bubbled through the
Plood at 2 Jow rate of 240x24 ml. per min for 3 minuies,
after which time the heat and UV light sources were tarped
off. The Toaming action capsed by bubbling the gas through
the blood increased the swrlace arce exposed o the UVC
Tight. The blood was then allowed to setile o the boltom of
the blood contamer and was then ready 1o be wsed Two
groups of 16 rals were treated by intramusenlar injection
witlt 150 gl of processed blood or unirealed blood (sham
freatment). Injeciions were administered 14 days, 13 days
amd 1 day before LPS challenge/induction of LTT

[8083] Induction of L£¥P in Perforant Path-Granule Celt
Synapses in vivo

(80841 Rats were anesthetized by infraperiloneat injection
of urethane (1.5 g/kg). All rats received 1S {100 pg/kg) or
saline, infraperitoneally and monitored For 3 h. A bipolar
stimulating electrode and @ umpolar recording electrode
were placed in the perforant path {4.4 mm laleral 10 Lambda}
and in the dorsal cell body region of the dentale gyrus (2.5
mm lateral and 3.9 mm posterdor to Bregma), respectively,
amd .033-Tz test shocks were given for 10 min hefore, and
40 min aller, {#anic stimulation (ree fraios of stmuli
delivered at 30-3 intervals, 250 Tz For 200 ms (MeGahon &
Lynch, 1996Y. Rats were killed by decapitation; cross-
chopped slices {350x350 m) were prepared Trom dentate
iyrel, enforbinat corlex, hippocampes and corex and uvsed fo
prepare dissociated cells (see below) or frozen separately in
Krebs sofution comtmning 109 dimethyl solfoxide {Hasn &
Bowen, 1981 and stored al -80° . For analysis, slives were
thawed rapidly and rinsed in fresh oxvgenated Krebs sofu-
fion before preparstion of homogenate or the crude Syoap-
{osomal pelfet Py (MeGahon & Lyoch, 1996},

[B08%]  Analysis of Reactive Oxygen Species Formution

[B086] The Tormation of reactive oxygen species was
assessed by analyzing formation of the highly-Huorescen
2\ T-dichiorofluorescein {DCEY Irom the non-Huorescen
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probe,  27-dictlorofluorescein  dicetate {DCRH-DA;
Molecuiar Probes, USA, LeBel el al, 1992} The synaplo-
somal pellet, I, prepared from cortex, was resuspended in
1 mi. ice~cald 40 mM Tris buffer {pH 7.4), incebaled at 37°
. for 15 min withh DOFH-DA (10 g4l; finad concentralion 5
#M; from a stock solution of 500 #M in methanol} amd the
reaction was terminated by centrifugation at 13,000xg for 8
min al 4° C. Pellets were resuspended in 1.5 mlL. of ice-cold
40 m Tris buffer, plf 7.4, and monitored for Buorescence
al 37° ¢ (excitation, 488 nm; emission, 525 nm). Reactive
oxygen species formation was quantified from a standard
curve of DCF in methanol {range 0 10 5 uM). Protein
concentration was determined (Bradford, 1976} and e
resulis were expressed as nmolimg protein/min,

FOO8YT  Analysis of TNFa and 1L-10 Concentration

FOOSS] A commercially available Enzyme-linked immun-
osorben assay was wsed o analyze corticel TNPa {Bio-
source Inferpational Inc.) and cortical [1-10 was measured
wsing an 11-10 Cytose! Antibody Pair {Biosouree Inlerna-
tional Inc.). Each tissue was added 10 1 ml. of Iscove’s
cultnre medivm containing 3% fetal bovine serum and a
cocldail enzyme inhibitor (100 mM amino-n-caprodie acid,
10 oM Na ,EDTA, 5 mM Benzamidine HCL 0.2 mM
phenyimethyisulfonyl fluodde). Tissue was homogenized
and centrifuged al 10,000 rpm a1 4% C. for 190 min. Saper-
natas were removed and analyzed for TNFo using ELISA.
Protein concentration was determined (Bradford, 1976) and
the resulls were expressed as pg/my profein,

FOO89T  Analysis of INK Activity and I1-1 Receptor Type
i Concenlralion

FOO99]  INK activily amdd [1-1 Receptor Type | concentri-
tion was analyzed wsing Western Bilotting technigue in
samples prepared from cortical tissee, Tissue homogenales
were difnted fo equalize for protein concentration {Bradford,
19763 and 10 ul. sliquots (1 mg/ml) were added 10 5 gl of
sample baffer (0.5 oM Tris-HOL, pH 6.8, 109 giveerol, 10%:
SIS, 5% bemercapiocthanol, G.05% bromophenol biue,
wiv) and boiled for 5 min. Samples were frozen until
Western Blotting was performed. 10 gl of cach sample was
loaded onlo gels {10% SDS) for each anatysis. Profeins were
separated by application of a 32-mA constan! corrent for
25340 min, iransferred onto nitroceHulose strips (225 mA for
75 min}, and immunoblotted with the appropriate antibody,
To assess INK activily, proteins were immunoblotied with
an andibody thet specilically targets phosphorviated INK
(Santa Crez Biotechoology, log 11100 in TBS and G1%
Tween 20 containing 1% BSAY for 2 b at room temperatire,

P91 -1 Receplor Type | concentralion was assessed
by immunoblolting proteins with a rabbit polvclonal anti-
bocly raised against an epitope mapping at the carboxy
terminus of [L-1R] of moose origin (Sante Cruz Biotech-
nology, Inc; 1:2000 48 PBS and 0.1% Tween 20 containing
2% non-fat dried milk) for 45 min al room femperature and
43 min af 37° C. Nitrocellulose strips were washed and
incubated with secondary antibody [peroxide-linked anti-
mowse gy 1300 difution (Sigma) for 2 b & room tem-
peratere in the case of INK and with HRP-linked anti-rabbit
antibody; 1:2000 dilation (Amersham, UK} for 60 min at
room iemperature and 30 min at 37° C. in the case of 111
Receptor Type L Visualization of phosphorylated INK was
achieved wsing SuperSignal Wes! Dure Extended Duration
Substrate (Pierce, USA). Immunoblots were immersed in
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substrale Tor 5 muin and sebsequentty exposed 1o film for 1
5. Prodein complexes of IL-1 Receplor Type | were visual-
ized by ECL detection {Amersham, UK) amd immunoblots
were exposed 10 flm overnight at 4° ¢ In both cases films
were processed using @ Fuil x-ray processor. Quantitication
of protein bands was achieved by densitometric analysis
using two software packages, Grab Tt {Grab It Annotating
Grabber, version 2.04.7, Synotics, UVP Lid) and Gelworks
{Getworks 113, version 2.51; UVE 11d) for photography and
densitometry, respeciively. Gelworks provides a single value
{in arbitrary units} representing the density of cach blot.

[8092]  Analysis of Glulamuate Release

[00937  Glutamale release was assessed in the impure syn-
aptosomal preparation, ., oblained from dentale pyrus,
cither freshly-prepared tissue was vsed or alternatively, B,
was prepared from frozen shices of dentate gyri which were
obtained from rats in which electrophysiological recordings
were made {MoGabon and Lynch, 1996). In both cases, P,
preparations were resuspended o oxygenenated Krebs solo-
fion confaining 2 mM CaCl, aod gletemate release was
assessed as described previously (MeGahon et al, 19961
Briefly, synaptosomal tissue was aliquotied onto Millipore
filters (045 pm), rinsed snder vacoun and the fillraie was
discarded. Synuptosomes were then iocubated i 250 g4
oxygenated Krebs solution at 37° C. for 3 min, in the
presence or absence of 40 mM KL, and filtrate was col-
lected and stored for analysis as deseribed (Ordronnean el
al, 1991). in some ¢Xperimens, SYnalosomes were incu-
bated o 37° ¢ for 20 min in Krebs solution conlaining
IL~1§ {1 ng/ml) in the presence or absence of Vasoaclive
Intestinal Peptide (V1P 1 oM. Triplicale samples (50 gl) or
glotarmnate staodards {50 24; 25 oM 10 1 @M prepared in 100G
mM Nali. PG, butfer, pl 8.0) were added 1o ghuteraldehyde-
coaled 96-well plates, mcubated for 60 min at 37° C, and
washed with 100 mM Nail,P0, buffer. Ethanolamine (250
;1 M in 100 mM Nafl, PO, 4 buffery was used to bind
pnreacted aldebydes and donkey serum (200 p; 3% in
PBS-1% was added o block non-specific binding. Semples
were incubated overnight at 4% C. in the presence of anti-
gintamate antibody (raised in rabbit, 100 4f 1:5,000 ip
PRS-, Sigma, UK}, washed and reacted with sceondary
antibody {anti-rabbi borseradish peroxidase {HRPY-linked
secondery antibody; 100 g¢h; 116,000 in PRS-T, Amersham,
UK} for 60 min af room temperature, 3.3, 44 Tetrameth-
yibenzidine liquid substrate was added as chromogen and
meubation continued for exactly 60 min af room tempera-
fure, &l which lime the reaction was stopped by HL50, (4 M;
30 g1}, Optical densities were delermined at 450 mm vsing
a multhwell plate reader and vahies were calculated with
reference to the standard curve, corrected Tor protein (Brad-
ford, 1976) and expressed as gmol plotamale/my protein,

(80941 Analysis of 1L-15 Concentration

[8098] I1-B concentralion in hippocampal was analysed
by ELISA (R & 13 Systems, UK). Antibody-coated (00 4,
1.0 ugfml final concentration, diluted in phospbate butfered
saline (PHS)Y, pl 7.3; goat anti-ral 1L-1Panttbody) 96=well
plates were Incubated overnigh! @ room  {emperature,
washed several times with PI3S containing 9.03% Fween 20,
blocked for T hour at room lemperatare with 300 g blocking
buffer, {PB3S, pIl 7.3 containing 5% sucrose, 1% bovine
seram atbumin (BSAY, aod G.05% NaN.) Aflter severad
washies, plates were incobated with H-LP standards (100 2!



US 2002/0155098 Al

G-1G00 ppiml in PRS coplaining 1% BSA) or samples
(homogenized In Krebs solution containing 2 mM CaChL)
Tor 2 hours al room femperature, Samples were incubated
with secondary antibody (100 24; final concentration 350G
ngimt in PBS comtaining 1% BSA and 2% normal goat
serum; biotinylated goat anti-ral H-10 antibody) Tor 2 howrs
al room temperaure, washed and cnbated in detection
ages! {100 ub; horseradish peroxidase conjugated streptavi-
iy 1:200 dilution i PBS containing 1% BSA) for 20 min
al room temperafure. Substrale solution {100 4 1] mixture
of 11,0, and tetramethylbenzidine) was added, samples were
incuhated al room temperature i the dark for 1 hour aller
which time the reaction was stopped using 5620 LM TL,80,
Absorbance was reacd af 450 nm, valves were corrected for
protein {Bradford, 1976) and expressed a8 pp 11-1B/myp
protein.

[0096)

P97 Drssociated cells were preparedd by enpymalic and
mechanical digestion of fresh bippocampal shices. Slices
were incubated with collagenase (0.125%) in PBS Tor 30
min al room lemperatare, washed with PBS fo ferminate
collagenase digestion, and then gently triturated with a glass
Pastenr pipetie, before passing throvgh & nylon mesh filler o
remove Hssee clumps. Cells were han oviospun onto glass
microscope shides, fixed with methanol and stored until use,

FOO98] TUNEL {Termmal deoxyouclentidyl Transferase
(TdFmediated dUTP Nick-Emd Labeling) staining, which
identifies puclel with Tragmented DNA (a characteristic of
apoptotic cells), was performed according fo the manufac-
turer’s insiructions. Brielly, fixed coviospun cells were
washed and permeabilized. Cells were equilibrated in buffer
(200 mM potassinm cacodylate {pi 6.6 a1 25° ), 25 mM
Tris-HCH(plE 5.5 at 23° C), 0.2 mM IYIT, 9.25 mgml BSA,
2.5 mM CoCl) for 5 pin & room temperatore and incabaled
i TdT reaction mixivre (30 uf; 98 4l equilibration buffer, 1
& biotinylated nucleotide mix, 121 TAT enzyme) at 37° €
for 1 howr. The reaction was terminated by adding 100 4
2x80C (1:10; 280 Crdeionized water), endogenous peroxi-
cases were blocked by incubating with 11,0, {100 4; G.3%
i PB38) for 5 min at room lemperatore, and washed cells
were incubated Tor 30 min at room femperature in strepta-
vidin R solution {100 ul;, 1:500 in PBS} Lo allow binding
to biotinylated nucleotides. Diaminobenzidine solution was
added 1o washed cells, and the incubation proceeded fo 10
min 4t room temperaiure. Cells were washed with deionised
water, debydrated through graded ethanol, and then cleared
with xylene alter which slides were mounted in DEX
mounting medinm and coverslipped. TUNEL positive cells
were expressed 8 a percentage of the tolal,

(09991

FOIGD]  Tata were analyzed, as appropriate, using either the
Stndent’s e8! Tor independent means, of by using a one-
way analysis of variance {ANOVA} followed by pos! hoc
analysis using e Studert Newman Keuls fest

TUNEL Staining

Stafistical Analysis

RESULIS
FOIG1]  A: Hppocampus

FOIG2]  Mean body weight, dose of urethane administered
to induce ansesthesia, and stmules strengtl reguired 1o
induce an epsp spike were calealsled. There was no signifi-

9
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cart! difference between groups i body weight (FHG, 1A or
wrethane concentration (FIG., 113) administered due 0
mmmune modulation therapy.

[8193] FIG. T demonsirates that immune modulation
therapy does nol signiicantly alter body weight (a3 or dose
of vrethane administered 10 induce anaesthesia (b). There is
however an increase in the amplitude regquired fo induce ap
action potential (). The data are expressed as means with
standard emors,

(91041  Felanic stimulation delivered 1o the perdorant path
3 h after imraperifoneal injection of LPS resulted in an
mncrease in the mean slope of the population excitatory
post-synaptic potential {epsp). The mean percentage change
in e 2 min immediately following telanic stimulalion
{£SEM; compared with the 5 nin mmmediately before feta-
nic stimulation) was 114,49 (£2.79), bu! this was no! main-
fgined so ha! the mean percentage chiange in populalion
epsp slope in the last 5 min of the experiment was 90.32
{x2.42y. The corresponding values in the saline-reated
control rats were 170015 (21016} and 121.28 {120}
respectively {FIG. 2). The LES mduced inhibition of TP
was blocked by pre-treaiment with imouoe modolation
erapy.

[91031  FlG. 2 demonstrates that the LPS-induced impair-
men! of LIT, was inhibited by pre-irealmen! with immune
modulation therapy. The mean popalation epsp slope imnme-
diately after tetanic stimulation was attenvated in LPS-
realed rats compared with saline-freated rats and was close
0 baseline at the end of the 40 min post-etanus recording
period, The inhibitory effect of LPS on LTP was blocked by
pre-treatment with immune modulation therapy, which
exerted no significant effect in saline-challenged rats. The
data presented are means of seven 1o eight observalions in
each treatmen! group.

[9186] The mean percentage change in population epsp
slope (=8EM) in the 2 min immediately afler fetanic stimu-
fation was 16685 (24.54) in the sham prefreated, saline
challenged group compared with 14744 (25.84) in the
gronp prefreated with immune modulation terapy and chal-
tenged with IPS. Tn fhie last 5 min of the experiment the
values were 121.96 {=0.85) and 128,07 (£1.46), respectively
{n=T-8}.

[8197]  Dissocaled cells prepared form fresh hippocampal
tissue displaved an increased nmumber of apoptotic cells after
LPS injection as evidenced by increased number of cells
displaying dark brown stained nuclel Le, TUNEL positive
cells. This contrasts with cells prepared from hippocampus
of saline-freated rats and rats freated with immune modula-
fion therapy. Tresiment with imonune modolation therapy
reversed the effects of LIPS as shown by a reduction in the
sumber of cells displaving TUNEL positive staining. The
preceplage of TUNEL positive cells was significantly
mcreased in the LIPS-reated group compared with the
confrol frealed growp (p<0.01; ANGVA)Y and demonstrates
1t the immune modulation herapy reversed the degenera-
tive effect of LPS {p=<001; ANOVA}.
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FO108] B: Corlex

FO109]  Animals were administered either immune modu-
lation therapy or sbam (reatments, a8 previousty described,
and the following measurements were made in the cortex:
ROS accumulation, TNF-a and 11-19 levels. These experi-
menis were performed withon! LPS stimulation of the
anirals.

FO110T  FIG. 3 indicates that immune modulation therapy
sigmificantly reduces reactive OXyRen species accumulation
in {h1e cortex {p=<0.05; student’s -test for independent means,
n=T7-8}. The data arc expressed as means with standard
EITOrs,

[O111]  The concentration of pro-inflammatory cylokine,
TNYa s signilicantly reduced n the cortex as a result of
immune modulation therapy {p<0.01; student’s -test for
independent means, FEG. 443, 1o contrasy, 1L-10 concentra-
tion % sigmficantly increased {p<0.01; student’s t-es! For
independent means) {FHG, 4b). FIGS, 44 and 46 show that
immune modiation therapy significantly reduces TNFa
concentration (1} and significantly increases 11-10 concen-
tration (b} in the corfex (p<0.01; student’s t-test For inde-
pendent means; n=7-8). The data are expressed as means
with standard errors.

F0112]1  FIG. 8 illusirates that immune modulation therapy
decreased INK aclivity as indicated by a decrease in the
phosphorviated form of INK. Analysis of the mean data
obtatped From densitomelric apalysis indicated thal Vaso-
Care™ herapy  significantly  redoced  kinase  activily
(p<(.05, stodent’s t-lest for independent means), FIGL 5
shows thal immune modulation therapy significantly
reduces INK activity in the coriex (p<0.03; student’s {-test
for independent means; n=7-8} The dala are expressed as
means with standard errors.

P13 With respect 1o the concentration of 1L-1 Receplor
Type | in corlical fissue, pilo! work indicates that immune
modutation therapy reduces -1 Receptor Type | expression
(FIG, 6). The concentration of hgand pro-inflammatory
IL-18 #tself is expected o be lower, and s under examina-
tion. FIG. 6 shows tha! immune modulation therapy reduces
the conceriration of [L-1 Receptor Type [ (preliminary dats;
n=3). The data are expressed as means with standard ervors,

FO114}  Analysis of endogenons ghutamale release in Synu-
tosomes prepared from fetanived and unlctanized fissue
obtained from these rals revealed a signilicant effect of LIS
injection. Addition of 40 mM KCi to synapiosomes prepared
from untelanized demtate gyrus oblained from saline-1reated
control rats, significantly  nereased  ghotamasle release
(p<(.05; Studen! {-test Tor paired means) atbe! (o an alleny-
ated degree. This immune modulation therapy reversed the
LIS-induced blockage of KCT stimudated glutamate release
in uretanized dentale gyras and 1o & more significant degree
in fetanived tssue {p=<(.G1; Student t-lest for paired means),
This immune modulation therapy may exert ifs profective
effect on syncystic function by acting to prevent this LPS-
induced signaling evenl.

BIBLIOGRAPITY

FEIIST Bliss TV, Collingridge G L. Asynaptic model of
memory: long-lerm potentialion in the bippocampus,
Natgre, 1993 361(6407%31-9,

Oct. 24, 2002

FO1l6]  Bradford M M. Arapid and sensitive method for
the quantifation of microgram guantitics of profein
utilizing the prnciple of protein-dye binding. Anal
Biochem. 1976 72:248-54.

[O117]  Green L N. Corticosteroids in the treatment of
Sydenbam’s chorea. Arch. Newrol Jamsary 1978
3501): 53-4.

FOTIRT  lHaan E A, Bowen D M. Protection of neocortical
tissue prisms from freeze-thaw injury by dimelbyl
sulphoxide. J Newrochem, 1981 37(11243-6.

FO119]  Kedmora §, Bartosz G. Down's symdrome: a
pathology involving the lack of halance of reactive
oxygen species. Free Radic. Biol Med,, 1988; 4(5)
317-30.

[0120] Kouvamé N, Curiolo 8, Hamet P, Tremblay I
Vasocare-therapy atlentates felemelered femperalure
response to siress in SHR. 9% International Symposicm
on SHE and Cardiovascolar Genetics, Montreal,
Cunada, #P-136, Nov. 13-16, 1997,

01217 layvton M E, Pazdemnik T 1. Reactive oxidant
species in pirfform cortex extracellolar fluid during
seizures induced by systemic kainie acid in rats. I Mol
Newroscl Auguesi-October 1999, 13{1-2% 63-8,

FO122] feBel OB ischiropoulos 1, Bomdy 8 C. Evalu-
ation of the probe 27,7 -dichloroluorescin as an indica-
tor of reactive oxygen species formalion and oxidative
stress. Chem Res Foxicol. 1992 5(2y:227-31.

FO123] Maroney A C, Glcksman M A, Basma AN,
Walton K M, Knight E, Murphy C A, Bartlett B A, Finn
J P, Angeles T, Matsuda Y, Neff N T, Dionne C Al
Motoneuron apoptosis is blocked by CEP-1347 (KT
T515%, a novel mhibitor of the INK signaling pathway.
J Newrosci. 1998 18(1):104-11,

FO124] Martin D S D, Towey M, Horrobin [ F, Lynch
M A, A diet enriched in a-lipoie ackd reverses the
age-related compromise in antioxidan defenses in rat
cortical tissue. Nuiritional Newroscience 2000 30 193-
206,

FO1258] McoGahon B, Lynch M A The synergism
between melabotropic glutamate receptor aclivalion
apd arachidonic ackd on glutamate release 15 occluded
by induction of {ong-lerm potentiation in the dentate
gyrus, Nevroscience. 1996 T2{3):847-55.

(01261 Mogi M, liarada M, Narabayashi 11, lnagaki 13,
Minagu M, Napaisa T Interleskin (IL)-1b, 11-2, 13-4,
#-6 and trapsforming growth Dclor-a levels are
elevated i ventricular cergbrospinal fluid in juvenile
parkinsonism and Parkinson’s discase. Newrosci Letl
1996 211(1x13-6.

FOI27] Mumay ¢ A, Lynsch M AL Evidence that
increased  hppocampal expression of the oviokine
ierlenkin-1b 18 2 common irigger For age- and stress-
induced mnpairments i long-lery potentiation, ¥ Neo-
rosci, 1998 18(8):2974-R1.

FO128] O'Donnell B, Vercker B, Lynch M A, Age-
related impairment in UI'P is accompanied by enhanced
activity of stress-activated profein kinases: analysis of
vndertving  mechanisms.  Eur ) Newroscl, 2000
12€1):345-32.



US 2002/0155098 Al

FB129T Park I &, Stefanis 1, Yan C Y, Farinelli 8 E,
Greene 1. A, Ordering the cell death pathway. Differ-
ential effects of BCL2, an interleukin-T-converting
cnzyme family profease inbibior, and other survival
agents on INK aclivation in serumy/nerve growth faclor-
deprived  PCI2 cells. 1 Biol Chem. 1996
271{36%21898-905.

FE3G]  Rabinovitch B A, Matukas L, Raju X, Punhani T,
deVeber G, Keystone B VasoCare™ PSCT normalizes
the Th2 cell subset in sclerodenma. XII Pan-American
Congress of Rienmatology, Montreal, Canada, 1998,

FB131] Schuchmann 8, Heinemann UL Increased miilo-
chondrial superoxide geoeralion in newrons from ini-
somy 16 mice: a model of Down's syodrome. Free
Radic. Tiol. Med Jan, 15, 2000; 28(2) 235-30.

FB132]  Stivii G M, Suzeki H, Mandel A S, Bollon A E,
Sander D N. The effect of VAS972 on allergic contact
hyperseositivity J Cutan Med Surg. 2000 4(3%:132-7.

P33T Tennetl L, I¥Emila 3 M, Troy C M, Lipios 8
A Role of caspases in N-methyl-D-aspariate-induced
apoptosis in cerchrocortical newrons. ¥ Newrochemn,
1008 TH(3y.946-59.

FB134]  Trembovier V, Beit-Yannat E, Youms F, Gallily
R, Horowitz M, Shohami E. Antioxidan!s affenuale
zenie foxicity of tamor pecrosis factor-alpha induced
by hrain injury in rad L Interderon Cviokine Res July
E599; 19(Ty 791-5.

FBL3S]  Vercker E, Campbell V, Roche L, MeEntee B,
Iynch M A Lipopolysaccharide inhibits long form
potentiglion in the raf dentale gyrus by activating
caspase-1. 1 Biol Chem. 20002 275(34%26252-8.

FB136] Vercker E, O'Doonell B, fynch M AL The inhibi-
wory effect of intedenkin-1b on long-fenm polemiation
is coupled with increased aclivity of stress-activated
protein kinases. J Newrosel 2000b 20(£8%.6811-9.

[G137] Wildburger R, Borovie 8, Zakovic N, and
Tatzher I Post-traumatic dynamic changes in the anli-
bexly fHer agains! oxidized low density lipoproteins.
Wien Klin Wochenshr Sep. 29, 2000; 112{18) 798-803.

What is claimed i

1. A method for the prophylactic or therapentic frealment
of inflammatory components and inflammatory aspects of a
newrological disease in a mammalian patient, which method
COmMPLises:

acdministering to said patient an aliquot of blood which
has been freafed ex vivo with af leas! two stressors
selected from the growp consisting of an oxidative
environment, thernal stress and eleciromagnetic radis-
{iom,

wherein the concentration of the reactive oxygen specics
i peuronal cells or tissues of said patien! is reduced,
with associated reduction of harmful mfammatory
effects therein,
2. The method of claim 1, wherein the oxidative environ-
menl comprises applving an oxidizing agent to the aliquot.
3. The method of claim 2, wherein the oxidizing agent
contains ozone gas, and the ozone gas is introduced into the
blood aligeo! in an amount which does not give rise 1o
excessive levels of cell damage.

Oct. 24, 2002

4. The method of clum 2, wherein the oxidizing agen
comprises a mixture of ozone gas and medical grade oxygen,
the ozone gas being contained in the miture in 2 concen-
fration of up 1o abou! 300 gpiml.

5 The method of claimy 4, wherein the ozone gas 8
coptained in the mixtire in a concentration of up to aboul 30
Hgiml

6. The method of claim 5, wherein the ozone gas is
corfained in the mixlure in a conceniration of from abouy!
13.5 pp/ml 10 abou! 155 pp/mb

7. The method of claim 4, wherein the mixture is applied
10 the aliquor at 2 How rate of up o about (133 liters/min,

8. The method of claim 7, wherein the mixure 15 apphied
10 the aliqoo! at a Bow rate of from about Q.21 Hlers/onin o
about 0.27 IHers/min.

9. The method of claim 1, wherein the electromagnetic
racliation comprises ultraviolet light having one or more
UV-C band wavelengths.

). The metbod of claim 1, wherein the femperature o
which the aliquot 8 cooled or beated 18 a temperature which
does not result in substantial hemolysis of the blood in the
alicuot.

11, The method of claim 1, wherein the temperalure
stressor 18 applied so tha! the temperature of at least part of
the aliquot is in the range of from abont -5% C. 1o about 35°
C.

12. The method of claim 1, wherein the mean femperatire
of the blood 1o the aliquo! 18 in e range of from about 37°
C. to about 44° €.

13 The method of claim 1, wherein the mean femperature
of the hlood in the aliquol is in the range of from abow 0°
C. to about 36.5°

14. The method of claim 1, wherein (he mean temperalure
of the blood 1n the aliquod 18 in e range of from about 10°
C. t0 about 30° .

15. The method of claim 1, wherein the temperature is in
the range of from about 37° € fo about 35° C.

16. The method of claim 15, wherein the lemperature 18
42.521° C.

17 The method of claim 1, whercin the volume of the
aliquot is up 10 about 400 mh

8. The method of claim 17, wherein the volume of the
aliguot 18 abow! 10 ml

19, The methodd of claim 17, wherein the volume of the
aliuot is about 2 ml,

20. The method of claim 1, wherein the aliquot is sub-
jected 10 the stressors Tor a period of up to about 60 minutes.

21, The metbod of claim 20, wherein the aliquol 18
sabpecied 1o the stressors for a period of sbow! 3 nipuies,

22 The method of claim 1, wherein the blood is admin-
istered 10 the mammal by 2 method suitable for vaccination
selected Trom the group consisting of intra-arferial injection,
mnframuscilar infection, IMFavenous ijection, subculaneous
Imjection, infraperitoneal injection, and oral, nasal or rectal
achministralion,

23 The method of claim 1, wherein all of the stressors are
simitaneonsly administered o the aliguol

24, e method of caim 1, wherein any {wo of the
stressors are simolancously administered 1o the aliquot,

25 The method of claim 24 wherein the mammal is a
human.

26. The method of claim 24 wherein the neurological
disease 18 selected from the group consisling of Down's
syndrome, Huntington's disease, brain frauma and epilepsy,
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chropic inflammatory demyelinating polynenropathy, Guil-
lain-Barré syndrome, myasthenia gravis, dermatomyositis,
polymyositis, inclusion body myositis, post stroke, peero-
sarcoidosis, vascular dementia, closed bead frauma, vasos-
pasn, subarachnoid hemorrhage, adrenal leskoeytic dysiro-
phy, inchision body dermatomvostis, minimal cogaitive
impairment and duchenne muscalar dystrophy
7. The method of claim 1 including the additional steps
of
(a} identilying a paticnt having 2 neurological discase
condition, or I8 at risk of having & nevrological disease
condition, which has & sigoificeny inflammatory com-
poBent;

(i} evaluating the patient identified in (a) above o defer-
mine whether that discase condition or risk of discase
condition can be effectively treated by reducing the
concertration of reaclive oxygen species; amd

(e} if 2 reduction in the concentration of reactive oxygen
species would be suitable for the prophylactc or thera-

12
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pettic freatmen! of suel a disease, then adoinistoring
to said patient an aligeol of blood which has been
treated ex vivo with al least one siressor selected from
the group consisting of ap oxidstive environment,
thermal stress and UV light,

28. A process Tor alleviating the symptoms of a neuro-
togical brain disorder baviog @ significant inflammatory
componert associaled with xcess aclive OXygen Spocies
{reactive oxygen species and oxidative free radicals), such as
Down’s syndrome, Huntington’s discase, epilepsy and brain
franmas, which comprises scavenging of active oxygen
species from the brain of & mammalian patient by adminis-
fering 10 said patiend an abigoot of blood which has been
frealed ex vivo with at least one stressor selected from the
group consisting of an oxidative environment, thermal stress
aned UV Hght.
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1
COMPOSITIONS CONTAINING APOPTOTIC
ENTTTIES

REFE

RENCE 10 RELATED APPLICATIONS

This application is based vpon and claims prorily from
118, provisional patent application serial No, #0/282,120
filedd Apr. 6, 2001, the disclosure of which is incorporated
herein by reference, w iis entirety.

BACKGROUND OF THE INVENTION

1. Field of the lnvention

This wveation is direcled o methods for treating the
inflammatory component of brain disorders in mammalian
patients, and more particularly for treating those neurologi-
cal brain disorders in which reactive oxygen species play 2
significant role i the underlving mflammatory pathology.

2.State of the Art

The events that lead o neurological disorders with a
stgnificant infammatory component {including myasthenia
gravis, GBS, CIDP, and multiple sclerosis) are not clear, but
the following sequential steps appear 10 be eritical, {1} The
breaking of tolerance, a process in which cytokines, molecu-

lar mimicry, or superantigens may play a role i rendering

previoushy anergic Twcells to recognize neural mtoantigens,
{2} Antigen recognition by the T-cell receptor complex and
processing of the antigen via the major histocompatibility
cotplex class { or 1 {3} Costamulatory faclors, especially
137 and B7-bincing protems {CD28, CFLA-4) and intercel-
fular wihesion molecule (ICAM-13 and its leukocyie Fune-
tion-associated (LFAY-1 hgand, (4) Traffic of the activated T
cells across the blood-brain or blood-nerve barrier via a
series of adhesion molecales that mclude selectins, levko-
evte miegrins (LPA-L, Mac-1, very late activating antigen
{V1.A)-4) and their counterreceptors {JCAM-1, vascudar cel]
adhesion molecule (VCAMY) on the endothelial cells. (5)
Tissue mjory when the activated T cells, macrophages, or
spectfie autoantibodies fnd their antigenic targels on glial
cells, myelin, axon, calcrum channels, or muscle.

In designing specific immunotherapy, the main compo-
nents involved in every step of the mmose response need o
be considered. Targets {or specilic therapy in newrological
disease inchide agents and freatments that (a) interfore or
compete with antigen recognitton or stimulation; (b)) mbibit

costimulatory signals or cytokines: (¢) inhibit the traffic of

the activated cells to tissues; and (d) infervene at the antigen
recognifion sites in the targeted organ,

Reactive oxygen species (ROS) are activated forms of

oxygen, including superoxide anion (0,7 and hydroxyl
radicals (MO together with hydrogen peroxide (11,0,) and
various unstable intermediates of lipid peroxidation. They
are geoerated as a resolf of acrobic metabolism, Newrogal
brain tissue is particulardy susceptible fo oxidative damage

due its to high consumption of oxvgen and s limited 3

anftiokidant defense syslem. Reactive oxvgen species {oe-
mation is thought o have an aupact on synapfic plasticity,
cell signaling and the aging process. An age-related increase
in reactive oxygen species production has been demon-
strated (Martin et al,, 20009 and the accumulation of reactive
oxygen species hag also been shown 1o be increased in the
hippocatmpus as a consequence of peripheral LPS adminis-
tration. {Vereker et al,, 2000a), This 15 mimicked by 1L-1p
administration (Vereker et al, 20008), O'Donnell and col-
Jeagues (2000} have reported parnlle]l changes in reactive
oxveen species formation and -1 production, reactive
oxvgen species formation was shown 10 cause an increase in
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{L-1f production while {L-1§ has the abilily to induce
reactive oxygen species formation thus suggesting the exist-
ence of a positive feedback loop which s potentially dam-
aging o cells.

Increased concentrations of 1L-1§ have also been closely
hinked with nevronal degeneration {Mogl e al, 1996, Ten-
nett et al, 1998

Fnhanced activity of the stress-activated kinase c-Tun
N -terminal kinase (JNK} is associated with cell degen-
eration and death (Park et.al, 1996; Maroney etal, 1998),
and has been shown 10 be activated in the hippocampus by
several agents, incloding hydrogen peroxide, an inducer of
reactive oxygen species production, and pro-inflammatory
cytokines.

Another example of a peuronal brain deficit induced by
{E-1P and LPS, is the impairment of long ferm potentiation
(L7 in the hippocampus (Vereker et al 2000a; Muarray &
Lynch, 1998) LTP i & form of synaptic plasticity that was
originally described in the hippocampus, 2 brain region that
is particularly veloperable to degeneration which is associ-
ated with cogaitive dysfunction. On the basis of this and
other ohservations, LTP has been proposed as a biological
substrate for Jearning and memory (Bliss & Collingridge,
1993y

Certain peurelogical brain disorders such as Downs syn-
drome {Layton etal, Redziora et.al, Schochmann ef. al},
epilepsy, brain {ramna (e.g. physical damage fo the brain
such as concussiony{Layton et. al.,, Wildburgr et al, Trem-
hovier et al.y and Humtington's disease {Chorea){Green) are
currenily undersiood fo mwvolve inflanunation of brain cells
as a significant component of the underlving pathology of
the disorder. This inflammation could be the consequence of
one or more of a vadety of biological processes, such as the
generation of excess-amounts of mBammatory cytokines
such as [L-1B and TNF-o, in the brain cells or other
components of the brain tissue, perhaps associated with the
presence of high concentrations of reaclive oXygen species
m the bram tssue, which correlates to high levels of tissue
damage or exacerbation of the disease. Reactive oXygen
spectes are one of the elfectors of inflammation in Hssue
such as brain fissue.

Giler newrological disorders which have a significant
wilammetory component include Guillame-Barré syndrome
(GRS, chromic inflammatory demyelinating polyneuropa-
thy {CIDP), myvasthenia pravis (MG}, dermatomyosifs,
polvmvostig, inclusion body myosiftis, post siroke, negro-
sarcoidosis, vascular dementia, closed head frauma, vasos-
pasin, suharnchnoid hemorrhage, adrenal lenkocytic dystro-
phy (storage disorders), inclusion body dermatomyostis,
minimal cogniive impairment and decheone muscular dys-
irophy.

Chirogic nflammatory  demvelinating  polyneuropathy
(CIDPY 15 a nevrological disorder characterized by slowly
progressive weakness and sensory dysfunction of the legs
and arms. The disorder, which is sometimes called chronie
relapsing polvneuropatly, s caused by damage 1o the myelin
sheath of the peripheral nerves. CIDP can occur at any age
and in both genders, is more common in young adulis, and
m men move so than women. The primary symptoms inchade
slowly progressive muscle weakness and sensory dyshune-
tion atfecting the upper and lower extremities. Other symp-
toms may inchude fatigue; aboormal sensations including
burning, numbness and/or tingling sensations (heginning in
the toes and fingersy; paralysis of the arms andlor legs,
weakened or absent deep tendon reflexes (areflexia); and,
aching pain allecting various muscle groups.
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CIDP 15 closely related 10 the more common, acule
demyelinating newopsthy known as Guillain-Barré syn-
drome {GBS). CIPD is considered the chronic connterpars of
the aciie disease GBS, CHIP is distinguished from GBS,
chiefly by clnical course and progoosis. However, both
disorders have similar chinical features, and both share the
CSY albuminocytological dissociation and the pathological
shnormalities of mulii-focal inHammatory segmental demy-
elination with associated nerve conduction features refloct-
ing demvelination.

Guilain-Barré Syndrome (GBS) is an acate predominately
motor polynenropathy wilh spontanecons recovery that may
lead to severe quadviparesis and requires artificial ventilation
in 20-30% of patients. The diseases that voderhe thig
syndrome have been classified as acafe inflammeatory demy-
elinaling polynewropathy (AHIP), the most common form,
senie motor and sensory axonal peuropathy (AMSAN), and
acute molor axonal newopathy (AMAN). Fisher syndrome
is a cramal gerve varknd of GBS which characteristically
resulls wn opthalmoplegia, ataxia and areflexda, GBS is ofien
preceded by mfection with either Camygndobacierjeiuni,
which is most common, cytomegaloving {CMV), Fpstein-
Barr virus or Mycoplasma preumoniae.

Aufoinnwune myasihenia gravis (MG) s a disorder of

neuromuscular ransmission heading o fluctunting weakness

and abnonmal fatigneability, Weakness is attributed to the
blockade of acetylcholine reveptors {ACHRs) ot the newro-
muscular endplate by circulating autoantibodies, followed
by local complement activation and destruction of acetyl-
choline receptors (Stangel et al, J Newol Sci 1532k

blasts bul in normal adult muscle the AChR is only
expressed at the motor endplate. 1o patients with early onset
MG however the thymic medulls s infiltrated by lvmph
noxle-like 1 cells and germinal centres and there are myo-
blast-like myoid cells in the thymic medudla which express
ACHR. Therefore the presentation of the AChR antigen by
these cells or by myoblasts s likely 1o be involved in the

127134 (20010, In studies of experimental awloinumune
myasthenia gravis (FAMG) the Thl cytokine, INF-y, has
been shown {0 be involved in disease progression and hasg
heen reporied to be capable of inducing the production by
mvoblasts of class T and [} major histocompatibildy anti-
gens, ACER and ICAM-1, 111 has also been shown 10 play
a role in EAMG where disruption of the H-1 beta gene was
shown to duninish acetylcholine receplor-induced responses

The causes of milammatory muscle discases dermato- 5

myositis, polymyositis and inclusion body myositis (13M)
are unknown, bl lmmune mechanisms are strongly wnpli-
coted. Although clincally and immunopathologically dis-
tinct, these discases share three dominant histological fea-

tres: milammation, fbrosis and loss of muscle Hbres. in s

dermatomyosifis, the endomysial nflammation and muscle
fiher destruction Is preceded by activation of the comple-
mend svstem of plasma proteing, and deposition of membra-
nolytic attack complex on the endomysial capillaries (Dala-

evidence that this attack may also involve the blood vessels
in the dermis (Dalakas o al, Curr Opin. Pharmacol, 9(3)%

t0 be overexpressed in the perimysial connective tissue in
dermatomyositis, is down-regulated after successful mmn-
notherapy and reduction of inflamemation and fibrosis (Dala-
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In polvmyvositis and IBM the disease begins with the
aotivation of CDBY T cells. These cytotoxic T cells reach the
endomysial parenchyma t0 recogpise muscle antigen{s)
associnted with the upregulation of the major histocompat-
ity complex (MHO) § on muscle Hbres, The agtoinvasive
T eells extubil gene rearrangement of their T-cell receptors
{TCR) and are specifically selected and clonally expanded in
sitt by herctofore previously unknown antigens, Muscle
cells do not normally express MHC T and 1] but in cases of
polymvostis and 1IBM over expression ol MHC is an early
event that can be detected even i areas remote from the
milammation, INFy and TN, cytokines that indiee MEC,
have been found in patients with active polymyositis (Dala-
kas, Curr Opin. Pharmacol. 1{3%300-306 {2061,

No signs ol apoptosis have been defected in patients with
mflammatory myopathies and in fact two strong anii-apop-
fotic molecnles have recently been fonnd to be expressed in
the muscle fibers. One is the Fas-associated death domain-
lke Ho-l-converting enzyme whibitory protein (FLIPY and
the other buman TAP (inhibdor of apoptosis protem)-hike
profein, The resull of unsuccessful apoplotic clearnnce of
mflammatory cells 1s ikely 10 be the cause of the sustained
chrogic cviotoxic muscle Dber damage (Vattemd et al, /L

Sarcoidosis I8 a multisystem chronic disorder with
unknown cause and a worldwide distribution, Neurosarcoi-
dosis 1 o complication of sarcoidosts involving inflamma-
tion and abnormal deposits i the tssues of the nervous
system. Sudden, transient laciad palsy I8 common with
mvolvement of crantal perve VIL Gther manifestations
mehude aseptic meningitis, hydrocephalns, parenchymatons
disensc of the central nervous system, peripheral nemropathy
and myopathy, Intracranial sarcoid may mindc various
forms of meningits, ncluding carcinomatous and infracra-
nial mass lestons such as meningioma, lymphoma and
glioma, based on newroradiological inaging. A humbar punec-
fure may show signs of mfammation. Flevated levels of
angiotensin converting enzyme may be found in the blood or
CSF. Therapy consists of iminumosuppressive agends and

Vascular dementia (Vab) is the general term lor dementia
caused by organic lesions of vascular origin, such as cerchral
wafarction, infracerchral haemorrhage or ischemic changes in
subcortical white matter. # is the most frequent couse of
dementia after AD acconnting for about 20% of cases and
50% in subiects over 80 vears (Dib, droh. Gerontol. Geriair

24{1115-22 (1994)) The clinical distinction bolween A
aned Vaid may be difficult and there are standard guidelines
for research studies, Vald and AD can co-oxist as “mixed
dementia” where the presence of cerebrovascular disease
may worsen Alzheimer dementia, Traditionally AD is char-
acterized by the insidions onset of memory loss, followed by
a grachual progression o dementia i the face of noral
findings on aewrological examination. VaD on the other
hand, is characterized by stepwise cognitive dechine punc-
tuated by episodes ol stroke that are accompanied by focal
deficits on nenrological examnation, and evidence of stroke
on computedt topography (C1) or magnetic-resonance imag-
g (lagust, Lancer 358(9299%2097-2098 (2001, Fr i
assumed that the risk lactors for stroke and vascualar disease
are also factors for Val). These include hypertension, smok-
myg, diabetes, obestty, cardiae rhythm disorders, hyperlipi-
daemin, hypercholesterolaemiz  and  hyperhomocystein-
acenta. The apolipoprotein 14 genotvpe 1 also considered as
a risk factor for Val), AD and ischemic stroke (Db, Arch
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of vascular dementin nclude anti-platelet agents andfor
surgery, and the trestment of cognilive sympioms (Parnett

Head travma is associated with a variety of physiological
and cellular phenomena such ag ischemia, increased perme-
ability of the blood-brain barrier (BBR), edems, necrosis
and motor and memory dysfunction (Moor et al, Newroscl.

brain jory induces a cascade of secondary events and the
refease of exciatory amino acids (FAA) such as ghitamate
and aspartate, Alteration in the levels of jons and neuro-
modulators lead to oxddation and cellular membrane damage
and wltunately cellular death (Stahel ef al, Braiv Res. Rev
273243256 {1998)). Hxperimental models for closed
head injury (CH) developed i the rat show the spatial and
temporal induction of 1L-1, 116 and TNF-¢ gene mRNA
franscription along with an induction of -6 and TNF-a
activily i the rat bram (Sholami et al, S Newroinmnunol

refeasedd and it is the presence of these cytokines along with
damage fo endothelial cells that resulf in disruption of the
BEBD wtegrity. This disroption allows the recruitment of
neutrophils im0 the subarachnoid space (Stahel et al (1998Y),

INF-¢t has been identified in the brain in several patho-
Jogical conditions and mhibiors of TNF-o such as dexanab-
inol (FHJ-211) have been shown fo improve geurological
ogteome following CHY (Shohami et al, J Newroinmnunol

Cerchral vasospasm is delayed onset cerchral artery nar-
rowing in response 1o blood clots left in the subarachnoid
space afler spogtanecus ancurvsmal subarachnoid hemor-

{20011, T 1s anglographically characterized as the persistent
fwminal aarrowing of the major extraparenchymal cerebral
arferies and affects the cerebral microcirculation and causes
decreased cercbral blood flow (CBF)Y and delaved ischemic
neurological deficits. A number of studies have demon-
strated morphological changes in cerchral arteries afler
SAH. Smooth muscle cells showed necrotic changes, such
as dense bodies, degeneration of mitochondria, condensed
lysosomes and dissolution of noclear substances and the
appearance of cell debris {Sobey et al, Ciin, Exp. Pharma-
col. Phystol 25{111867-876 (1998)), The impaired dilator
and moreased constricior mechanisms that occur afler SAH
may be caused by oxvhaemoglobin produced by erytheo-
cyles that inaciivates NO in the subarachnooid space. Alter-
natively it may be due to an impaired activily of soluble

guanylste cyclase resulfing in reduced basa levels of cGMP 3

in cerchral vessels and so a reduced responsiveness o NO
{Ogibara et al, Brain Res. 889(1-2388-97 (2001}, Produc-
tion of 1L-6 and -8 m the cerebrospinal uid following
SAH has also been demonstrmed. Tt is thonght that {1.-6 may

play a particular role in vasospasm as i induced vasocon- 3

siriction in a canine cerchral artery (Osuka ef al, Ao

Duchenne muscualar dystrophy (DMD) 18 one of the most
common, inherited, lethal disorders i childhood, H 15 an
X-linked nenromuscular disease that affects 1in 3500 males.
Progressive muscle weakness beging between 2 and 5 vears
of age and ultimately leads o premature death by respiratory
or cardiae faillure during the middle to lale twenties.
Approximately 30% of cases are due to sponlaneous muda-
tion of the dystrophin genes while the remainder are inher-
ited {Spencer ef al, Newromuscul, Disord. 1H6-71556-564
{20011, DMD patients therefore kack the profein dvstrophin
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which is an essential Hok in the complex of proteins that
connect the cytoskeleton to the extracelhdar matrix {(Alder-
jon et al, Trends Cordiovascular Med 10{6y268-272
{2000} Although gene therapy 15 the only cure for DMBY it
is beHeved that immune inferventions may slow the progress
of the disease. The reason for this s that there is evidence
thet immune cell imteractions with dystrophin-deficient
musele can contribute o cell death in dystrophinopathies, Tl
has also been shown that the population of immune cells in
dysthrophic muscle are not only diflerent from those found
that mvade mechanically-damaged tissue, they are similar to
those found in mflammatory disesse such as polymyositis.
Current research indicates that T cells may play a role in the
pathology of dystroplin deficiency and that there may be an
avtoiminune component o the disease in which T cells are
activated by a common antigen (Spencer el al, Newropnis-

118 Pat. No. 5,834,030 {3olton) describes a process for
ireating a paitend to combat peripheral vasedlar disease,
which comprises extracting an aliquot of the patient’s blood,
tresling the blood aliquot extracorporeally with stressors
such as an oxidative environment {orone/oXygen gas mix-
ture bubbled there through), incident UV lipht and an
elevated temperature,

1.5, Pat. No. 5,980,954 {Bolton) describes sunilar pro-
cesses for treating aufoimyune disesses in mammalian
patients,

Bt is an object of the present invention to provide a novel
ireatment or prophylaxis of newological disorders which
have a significant inflammatory component, such as chronic
wilammatory demyelinating polynewopathy and Guillain-
Barre syndrome.

“Immune modulation therapy™ as the term is used herein,
is an ex vivo freatment protocol which involves exposare of
autologous peripheral blood (o combinations of at least two
physicochemical stressors, namely heat, oxidative stress
such as ozonation and electromagnetic raciation such as
altraviofer irradiation and subsequent administration of the
ireated blood fo the patient, suitably by intramuscular injec-
tion, There is recent evidence that such immwune modulation
therapy suppresses contact hyporsensitivily {Shivii et al.,
20007 as well as demonsirating an attesuated hyperthenmic
response o immobilisation stress in spoataneously hyper-
tensive rats {Kovamé et al ., 1997) thus sugpesting a possible
profective role. Tn support of this s the report that following
such immune modulation therapy a reduction in the relative
arenber of pro-inflammatory THI cells and an increase in
TH2Z cells have been observed in bumans, sipnifying a
reduction in the inflammatory response {Rabinovitch et al.,
1998y

SUMMARY OF THE INVENTION
This mvention is directed o the surprising and unex-
pected discovery that such immune modulation therapy can
exert beaeficial anti-inflammatory effects acrogs the blood-
brain barrier of & mammalian patient, apparently through a
significant reduction of the accumulation of reactive oxygen
species andlor a significant down-regnlation of associated
mftammatory cytokines such as TNF-, particularly i the
cortical fissue of mammals, Accordingly, the therapy is
suitable for efther prophylactic or therapeatic freatment of
the mflammatory component of newological brain diseases
such as Downs syndrome, epilepsy, Funtington’s disease
and brain traumas, through mediation of the development or
activity of reactive oxygen species which play a role m the
development or manifestation of such inflrmnation,
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The present invention also provides {or a method for the
prophylactic or therapentic treatment of imflammatory com-
ponents and inflammatory aspects of a newrological disense
in 2 manmalian patient diagaosed with or at risk of a
neurclopical disease, which method comprises:
admmistering o said patient an aliguot of blood which hag

been. treated ox vivo with al least two stressors selected
from the group consisting of an oxidative environment,
thermal siress and electromagnetic radiation, wherein the
conceniration of the reactive oxygen species in newronal
cefls or fissues of said patient is reduced, with associated
reduction of harmiil inflammatory effects therein.

From another aspect, the present invention provides a
process for alleviating the symptoms of 8 neurological brain
disorder baving a significant iflammatory component agso-
etated with excess sctive oxygen species {reactive oXygen
species and oxidative free radicals), such as Down’s syn-
drome, Huntington's disease, epilepsy and brain traumas,
which comprises scavenging of active oxygen species from
the bramn of a4 mammalian patiend by administering to said
patient an aliquot of blood which has been treated ex vivo
with at Jeast two stressors sclected from the group consisting
of an oxidative environment, thermal stress and electromag-
netic radiation.

Accordingly, the present nvention is also a method of
alfeviation, prophylaxis against or preconditioning o hinder
the onset and progression of nemodisorders which have 2
significant inflarmnatory component, stch as Guillain-Bané
svadrome  (GBS), clironic  inflammatory  demyvelinating
podyneuropathy (CIDP?), myasthenia gravis (MG}, dermato-
myositis, polymyositis, inchision body myositis, post stroke,
neurosarcoidosis, vascular dementia, closed hoad frauma,
vasospastn, subarachnoid bemorthage, adrenad leukocytic
dwstrophy (storage disorders), mclusion body dermatomyo-
sits, mininal cognitive impairment and duchenne muscular
dystrophy, wherein said method comprises treating a patient
suffering from or at risk fo contract such 2 disorder and
having upaired endothelial fonction af the blood vessels, 1o
improve the performance of endothelial function at the
blood-brain barver or at the blood-nerve barrier towards
restoration of nonnal endothelial fimction. This represents o
novel and movative approach fo the management and
treatment of neurclogical disorders,

BRIEF DESCRIPTION OF THE DRAWINGS

It the accompanying drawing

FIG. T is a graphical presentation of the effeet of the
treatment according to a preferred embodiment of the imven-
tion on the body weight of test animals, as described in the
specific experimendal section below. VasoCare™ therapy
does not stgniticantly alter body welght (FIG. Ta) or dose of
wrethane administered o mduce anaesthesia (FIG. 15) but
there is an merease m the amplitude required o nduce an
sction potential (FIG, ko). Data is expressed as means with
standard errors, FIG. 14 Ulagtrates a mean pre-letanus EPSP
slope.

FIG. 2 is a graphical presentation of the results of testing
1.PS-mduced impament of UTP described in the expert-
mental section below.

FIG. 3 15 a graphical presentation of the measuraments of
reactive oXygen species accumulation described in the
experimental section below. Data is expressed as means wih
standard errors. The ¥ idicates p<0.05 caleulated according
to the Student 4est for independent means.

FIG. 4 1 a graphic presentation of the nflammatory
eytokine TNE, measurements and anti-inflanmatory cyvtok-

(

5

[

a

&

45

[0

[

8
e 1L-10 measurements in the corfex of fest animals,
describet i the experimental section below, Data s
expressed as means with standard ervors. The ** indicates
p<0.01 calendated according to the Student t-test for inde-
pendent means,

FI1G 8 ig o graplical presestation of the measurements of
o-Jun NH,-terminal kinase (JNK) activily in the cortex of
experimental animals treated as described in the experimen-
al section below. Data 8 expressed as means with standard
errors, The * indicates p<0.05 caleulated according to the
Student t-iest for independent means.

FIG, 6 is a graphical presentation of the results of mea-
surements of 1L-1 Receplor Type 1 concentration in corlical
tissnue of test animals treated as described in the experimen-
tal section below. Data s expressed as means with standard
SFYOTS.

THE PREFERRED EMBODIMENTS

In one of the preferred methods of this invention, a patient
having a nenrological disesse condition with a significant
mflammatory component mediated by reactive oxygen spe-
cies, or at risk of developing such a brain disease condition,
is fiest identifled. Such patient may have a risk which is
significantly greater than the risk in the average population,
e.g. a5 a result of prior trawmma, hereditary indication and the
Tike. That patient 15 then evaluated o detcrmine whether that
disease condition or risk of disease condition can be effec-
tively ireated by reducing the conceniration of reactive
oxygen spectes, 1T in the opinion of the attending clinician,
a reduction in the concentration of reactive oxXygen species
and assoctated reduction in newrological  inflanmmation
would be suitable for the prophiyiactic or therapeutic treat-
merd of such a neurclogical disease, lmmune modulation
therapy is adnunistered 10 satd patient.

Accordingly, o one of its preferred aspeets, 1his invention
is directed 10 @ method for the prophyviactic or therapeutic
ireatment of the inflammation-associated aspects of a new-
rodogical disense having a signtficant inflammatory compo-
nent and mediated at least in part by reactive 0Xygen species,
which method comprises:

{a} identifying a patient having a sewological beain
disease condition or at risk of developing a neurological
bran disease condition having o significant inflammatory
component and mediated by reactive oxygen species;

{by evahunting the paticat identified in {a) above o deter-
mine whether that disease condiion or risk of disease
condition can be effectively treated by reducing the concen-
fration of reactive oxygen species; and

{c) i a reduction in the concentration of reactive oxygen
spectes would be suitable for the prophylactic or therapeutic
treatment of such a disease, then

{d) admmistering o sald patient an aliguot of blood which
has been treated ex vivo with at least two stressors selected
from the group comsisting of an oxidalive environment,
thermal stress and electromagnetic radition,

whereln, following such administration, the neurological
brain tissue inflammation andior the concentration of the
reactive oxygen species in the nenrological brain tissue of
said patient 15 reduced.

The patient is a mammal and preferably a human,

The aliguot of blood s treated by belng subjected fo
stressors which have been found 1o modify the blood
According to the present invention, the blood aliquot can be
modified by subjecting the blood, or separated cellular or
pon-celiular fractions of the blood, or mixtores of the
separated cells andfor son-cellular fractions of the blood, o
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stressors selected from temperature stressors, electromag-
netic emissions and oxidative enviromments, or any combi-
nation of such stressors, simultaneonsly or sequentially.

DETAILED DESCRIPTION OF THE
INVENTION

The following terms are defined with respect 1o this
invention

“Therapeutic freatment” relers 1o the treatment of a dis-
ease wheretn the treatment reduces or eliminates the symp-
toms of that disease.

“Prophylactic treatment”™ or “prophylaxis™ refers to the
prevention or hindrance ol development of disease.

The terms “aliquot,” “aliquot ol blood” or similar terms
used herein inclode whole blood, separated cellular fractions
of the blood inchuding platelets, separated non-cellular frac-
tions of 1he blood mchiding plasma, and combinations
thereol.

Methodology

The method of thig nveation provides for the proplviac-
tic or therapeutic treatment of a newrological brain disease
mediated by reactive oxygen species. ln this method a
patient is first identified as having such a disease condition
or is at risk of baving such a disease condition medinied by
reactive oxygen species. The patient is then evaluated to
defermine whether that disease condition or risk of disease
condition can be effectively treated by reduciag the concen-
tration of reactive oxygen species. Such evaluation is made
by the attending clinician based upon the disease 0 be
treated and the progression of the disease. Such laciors are
well within the skill of the art, I mn the opiglon of the
sitending clinician, a reduction m the concentration of
reactive oxygen species would be suflable for the prophy-
lactic or therspentic treatment of such a disease, then the
patient is administered an aliquot of blood wlhich has been
freated ex vivo with at least two stressors selected from the
gromp consisting of an oxidative environment, thermal stress
and electromagnetic radiation, The ex vive treatment of the
aliguot of blood is described below, The method provides a
reduced concentration of the reactive oxvgen species in said
patienf.

In this preferred method, the patient is evaluated fo
determine whether the neurological bram disease condition
or risk of neurological brain disesse condition could be
effectively freated by reducing the concendration of reactive
oxvgen species, e whether s nflanumation component
sssociated with the presence of reactive oXygen species can

be efectively reduced by reducing the concentration of s

reactive oxygen species. 1o this regard, the reduction of the
reactive oxygen species is redoced in the patient at the time
when a reduction of reactive oxygen species effectively
treats (either prophylactically or therapeuntically) the disease.

The concentration of reactive oxygen species may be
measured by a variely ol methods known in the art, For
example, one can defermine them from measurements of
depletion of mi-oxidative enrymes {ghatsthione, cutalase)
in the patient’s blood {see Layton et al.). An alternative is
to test the serum of a patient for oxidized low densily
lipoproteins, wsing anb-oLDE BLISA {mpmunocassay (see
Wilburgur ef. al). One can also measure hipid peroxidation
procucts such as tisharbituric acid and its derivalives in
plasma, or measure arachidonic acid oxidation producis in 2
patient’s blood,

The treated blood i administered fo the mammal by a
method suitable for vaccination selected from the group
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consisting of mtra-arferial injection, nframuscular injection,
mtravenous imjection, suboutaneons injection, mtraperio-
neal mjection, and oral, nasal or rectal administration. Tatra-
muscalar mjection is preferred.

Ex vivo Treatment of Blood

According to a preferred process of the present invention,
an aliquot of blood s extracted rom a mammabian subject,
preferably & human, and the aliquot of blood is treated ex
vive with cerfain stressors, descrbed in more detail below.
The effect of the stressors 15 10 modiy the blood, and/or the
cellular or non-cellular fractions thereof, contained I the
aliguot. The modified aliguot 18 then re-infroduced into the
subject’s body by any route sutiable for vaccuation,

The stressors 10 which the aliquot of blood is subjected ex
vive according to the method of the present invention are
selected from temperature stress (blood temperature above
or below body temperature), an oxidative enviromment and
an clectromagnetic emission, individually or in any combi-
nation, sinubancously or sequentially. Suitably, in human
subjects, the aliguot has a volume sufficient that, when
re-infroduced indo the sobiject’s body, &t least partial alle-
viation of the reactive oxygen species mediated disorder is
achieved in the subject.

Preferably, the volume of the aliquot is up 10 about 400
ml, preferably from abow G o abow 100 mi, more
preferably from about 5 10 about 15 ml, even more prefor-
ably from about 810 about 12 mi, and most prelerably about
10 ml, along with an anticongalant, e.g., 2 mi sodium citrate.

H 15 preferred, according to the mvention, to apply all
three of the aforemontioned stressors sinultaneously o the
aliguot woder freatment, in order to ensure the appropriate
modification to the blood. B may also be prelerred in some
embodiments of the invention fo apply any two of the sbove
stressors, for example o apply temporatue stress and oxi-
dative stress, tempersture stress and an electromagnetic
emisgion, or an clectromagnetic enission and oxidative
stress. Care must be taken to wilize an appropriate level of
the stressors o thereby effectively modify the blood to
allevizte the reactive oxygen species medinted disonder in
the subject.

The temperature stressor warns the aliguot being treated
10 a temperature above nomnal body temperature or cools the
aliguot below normal body temperature, The femperature is
sclected s0 that the temperature stressor does nol cause
excessive hemolvsis in the blood comtained m the aliquot
and so that, when the freated aliguot is igjected info a
subject, alleviation of the reactive oxygen species mediated
disorder will be achieved. Preferably, the temperature stres-
sor is apphed so that the tomperatire of all or 2 part of the
aliguot is up to abowt 55° O, and more prelerably i the
range of from about ~5° (. to about 55° (U

In some preferred embodiments of the mvention, the
temperature of the alignot is wmised above normal body
temperature, such that the mean temperature of the aliguot
does not exceed a femperature of abowt 55° ., more
preferably Irom about 40° O to abowt 507 O, even more
prefersbly from about 40° . o about 44° (., and most
preferably about 42.521° .

I other preferred embodiments, the aliguot is cooled
below normal body temperatore such that the mean fem-
perature of the aliguot is within the range of from about -5
.o about 36.5° O, more preferably from abont 10° C w0
about 30° €, and even more preferably from about [5° ¢
o about 25°

The oxidative environment stressor can be the apphication
1o the aliguot of solid, Hgwd or gaseous oxidining apents.
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Preferably, H involves exposing the aligoot t0 a mixiure of
medica] grade oxyvgen and ozone gas, most preferably by
bubbling through the ahquot, at the aforementioned tem-
perature range, a stream of medical grade oxygen gas having
ozone ag a minor component therein. The ozose content of
the gas stream and the llow rate of the gas stream are
preferably selected such that the amount of ozoge introdieed
to the blood aliguot, either on its own or in combination with
other stressors, does not give rse to excessive levels of cell
damage such that the therapy is rendered ineloctive.

Suiably, the gas stream has an ozone conderd of up to
shoml 300 ue/ml, preferably up 1o about 100 pe/ml, morc
preforably about 30 ne/ml, even more preferably up to about
20 potmd particelarly preferably from abowt 10 pp/ml fo
about 20 pe/ml, and most preferably about 145210 ng/ml.
The gas stream is suttably supplied fo the aliguot at a mte of
np to about 2.0 Iersimin, preforably up to abowt 0.5
fiters/min, more preferably up to about 0.4 liters/min, even
more preferably up o about 633 literg/min, and most

preferably abowt 0.2420.024 literg/min, at 8TP The lower .

limit of the flow rate of the gas stream is preferably not lower
than G.01 liters/min, more preferably not lower than 0.1
llterg/min, and even more preferably oot lower than G2
liters/min.

The electromagnetic amission stressor s sufably applied

by irradiating the aliquot mder treatment from a source of
an electromagnetic emission while the aliquot is maintained
al the aforementioned femperature and while the oxygen/
ovORe gaseous mixture 1s being bubbled through the aliguot,
Preferred electromagnetic emissions are selected from pho-
tonic radistion, more preferably UV, visible and infrared
light, and even more preferably UV light. The most pre-
ferred UV sources are UV lamps emitling pomarily UV-C
band wavelengths, je, o wavelengths shorter than about
280 nm. Such lamps may also emi amomts of visible and
infrared Hght Ulmviolet Hght corresponding to standard
UV-A (wavelengths from about 313 to abowt 400 nm} and
UV-B (wavelengths from abowt 280 to about 315) sources
cann also be used. For example, an appropriste dosage of such
UV Hght, applied simultaneously with the aforementioned
temperature and oxidative environment stressors, can be
obtamed from lamps with a combined power output of from
about 15 to about 25 walts, arranged fo surround the sample
container holding the aliquot, cach lamp providing an nfen-
sy af a distence of one meter, of from abomt 45-65
mW/om® Up to eight such lamps surromnding the sample

operaled at an inlensity 1o deliver a total UV liglt epergy at
the surface of the blood of from abour G023 1o about 10
joulesfom®, preferably from abowt (.1 1o abowt 3.0 joules/
em”, may advantageonsly be used. Preferably, fowr such
lamps are vsed.

The time for which the aliquot is subjected to the stressorsg
is nomally within the thime range of up o about 60 minuies.
The time depends to some extent upon the chosen intensily
of the electromagnetic emission, the temperature, the con-
centration of the oxidizing ageat and the rate at which # s
supphied to the aliguot. Some experimentation 1o esiablish
optimum times may be necessary oa the part of the operator,
once the other stressor Jevels have been set. Under most
stressor conditions, preferred times will be in the approxi-
mate range of from abow 2 to about 5 minutes, more
preferably about 3 or about 3V minules. The starting bood
temperature, and the mte at which it can be warmed or
eooled 10 & predetermined temperature, fends o vary from
subject to subject. Such a {reatment provides a modified
blood aliguot which is ready for injection into the subject,
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In the practice of the preferred process of the present
mvention, the blood aliquot may be treated with the stressors
using an apparatus of the type described in LS. Pat. No.
4,968,483 to Muclier, The aliguot is placed i a suiable,
sterile, LIV Hgld-transmissive container, which is fitted o
the machine. The UV lamps re switched on for a fixed petiod
hefore the gas flow s applied o the aliguot providing the
oxidative stress, to allow the output of the UV lamps to
stabilize. The UV lamps are typically switched on while the
temperature of the aliquot is adjusted 1o the predetermined
value, e.p., 42.521° C. Then the oxygen/orone gas mixture,
of known composition and controlled flow rate, 1s applied to
the aliquot, for the predetermined duration of up 10 abont 60
minutes, preferably 2 to 5 minutes and most preferably abowt
3 minwes as discussed above, so that the aliguot expertieaces
all three stressors simultaneously. 1o this way, blood is
appropriately modified according 1o the present imvention to
achieve the desired effects.

A subjeet preferably undergoes a course of treatments,
such individual {reatment comprising removal of a blood
aliguot, restment thereof as described above and re-admin-
tstration of the treated aliquot to the subject. Acourse of such
ireatments may comprise dailly administration of treated
blood aliquots for a number of consecutive days, or may
comyprise a first course of daily treatments for a designated
period of time, followed by an interval and then one or more
additiona] courses of daily treatments.

In one preferred embodiment, the subject 8 given an
tnitial course of treatments comprising the administration of
4 to 6 aliquots of treated bood. In another preferred embodi-
ment, the subject is given an nitial course of therapy
comprising sdministration of from 2 1o 4 aliquots of treated
blood, with the admunisgiration of any pair of consecutive
aliquots beiag either on consecutive days, or being separaled
by a rest period of from 1 10 21 days on which no aliguots
are admmnistered 10 the patient, the rest period separating one
selected pair of consecitive aliguots being from about 3 to
5 davs. In a more specific, preferred embodiment, the
dosage regimen of the inial course of reatments comprises
a total of three aliguots, with the first and second aliguots
being siministered on consecmiive days and a rest period of
H davs being provided between the administration of the
second and third aliguots,

H may be preferred 1o subseguently administer additional
courses of treatments following the inftial course of treat-
ments. Preferably, subsequent courses of treatments are
administered af least about three weeks afer the end of the
mitial course of ifreabments. In one particularly preferred
embodiment, the subject recerves a second conrse of treat-
ment comprising the administration of one aliguot of treated
blood every 30 days following the end of the initial course
of treatments, for a period of 6 months.

Hwill be appreciated that the spacing between succgssive
courses of treatments should be such that the posttive effects
of the treatment of the invention are maintained, and may be
determined on the basis of the observed respoase of indi-
vidual subjects,

EXAMPLES

The invention is demongirated and illustrated by the
following animal experiments, conducted on Wistar rats,
according 1o ethically-approved provedures and protocols.

The experiments mvestigated the effect of pre-treatment
of peripheral blood exposed (o immume modulation therapy

figeue. Preliminary studies were also carrled ot in corfical
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tssue fo explore the consequence of mumune modulation
therapy on the accumulation of ROS, the concentration of
the cyvtokines TNFo and TL-10, as well as 11-1 receptor type
I and on the activity of the stress-activated protein kinase,
INK.

Experimental Procedure

Agnimals

Four groups of eight male Wistar rats (300-350 ¢, BioRe-
sougrces Unit, Trinity College Dublin, Republic of Ireland)
were used i these experiments. Animals were housed in
groups of fowr under a 12-howr hght schedule, ambient
femperaiure was conirofled between 22 and 23% O, and rats
were mamtamed voder velerinary supervision.

Treatment Profocol

Whole blood was obtained by cardiac puncture from

donor rats and anticoagidated with sodiwm citrate {10 m] of
blood+2 ml of 3.13% sodiem clirate solution). The antico-
agulated blood was divided iato two aliquots, 2 mi o be
used for sham trestment and 10 ml 0 wndergo immune
modulation freatment. For immune modulation treatment,
10 m] of anticoagnlated bood was transferred 10 a custom-
built sterile, low-density polyethyvlene disposable blood con-
fatner {Vasogen loe, Toroato, ON, Canada) and exposed o
a combination of controlled phiysiochemical siress factors in
& medical device {(Vasogen Ine).

Daring processing, the tempersture of the blood was
rased to 42.5° C., during which time blood was exposed (o
UV light (nwedmum emigsion spectrum at 254 am). When
this femperatore was reached, a gas mixture of 145210
uglmlb. of orone in medical oxvgen was bubbled through the
blood at & Pow rate of 240224 ml, per min for 3 minutes,
affer which time the heat and UVC Light sowrces were fumed
off. The foaming action caused by bubbling the gas through
the bhlood increased the surface area exposed o the UVC
fight. The blood was then allowed 1o setile 1o the bottom of
the blood comainer and was then ready to be wsed. Two
groups of 16 rats were treated by intramuscular injection
with 150 ul. of processed blood or unfreated blood (sham
freatment}. Injections were adminislered 14 davs, 13 davs
and 1 day before LPS challenge/induction of LR

Induction of TP in Perforant Path-Granule Cell Svnapses In
Vivo
Rats were anesthetized by intraperioneal injection of

wrethane (1.5 gkad, All s recerved LPS (100 pg/kg) or 3

sakine, mtraperiloneally and monitored for 3 ho A bipolar
stimulating electrode and a wnipolar recording elecirode
were placed in the perforant path (4.4 mun lateral to Lambda)
aod in the dorsad cell body region of the dentate gyrus (2.5
mim lateral and 3.9 mum posterior 1o Bregma), respectively,
and 0.033-Hz test shocks were given for 10 min before, and
40 min after, tanic stimulation (heee troins of stimuli
delivered at 30-s intervals, 256 Hz for 200 ms (McGabon &
Lynch, 1996)) Rats were killed by decapiiation; cross-
chopped shoes {350x350 um) were prepared from dentate
gvrl, entorhingl cortex, hippocampus and cortex and used o
prepare dissociated cells (see below) or frozen separately i
Krebs solation contaiming 10% dimethy! sulfoxide (Hann &
Bowaen, 1981 and stored at B0 . For analysis, shices were
thawed rapidly and rinsed i fresh oxygesated Krebs solu-
tion before preparation of homogenate or the crude svaap-
tosomal pellet P, (MeGahon & Lyvnch, 1996),
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Analvsis of Reactive Oxygen Species Formation

The formation of reactive oxygen species was assessed by
analyzing formation of the highlv-Tuorescent 2°,7-dichlo-
rofluorescein {DCF} from the non-fluorescent probe, 2.7~
dichlorofloorescein  diacetate  {(DOFH-DA;,  Molecular
Probes, USA; LeBel of al| 1992). The svnaptosomal pellet,
P, prepared from cortex, was resuspended in 1 ml ice-cold
40 mM Tris buffer {(pHl 7.4}, incubated ot 37° C. for 15 min
with DCFH-DA (10 pl; Hnal concentration 5 uM; from a
stock solution of 500 uM in methanol) and the reaction was
terminated by centrifugation at 13.000xy for 8 min at 4° €.
Pellets were resuspended in 1.5 ml. of ice-cold 40 mM Iris
buffer, pll 7.4, and monitored for fluorescence at 37° (.
{excitation, 488 am; emission, 525 nnyy, Reactive oxygen
species Formudion was gquantified from a standard curve of
DCE in methano] {range 0 10 5 pM). Protein concentralion
was detenmined (Bradford, 1976) and the resulis were
expressed as gmol/mg protein/min,

Analysis of TNFa and 11-10 Concentration

Acommercially available Pnzyme-linked immwunosorbent
assay was used to analyre coical TNFa (Riogource lnter-
pational 1oc) and cortical 1E-10 was measored using an
110 Cytoset Antibody Pair (Biosource Infernational Inc )
Fach tissue was added to 1 ml of Iscove™s culture medm
condaining 5% fetal bovine serm and a cockiail envvme
thibitor {100 mM amino-n-caproie acid, 10 mM Na, EDTA|
5 mM Benzamidine HCL 0.2 mM phenvimethvisulfonyl
fluoride). Tissue was bomogenized and centrifuged ot
FO.000 rpm at 4° C. for 10 min, Supernatants were removed
and analyzed for TNFo using BELISA. Protein concemration
was determined (Bradford, 1976) and the resulls were
expressed as pe/me profein,

Analbysis of INK Activity and 111 Receptor Type | Con-
centration

INK activity and H.-1 Receptor Type T concentration was
analvzed using Western Blotting technique m samples pre-
pared from cortical tissue. Tissue homogenates were diluted
10 equalize for protein concentration (Bradford, 1976) and
10 gl aliquots (1 mgfml} were added to 5 pl. of sample
burffer (0.5 mM Tris-HCL, pH 6.8, 10% glycerol, 10% SDS,
5% b-mercapiocthanol, 0.05% bromophenol blue, wiv) and
boiled for 5 min. Samples were frozen vntil Western Blotting
was performed. 16 ull of each sample was loaded ondo gels
(10% S8y For each analysis. Proteins were separated by
application of a 32-mA constant current for 25-30 mun,
fransferred onfo nifrocelfulose steips (225 mA for 75 mia),
and immunoblotied with the appropriate antibody. To assess
INK activity, proteins were immunoblotied with an antibody
that specifically targets phosphorylated INK (Santm Cruz
Biotechoology, locy 1100 m TRS and 0.1% Tween 20
condaining % BSA) for 2 h at room femperature,

-1 Recepior Type 1 concentradion was assessed by
mmunoblotting proteins with a rabbit polvclonal antibody
raised against an epiope mapping at the carboxy ferminus of
{E-IRE of mouse ongin {(Santa Uz Biotechoology, Inc.,
12000 in P8BS and 0.1% Tween 20 contaming 2% non-fal
dried milk) for 45 min af room femperature and 45 min o
37° C. Nitrocellulose strips were washed and meubated with
secondary antibody [peroxide-linked anti-mouse Tg(k 1300
dilution (Sigma) for 2 b af room femperature i the case of
INK and with HRP-linked anti-rabbit aatibody, 12000
difation {Amersham, UK for 60 min at room temperaiure
amd 30 mun at 37° C. in the case of 11 Receptor Type L
Visualization of phosphorvisled INK was achieved using
SuperSignal West Dura Bxtended Durstion  Subsirate
{Pierce, USAY, Immunoblots were inmmersed in substrate for
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5 min and subsequenily exposed to Hlm for | s Profein
complexes of 1L~1 Receptor Fype | were visuahized by FCL
detection {Amersham, UK) and immunoblots were exposed
to film overnight at 4° C. In both cases films were processed
using & Fap K-ray processor. Quaatification of protein bands
wag achiieved by densttometric analysis using two sollware
packages, Grab It (Grab I Annotating CGrabber, version
2.04.7, Synotics; UVP L) and Gelworks {Gelworks 13,
vergion 251 UVP Lid) for photography and densiiometry,
respectively, Gebworks provides a single value (in arbitrary
wits} represending the deasity of each blot,

Analysis of Glutamate Release

Ghitamate release was assessed in the impure synaptoso-
mal preparation, P,, oblained rom dentate gyrus: either
freshlv-prepared tissue was used or allerpatively, P, was
prepared from Frozen shices of demtate gyri which were
obtamed from rals in which electrophysiological recordings
were made {(MceCGahon and Lyach, 1996). In both cases, P,
preparations were resuspended in oxygenenated Krebs sohu-
tion comtaiming 2 mM CaCl, and ghitamonte release was
assessed as described previously (McGabon et al,, 1996),
Briefly, svnaptosomal Hssoe was abiquotted onte Millipore
fikers {045 wm}, rinsed wmder vacuum and the filtrate was
discarded, Synaptosomes were then incubated in 250 pd
oxvgenated Krebs solution at 37° O for 3 min, in the
presence o absence of 40 mM KO, and Hltrate was col-
lected and stored for analysis as deseribed (Ordronneay et
ah, 19913, In some experiments, synaplosomes were mnen-
bated at 37° . for 20 min in Krebs solution containing
15 {1 ng/mb) in the presence or ahsence of Vagsoactive
fatestinal Peptide (VIP; T pM). Triphcate samples (56 ulyor
ghitamate standards (50 ul, 25 aM to L M prepaved in 100
mM Nabl, PO, bulfer, pH 8.0) were added 10 glhntaraklehyde-
eoated 96-well plates, incubated for 60 mun at 37° C., and
waghed with 100 mM Nal, PO, bafler. Bthagolamine {250
uk 0.5 M i 160 mM Nall, PG, 4 buller) was used o bind
wireacted aldehyvdes and donkey serum (200 ul 3% in
PRSI was added 1o block non-specific binding, Samples
were incobated overnight at 4° C. in the presesce of anti-
ghitamate antibody (raised in rabbiy 100 ul, 15,000 i
PRS-T Sigma, UK), washed and reacted with secondary
antibody {anti-rabbit horseracdish peroxidase (FIRP)-lnked
secondary apttbody; 100G uk, 1:10,000 in PBS-T, Amersham,
UK) for 60 min & room lemperature, 3.3, 4 4-Tetrameth-
yvibenzidine Hyuid substrate was added as chromogen and
incubation continued for exactly 60 min at room fempera-
ture, at which time the reaction was stopped by FLSO, (4 M;
30 ply, Optical depsities were determinedt at 450 mm using
a muliwell plate reader and values were calculated with
reference to the standard curve, corrected for protein (Brad-
ford, 1976) and expressed as wmol glutamate/mg protein.
Agalysis of 1L-1p Concentration

H-18 concentration . hippocampal was analysed by
Hi
up/ml final concentration, diluted in phosphate bulfered
saline (PBSY, pl{ 7.3; goat anti-rat 11.-1 Bantibody)} S6=well
plates were incubated overnight o room temperaiure,
washed several times with PRS containing 0.05% Tween 20,
blocked for 1 howr ot room temperature with 300 ul blocking
buffer, (P8BS, pH 7.3 comaining 5% sucrose, 1% boviae
serem albumin (BSAY, and 0.05% NaN,) After several
washes, plates were mcubated with 1L-1 standards (100 pf;
G-1000 pe/ml n PBS containing 1% BSA) or samples
{homogenized m Krebs solution contatning 2 mM CaClL)
for 2 howrs 8t room femperaiure. Samples were incubatled
with secondary antibody (100 pl; Hnal concentration 350G

SA{R & D Systems, UK). Antibody-conted {100 ul; 1.0 5
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ngiml i PBS containing 1% BSA and 2% normal poat
serum; hiotinylated goat anti-rat 1L-1§ antibody} for 2 hours
at room femperature, washed and menbated I detection
agent (100 ul, horseradish peroxidase conjugated streptavi-
ding 1200 dilation in PBES containing 19 BSA) for 20 min
af oo femperature. Substrate solotion (106 pd; 111 mixiure
of FLO, and tetramethythenzdine) was added, samples were
meubated at room femperature i the dark for 1 howr after
which time the reaction was stopped using 50 pl | MH_SC
Absorbance was read at 450 nm, values were corrected for
profein (Bradford, 1976) and expressed as pg H-1B/mp
profeis,
TUNEL Staming

Dissocisted cells were prepared by envymatic and
mechanical digestion of fresh Mppocampal slices. Shees
were mcubated with collagenase (0.125%) m PBS for 30
min at room temperature, washed with PBS to tenninate
collagenase digestion, and then gently triturated with a glass
Pasteur pipette, before passing through a nylon mesh filter to
remove tissue clumps. Cells were than cytospun oafo glass
microscope slides, Hixed with methano! and stored wntil wse.

TUNEL (Terminal deoxynuocleotidyl Transferase (1dT)-
mediated dUTP Nick-End Labeling) staining, which identi-
Hes nuclel with fragmented DNA (2 chamcteristic of apop-
totic cells), was performed according to the manufacturer’s
wstructions. Briefly, fixed cytospun cells were washed and
permenbilized. Cells were equilibrated in buffer {200 mM
potassium cacocdyiate {pi 6.6 at 25° C.), 25 mM Tris-HCI
fpi 5.5 a1 250 C, 02 mM DT, 025 mg/ml BSA, 2.5 mM
CoCL) for 5 min atf room lemperature and incobated in Tt
reaction mixture (30 ul, 98 pl equilibration buffer, 1 ul
hiotinylated nucleotide mix, T pd TdT enzyme) a1 37° C. for
1 hour. The reaction was terminated by addimg 100 ul
2x8CC (1:10; 280C detonized water), endogenous peroxi-
dases were blocked by moubating with H,G, (100 pl; 0.3%
i PHSY for 5 min al room temperature, and washed cells
were incubated for 30 min o room tempersture in strepta-
vidin HRP sohution {100 g, 1:500 in PBS) to allow binding
10 biotinvlated nucleotides. Diaminobenzidine sohution was
added o washed cells, and the incobation proceeded for 16
min ot wom femperatire. Cells were washed with detonised
water, dehydrated through graded ethanol, and then cleared
with xylene afler which shides were mounted m DPX
mounting medinm and coverslipped. TUNEL positive cells
were expressed as a percentage of the fotal.
Statistical Analvsis

Data were analvzed, as appropriate, using either the
Studlent’s t-test For independent means, or by using a one-
way analysis of varance (ANOVA) followed by post hoo
analysis vsing the Student Newman Keuls test.

RESUHLLS

A Hhippocampus

Mean body weiglt, dose of vrethane administered fo
mnduce anacsthesia, and stimuolus strengih required 1o induce
an epsp spike were caleulated. There was no significant
difference between groups m body weight (FIG. 1A) or
urethane concentration {FIG, 113} admmistered due to
wurnune modulation thetapy,

F1G. 1 demonstrates that imumune modolation therapy
does not significantly alter body weight {a) or dose of
urethane administered to induce anaesthesia (b). There is
however an erease in the amphitude required o imduce an
action potential {¢). The data are expressed as means with
standard errors.
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Tetanie stimulation delivered 1o the perforand path 3 b
afler mtraperitoneal mjection of LPS resulted in an increase
in the menn slope of the population excitatory post-sypaplic
potential {epsp). The mean percentage change i the 2 min
immediately following tetanie stimulation (28EM; com-
pared with the 5 min irmanediately belore tetanic stimulation)
was 114.49 (£2.79), but this was not maintained so that the
mean percentage change in population epsp slope in the last
5 min of the experiment was 90.32 (£2.42). The correspond-
ing values i the saline-treated control rats were 17015
{£1G.16)and 121 28 (2] 20}, respectively (FHG. 2. The LPS
induced nhibition of LTP was blocked by pre-reatment
with unmune modulation thetapy,

FHG. 2 demonstrates that the LPS-aduced impairment of
147, was mhibited by pre-treatment with immmune modula-
tion therapy, The mean population epsp slope inunediately
affer tetanic stimulation was attenuated m LPS-treated rats
compared with saline-treated rats and was close to baseline
at the end of the 40 min post-ietanus recording period. The
inhibHory effect of LPS on UTP was blocked by pre-
trestment with immune modulation therapy, which exerted
no significant effect in saline-challenged rats. The data
presented are means of seven fo eight observations m each
freatment group.

The mean percentage change in population epsp slope
{£5EM) 1 the 2 min nnmediately after fetanic stimulation
was 166.85 (£4.54) in the sham pretreated, saline challenged
group compared with 147.44 (25.84) in the group pretreated
with inmune modelation therapy and challenged with LPS,
I the lagt 5 min of the experiment the values were 121,96
{+0.85} and 128.07 (=146}, respectively (n=7-8).

Dissocated cells prepared form fresh hippocampal tissue
displayed an increased number of apoptotic cells after LPS
injection as evidenced by mcreased gumber of cells display-
ing dark brown stained nuclet 1e. TUNEL posifive cells,
This comirasts with cells prepared from hippocampus of
saline-treated vats and rats teated with mmnune modalation
therapy. Treatment with mnmune modulation  therapy
reversed the effects of LPS as shown by a reduction in the
number of eells displaying TUNEL posttive staining. The
precentage of TUNEL positive cells was significantly
increased in the LPS-trested gromp compared with the
controd treated group (p<0.01; ANOVA) and demonstrates
that the immune moduation therapy reversed the degenera-
tive effect of LPS {p<0.0I; ANOVA}

3 Cortex
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Antmals were administered efther immune modulation |

therapy or sham freatments, as previously described, and the
folowing measurements were made in the cortex: ROS
secmmudation, TNF-o and IL-10 Jevels. These experiments
were performed without LPS stimudation of the animals.

FICG 3 indicates that immune modudation therapy sigmifi- s

cautly reduces reactive oxygen species accurmulation in the
corfex {p<0.05, student’s tdest for independent means,

errors,

The concentration of pro-inflammatory cytokine, TNFa s
significantly reduced in the corlex as a result of immune
modulation therapy {p<0.01 | student’s t-test for independent
means, PG da). In contrast, 1L-10 concentration is signifi-
cantly increased (p<0.01; student’s t-test for independent
means) (FIG. 46 FIGS. 4g and 46 show that immune
modulation therapy significantly reduces TNFa concentra-
tion {a) and significantly mcreases H.-10 concentration (h) in
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the cordex {p<D.O1; student’s t-test for independent means;
o= 78} The data are expressed as mesns with standard
SFFOrS.

FI1G, 8 illustrates that mnmune modulation therapy
decreased INK activity as indicated by a decrease in the
phosphorviated form of INK. Analvsis of the mean data
obtained from densitometric analysis indicated that Vaso-
Carg™  therapy  significently  reduced  Kinase  activity
{p=0.05; student’s t-est for mdependent means). FIG. 8
shows  that  dmomose modulation  therapy  significantly
reduces INK activity in the cortex (p<0.05; student’s t-test

means with standand errors.

With respect to the conceniration of H.-1 Receptor Type
1 in cortical tissue, pilot work indicates that inunune mode-
fation therapy reduces -1 Receptor Type 1 expression
(FIE 6). The concentration of hgand pro-mBamumatory
1L-18 atself is expected to be Jower, and is under examma-

Anabysis of endogenons glutamate release i synatosomes
prepared from tetanized and untetanized tissue obtamned
from these ratls revealed a sigmificant effect of LPS igjection.
Addition of 406 mM KT to syoaplosomes prepared from
untetanized dentate gyrus obtained from saline-treated con-
trol yats, significantly increased glutamate release (p<0.03;
Student t-test for paired means) albeit to an attenuated
degree. This immune modulation therapy reversed the LPS-
induced blockage of KO stimulated ghutamate release in
untetanized dentate gyrus and fo a more significant degree in
totanized tssue {(p<0.01, Student t-est for paired means).
This immune modulation therapy may exert its profective
effect on gyneystic fonction by acting 1o prevent this LPS-
mduced signaling event,
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What is clabmed is:

I. A method for johibiting the production of reactive
oxXygen species in a mammalian patient produced by neu-
rodogical disenses selected from the group consisting of
Down's syndrome, Huntington's disease, brain {ravma and
epilepsy, chironic inflammmatory demyelinating polvneuropa-
thy, Guillain-Barré syndrome, myasthenia gravis, dermato-
myositis, polymyositis, inclusion body myositis, post stroke,
nenrosarcoidosis, vasowlar dementin, closed head trauma,
vasospasm, subarachnoid hemorrhage, adrenal leukocytic
dystrophy, inchusion body dermatomysitis, minimal cogrmi-
tive impairment and duchenne musenlar dystrophy, which
method comprises:

administering o said patient an aliguot of blood which

has been treated ex vivo with at least two stressors
selected from the growp consisting of an owidative
environment, thermal stress and electromagnetic radia-
Hon;

wherein the concentration of the reactive oxygen species

in satd patieat is reduced.

2. The method of claim I, wherein the oxidative environ-
merd comprises applving an oxidizing agent to the aliquot.

3. The method of claim 2, wherein the oxidative environ-
ment comprises a mixane of ozone gas and medical grade
oxyien, the ozone gas being confained i the mixiore in a
conceniration of up fo abouwt 300 ug/ml.

4. The method of claim 3, wherein the orone gas iz
contained in the mixture v a concentration of up to sbout 30
il

5. The method of claim 4, wherein the ozone gas being
condained in the mixiure in a conceniration of from abowt
13,5 pe/ml fo abouwt 15,5 uyp/mb

6. The method of claim 3, wherein the mixture is apphied
0 the aliquot at a flow rate of up 10 ghomt .33 firers/mm,

7. The method of claim 6, wherein the mixture is apphed
10 the aliquot at a flow rate of from about G.21 liters/mm f©
about 0.27 lHers/mm.

8. The method of claim 1, wherein the clectromagnetic
radiation comprises uhraviolet light having one or more
UV band wavelengihs.

9. The method of claim 1, wherein the thermal stressor is
apphied so that the temperature of at least part of the aliquot
is 1n the range of from about -5° . 1o about 55° C.

18 The method of claim 1, wherein the thermal stressor
provides for o mean temperature of the blood in the aliquot
in the range of from about 37° . to ahont 44° C.

. The method of claim I, wherein the thermal stressor
provides for a mean temperature of the blood i the aliquot
in the range of from about 0° €. to about 36.5° .

12 The method of claim 1, wherein the thermal stressor
provides for a mean temperature of the blood in the aliguot
i the range of from about 107 O to abow 30° C,

3. The method of claim 1, wherein the thermal stressor
provides for a temperature in the range of from about 37° (.
w0 abouy 55°

14. The method of claim 13, wherein the temperature is
42.5x1° (L

15, The method of claim I, wherein the aliquot has a
volume of up {0 about 400 ml

16, The method of claim 15, wherein the volome of the
aliguot is about 10 mk

17. The method of ¢laim 16, wherein the volume of the
aliguot is aboul 2 mkh

18. The method of claim I, wherein the aliquot is sub-
Jected o the stressors for a period of up o about 60 minutes.
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19, The method of claim 18, wherein the aliguot s
subjected to 1he stressors for a period of abont 3 minules.

20. The method of claim 1. wheretn the blood is admin-
istered to the mammal by a method suitable for vaccination
selected from the group consisting of infra-arterial injection,
idramuscular jection, inravenous injection, suboufanecus
infection, intraperitoneal injection, and oral, nasal or rectal
sdministration.

21, The method of claim I, wherein all of the stressors are
simulancously administered o the alguot.

22 The method of claim 21, wherein the mammal is a
human.

23. The method of claebm 1, wherein the newrological
disease is minimal cognifive upairment,

10
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24. The method of claim 1, wherein the neurological
disease is post stroke,

25. The method of claim 1, wherein the neuwrological
diseasc s vascular dementia.

26. The method of claim 1, wherein the nevrological
digease is chronie nflammatory demyelinating polyvneuropa-
tliy.

27. The method of claim 1, wherein the neurological
disease s Guillain-Barré syndrome.

28. The method of claim 1, wherein the neuwrological
disensc is brain tramma and epilepsy,
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TREATMENT OF CONGESTIVE HEART FAILURE
BACKGROUND OF THE INVENTION

[0001]

FOO02]  This invention relates 1o methods for reating con-
gestive hear! Tailure, in particelar by the administration to a
human subject of an aliquot of modified blood, optionally in
combination with one or more other treatments for allevi-
ating the symploms of congestive heart failure.

FODG3] 2. Description of the Prior Arl

1. Fiekl of the Fnavention

FO004]  Congestive beard Tatture {CHF) 15 a relatively com-
mon disorder alfecting approximately five million Ameri-
cuns, with 2 mortality rate of over 80,000 per year. It is
beheved that CHE s not a distine! disease process in dlsel],
buet rather represents the effect of oraltiple anatomic, fune-
tional and biotogic abnormalilies which inferact together o
ultimately produce progressive loss of the ability of the heart
to Tulfil] its function as a circulatory pump.

FODGS]  CHIF may be caused by the occurrence of an index
event such as a myocardial infarction {heart attack) or he
secondary o olher causes such as hyperlension or cardiac
malformations such as valvelar disease. The idex event or
ofber causes result in oan ipitial decline in the pumping
capacity of the beart, for example by damaging the heart
muscle. This decline In pumping capacity may not be
inmedialely noticesble, due to the activetion of one or niore
compensatory mechanisms. However, the progression of
CHE fas been found o be independent of the patient’s
hemodynamic status. Therefore, the damaging changes
caused by the disease are present and opgoing even while the
palient remains asymptomatic. In fac, the compensatory
mechanisms which maintain normal cardiovascnlar fanction
during the early phases of CHE may aciually contribute fo
progression of the discase, Tor example by exerting delete-
rious effects on the heart and circulation.

906 Some of the more important pathophysiologic
changes which occur in CHF are activation of the bhypotha-
lamic-pititary-adrenal axis, systemic endothelial dysfune-
tion andd myocardial remodeling,.

FODGT]  Therapies specifically directed at counteracting the
aciivaiion of the bypotbalamic-pituitary-adrenal axis inclode
beta-adrenergic blocking agents {B-blockers), angiotensin
converting enzyme (ACE) inhibitors, certain calcium chao-
nel hlockers, nitrafes and endothelin-1 blocking agents.
Culchnm channel blockers and nitrates, while producing
climcal improvemen! bave oo! been clearly sbiown 1o pro-
long survival whereas f-blockers and ACE inhibitors have
been shown o significantly prolong life, as have aldosierone
antagonists. Experimental studies using endothelin-1 block-
i agents have shown a beneficial effect,

FODO8]  Systemic endothelial dysfunction is a well-recog-
nized Teature of CHF and is clearly present by the time signs
of left ventricolar dysfunction are presen!. Endothelial dys-
function 1% importan! will respect to the intimale relation-
ship of the myocardial microcirculation with cardiac myo-
evies. The evidence suggests thal microvascular dysfunction
contributes significantly 10 myoeyle dysfunction and the
morphological changes which lead 1o progressive myocar-
dial falure.
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[00689] o terms of voderlying patbopliysiology, evidence
suggests that endothelial dysfunction may be caused by a
relative Tack of NO which can he attributed to an increase in
vascular .Y formation by an NADH-dependent oxidase
and subsequent excess scavenging of NO. Potential contrib-
uting Jactors to increased O,* production include increased
sympathetic tone, norepinephrineg, angiotensin ¥, endothe-
Fa-1 and INFeo. In addition, levels of IL-19, a key anti-
inflammatory oyviokine, are inappropriately low in refation to
TNF-a levels. B s now believed thal elevated lovels of
TNE-cz, with associated proinflammatory cytokines inchud-
ing IL-6, and soluble TNF-¢ receptors, play a significant
role in the evolution of CHE by causing decreased myocar-
dial contractitity, biventricoler dilatation, and hypolension
ared are probably involved in endothelial aciivalion and
dysfunction. It s also believed that TNF-a may play a role
inn the hitherto unexplained muscular wasting which occurs
in severe CHE patients. Preliminary stodies in soall nom-
bers of patients with soluble TNF-receptor therapy have
indicated myprovemnents in NYHA functional olassificalion
and in patient well-being, as measured by quality of Jife
mdices,

[0616G] Myocardial remodeling is a2 complex process
which accompanies the frapsition from asymptomatic to
symptomatic beard failure, and mav be descoribed a8 2 series
of adaptive chaoges within the myocerdivm, The main
componenis of myocardial remoedeling are alterations in
myocyie biology, foss of myocyles by necrosis or apoplosis,
alterations iy the extracetiular matnix and alterations in lely
verdrictlar chamber geometry, it 18 soclear whelher myo-
cardial remodeling s simply the end-organ response tha
occwrs following vears of exposure 0 the loxie effects of
long-term peurohormeonal stimulation, or whether myocar-
dial remodeling contributes independently to the progres-
sion of beart failure. Evidence to date sugpests thal appro-
priate therapy can slow or halt progression of myocardial
remodeling.

[0611]  Although presently used treatments can alleviate
symptoms o CHF and correct cerfain pathophysiologic
abnormalitics caused by the disease process, CHE remains a
relentlessly progressive condition with a relatively bigh rate
of mortality. In fact, relative reductions in morbidity amd
meorialily brought about by existing drugs are on the order of
about 10 to 25 percent. Therclore, the need exists for
additive or supertor freaiments for CHE, especially those
which can significantly modify the underlving disease.

SUMMARY OF THE INVENTION

[0612] 'The present invention overcomes at least some of
the shove-noted and otber disadvantages of presently known
CHF therapies by providing a method for freating CHE in
which an aliquot of mammalian blood is treated ex vivo amd
subsequently introduced into the body of a mammalian
subject,

[613] The aliguot of blood is treated by heing subjected
10 one or more stressors which have been found to modily
the blood. According to the present invention, the blood
aliguot can be modified by subjecting the blood, or separated
cellular or pon-celiular fractions of the hlood, or mixiures of
the separated cells and/or non-cellular fractions of the blood,
10 siressors selected from temperatire stressors, eleciromag-
netic emissions and oxidative environmen!s, or any combi-
nation of such stressors, simulancously or sequentially,
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FOOE4]  As discussed above, {hie patbophysiologic changes
associated with CHE include immune activation, endothelial
dysfunction and loss of myocytes through necrosis andfor
apoplosis, The (reatment method of the present invention has
been shiown 10 produce erapentic beneflts in cach of these
three areas.

FOOTS]  With respect to immune activalion, the freatmend of
the present inpven!ion bas been found 1o modulate levels of
inflammatory cyvtokines in several Thi/TNF-a-dependent
experimental InHammatory models in dilferent species. For
example, he treaiment bas been shown o reduce allergic
contact hypersensiivity in Balbic orce, a Thil-driven
irrngne reaction mediated by TNF-a (Stiivii ef al, Jowrnad
of Cutaneous Medicine and Surgery 41 132-137, 2000%; 1o
down-regulate expression of 1L-6 mRNA in adpvant-in-
duced arlbriis in the TLewis rat model of inflammatory
disease; and o decrease e proportion of TH to T42 cefis
in patients with scleroderma, a Thi-driven auloimmune
disease (Rabinovich et al, Poster presented at the XII
Pap-American  Congress  of Rheumatology, Montreal,
Canada, Jun. 21-25, 1908}, It s believed that the frealment
down-regulates the pro-inflammatory Thi-fype immune
response, for example by increasing anti-inflammatory TH2-
type eytokines, including H.-10.

FOO16]  The wreatment of the invention has been found o
improve endothelial function in a number of sindies con-
ducted in humans and in animals, For example, the reatment
has been found 1o improve endotbielial-dependent vasodita-
tor function in an open study on palienis with severe primary
Raynaud's disease (Cooke et al., International Journal of
Angiology 16: 250-234, 1997), to improve the rate of
recovery of skin blood How following temporary occfusion
in 4 doubie-blind, placebo-controlied study in patients with
advanced peripberal vascolar disease secondary 1o athero-
sclerosis {Courtman el al, Cireulation Vol 102, #18, suppl
i, 2000), © reduce progression of atherosclerosis in the
cholesterod-fed LM, receptor deficient mouse {Babaei of af.,
Jowrnal of the American College of Cardiology 35 {Suppl.
Ay 243 1999), and 1o markedly improve endothelial-de-
pendent vasodilator Tunction fo acetylcholine in severely
atherosclerolic, hypercholesterolemic Watanabe rabbits as
evidenced by an increased vasoditatory response o the nitric
oxide agomst (acetycholine) {Courtman ¢t al, above). It is
beleved that the improvement in endothelial function is due
to an anfi-inflammatory effect and to increased availability
of NO which may resull in an improvement in vasodilatory
capacity, known 0 be severely impaired in CTHE patienis.

FOOE7] With regard fo myoeyie loss, the method of the
inveniion is believed fo decrease levels of apoplosis and
necrosis, 3 has been shown that the (realment can profect the
kidney from ischemiafreperfusion (FR) damage known to be
associated with increased apoptotic cell death (Tremblay et
al, Pathophysiclogy 5:26, Chen et al,, Médecing Sciences 15
(Seppt. 1) 16}, and can reduce apopiosis in the kidney
following I/R as determined by DNA laddering and densily
of apoptotic nuckel stained by Tdt

FOOI8] Because the freatmend of the invenlion produces
therapentic benefits in three areas in which pathophysiologic
changes occur in CHE, pamely endothelial dysfunction,
production of inflammatory cytokines apd myocyle loss due
to apoptosts, there 1s provided & strong theoretical basis on
whicl to predic! that the freatment of the ivention world be
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beneficial 1o patients with CHI Tie method of the invenlion
may he used as 2 CTIF therapy on ifs own or in combination
with other therapies, such as nitrate therapy, B-blockers,
ACE infibiiors, AT receptor blocking agents, aldosterone
antagonists, caleium channet blocking agents, TN blocking
agents, suppressors of production of TNF-q, andior other
more routine treatment measures such as sodium and fluid
restriction, divrelics, digitalis, etc. Specific drugs known fo
suppress  INF- production  ioclude  pentoxalyviline,
armrinone, adenosioe, thalidomide, TNF converting enzyme
{TACTY inhibitors and dexamethasone. Specific TNF block-
mg agents mehude monoclonal antihodies and etanercept.

0019 Accordingly, in one aspect the presen! mvention
provides a method of treating CHF ip a human patient
soffering therefrony, comprising: (4} freating an aliguo! of
fhe patien!’s blood ex vivo with af least one stressor seleciod
from the group consisting of a temperalure above or below
body temperature, an electromagnetic emission and an oxi-
dative epvironment; and (b) administering the aliguot of
blood treated in step {a) o the patient, wherein e aliquo!
has 2 volume sallicien! to alleviste CHFE in the patien!.

{80267  In another aspect, the present invention provides a
combination freatment for CHE in 2 human patien! seffering
therefrom, the combination freatment including the sdmin-
istration fo the patient of an aliquot of the patient’s own
Plood which has been treated ex vive with one or more
stressors selected from an oxidalive environment, fermal
stress and electromagnetic emission, and @ freatmen
selected from the group consisting of nilrates, B-blockers,
ACE inhibitors, AT receptor blocking agents, aldosterone
antagonists, caleium channet blocking agents, TN blocking
agents, suppressors of production of TNF-a, sodium and
fluid restriction, diretics and digitalis.

BRIEF DESCRIPTION OF THI DRAWINGS

[0021] 'The invention is now described, by way of example
only, with relerence o the accompanying drawings in
which:

(6227 FIGS, 1 and 2 of the accompanying drawings are
graphical presentations of (he resulls obained from Example
2 described below,

[8023] FIG. 3 of the accompanying drawings is a graphi-
cal presentation of {he resulls oblained from Example 3
described below;

[8024] FI€G. 4 of the accompanying drawings is a graphi-
cal presentation of the results oblained from Example 4
described helow;

[0025] FIGS, 3 10 8 of the accompanying drawings are
graphical presentations of the results obtained From Example
5 described below, and

(00261 FI1G, 9 of the accompanying drawings is a graphi-
cal presentation of the effects of e treatment of the inven-
{ion in contact hypersenstlivily Thl-mediated inflammalion

DETARLD DESCRIPTION OF PREFERRED
EMBODBIMENTS

9027]  According to a preferred process of the present
mnvention, an aliquot of blood is extracted from a mamma-
tian subject, preferably a human, and the aligeo! of blood 18
freated ex vive with cerfain stressors, described in more
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detail below, The ferms “aliquol,aliquot of blood” or
similar terms used herein inchude whole blood, separaled
ceHular fractions of the blood including platelets, separated
non-cellnlar fractions of the blood iocluding plasma, and
combinations thereof. The effec! of the stressors 18 1o modify
the blood, andior the ceHular or non-celular fractions
thereof, contained in the aliquot. The modified aliquol is
then re-introduced inte the subject’s body by any roufe
suitable for vaccinalion, preferably selected from intra-
arferial injection, nframusca lar Injeclion, IMTavenous injec-
tion, subcutancous injection, intraperitoneal injection, and
oral, nasal or rectal administration.

FOO28]  The stressors fo which the aliguot of blood is
subjected ex vivo according 1o the method of the present
inveniion are selected from temperature stress {blood tem-
peratere above or below body fempersiure), an oxidative
cavironment andd an electromagnetic emission, individually
or in any combination, simultancously or sequentially. Suil-
ably, in human subjects, the aliquot has 2 volume sufficient
that, when re-inlroduced into the sebject’s body, at least
partial alleviation of CHE s achieved in the subjec!. Pref-
erably, the volume of the afiguot is up to abont 400 ml,
preferably from about 9.1 to about 100 ml, more preferably
from about 5 to about 15 mi, even more preferably from
abou! 8 1o about 12 ml, and most preferably abow! 10 mi,
along with an apticoagulant, e 2 mi sodivny citrate.

FOO29] It is preferred, according fo the invention, o apply
all three of the aforementioned siressors simullancously 1o
the aliquot under freatmen!, m order fo ensure the appropri-
ate modification to the blood. I may also be preferred in
some embodiments of the invention 1o apply any two of the
above stressors, for example 10 apply temperalure stress and
oxidative stress, femperatare stress and an electromagnetic
cmission, or an clectromagnetic emission and oxidative
siress, Cure must be taken fo wtilize an appropriate level of
the stressors o thereby effectively modify the blood 1o
alteviate CHIE i the suinect.

P34 The temperalure stressor warms the aliquot being
treated (o a temperalure above normal body lemperalure or
conds the alwmot below normal body temperatre. The
temperature is selected so that the temperature stressor does
RO catise eXxcessive emolysis in the blood contained in the
aliguot and so that, when the treated aliguot 18 injected info
a subicet, aleviation of CHF will be achicved, Preferably,
the temperalure stressor is applied so that the temperature of
alb or a part of the aliquot is vp 10 about 553° O and more
preferably in the range of from about -5° C 1o abou! 35° ¢

FOO31]  In some preferred embodiments of the invenlion,
the temperattre of the aliquo! 18 raised above pormal body
temperalure, such tha! the mean temperature of the aligoot
does not exceed a temperature of about 35 O, more
preferably from about 40° O to ahbowt 30° C. even more
preferably from abou! 40° C. to asbout 44° ., and most
preferably about 42.521° €,

F32] 1n other preferred embodiments, the aliquot is
cooled below pormal body temperalure such thy! the mean
temperature of the aliquot is within the range of from about
-37 C o about 36.5° C, more preferably from about 10° O
to ghout 30° O, and even more preferably from about 15°C
to about 25° C

FO33] The oxidative environment siressor can be the
application 10 the aliquot of solid, lquid or gaseous oxdiz-
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ing agens, Preferably, it involves exposing the aliguot 1o a
mixtere of medical grade oxygen and ozone gas, mosi
preferably by bubbling through the aliquot, 2 the aforemen-
tioned temperature range, a stream of medical grade oxygen
a8 having 0z0one as a minor componen! therein. The ozone
conder of the gas stream and the How rate of the gas stream
are preferably selected such thal the amount of ozone
mtroduced 1o the blood aliguot, either on ils own or in
combination with other stressors, does pol give rise to
excessive levels of cell damage sucl thal the therapy is
rendered ineffective. Suitably, the pas stream has an ozone
copien! of up to about 300 ggiml, preferably up to about 106
ngfmi, more preferably about 30 pg/ml, even more prefer-
ably up 1o abowt 20 g/, particularly preferably from about
10 ggiml o about 20 upiml, and most preferably about
14.52 1.0 pgiml The gas sireamn 18 suitably supphied (o the
aliquot af a rale of up o abouwt 2.0 Htersimin, preferably up
o about 0.5 liters/min, more preferably up fo about (.4
titers/min, even more preferably up o abow! 0.33 liers/min,
ared most preferably abow! 02420024 hters/min, al STR
The fower himil of the flow rate of the gas stream is
preferably not lower than (.01 fiters/min, more preferably
not fower than 0.1 Hiters/min, and even more preferably not
tower than 9.2 Hers/min.

[9034] The electromagnetic emission stressor is suitably
applicd by irradiating the sligquot under treatmen! from 2
source of an clectromagnetic enmission while the aliquet is
maintained a! the aforementioned femperalure and while the
OXYEOROZONe gaseous mixiure is being bubbled through the
alicuot. Preferred electromagnetic emissions are selected
from photonie radiation, more preferably UV, visible and
infrared light, and even more preferably UV Light. The most
preferred UV sources are UV Jamps emilling primarily
UVLC band wavelengihs, e, al wavelengths shorler thap
about 280 nm. Such lamps may also emit amounts of visible
andd infrared light. Ultraviolet hght corresponding 10 slan-
dard UV-A (wavelengibs from about 315 to about 400 nm}
amd UV-B (wavelengths from about 280 fo about 315}
sources can alse be wsed, Por example, an appropriate
dosage of such UV hight, applied simullancousty with the
aforementioned femperature and oxidative environmen
stressors, can be obtained from up 10 eight hmps arranged
1o surround the sample container holding the aliguol, oper-
ated al an ntensily 1o deliver a total UV fight energy at the
surface of the blood of from about 0025 to abowt 10
joulesiem”, preferabfy from about 0.1 to about 3.0 joules/
om”, may advantageously be used, Preferably, four such
famps are used.

[8038] 'Flhe time for which the aliquot is subjected o the
stressors i normally within the fime range of up fo about 60
minutes. The time depends fo some extent upon the chosen
mmtensity of the electromagnetic emission, 1he lemperature,
the concentration of the oxidizing agent and the rale at which
H 1s supplied to the aliquot. Some experimentation 10 eslab-
lish optimum times may be necessary on the part of the
operator, once the other stressor levels have been set. Under
mos! stressor conditions, preferred times will be in the
approximate range of from about 2 1o abow! 5 minuies, more
preferably about 3 or about 3% minutes. The starting blood
lemperature, and the rale at which # can be warmed or
cooled 10 2 predetermined femperature, tends o vary from
subie! to subject. Such a treatmien! provides a moditied
blood aliguot which is ready for injection into the subject
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FHI36]  In the practice of the preferred process of the
present invention, the blood aligquot may be treated with the
siressors using an apparatus of the type described in US,
Pat. No. 4,968,483 10 Muelier, The aliguot 18 placed in a
suitable, sterite, UV Hpht-transossive contaimer, which is
fitect into the machine. The UV lamps are switched on for
a fixed period hefore the gas flow is applied to the aliguot
providing the oxidative stress, to allow the output of the UV
lamps to stabilize. The UV lamps are typically on while the
temperalure of the aliguot 18 adpested 1o the predelermined
valug, e.g. 42.521° C. Then the oxvgen/orone gas mixinre,
of known composition and controlled flow rate, is applied fo
the aliguot, for the predetermined duration of up to abow 60
minales, preferably 210 5 minuies and most preferably about
3 minutes as discussed above, so that the aliquo! experiences
all three stressors simudtaneously, In this way, bloed is
appropriately modified according fo the present invention (o
actieve he desired effects.

P37 A subject preferably undergoes a course of treat-
mends, cach individual treatmen! comprising removal of a
blood shiguot, freaiment thereof as described above and
re-administration of the freated aliquot 1o the subject. A
course of such treatments may comprise daily administration
of treated blood aliguots for 2 number of consecntive days,
or may comprise a first course of daily treatments for a
designated period of time, followed by an interval and then
one or more additional courses of daily treatments,

FO38]  In one preferred emboddiment, the subject 18 given
an initial course of treatments comprsing the administration
of 4 10 6 afiguots of treated blood. 1o another preferred
embodimen, the subjec! 1s given an inilial course of therapy
comprisiog administration of from 2 to 4 aliqoots of realed
blood, with the adounistralion of any pair of consecutive
aliguots being either on consecutive days, or being separated
by a rest period of from 1 t0 21 days on which no aliguols
are administered (o the patient, the rest period separating one
selected pair of consecative aliguols being from about 3 1o
15 days. In a more specifie, preferred embodiment, the
dosage regimen of the initial course of treatments comprises
a tofal of three aliguot, with the frst and second aliguots
being administered on consecutive days and a rest period of
11 days being provided belween the admimstration of the
second and third aliquots. In the method of the iovention, it
is preferred that no more than one aliguot is administered o
the subject on any given day.

FOO39] 1t may be preferred to subscquently administer
additional courses of treatments following the initial course
of treatments. Preferably, subsequent courses of treatments
are adminsiered at least abou! three weeks after the end of
the initial course of treatments. o one parficularly preferred
embodiment, the subject receives a second course of freat-
menis comprising the adminsiration of one aliquot of
treated blood every 30 days following the end of the mitial
course of treatments, for a period of 6 months.

FOO40] It will be appreciated {hat the spacing belween
successive courses of treatments should be such that the
positive effects of the treatment of the invention are main-
tained, and may be determined on the basis of the observed
response of individual subjects,

FOD41]  As discussed ahove, the method of the present
inveniion may preferably be used as an adjunctive frealment
in combination withl other therapies for CHE Preferred
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examples of such other therapies molode one or more of
AGE inhibitors, a-blockers, aldosierone antagonists, TNF
hockers, suppressors of TNF production and other forms of
ronline {therapy.

(90427 Fhe invention is further iHostrated and deseribed
witll reference to the following specific examples,

EXAMPLE ]

[8043] 'Fhis example describes a study comdducted to deter-
mine the effect of the treatment of the invention on endot-
helial function in Watanabe rabbits, known o develop
complex atherosclerotic lesions during the first year of hife.
Ag previousty mentioned, endothelial dysfunction s hnked
10 the pathophysiology of ClIF

[8044] 'Fhe rabbits enlered the study at 7 10 8 months of
age, and were randomized info three groups, a st group to
be sacrificed immediately for bascline measurements, a
second group (a=10} which received injections of blood
realed according 1o the invention, and a third group (n=103
which received sbam treatmen!s comprising injeclions of
untreated blood.

[B048] 'Fhe treatment comprised a tolat of 4 injections of
treated blood over a period of 10 weeks, The blood was
freated by exposure 0 the following three stressors in an
apparatus as generally deseribed in ULS. Pat. No. 4,968 483
o MuelHer et al

FBO46]  {a) an elevaled lemperature of 42.3° C21.0°
C.;

FBO4TT  {b) a gas midure of medical grade oxygen
coplaining 45210 ggiml of ozone, bubbled
through the blood af a flow rate of 240424 mlimin for
3 minntes; and

FMS] (o) ultraviolet light at a wavelength of 2537
nm, and 2 fotal energy density of 2.0 joulesiom”™
{with some fluctuation within the previously men-
tioped range).

(80491 'Fhe frealed blood was adminisiered to the animals
by intra-mygscalar injeciion. The control animals were
administered infra-muscular injections of untreated blood on
the same injection schedude as the trealed animals.

{06567 Al animals were sacrificed at 11 months of age.
Ring preparations were taken from the iHac arferies of the
ammals and were evaluated for the amount of refaxation
mnduced by acetyicholine (an endotbelial-dependent vasodi-
lator) after heing freated with phenylephrine (2 vasocon-
striclor).

[9631]  Evaluation of the rdng preparations showed a sig-
pificant increase in endothelial-mediated vasorelaxalion
{52.226%) was observed in the trealed animals as compared
{0 the comrol amimals imected with oaireated blood
{22945, p less than GLGGL).

[8052] No refaxalion was observed when the endotheliom
was remnoved from the ring preparations, furtber confirming
the endothelinm-specific effect of the treatment of the inven-
{30

EXAMPLE 2

[B033] 'Fhis example describes a study inlo the effects of
the treatment of the invention therapy on patients suffering
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from peripberst vascolar disease {PVI3). The study was
conducted at the University Hospital, Lund, Sweden.

FO084]  The study comprised a placebo-cantrotled, double
blind stady in 18 patients {7 males, 11 females) with
moderately advanced PVD, whose main symptom was inler-
mittent cladication. The patients participating in the stody
were recriifed from the altending population of the Depart-
men of [nternal Medicine of the University Hospital, Lond,
Sweden.

FOOSS]  The patients were randomly assigned to receive
either placebo (intramuscular injection of 10 ml warm
saline} or treatment according to the invention comprising
iramuscolar injeciions of 10 ml of freated awtolopous
blood. The treatment of the blood invelved the collection of
a 10 m] aliguo! of a palien!’s venous blood inlo 2 mi of
sodinm citrate 3-4% as anticoagulant, Each blood aliguot
was trapsferred 10 a sterile, disposable low-density polyeth-
viene vessel and then exposed 1o the following conditions in
an apparalus as generally described in U8, Pat. No. 4,968,
483 10 Mueller ¢t al:

{8056] (4} elevated temperature of 42.5° C21.0° ¢

[80371 (¢} medical oxygen containing 14.5321.9 pg/m]
of ozone bubbled through e blood aliquot at a Jow
rale of 240224 mi/min at STP for 3 minutes; and

JO6387 () wltra-violet Hght at a wavelength of 253.7
nm, and a tolal energy of about 2.0 joulesiom?®,

FODS9]  Each patient received a total of 12 injections of

satine or (reated blood over a period of 9 weeks.

FO060]  The therapy was assessed by measuring the recov-
ery rate of skin blood How and oxygen tension following
total femporary occlusion of blood Jow in the extremities of
each patient prior (o conunencernen! of e therapy and a1 3
weeks, 6 weeks, 9 weeks and 2 months Following the
initiation of the therapy,

(99611 Skin blood fow in the fool was measured by Laser
Doppler Fluxmetry (1L.D¥F) and oxvgen lension was deler-
mined by measurement of transcutaneous skin oxyvgen pres-
sure {Fep(,} i the foot. i patients receiving the freatment
of the invention, a strong trend was observed foward a
treatment-refated reduction in both the total time to reach
maximum perfusion {1P,;) and the halftime fo reach maxi-
marm perfusion (T 1%}, indicative of an improvement in the
rafe of recovery of skin blood flow, No chiange was observed
in the control group.

FO062] The improved rate of recovery of blood flow in
palients {realed according o e invention was apparent
during the course of {reatments and persistent throughout,
but did pol reach significance untll 2 months following
initiation of the therapy, A comparison of the T, Py, for the
placebo and treated groups, as measured by LDE s shown
in FIG. 1.

FO063] There was alse an observed fremd loward more
rapict recovery of skin oxygen conlen! in the treated group.
This difference became stalistically significant at 2 months
ToHowing the mitiation of the therapy. A comparison of the
half-time 10 maximum FopQ, after ischemia (0,1, for the
treated growp compared to the placebo group is shown in
FIG. 2,
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[8064] Tl study therefore demonsiraled thal, in {has
group of moderately advanced PV patients, the treatment
of the invention had 2 clear bivlogical effect on the rafe af
which blood flow in the skin of the Ioot was recovered
foltowing @ period of fotal occlusion ischiemia. A sinilar
effect, but of smaller magnitude, was poted for the rate of
TepG, recovery, whereas patients receiving phlacebo treat-
ment showed no change. These results suggest that the
greatment of the invention has a beneficial effect on endot-
belial Tunction, and appears o improve skin microcirenla-
fory Tunction in patients witlh VD,

EXAMPLE 3

[8068] 'Fhis example relales 1o the use of the treatment of
e invention o preven! the onset of arthritis, and describes
e resuls of a stody conducied in an established animal
mode] of arthritis. The specific animal mode] wsed in this
stady was adjuvant-induced arthritis o rats {see, for
example, Pearson, €, 1956, “Development of Arthritis,
periartbritis and periosfitis in rais given adjpvant”, FProc.
Soc, FExpo Biol, Med, 9193 According 1o this model,
arthritis is induced in rais by injecting them with adivvant
containing Mycobacierinm butyricim.

[B066] Male Lowis rats, 4 to 5 weeks of age, 100 to0 120
g, were obtained from Charles River Laboratories, guaran-
fined one week and enpiered ioto the study. An adjuvan
malure was prepared for induction of arthritis by suspending
56 mg M hwtvricwn (Difco Laboratones, foc, Delrol,
Mich} in 5 mi Hght white paralfin 0il--m3316 {Sigma
Chemical Co., St Louis, Mo.) and thoroughly mixed using
# homogenizer. Aliquots of fhe mixture sufficien! 1o supply
015 myg M. butyricsen was injected into cach ammal sub-
cutapeously, at the hase of the tail. Svmptoms of arthritis
appeared abouwt 12 days afler induction, o each animal, as
evidenced by Himb swelling.

[9067]  Two rats, which were pof injected with the adjuvant
mixture, were used as blood donors. Blood was collected
frony the donors by cardiac puncture, and 10 ml of citrated
blood was (rensferred 10 a sterile, low density polyetliviene
vesse] for ex vivo freatment with stressors according 1o the
invention. Using an apparatus as generally descoribed in the
above-mentioned Mueller patent, the blood was stressed by
# treatmen) according 0 {he invention,

[D068]  Six animals were given a cowrse of 2 injections of
0.2 ml aliquots of the treated blood, the injections being
acmimsiered on consecutive davs alter the onset of arthritis,
A confrol group of 8 rats received injections of unfreated
bood using the same injection schedule as the freated
apimals, Injections commenced one day after the induction
of arthritis, Hind paw volumes of the ammals were mea-
sured, on allernsle days, after onset of arthritis, by water
displacemment in a 250 ml beaker using a top-toaded Metiler
halance, The results for each group of animals were aver-
aged and are presented graphically on the accompanying
Fii. 3, a plot of mean foot volume against days after
inducton of arthinlis, The upper curve 18 derived from the
control group of animals, the lower curve From the animals
which received the course of injections of treated blood, A
significant decrease i the severily of the arthritis, as indi-
cated by lower foot volumes, 18 apperent for the (realed
ammals as compared 1o e ammals of the control group.
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FO069]  The above resulis show tha! treatmen! of subjects
with modified mammalian blood can effectively prevent the
onset of arthritis in mammals,

FOO701  The expression of 1L-6 mRNA i lvmph nodes of
treated and uptrealed animals was measured 10 days after
induciion of arthritis, and the reselis are presented below in
Table 1.

TABLE ]

Treatment {E-8 copy ao, (per 4508 acla wsits}
Active <35 {n =8
Cantrol 254w 200 {0 e 8
P71} The resulis shown above in Table | show that the

treatmen according o the invention can modulate fevels of
inflammatory eylokines in & Thl/INF-a-dependent modet
of arthritis, There is evidence that production of inflamma-
fory cyiokmes such as 116 and TNF-a s hinked o the
pathophysiotopy of CHE

EXAMPLE 4

P21 The experiment reporled in this example demon-
sirates, by wse of an amimal model system  nvolving
ischemia and subsequent reperfusion of various body
organs, that the treatment of the present iovention has the
etfect of reducing apoplosis and pecrosis. Ischemis-reper-
fusion imuries are known o involve incresse of apoptosis
and necrosis i the affecled organs and tissues—see for
example Salkumar p, el al. “Mechanisms of celf death in
hypoxiafreoxygenation injury”, Oncogene 1998 December
24; TH25)3341-9; and Burns AL T elal, “Apoplosis in
wchemia/reperfusion injury of human renal atlografls”,
Transplareation, 1998 October 15, 66{7): 872-6, and other
publications both preceding and following those. Known
technigues of determination of apoptosis af the cellular level
are employed in this example.

FO73]  Pure-bred normal beagle dogs, aged 1-2 vears,
equal numbers of males and females, were used as the
experimental animals, The animals were separated o four
groups, A, B, Cand D, cach group consisting of six animals,
three males and three females. Animals of groups A and C
were sabjected 10 the process of the inveniion, by being
subjected o two 10-day covrses of daily removal of an 8 ol
aliguot of blood, extracorporeal treatment of the aliguol with
oxygenfozone, UV radiation and heat, and re-administration
of 3 ml of the freated aliguot to the same apmimal, by
iramuscular injection.

FOO74]  Each such treatment was conducied as foltows,

FOO7S]  An S8-mi aliguot of blood was extracted from the
animal, frealed with sodivm cilrate {2 mi) aod placed in a
sterite container. 1! was subjected simultancously fo the UV
radialion, oxvgen/ozone gas oxwdative eovironmen! and
elevaled temperature SHESSOrS, In an apparates as generally
desoribed in the aforementioned Mueller US. Pat. No.
4,969,483, More specifically, the blood sample in the sterile,
UV-rapsparen! container was beated using infra-red lamps
to 42.5% C., and whilst heing mainlained at thal temperature,
it was subjected 10 UV radiation of predominant wavelengih
2537 om under the preferred conditions previously
described. Simultancousty, 2 mixture of medical grade oxy-
gen and ozope, of ozone comlent 13.5-155 pg/mil was

6
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bubbled through the blood sample at a How rale within the
range from 60-240 mis/min {STP). The time of simuliancous
UV exposure and gas mixture feed was 3 minutes. A5 ml
porion of the freated blood aliquot was reinjecied inframus-
colarly into cach fes! animal,

{8076] Each animal of groups A and C, receiving the
courses of freatment according 10 e invention, experienced
a three week rest pedod between the 10-day courses of
greatment Groups B and D were the control groups, given
two F0-day courses of daily injections of 5 mi of physi-
ological saline, with 4 three-week rest period between the
10-day courses.

{80777 One day following the second course of injeciions,
the antmals were anaestbietized voder high! gas ansesthesia,
and the right kidney of each animal was removed through a
hack incision. An occlusive chip was placed on the remaining
renaf artery and vein, 10 expose the lell kidney (0 transien
wschernta, for 60 minutes. Then the olp was removed 1o
allow reperfusion of the kidney by normatl blood flow.

[6078] 'The ammals were observed for 6 days afler the
ischemia procedure, and then sacrificed, The ischemic kid-
ney of cach animal was surgically removed and divided into
two paris. One part was kept frozen at —80° €., and the other
parl was fixed in 10% formalin for immuno- and rouline
histopatholopy studies.

10079 Mitochondrial membrane potential was meastred
in proximal tebular cells isolated from the ischemic and
conrol kidneys, both at the time of removal of the control
kidney and following sacrifice. For this purpose, dog kidney
proximal tubes were purified from normaf or ischemic
kidney corlexes by the collagenase freatmen! procedure
described by Marshansky et al, “Isolation of beavy endo-
somes from dog proximal tubes in suspension™, T Membr.
Biol 133(1), 59-73, 1996. Renal mitochondria were isolated
in suspension by differential contrifugation {see Marshan-
sky, *Orpanic bydroperoxides al high conceniralions cause
energization and activation of AATT syntbesis in milochon-
dra”™, I. Biol. Chem, 2647), 36703673, 1989, after tissue
homogenization m a bulfer containing 250 mM sucrose, 10
mM HEPES-Tris (pld 7.5), and 2506 M EDTA. Cell debris
was removed by centrifugation at 10000 ¢ for 30 minstes.
The mitochondria were washed with the sucrose/THEPES
buffer without EDTA

[908G] Mitochondrial membrane potential was measured
as deseribed by Kroemer, G, Zamzam, N. and Susin, 5. A,
“Miochondral control of apoptosis”™, {Review) Immunol-
opy Today {1997) v.18, p 44-51; with JC-1 dye—see Salvioli
etal, “3C-I, but pot THOUS{3) or rhodamine 123, is a
reliabie fluorescent probe 1o assess delia psi changes in
intact cells: implications for stucdies on mitochondrial fune-
fionahity during apoptosis”, FEBS Letters 411 (1), 77-82,
1987, 1C-1 flporescence in the suspension of purified mito-
chondria from pormat and ischemic kidneys was monitored
comtinnousty on a Deltascan Model RTM-2001 spectrofluo-
rimeter {Photon Technelogy Inlemational, South Brun-
swick, N1}, The excilation wavelengill was 490 nm {slit
wichly 2 om) and the emission wavelengily was 590 nm {sii
wicth 4 nm). The signals were recorded using Felix®
{Version 1.1} software. All measurements were performed
with continuous stirring at 37° C. The incubation buffer for
meassurement of mitochondrial membrane potential con-
{gined 200 mM sgerose, 5 mM MgCl, 5 mM KHLP0O,, G
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A of KO-1 and 30 Mm HEPES-Tris {(pH 7.5). The concen-
trations of the substrate and inhibitors were 10 mM succi-
nate, .1 uM rotepone with or withowt 0.1 gM FCCE
Proximal tubule milochomdrial membrane potential was
estirnated in the right (control) kidney prior to ischemia and
in the left {ischemic) kidney after sacrilice of the dogs on
day 6 following ischemia and was estimated as dilference of
JC-1 fleorescence after upcoupling of mitochendria with
FOCP #s shown in the accompanying FIG. 4A. TFor cach
meastrement, SG pp protein of puritied material was vsed.

FOO81] 31 fluorescence is proportional fo the mitochon-
drial membrase potential, The contralaterst pephrectonzed
kidney served as control. As is clear from the FIG, 41, the
treatment process of the invention did not modify the
membrane potential of the non-ischemic control right kidney
(p=0(.445 for treated vs saline). Mowever, the ischemic
kidney ol the saline-injected animals showed sigoificantty
lower (p<0.03} Huorescence compared to the control kidney,
The stress freatment according to the invention prevented
the wncoupling of mitochondris during ischemic/reperfu-
sion, and membrane potential sbowed po signiticant differ-
ence {p=0.244} between ischemic and control kidneys. This
parameter remained sigoilicantly higher (p=0.0006} vs
saline-injected dogs) in the ischemic Kidneys of dogs pre-
treated according o the process of the invention for af least
6 days post-reperlusion.

FOO82]  These resulis indicate that the process of the inven-
tion effects protection of the kidney against apoptosis andlor
accelerates recovery at the mitochondrial level, Accordingly
the process of the nvention is indicated for pre-conditioning
of the cells, tissues and organs of a mamoalizn body against
subsequently  encountered  factors which will porpially
accelerate apoplosis,

FOO83]  Specifically, the preservation of mitochondrial
membrane potential evidences the capacity of the therapy 1o
protect mitochondria, and thereby to precondition cells
against apoplosis.

EXAMPLE 6

FOO84] A group of 12 male SHR rats was treated with
either mjections of pooled blood stressed a8 described in
Example 4 above, o, in control animals, with infections of
saline, Since the blood Trom all of the animals of this gepetic
sirain is identical, blood from one animal of this same strain
was freated by the process of the iovention for administra-
tion 10 the test animal, The blood was treated witly sodivm
citrate as anti-coagulant, and placed in a sterile container
They received either injections of 150 g of stressed blood on
days -14 and -13 followed by a rest period of 11 days and
a third imjection the day before ischemic surgery, or mjec-
tions in paratlel with saline. On the day of surgery, the rats
were anaesthetized with light flurane, snd the right Kidney
was removed through a mid-abdominal incision. The left
kidney was then subjected 1o transiont ischermnia by occlusion
of the feft renal artery and vein vsing a microclip. The skin
was then temporanly closed. Alter 60 minuies of occhusion,
the clip was removed and the wound was closed with a
suture. The animals were sacriliced 12 hours after reperfu-
SIOTL

[O085]  The ischemic and non-ischemic kidneys of the test
animals were removed and subjecied o DINA laddering
tests, Ohigonacleosomal DNA fragmentation into 180 to 200
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base pairs s a spectic pattery which appears 88 o ladder after
agarose gel electrophoresis 1o various organs undergoing
spoptosis. To estimate the degree of DNA fragmentation in
the kidney cordex, an abigoot of pulverized Ridney corlex
was weighed and total tissge DNA was extracted by the
phenolchloroform procedure after tissue digestion with
proteinase K and RuascA in the presence of EI3TA, One ug
of extracted DNA was labeled by enzymatic assay using
terminal deoxyrucleotidy! translerase witl PPRdCTY (see
Teiger etal, ‘Apoptosis in pressure overload-induced heart
hypertrophy in the rat’, I Clin. Invest. 97, 2891-2897,
1996). Increasing quantitics of radio-labelled IDNA were
toaded onto 1.5% agarose gels. After electrophoresis, DNA
was fransferred onto nyvlon membranes {Hybood) and the
radicactivity associated with 150 0 1500 bp DNA fragments
was guantilied in 2 Phosphorimager (Molecular Dypamics).
A regression fine for each sample was drawn Tor the radio-
activity as @ fonction of DNAloaded on the gel {see delBlois
etal., ‘Smooth muscle celt apoptosis during vascular regres-
sion in spontancously bypertensive rats.” Hypertension 29,
340349, 1997). The slope of the linear regression line
served as a DNA Tragmentation index (cpmipixel per ug
IINA).

[B086]  The results Trom ischemic-reperfused (T/R) kidneys
andd Iroon normat, non-ER kidoeys, all From animals which
did not receive injections of stressed blood, are shown
graptically on FIG. 5, a plot of the slope of the regression
lines for the various samples (vertical axis} against time after
initiation of reperfusion. The DNA laddering, indicative of
IDNA Fragmentation, was clearly increased in the ischemic
kidney cortex compared 1o the contralateral nop-ischemic
organ and the maximal attained at twelve hours returned to
near basal valses by 48 hows. Twelve bours was thus
selected as the time point for study of the elfect of the
stressed blood of the invention on early ischemia-induced
renal apopiosis.

[8087] FIG. A of the sccompanying drawings is a picture
of the electopboresis get of the fragmented INA, in the
150-1500 bp range, radio-labeled as deseribed 1o attach
radioactivity lahels to the DNA Tragments, Trace S derives
from DNA of kidneys Trom animals which reccived saline
mjections prior o kidney ischemia-reperfusion, and frace V
derives rom DNA of kidneys of animals which received
mjections of the stressed blood prior to Kidney ischemia-
reperfosion, The Fignre shows that 60 minuies renal
ischemia induced a clear accumulation of fragmented DNA
in both groups of rats at 12 & but the fevel of this parameter
was signficantly lower (p<(.05) in apimals receiving the
treated blood, FIG, 68 quantifics the amount of frradialion
from the samples, in arbitrary units, and shows that DNA
Fragmentation-taddering occurs in botl 8 and V samples as
a result of ischemia/reperfusion, but that the extent is
markediy reduced in 'V samples as compared with 8 samples.
The results presented on FIG, 68 are the means of six
apimals in cach case,

[D088]  These results conlirm that the evtoprotective effect
of the administration of stressed blood according to the
invention on renal reperfusion ijury involves the inhibition
of ecarly or late apoptosis,

[B0897 The ability of the treatment of the iavention in
reducing apoptosis in the kidney following ischemia/reper-
Fasion during the carly phase of apoptosis {alter 12 hours) as
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deterpiined by DNA laddering and density of apoptotic
nuclet stained by Tdt is shown in FIGS, 7 and 8, respee-
tively, As well, FHG, 38 shows that cell numbers in the
kidney following ischemig/reperfusion were also signifi-
cantly higher in the apimals freated according fo the inven-
tion.

EXAMPLE 6

FO9O]  This example deseribes the treatment of 2 small
number of buman patients with advanced chironic congestive
heart failure. The patients had NYHA class HI-1V chronic
congestive beart fatlure, with a left ventricular ejection
fraction {LVEF} of less than 40% and a2 6 minule walk
distance of less than 300 m. Some of the patients had
previously received othier CHIY treatments.

0911 Protocol:

FOD92]  Patients receive a pumber of injections of freated
blooed, The treatment schedule comprises injections on days
1, 2 and 14, followed by @ single injection every 30 days for
5 monbis, each injection baviog a volume of 10 mi Each
individual treatment comprises the following steps:

[8093] 1. Collection of ) ml of a putient’s own
venous blood into 2 mi of 3-4% sodium citrate for
injection, USP The sodium citrate is added to the
sample (o prevent the blood from coagalating doring
the treatment.

{80941 2. Trunsfer of the citrated blood sample to &
sterile, disposable, low-density polyethyvlene vessel.
[0085] 3. Ex vivo freatrent of the blood sample by
snulaneons exposure o]
FO096]
FO097] a2 gas mixivre of medical grade oxygen
containing 14.521.0 gp'ml of ozone which is
bubbled throwgh the blood sample af a flow rate of
240224 mi/min {at S1P) and

[0698)
111318

an elevated temperature of 42.521.0° C,

wifraviolet Hght at a wavelength of 253.7

[6099] 4. 'Transfer of the blood sample from the
sierile disposable container t0 a sterile syringe,

[0196] 3. intramuscular injection of 2 mil or 10 mi of
the reated blood sample into the gluleal muscle of
the same patient, following a local anaesthetic (1 ml.
of 2% Novocain or eguivalent) at the injection site,

PO The ex vivo treatment of the blood sample
described in step (3) above 18 performed with an apparatus
as generally described in U5, Pat. No. 4,968 483 o Mueller
et al. The blood sample 1 simulancously exposed o all
three stressors for 2 period of 3 minutes,

FO102]  Assessment of (L

FO103]  Patients are monitored for adverse events doring
each visi. As well, 2 post-treatment follow-up 18 conducted
to monitor survival, hospitalizations, and significant adverse
CVERHS.

FO1G4]  The primary endpoints used o assess the effective-
ness of the treatment are changes in S-minute walking
distance andfor NYHA functional classification. Secondary
endpoints inclode: [mprovement in cardiac function, redue-

May 2, 2002

tion in divretic requirement; reduction o bospitalization
stay; and improvement i sympioms.

[81958]  As demonstrated by the data described above, the
treatment of the present invention has been shown to have
significant hiological activity in bumans and in 2 number of
amimal model systems, all of which involve THI/TNE-a
dependent inflammatory responses. As mentioned above, 11
is believed that the treatment down-regulates the pro-inflam-
matory Thi-type immune response, Tor example by increas-
ing anti-inflammatory TH2 tvpe evtokines, inchiding 1L-19.
This would af least partially explain the ability of the
treatment of the invention {o produce therapeutic benefits in
cach of the three areas which characterize CHE,

{8196]  Furthermore, there is evidence to suggest that the
treatment of the iovention is 1L-10 dependent {FIG, 9 and
Shahid S, ¢t al, Journal of Tvestigative Dermatology, 14,
Nev4, 2600), briging abowt an wp-regulation of wnt-inflam-
matory cyiokines such as 1L-10, and a down-repolation of
T#-1 driven irmmuoe responses. 1 has also been proposed
that 1L-10 may be an important component of the cvtokine
network in CHF, as there appears to be a reduction in the
tevel of H.-10 in relation to TNF-a in CHI {Yamaeoka et al,

Jpn Cire J 63 951-956).

[8197]  Although the invention has been described with
reference fo specific preferred embodiments, i will be
appreciated thal many variations may be made to the inven-
tion without departing from the spirit or scope thereof. All
such modifications are intended to be included within the
seope of the following claims.

What is claimed s
1. A method of tresting congestive beard Tatlore (CHEFY in
# human patient suflering therefrom, comprising!

(2} treating an aliguot of the patient’s blood ex vivo with
at least one stressor selected from the group consisting
of a temperature shove or below body fempersture, an
electromagnetic emission and an oxidalive environ-
ment; and

() administering the aliquot of blood treated in step (a) to
the patient, wherein the aliguot has a volume sufficient
to alleviate CHE in the patient,

2. the method of claim 1, whereln the oxidative environ-

ment comprises applying an oxidizing agent to the aliquot.

3. The method of claim 2, wherein the oxidizing agent
contains ozone gas, and the ozone gas is introduced into the
biood aligeot i an amount which does not give rise fo
excessive levels of celt damage.

4. The method of claim 2, wherein the oxidizing agent
comprises a mixture of ozone gas and medical grade oxygen,
the ozone gas heing contained in the mixture in a concen-
tration of up fo about 300 gg/ml.

5 The method of claim 4, wherein the ozone gas 8
contained in the mixture in a concentration of up to aboul 30
Hgfmi

6. The method of claim 5, wherein the ozone gas is
confained in the mixture in a concentration of from about
13.5 pp/ml to about 15.5 pp/mb

7. The method of claim 4, wherein the mixture is applied
1o the aliquot at 2 flow rate of up o about (133 liters/min,

8. The method of claim 7, whergin the mixture is applied
to the aliqoot at a Bow rate of from about .21 llers/nnn ©
about 0.27 lters/min.
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9. The method of clam 1, wherein the electromagnetic
cmission comprises ultraviole! Hght having one or more
UV-C hand wavelengths.

16, The method of cluim 1, wherein the temperalure 1o
which the aliquot s cooled or heated 18 a femperature which
does not resull in substantial hemolysis of the bloed in the
aliguot.

1. The method of claim 1, wherein the tfemperature
stressor 1s apphied so that the femperature of af leas! part of
the aliquod is 10 the range of from abou! -5° € to about 35°
.

12, The method of claim 1, wherein the mean femperature
of the blood in the aliquo! 1% in the range of from abou! 37°
1o aboat 44° C

13, The method of clain 1, wherein the mean femperature
of the: blood in the aliguot is in the range of from about O°
.o abhout 36.5° C.

14 The method of clainy 1, wherein the mean temperature
of the blood i the aliquo! 18 in the renge of from about 10°
. 1o aboat 30° C

13, The method of claim 1, wherein the temperature is in
the range of from about 37° C. to about 55° (.

16, The metbod of cdaim 15, wherein the femperalure is
42.521° C.

17. The method of claim 1, wherein the volume of the
aliguot is up to about 400 ml,

18, The method of claim 17, wherein the volune of the
atiguot 13 abou! 10 mi.

19, Tlie method of claim 17, wherein the volume of the
aliguot is about 2 mi

20, The method of claim 1, wherein the aliquot is sub-
jected o the siressors for a period of up 1o dbowt 60 minles.

9
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21. The method of claim 20, wherein the aliqoo! 18
subjecied o the stressors for a period of about 3 minutes.

22, The method of claim 1, wherein the blood is admin-
istered 10 the mammal by a method suitable for vaceination
selected from the group consisting of intra-arferial injection,
intramuscular injection, Intravenous injection, suhcpiancous
imjecton, infraperitonest injection, amd oraf, nasal or rectaf
admimsiralion.

23. The method of claim 1, wherein all of the siressors are
simmnitaneonsly adoministered to the aliguol.

24, The method of caim 1, wherein any {wo of the
stressors are simultancousty administered 1o the aliquot.

23 A combination freatment for congestive heart fathire
{CHI) in 2 human patient sulfering therefrom, the combi-
nation treatment including the administration o the palient
of an ahiguot of the patient’s own blood which has treated ex
vive willt one or more stressors selected from an oxidative
environment, thermal siress and eleciromagnetic emission,
and a treatment selected from the growp copsisting of
nitrates, f-blockers, ACE inhibilors, AT receptor blocking
agents, aldosterone anlagonists, calchum channel blocking
agents, TNF blocking agents, suppressors of production of
TN, sodium and Quid restriction, divretics and digialis.

26. The combination freatment of claim 25, wherein the
suppressors of TNF-a are selected from the group compris-
ing pentoxifyHine, TACE inhibitors, amrinone, adenosine,
thalidomide and dexamethasone,
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TREATMENT OF CONGESTIVE HEART FAILURE
BACKGROUND OF THE INVENTION
[0001]

FO802]  This mvention relates 10 methods for treating con-
gestive hear! fatlure, in particolar by the admimstration to a
humag subject of an aliquot of modified beod, optionally in
combination with one or more other treatments for allevi-
aling the svmploms ol congestive heart Hailure.

FBO03] 2. Description of the Prior Ar

1. Field of the Invention

Fo804]  Congestive heart fatlure (CHFY i a relatively com-
mon disorder affecting approximately five million Ameri-
cans, with a mortality rate of over 80,000 per year, H is
believed that CHE 18 not a distinet disease process in ilsell]
but rather represents the effect of multiple anatomic, lone-
tional and biologic abnormalilies which interact fogether o
nlimately produce progressive loss of the ability of the heart
to fulfil] #ts function as a circulatory pump.

FBO08]  CHF may be caused by the ovcurrence of an index
event such as a myocardial mifhrction (heart attack) or be
secondary to other couses such as hyperfension or cardiac
malformations such as valvalar disease. The index event or
other causes result in an imtial dechine in the pumping
capacity ol the heart, for example by damaging the heart
muscle. This decline i puoping capacity may oot be
immediately noticeable, due to the activation of one or more
compensatory mechanisms. However, the progression of
CHE has been found fo be independent of the patient's
hemodynamic stanus. Therefore, the damaging changes
caused by the disease are present and ongoing even while the
patient remains asymptomatic, n fel, the compensatory
mechardsms which maintain normal cardiovascular function
during the eardy phases of CHY may sctually contribute (o
progression of the disease, for example by exerting delete-
riowss effects on the heart and circulation,

FBO06] Some of the more mmporfant pathophysiclogic
changes which ocenr in CHY are activation of the hypotha-
lamic-pituitary-adrenal axds, systemic endothelial dyslune-
tion and myocardial remodeling,

FBO07]  Therapies specifically directed at connteracting the
activation of the hypothalamic-pituitary-adrenal axis include
beta-adrenergic blocking agents (B-blockers), angiotensin
copverting enzyme {ACE) mhibitors, certain ealcium chao-
net blockers, nitrates and endothelin-l blocking agents.
Calerum chanpel blockers and nirates, while producing
chmcal improvement have not been clearly shown 1o pro-
long survival whereas f-blockers and ACE inhibiors have
heen shown 1o signiflcantly profong fife, as have aldosterone
sotagonists. Experimental studies using endothelin-1 block-
ing agents have shown a beneficial elfect.

FBO08]  Systemic endothelial dyslimetion is 2 well-recog-
nized feature of CHEF and is clearly present by the time signs
ol feft ventricular dysfunction are preseat. Endothelial dys-
funection is important with respect to the intimate relation-
ship of the myocardial microcirculation with cardiac myo-
evies. The evidence suggests thal microvascular dyshmction
contributes significantly 10 myocyte dyvsfunction and the
morphological changes which lead fo progressive myocar-
chiad ladlure.

Aug. 31, 2006

{60091 In terms of wnderdying pathopliysiology, evidence
suggests that endothelial dysfiction may be caused by a
relative lack of NO which can be attributed to an increase in
vascalar O, formation by an NADH-dependent oxidase and
subsequen excess scavenging of NO. Potential contribuling
factors 0 mereased O, production include incrensed sym-
pathetic toge, novepinephrine, angiotensin 1, endothchin-1
and TNF-¢, In addition, levels of IL-10, a key anti-mflam-
matory oviokine, are inapproprately low in relation fo
TNF-a levels. It is now believed that elevated levels of
TNF-x, with assoctated proinflammatory cytokines inchud-
g TL~6, and soluble TNF-a receptors, play a significant
rode in the evoluation of CHYE by cagsing decreased myocar-
dial contractility, biventricolar dilstation, and hypotension
amd are probably imvelved in endothelid activation and
dysfunction. 1 is also believed that TNF< may play a role
m the hitherto unexplained muscular wasting which occurs
it severe CHYE patients. Prebiminary stodies in small num-
bers of patients with soluble TNF-receplor therapy have
mdicated unprovements in NYHA lunctional classification
and m patient well-being, as measured by quality of hife
midices.

[8010] Myocardial remodeling s a complex process
which sccompantes the fransition from asympilomatic to
symptomatic heart fatture, and may be described as a series
of adaptive changes within the myocardium. The main
components of myocardial remoedeling are alterations in
myocyte biology, loss of myocyies by necrosis or apoplosis,
alterations in the exfracellular matrix and alterations i lefl
vendricular chamber geometry, It is wclear whether myvo-
cardial remodeling is simply the end-organ response that
ocenrs following years of exposure 0 the toxic elffects of
long-term. newrvhormonal stimulation, or whether myocar-
dial remodeling contributes independently o the progres-
sion of heart Failure. Bvidence fo date suggests that appro-
priate therapy can slow or halt progression of myocardial
remocleling.

j8011] Albough presently used trestments can alleviate
symptoms of CHF and correet certain pathophysiologic
abnonmalities coused by the disease process, CHF remains a
relentlessly progressive condition with a relatively hiph rate
of mortality. In lact, relative reductions in morbidity and
moertality brought about by existing drugs are on the order of
about 1010 25 percent Therefore, the need exists for additive
or supertor treatments for CHE, especially those which can
significantly modily the underlving disease.

SUMMARY OF THE INVENTION
[8012] The present mvention overcomes af least some of
the above-noted and other disadvantages of presently known
CHF therapies by providing a method for freating CHF in
which an aliquot of mammalian blood is treated ex vivo and
subsequently introdueed inte the body of & mammalian
subject.

[0013]  The aliquot of blood is treated by being subjected
0 one or more stressors which have been fomd to modify
the blood, According 1o the preseat iovention, ihe blood
aliguot can be modified by subjecting the blood, or separated
cellular or non~cellular Practions of the blood, or mixtures of
the separated cells andfor noncellular fractions of the blood,
o stressors selected from teraperature stressors, electromag-
nefic emissions and oxidative environments, or any combi-
nation of such stressors, sunulaneously or sequentially,
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FOOT4]  As discussed above, the pathophysiologic changes
associated with CHF mclude impmune activation, endothelial
dysfunction mxd loss of myocytes through necrosis andlor
apoplosis. The treatment method of the preseat invention hag
been shown o produce therapeatic benefls in each of these
three areas.

FOB18]  With respect to immune activation, the treatment of
the present invention has been found to modulate levels of
inflammatory cytokines i several ThU/FNF-c-dependent
experimental inflammatory models in Giferent species. For
example, the treatment has been shown o reduce allergic
contact hvpersensitivity in Balb/c mice, a Thil-driven
irrvnne reaction mediated by TNF-o (Shivii et 8l Jowrnal
of Cutanecus Medicine and Surgery & 132-137, 2000, 1o
down-regulate cxpression of L6 mRNA in adpvant-in-
duced arthiritis in the Lewis ral model of inflammatory
disease; and fo decrease the proportion of Thi fo Th cells
in paltents with scleroderma, 2 Thl<drven avtobmmune
disense {Rabinovich et al, Poster presented at the XiI
Pan-American Congress  of Rhenmatology, Montreal,
Canada, Jun, 21-25, 1998}, It is believed that the treatment
dowg-regulates the pro-inflammatory Thi-ivpe immune
response, for example by increasing anti-inflamimatory TH2-
type cytokines, including H.-10.

FO0F6]  The trestment of the invention has been found 1o
improve endothelial function in a somber of siwdies con-
ducted in humans and i animals, Por example, the treatment
has been found to improve endothelial-dependent vasodila-
for function in an open study on patiends with severe primary
Raynaud's disease {Cooke et al., Tnternational Journal of
Angiclogy 160 250-254, 19973, t0 improve the rate of
recovery of skin blood How following temporary occlusion
in a double-blind, placebo-controlled study in patients with
advanced peripheral vascolar disease secondary 1o athero-
scierosis (Conrtman et o, Chrerlation Vol 102, #18, suppl
H, 2000), 1o reduce progressiog of atherosclerosis in the
cholesterol-fod LDD receptor deficient mouse (Babaei et al,
Journal of the American College of Cardivlogy 35 (Suppl.
Ay 243, 1999, and to markedly bmprove endothelial-de-
pendent vasodilator function o acetylcholine o severely
atherosclerotie, hypercholesierolemic Watanabe rabbils as
evidenced by an increased vasodilatory response 1o the nitric
oxide agonist {acetvicholine) (Courtuan ef al, above). 1t i
believed that the buprovement in endothelial function is due
to an anti-inflammatory effect and to increased availability
of NO which may result in an improvement in vasodilatory
capacity, knowa o be severely hmpaired in CHE patients.

FBOTT]  With regard fo myocyie loss, the method of the
invendion is believed to decrease levels of apoptosis and
necrosis, H has been shown that the treatment can protect the
kidney from ischemia/reperfusion (R} damage known 1o he
assoctated with increased apoptotic cell death {Tremblay et
al, Pathophysiology 526, Chen et ab,, Médecline Sciences
15 (Suppl. 1) 16), and can reduce apopiosis in the kidney
following /R as determined by DNA ladderning and density
of apoptotic nuclel stained by Tdt

F0818] Because the treatment of the invention produoces
therapentic benefits in three areas in which pathophysiologic
changes ocour i CHFE, samely endothelial dyshanction,
production of inflammatory cytokines and myocyte loss due
fo apoptosis, there is provided a strong theoretical bagds on
which to predict that the freatment of the invention would be

Aug. 31, 2006

heneficial o patients with CHE The method of the invention
may he used as a CHP therapy on its own or in combination
with other therapies, such as nitrate therapy, B-blockers,
ACE inhibitors, Al receplor blocking agents, aldosterone
antagonists, calcium channel blocking agents, TNF blocking
agents, suppressors of prodoction of TNFw«, andlor other
more rontine treatment measures such as sodiom and fhid
restriction, diuretics, digitalis, etc, Specitic drugs known to
suppress  TNF-or production  inelude  penfoxifviline,
amrinone, adenosine, thalidomide, TNF converting enzyme
{TACE} inhibiors and dexasmethasone. Specific TN block-
ing agents inchude monoclonal antibodies and etanercept.

[8019]  Accordingly, in one aspect the present invention
provides a method of treating CHF in 2 human patient
suffering therelrom, comprising: {a) freating an aliquot of
the patient’s blood ex vivo with at least one stressor selecled
from the group consisting of & temperature above or helow
bocdy femperature, an electromagnetic emission and ag oxi-
dative eavironmenl, and () administering the aliguot of
blood treated in step (1) o the patient, wherein the aliquot
has a volume suflicient to alleviate CHF in the patient.

{80201  In another aspect, the present-invention provides a
combination treatment for CHE in a human patient suflering
therefrom, the combination treatment includiog the admin-
istration o the patient of an aliguot of the patient™s own
blood which has been treated ex vivo with one or more
stressors selected from an oxidative environment, thenmal
stress and  electromagnetic emission, and a  freatment
selected from the group consisting of nitrates, P-blockers,
ACE inhibitors, AT receptor blocking agents, akdosterone
antagonists, calcium channel blocking agents, TNF blocking
agents, suppressors of production of TNF-a, sodium and
fluid restriction, dinretics and digitalis.

BRIEY DESCRIPTION OF THE DRAWINGS

[8021]  The invention is now described, by way of example
ondy, with reference o the accompanying drawings in
which:

[8022] FIGS. | and 2 of the accompanying drawings are
graphical preseatations of the resulis oblained From BExample
2 described below:

{80231 FIG. 3 of the accompanying drawings is a graphi-
cal presentation of the resulls obtained from Hxample 3
described below;

{8024] FIG. 4 of the accompanying drawings is a graphi-
cal presentation of the resulis obiained from Example 4

described below
[80251 1G85 0 8 of the accompanying drawings are
graphical presentations of the, results obtained from

Example 5 described below; and

[8026] FIG. 9 of the accompanying drawings is o graphi-
cal presentation of the effects of the treatment of the inven-
fion in contact hypersensitivity Thl-medisted inflamuation

DETAHED DESCRIPTION Of PREFERRED
EMBODIMENTS

[80271 According to a preforred provess of the present
invention, an aliquot of blood is extracted from a mamma-
fian subject, preferably a human, and the aliquot of blood is
freafed ex vivo with certain stressors, described in more
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detail below. The terms “aliquot”, “aliquol of blood” or
stmilar ferms wsed herein mchide whole blood, separated
cetiular fractions of the blood including platelets, separated
non-cellular fractions of the blood inchuding plasma, and
combinations thereoll The effect of the stressors is to modify
the bood, andfor the cellular or pon-cellular fractions
thereof, contamed in the aliquot. The modified aliquot &
then re-mtrodnced inte the subjects body by any route
suttable for vaccimation, preferably selected from mtra-
arferial injection, nframuscular injection, dravenous mjec-
tion, subcutaneous injection, mtraperitoneal igjection, and
oral, nasal or rectal administration,

FBO28] The stressors to which the aliquot of blood s
subjected ex vivo according 10 the method of the present
invention are selected from temperature stress (blood tem-
perature above or below body femperaddure), an oxidative
environment and an electromagnetic enussion, mdividually
or i any combination, simultancously or sequentially. Suit-
ably, in human subjects, the aliquot has a volume suflicient
that, when re-inlroduced info the subject’s body, at least
partial atleviation of CHYF is achieved in the subject, Prel-
erably, the volume of the aliguot 15 up to abhont 400 ml
preferably from about 0.1 to abowt 100 mi, more preferably
from abomt 5 to abowt 15 ml, even more preferably from
abowt 8 o about 12 ml, and most preferably abowt 10 mi,
along with an anticoaguiant, g 2 ml sodivm cHrate,

FO829] It is preferred, according to the invention, fo apply
all three of the alorementioned siressors simulaneously 1o
the aliquot under treatinent, m order o ensure the appropri-
sie modification to the blood. It may also be preferred in
somme embodunents of the invention o apply any two of the
above stressors, Tor example 10 apply temperature stress and
oxidative stress, tfemperatire stress and an electromagnetic
emission, or an electromagnetic emission and oxidative

stress, Care must be taken to utilize an appropriate Jevel of

the stressors fo thereby effectively modify the blood to
alteviate CHF m the subject.

F8030] The temperature stressor wanmns the aliquot belng
freated 1o a temperature above normal body temperature or
cools the aliquot below normal body temperatmre. The
temperature is selected so that the temperatare stressor does
not cagse excessive hemolysis i the blood contained in the
aliguot and so that, when the freated aliguot is injected igto

& subject, alleviation of CHF will be achieved. Preferably,

the femperature stressor 15 appHed 5o that the temperature of

all or a part of the aliquot is up to about 35° O amd more
preferably i the range of from about -5° CL o about 55° (L

Fe831]  In some preferred embodiments of the invention,
the temperature of the aliquot is raised above gormal body
temperature, such that the mean femperature of the aliguot
does not exceed a tempersture of asbout 35° O, more
preferably from abont 40° €, 1o about 5G° (., even more
preferably from abowt 40° C. to sbout 447 C., and most
preferably about 42.521° C.

Fo832] In other preferred embodiments, the aliquot s
conled below gormal body femperature such that the mean
tempersure of the aliquot is within the range of from about
-5 (2 o about 36.5° (., more preferably from abowt 10° CL
o about 30° C, and even more preferably from abowt 157 C
to about 25° €,

FO033] The oxidative environment siressor can be the
application 10 the aliquot of solid, hquid or gaseous oxidiz-
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tng apgentls. Preferably, it involves exposing the aligoot 1o a
mixture of medical grade oxygen and ozone gas, most
preferably by bubbling through the aliquot, af the aforemen-
tioned temperatire range, a stream of medical grade oxygen
as having ozone as a minor componesd therein. The ozone
conlent of the gas stream and the flow rate of the pas stream
are preferably selected sueh that the amount of ozone
mtroduced fo the blood aliquot, either on its own or in
combination with other stressors, does not give rise to
excessive levels of cell damage such that the therapy s
rendered ineHective. Sutiably, the gas stream hag an ozone
content of up to about 300 ng/ml, preferably up to about 100
pefmi, more prefernbly abomt 30 pg/ml, even more prefer-
ably up fo about 26 up/ml, particularly preferably from abowt
16 ppfml to about 20 gp/mb and most preferably abowt
14,5200 peiml The gas stream is suitably sopplied 1o the
aliguot &t & rate of up to abowt 2.0 hres/min, preferably wp
o abont 0.5 htres/mun, more preferably up 0 about (.4
Ftres/min, even more preferably up to abowt 0.33 lHres/min,
and most preferably about 62420024 htres/min, at STP.
The lower hmi of the How rate of the gas stream is
preferably not lower than 0.01 litres/min, more preferably
not lower than 0.1 Hires/mm, and even more preferably not
fower than 0.2 Hres/min.

[8034] The electromagnetic emission stressor is suitably
apphied by pradiating the aliguot under treatment from a
souree of an clectromagnetic emission while the aliquot is
mamtamed af the aforementioned temperature and while the
OXygen/ozone gaseons mixture is being bubbled through the
aliguot Preferred electromagnetic emissions are selected
from photonie radiation, more preferably UV, visible and
tfrared hpht, and even more preferably UV light, The most
preferred UV somrces are UV Jamps emilting primarily
UV-C band wavelengths, i.e. at wavelengths shorter than
about 280 nm. Such lamps may also omit amounts of visthle
and nfrared light. Ultraviolet Halit corresponding 1o stan-
dard UV-A {wavelengths from about 315 to about 400 num)
and UVAR (wavelengths from about 280 1o about 315}
sources can also be used. For example, an appropriate
dosage of such UV hgld, applied simultancously with the
aforementioned  {emperature and  oxidative  enviromment
stressors, can be obfained from up o eight kunps arranged
o surround the sample contatner holding the aliquot, oper-
ated at an mifensity 1o deliver a total UV light energy at the
surface of the blood of from about 0.025 t© abow 10
wulesicm®, preferably from about 0.1 to about 3.0 joules/
em® may advantageously be used. Preferably, four such
lamps are used.

{80381 The time for which the aliguot is subjected to the
stressors 18 normally within the time range of up 1o about 60
minutes, The time depends o some extent upon the chosen
ttensity of the electromapnetic emission, the femperature,
the concentration of the oxidizing agent and the rate at which
H is supplied to the aligquot. Some experimentation 1o eslab-
Iish optinnom iimes may be necessary on the part of the
operator, once the other stressor levels have been set. Under
most stressor condibons, preferred tlmes will be in the
approximate range of From about 2 10 abowt 5 minvles, more
preferably about 3 or shomt 3% minutes. The starting blood
temperature, and the rale at which # can be warmed or
cooled 1o a predetermined temperature, tends to vary from
subject to subject. Such a treatment provides a modified
blood aliguot which is ready for ijection info the subject.



US 2006/0193835 Al

FO036] 1n the practive of the preferred process of the
present invention, the blood aliquot may be treated with the
stressors using an apparatus of the type desceribed in US,
Pat. No. 4,968,463 1o Mueller. The aliquot is placed in a
suttable, sterile, UV Hght-transmissive contamer, which i
fitted into the machine. The UV lamps are switched on for
& fixed period before the gas Tow is appled to the aliguot
providing the oxidative stress, to allow the output of the UV
famps to stabilize. The UV lamps are tvpically on while the
temperaiure of the aliquot s adjosted {o the predefermined
value, e.g, 42.521° . Then the oxygen/orone gas mixiure,
of known composition and controlled flow rate, s applied (o
the aliquot, for the predetermined duration of up to abowt 66
mrinles, preferably 2 10 5 minutes and most preferably about
3 minutes as discussed above, so that the aliquot experiences
all three stressors simulianeously. In this way, blood 1
appropriately modified according to the present mvention 1o
achieve the desired effects,

FOO37T A subject preferably undergoes a comrse of freat-
mends, each individual treatment comprising removal of a
blood aliguot, freaiment thereo!l as described above and
re-admintstration of the freated aliguot 10 the subject. A
eourse of such treatments may comprise daily administration
of treated blood aliquots for a number of consecutive days,
or may comprise a st course of daily treatments for a
designated period of time, followed by an inderval and then
one or more additioon] courses of datly treatments,

FO038]  In one preferred embodiment, the subject is given
an inttial course of trestments comprising the administration
of 4 10 6 aliguots of treated blood. in another preferred
embodiment, the subject is piven an inttial course of therapy
cotnprisiag admmistration of from 2 to 4 aliquots of reated
blood, with the administration of any pair of consecutive
ahiquots being either on consecitive days, or being separnted
by a rest period of from 1 to 21 dayvs on which no aliguots
are administered to the patient, the rest period separating one
selected pair of consecutive aliquots being from about 3 o
15 days. In a more specific, preferred embodiment, the
dosage regimen of the mitial course of treatments comprises
a total of three aliguots, with the first and second aliguots
being administered on consecutive davs and a rest period of
1} days being provided between the adminsiration of the
second and third abiquots. In the method of the invention, it
is preferred that no more than ope aliquot is administered to
the subject on any given day.

FBO39] 1t may be preferred to subsequently administer
additional courses of treatments following the initial course
of treatments. Preferably, subsequent courses of freatmenis
are administered at least abowt three weeks alter the end of
the inittad course of treatments. 1o one particularly preferred
embodiment, the subject receives a second course of treat-
menls comprising the admimstration of one aliquot of
treated blood every 30 days following the end of the nitial
course of treatments, for a period of 6 months.

Fe040] 1t will be apprecialed tha! the spacing bebween
suceessive courses of treatments should be such that the
positive gffects of the trentment of the mvention are mam-
tatned, and may be determined on the basis of the observed
response of mdividual soebjects.

fodl]  As discussed asbove, the method of the present
invesdion may prelerably be used as an adjunctive treatment
in combination with other therapies for CHE Preferred
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examples of such other therapies mclnde one or more of
ACE inhibitors, B-blockers, aldosterone antagonists, TN

blockers, suppressors of TN production and other forms of
rowine therapy.

[8042] The mvention is further iHustrated and described
with reference to the following specific examples,

EXAMPLE |

[8043] This example describes a stady conducted to deter-
mine the elfect of the treatment of the invention on endot-
helial function I Watapabe rabbits, known to develop
complex atherosclerotic lesions during the fivst year of life.
As previously mentioned, endothelial dysfunction is linked
10 the pathophvsiology of CHE

{8044] 'The rabbits enfered the study at 7 10 8 months of
age, and were randomized nfo three groups, & Hrst group fo
be sacrificed immediately for baschine measuremenis, a
seconst group {n=10) which received injections of blood
trestedd accovding o the mvention, and a third group (n=10}
which received sham treatmenis comprising injections of
untreated blood.

{8045] 'The treatment comprised @ tolal of 4 igjections of
ireated blood over a perind of 10 weeks, The blood was
ireated by exposure to the lollowing three sfressors in an
apparatus as generally deseribed in U8, Pat. No. 4,968,483
o Mueller et al.

F0046] () an elevated temperatie of 42.5° Cx1.0°C,

FO047] (b} a pas mixture of medical prade oxvgen
containing 14.521.0 pp/ml of ozone, bubbled through
the blood at a flow rate of 240224 mifmin for 3
minues; and

FB048]  {c) ultraviolet light ot & wavelength of 233.7 nm,
and 3 total energy densty of 2.0 joules/om” (with some
flucteation within the previously mentioned range).

(80491  The treated blood was administered to the animals
by mtra-mascular dnjection. The control apimals were
administered intra-muscular igections of unireated blood on
the same igjection schedule as the treated animals.

{80807  AH animals were sacrificed at 11 months of age.
Ring preparations were taken from the iHac arferies of the
ammals and were evaluated for the amount of relaxation
mduced by seetylcholine {an endothelial-dependent vasodi-
lator) after being tremted with phenylephrine {a vasocon-
strictor}.

[8081]  Tivalvaton of the ring preparations showed a sig-
nificant increase in endothelial-mediated vasorelaxation
{52.246%) was observed in the treated animals as compared
0 the control animals injected with untrested blood
{22.924%, p less than G.001)

[8082]  No relaxation was observed when the endothefum
was removed from the ring preparntions, further confimming
the endothelimm-specific effect of the trestment of the inven-
{108,

EXAMPLEZ

{8083] 'This example deseribes a study info the effects of
the treatment of the invention therapy on patients suffering
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from peripheral vascular disease (PVD). The study was
conducted #f the University Hospital, Lund, Sweden.

FO8584]  The study comprised a placebo-controlied, double
blind study in I8 patients (7 males, 11 females) with
moderately advanced PV, whose main symptom was infer-
mittent clandication. The patients participating in the stady
were recruited from the attending population of the Depart-
mend of laternal Medicine of the Haiversity Hospital, Lond,
Sweden,

FOO88] The patients were randomlby assipned fo recetve
etther placeho {intramuscidar injection of 10 mi warm
saling} or treatment according to the mvention comprising
iramuscular injections of [0 mi of treated aulolopous
blood. The freatment of the blood involved the coliection of
a 10 md abiquot of a patiert’s venous blood indo 2 mi of
sodim eitrate 3-4% as anticoagulant. Fach blood aliguot
was {ransferred 10 a sterile, disposable low-depsity polyeth-
viene vessel and thea exposed o the following conditions in
an apparatus as generally described 1 118, Pat. No. 4,968,
483 w0 Mueller et al.

F056] () elevated temperature of 42.5° C2l 00 O

FOOSTT  (e) medical oxygen containing 14.521.0 ng/m]
of orone bubbled through the blood aliquot at a flow
rate of 240224 mb/min ot STP for 3 minutes; and

[OO58] (1) ultra-violet light at a wavelength of 253.7 nm,
andt a total energy of abowt 2.0 joulesfom™.

FOOSYT  Fach patient received a tolal of 12 injections of
saline or treated blood over a pedod of 9 weeks.

[B060]  The therapy was assessed by measuring the recov-
ery rate of skin blood flow and oxygen tonsion following
total temporary ocelusion of blood flow in the extremities of
each patient prior to commencement of the therapy and a1 3
weeks, 6 weeks, 9 weeks and 2 months following the
inttintion of the therapy.

F0061]  Skin bleod flow in the fool was measured by Laser
{Doppler Floxmetry (LD and oxygen tension was deter-
mined by measurement of transcutaneons skin oxygen pres-
sure (TepQ,) in the foot, In patients receiving the ireatment
of the inveation, a strong frend was observed foward a
trestment-related reduction in both the 1otal time to reach
maxmnum perlusion (TP aod the halftime to reach maxi-
mum perfusion (T, P, indicative of an improvement in the
rate of recovery of skin blood flow. No change was observed
in the confrol group.

Fe862] The improved rate of recovery of blood flow in
patients ireated according o the mvention was apparent
during the course of treatments and persistent throughont,
but did not reach significance wnti]l 2 months following
inttintion of the therapy. A comparison of the T, P, for the
placebo and treated groups, ag measured by LDYE is shown
in ¥FIG. 1.

FO863] There was also an observed trend toward more
rapid recovery of skin oxygen condent in the treated group.
This difference became statistically significant at 2 months
folowing the mtistion of the therapy. A comparison of the
hatf-iime to maximum TepCy, afler ischemia (O, for the
treated group compared to the placebo group is shown in
FlG. 2
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{80684] The study therefore demonstrated that, in this
group of moderately advaneced PV patients, the treatiment
of the mvention had a clear brological effect on the rale &
which blood flow . the skin of the foot was recovered
fodlowing a perod of total occlusion ischemia, A similar
effect, but of smaller magnitude, was noted for the rate of
FepQ), recovery, whereas patients receiving placeho freat-
ment showed no change. These results suggest that the
frestment of the invention has a beneficial effect on endot-
helml function, and appears o improve skin microcireula-
tory function m patients with PVD,

EXAMPLE 3

{8065] This example relates to the use of the treatment of
the invention fo prevent the onset of arthritis, and describes
the resulis of a study conducted in an established animal
model of arthritis. The speetfic animal mode! used in this
shdy was adpvant-induced  arthriits o orats {see, for
example, Pearson, C, 1956, “Development of Arthrinis,
pertartheitis and periostitis mn rats given adjovant™, Proco.
See. Exp. Biol Med., 9193} Acecording o this model,
arthritis is induced in rals by injecting them with adjuvant
containing Mycobacterium butyricunt.

[8066] Male Lewis rats, 4 to 5 weeks of age, 100 w0 120
¢, were obtained from Charles River Laboratories, quaran-
tined one week and entered wto the study, An adjuvant
mixture was prepared for induction of arthritis by suspend-
tag 50 mg M. bwtyrician (Difco Laboratories, 1ne., Detron,
Mich.} in 5 ml hght white paraffin oil-m3316 (Sigma
Chemical Co., 5t Louis, Mo.) and thoroughly mixed using
a homogenizer. Aliquots of the mixture sufficient o supply
0.15 mg M. butyricum was ected mifo each animal sub-
cutaneoushy, at the base of the tail. Symptoms of artheitis
appeared about 12 days afler induction, i each animal, as
evidenced by imb swelling,

(80671 Two rats, which were not injected with the adjuvant
mixture, were used as blood donors. Blood was collected
from the donors by cardiac puncture, and 106 md of citrated
blood was ransferred to a sterile, low density polvethylene
vessel for ex vivo reatment with stressors according 1o the
mvention. Using an apparatus as geserally desceribed i the
above-mentioned Mueller patent, the blood was siressed by
a tresbment according fo the invention,

[6068]  Six animals were given a course of 2 injections of
0.2 mi aliquots of the treated blood, the injections being
administered on consecutive days after the onset of arthrins.
A control group of B rats received injections of valreated
blood usimg the same injection schedule as the irealed
amimals, Injections commenced one day after the induction
of arthritis. Hind paw volumes of the animals were mea-
sured, on alternate davs, afler onset of artheiis, by water
displacement in a 250 m] beaker using a top-loaded Mettler
halance. The results for each group of animals were aver-
aged and are presented graphically on the accompanying
FiG. 3, a plot of mean ool volume apainst days alter
wduction of arthritis. The vpper curve is derived from the
conirol group of animals, the lower curve from the animals
which recetved the course of injections of treated blood. A
significant decrease n the severtly of the arthritis, as indi-
cated by lower foot volumes, 18 apparent for the treated
animals as compared to the animals of the control group.
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Fo869]  The abhove results show that freatment of subiects
with modified mammalian blood can effectively prevent the
onset of arthritis in mammals,

FBO70]  The expression of 1L-6 mRNA m Iymph nodes of
treated and untreated animals was measured 10 days afier
induetion of arthritie, and the resnlts are presented below m
Table 1.

TABLE 1

Treatines: [L-6 copy no. (per 43400 act mets}
Active <34 {r =8
Controd 254 = 2403 {0 = 8}

FOOT71]  The results shown above in Teble | show that the
treatment according fo the invention can modulare Tevels of
inflammatory cviokines in a Thli/TNF-a-dependent model
of arthritis, There s evidence that production of mflamma-
tory oyiokines such as H-6 and TN{-¢ is hnked to the
pathophysiolopy of CHF

EXAMPLE 4

FO72]  The experiment reported in this example demon-
sirates, by use ol an amimal model system involvigg
ischemin and subsequent reperfusion of varions body
organs, that the trestment of the present invention has the
effect of reducing apoplosis and necrosis. Ischemia-reper-
Fusion mjuries are knowa fo involve increase of apoptosis
and necrosis m the affected organs and tissues—see for
example Salkumar p, et af, “Mechanisms of cell demth i
hyvpoxiafreoxygenation inpury”, Oncogene Dec, 24, 1998;
IH25%3341-9; and Bums A T et al, “Apoplosis in
ischemia/reperfusion injury of buman renal allogralls”,
Transplamation, Oct. 15, 1998; 66(7) 872-6, and other
publications hoth preceding and following those. Koown
fechnigues of determination of apoptosis at the cellular level
are employed in this example,

FOe731  Puore-bred normal beagle dogs, aged -2 years,
equal numbers of males and females, were used as the
experimental animals. The animals were separated into four
gromps, A, B, C and 13, each gronp copsisting of six animals,
three males and three females. Animals of groups A and C
were subjected 10 the process of the inveniion, by heing
subjected o two H-day courses of daily removal of an 8§ md
ahigquot of blood, extracorporeal treatment of the aliquot with
oxygenfozone, UV rxdiation and heat, and re-administration
of 3 mi of the wreated aliguot to the sane animal, by
idramuscular ingpection

[0074]

FBOT7R]  An 8-mi aliguot of blood was extracted from the
animal, freated with sodinm crate {2 ml) and placed in a
sterile container. 1t was subjected sinultancously o the UV
radistion, oxvgen/orone gas oxidative eaviromnen! and
elevided tfemperature Siressors, I an apparatus as generally
deseribed I the aforementioned Mueller 1S, Pat. No,
4,969,483, More specifically, the blood sample in the sterile,
UV-Aransparent container was heated using infra-red lamps
t0 42.5° O, and whilst being maintained at that temperatore,
it was subjected 10 UV radiation of predominant wavelengih
2537 om under the preferred conditions previomsly
deserthed. Simultaneously, a mixture of medical grade oxy-
gen and opone, of ozone comlent 13.5-155 ppfml was

Fach such treatment was conducted as follows,
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bubbled throngh the blood sample at a fow rate within the
range from 60-240 mls/min (STP). The time of simulianeons
UV exposure and gas mixture feed was 3 munuwles, A 5 ml
poriion of the treated blood aligquot was reinjected intrammig-
cularly mnto cach fest anunal

{8076] Fach animal of groups A and €, receiving the
courses of treatment according 1o the invention, experienced
a three week rest period between the 10-day courses of
freatment. Groups B and D were the control groups, given
two 10-day courses of daily mjections of 3 mi of physi-
ological saline, with a three-week rest pertod between the
10-day conrses.

{8077] One day following the second course of injections,
the animals were anaesthetized voader hght gos anaesthesia,
andd the right kidney of each animal was removed through a
hack incision, An occlusive dip was placed on the remaining
renal artery and veln, o expose the el kidogy o transient
ischemia, for 60 minutes. Then the clp was removed fo
allow reperfusion of the kidney by nommal blood flow,

[8078] The andmals were observed for 6 days after the
ischemia procedue, and then sacrificed. The ischemic kid-
ney of each animal was surgically removed and divided into
two parts. One par! was kept frozen at -80° C., and the other
part was fixed i 10% formalin for immuno- and rouline
higtopathology studies.

{0079 Mitochondrial membrane potential was measured
in proximal twbular cells isolated from the ischemic and
control kidneys, both at the time of removal of the control
kidney and following sacrifice. For this purpose, dog kidney
proximal fubes were purified from normal or ischemic
kidney corfexes by the collagenase treatment procedure
deseribed by Marshansky ot al, “lsolation of heavy endo-
somes from dog proximal tobes o suspension”, § Membr.
Biol 153(1), 59-73, 1996, Renal mitochondria were isolated
in suspension by differential centrifugation (see Marshan-
sky, “Organic hydroperoxides o high concentrations couse
energization and aclivation of AATP svnihesis in mitochon-
dria”, I 8ol Chem, 264(T), 36TO3673, 1989, alter tissue
homogenization i a buffor containing 230 mM sucrose, 10
mM FIEPES-Fris (ph 7.5), and 250 pM EDTA. Cell debris
was removed by centrifogation at 10,000 ¢ for 30 minutes.
The mitochondria were washed with the sucrose/HEPES
burffer withowt BIYTA.

[8080] Mitochondrial membrane potentinl was measured
as described by Kroemer, (., Zamzam, N. and Susin, 5. A,
“Miuochondrial control of apoptosis™, (Review) Immunol-
ogy Today {1997y v, I8, p 44-51, with K'-1 dve-—see
Salviol e, al,, “JC-1, bt not DIGCA(3) or rhodamine 123,
is o relinble fuorescent probe t0 assess delta pst changes in
mtact cells: mmplications for studies on mitochondrial fune-
tionalily during apoptosis”, FEBS Letters 411 (1), 77-82,
TORY. IC-1 fluorescence in the suspension of purified mito-
chondria from normal and ischemic kidneys was monitored
continuonsly on a Deltascan Model RFM-2001 spectrofluo-
rimeter (Photon Techoology Intemnational, Somth Brm-
swick, N.L}. The excitation wavelength was 490 nm (slit
wich 2 num) and the emission wavelength wag 590 nin (slit
wicth 4 nm). The signals were recorded using Felin®
{Version 1.1} soflware. All measurements were performed
with continuous stirring at 37° €. The mecubation builer for
measurement of mitochondral membrane potential con-
tained 200 mM suerose, 5 mM ML, 5 mM KH, PO, 6.1
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ub of JC-1 and 30 Mm HEPES-Tris (pH 7.5). The concen-
trations of the substrate and inhibitors were 10 mM sueci-
nate, 0.1 pM rotenope with or withowt 0.1 uM FCCP,
Proximal tubule mitochondrial membrane potential wag
estimated in the right {control) kidney prior io ischemia and
in the lell (ischemic) kidney aller sacrifice of the dogs on

day 6 following ischemia and was estimated as difference of

HC-1 forescence after uncoupling of mitochondria with
FOCP as shown in the accompanving FIG. 4A. For each
measurement, 56 pg protein of purified material was used.

Fea81]  JC-1 fluorescence is proportional to the mitochon-
deial membrane potential, The contralsteral nephrectomized
kidney served as control. As is clear from the FIGL 4B, the
tresmtment process of the invention did not modify the
membrane potential of the non-ischemic control right kidney
{p=0.445 for treated vs saline). However, the ischemic
kidnev of the saline-injected animals showed significantly
lower {p<0.05) Buorescence compared to the control kidney,
The stress treatment according to the invention prevented
the wacoupling of mitochondria during ischemic/reper{n-
sion, and membrane potential showed no significant difler-
ence {p=0.244} between ischemic and controd kidneys. This
parameter remained significantly  higher {p=0.0006) vs
saline-injected dogs) in the ischemic Kidneys of dogs pre-
treated according fo the process of the inveation for af least
6 davs post-reperfusion.

FO882]  These results indicate that the process of the fnven-
tion efects protection of the kidney against apoptosis andfor
steelerstes recovery at the mitochondrial level, Accordingly
the process of the invention is indicated oy pre-conditioning
of the cells, tissues and organs of a mammalian body against
subsequently  encountered  factors which will pormally
accelerate apoplosis.

FO883]  Specifically, the preservation of mitochondrial
membrane potential evidences the capacity of the therapy 1o
protect mitochondria, and thereby to precondition cells
against apoptosis.

EXAMPLE 5

FO884] A proup of 12 male SHR rats was treated with
efiher injections of pooled blood stressed as described in

Fxample 4 above, or, in control animals, with injections of

saline, Since the blood from all of the animals of this genetic
strain s wlentical, blood from one animal of this same strain
wag freated by the process of the invention for administra-
tion 10 the fest animal, The blood was treated with sodiom
effrate as anticoagulant, and placed in a sterile comtainer
They received either injections of 150 gl of stressed blood on
days-14 and 13 followed by a rest period of 11 davs and a
third injection the day belore ischemic surgery, or injections
in parallel with saline. On the day of surgery, the rais were
snpesthetized with light Hwane, and the right kidney was
removed through a mid-sbdominal incision. The left kidney
was then subjecled 1o {ransient ischiemia by occlugion of the
left renal arfery and vein using a micro-clp, The skin was
then temporarily closed. After 60 minuvies of occlusion, the
elip was removed and the wound was closed with a suture.
The animals were sacrificed 12 hours aller reperfusion,

FBO85]  The ischemic and pon-isehemic kidneys of the test
soimals were removed and subjected to DNA Jaddering
fests, Oligonucleosomal DNA fragmestation into 180 10 200
hase pairs is a specific pattern which appears as a ladder afier
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agarose gel electrophoresis in vartous organs undergoing
apoptosis. To estimate the degree of DNA agmeniation in
the kidney corfex, an aliquot of pulverized kidney corfex
was weighed and total tssue DNA was extracted by the
phenol-chloroform procedure alter Hesoe digestion with a
proteinase K and RuaseA in the presence of EDTA, One ug
of extracted DNA was labeled by enzymatic assay using
tenminal deoxynucleotidy! transferase with P-dCTP (see
Teiger et. al., *Apoptosis in pressure overload-indoced heart
hypertrophy in the rat’, § Clin, lovest. 97, 2881-2897,
1996). Increasing quantities of radio-labelled DNA were
loaded onto 1.5% agarose gels. After electrophoresis, DNA
was iransferred oato nylon membranes (Fvboad) and the
radioaclivity associated with 150 to 1500 bp DNA fragments
was quantified in a Phosphorimager (Molecular Dynamics).
A regression Hne for each sample was drawn for the radio-
activity as a function of DNA Joaded on the gel (see deBlois
ef. al, ‘Smooth muscle cell apoplosis during vascular
regression in sporancously hypertensive rats” Hyperien-
sionn 29, 340-349, 1997y, The slope of the linear regression
hine served as 2 DNA fragmentation index {cpmy/pixe] per ug
DNAY.

[8086]  The results from ischemic-reperfused (VR ) kidneys
amd from normal, non-FR kidnevs, all from animals which
did not receive injections of slressed blood, are shown
graphically on FIG. 5, a plot of the slope of the regression
Haes for the various samples {vertical axds) agatost time alter
initiation of reperfusion. The DNA laddering, indicative of
DNA fragmentation, was clearly increased in the ischemic
kidpey cortex compared to the contralaferal nog-ischemic
organ and the maximal attained at twelve hours returned fo
near basal valnes by 48 hours. Twelve hours was thus
selected as the time point oy study of the effect of the
stressed blood of the nvention on early ischemia-induced
renal apoplosis.

[B087] FIG. 6A of the accompanying drawings is a picture
of the electophoresis gel of the fragmented DNA, in the
15G-150G bp range, radio-labeled ag described to attach
racioactivily labels to the DNA fragments, Trace S derives
from DNA of kidneys from animals which received saline
injections prior to kidney ischemia-reperfusion, and trace V
derfves from DNA of kidneys of animals which received
tjectiong of the stressed blood prior to kidney ischemia-
reperfission, The Figure shows that 60 minutes renal
ischemia induced a clear accumulation of fragmented DNA
in hoth groups of rats at 12 h bt the level of this parameter
was sipnificantly lower {p=0.05) in animals receiving the
ireated blood. FIG. 68 quantifies the amount of irradistion
from the samples, in arbitrary units, and shows that DNA
fragmentation-ladderiag ocours in both S and V samples as
a result of ischemialreperfigion, but that the extent is
markedly reduced in Vo samples as compared with S samples.
The results presented on FIG. 68 are the means of six
amimals in each case.

{60881 These results confirm that the cytoprotective effect
of the administration of stressed blood according to the
invention on renal reperfusion injwry involves the inhibition
of early or late apoplosis,

[6089] The ability of the treanment of the nvention in
reducing apoptosis in the kidney following ischemia/reper-
fugion during the early phase of apoptosis (after 12 hourg) as
determined by DNA laddering and density of apoplotic
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nucled stained by Tdt is shown in FIGS, 7 and 8, respec-
tvely, As well, FIG. 3B shows that cell mumbers m. the
kidney following ischemia/reporfusion were also signifi-
cautly higher in the animalg treated according to the mven-
i

EXAMPLE 6

F6090] This example describes the treatment of a small
number of human patients with advanced chronic congestive
heart failure. The paticats had NYHA class TH-IV chronic
copgestive heart faihwre, with a left veatricular ejection
fraction (EVEF) of less than 40% and a 6 minute walk
distance of less than 300 m. Some of the patients bad
previonsly recetved other CHF treatments.

Protocal:

Fe891] Patients receive a number of ijections of treated
blood. The treatment schedule comprises njections on davs
1, 2 and 14, followed by o single injection every 30 days for
5 months, each infection having a volume of 10 ml Fach
individual freatment comprises the following sleps:

F80921 1. Collection of 10 mi of a patient’s own venous
blood o 2 mi of 3-4% sodivm cirate Tor injection, USP,
The sodmm ctrate 18 added 0 the sample to prevent the
blood from congnlating during the trestment.

Fe093] 2. Transter of the citrated blood sample to a sterile,
disposable, low-densily polyethylene vessel.

Fe894] 3. Bx vive freatment of the blood sample by
sHNUHANeOUS exposure o)

[0095]

FOO96] 2 gas mixture of medical grade oxygen confam-
tng F4.52 1.0 upfmi of ozone which is bubbled through
the blood sample at a How rate of 240124 ml/min (at
STPY and

an elevated temperature of 42.621.06° €,

FOOOYT  altraviclet Hght af o wavelength of 253.7 nm,

FBO9B] 4. Transfer of the blood sample from the sterile
disposable comainer 1o a sterile syringe.

FO099T S intramuscular injection of 2 mi or 10 mi of the
freated blood sample into the glutenl muscle of the same
patient, following a local anaesthetic (1 ml of 2% Novocain
or equivalent) at the injection site.

FO100] The ex vive freatment of the blood sample
described m step {3) above is performed with an apparatus
as geperally deserthed in U8, Pat. No. 4,968 483 to Mueller
et al. The blood sample s simulanecusly exposed to all
three stressors for a perlod of 3 minutes,

Assessment of {HE:

FB101] Patients are montored for adverse events during
each visil. As well, a postdreatment follow-up is conducted
o monitor survival, hospitalizations, and significant adverse
events.

FO102]  The primary endpoints used to assess the effective-
ness of the treatment are changes in G-minute walking
distance andfor NYHA functional classification, Secondary
endpoints include: improvement i cardiae fnction, reduc-
tion i digrelic reguiremend; reduction in hospHalization
stay; and improvement i symptoms,
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{81031 As demonstrated by the data described above, the
srestment of the present invention has been shown o have
significant biclogical activity in humans and in a number of
ammal model systems, all of which invelve Thi/TNF-a
dependent inflammatory responses. As mentioned abhove, it
is heleved that the treatment down-regrdates the pro-inflam-
matory Thi-type immune response, for example by mcreas-
myg apti-inflanunatory TH2 type cytokines, including {1-10.
This would at least partially explain the abiliy of the
ireatment of the invertion (o produce therapeutic benelils in
each of the three areas which characterize CHF,

{8104] Furthermore, there iy evidence to sugpest that the
frestment of the mvention s 1L-10 dependent (FIG. 9 and
Shahid 8. et al, Jowrral of Ivestigative Devmatology, 14,
No. 4, 2000, briging about an gp-regulation of ant-inflam-
matory cyfokines such as 1L-10, and a down-regulation of
TH-1 driven mumuone responses. I has also been proposed
that 1L-10 may be an important component of the eytokine
network in CHF, as there appears to be a reduction i the
fevel of HL-10 in relation 10 TNF-a i CHF (Yamaoka et ad.,
Jpi Cire J 631 951-9563,

{81081  Althouph the invention has been desoribed with
reference to specific preferred embodiments, it will be
appreciated that many variations may be made o the inven-
tion without departing from the spirit or scope thereof. All
such modifications are mitcaded to0 be included within the
scope of the following claims.

1-26. (canceled)
27. A method of treating congestive heart fatlure (CHF) in
a human patient suffering therelfrom, comprising:

{a} treating an aliguot of the patient’s blood ex vivo with
a stressor comprising an oxidizing agent; and

{b) administering the aliquot of blood slep (a8) to the
patient, wheremn the aliquot has a volume sufficient to
treat CHF in the patient.

28 The method of claim 27, wheremn said stressor further
compises electromagnetic emissions and/or a temperaiure
above or below body temperature.

28 The method of claim 28, wheremn all of the stressors
are simultaneously administered to the aliquol.

36 The method of claim 28, wherein any two of the
stressors are simubancously administered 1o the aliquot,

31, The method of elaun 28, wherein the electromagnetic
emission comprises uliraviolet light having one or more
UV band wavelengths.

32, The method of claim 28, wherein the temperature fo
which the aliquot is cooled or heated is a temperature which
does not resulf in substantial hemolysis of the blood in the
aliguot.

33. The method of claim 32, wherain the mean tempera-
ture of the blood in the aliguot is 1 the range of from about
0° . to about 36.5° C.

34. The method of claim 32, wherein the mean tempera-
ture of the blood m the aliquot is in the range of from abom
107 C. 10 abomt 30° ¢

35, The method of claim 32, wherein the temperatore 18 in
the range of from about 40° C. 10 about 50° O,

36. The method of claim 35, wherein the temperature is
42.5x1° (L

37. The method of claim 27, wherein the oxidizing agent
18 indroduced mto the blood aliguot 11 an amount which does
ot give rise 1o excessive levels of cell damage.
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38, The method of claim 27, wherein the volume of the
ahigquot is up to about 400 ml

392, The method of claim 38, wherein the volume of the
aliguot is about 10 ml.

40, The method of claim 38, wherein the volume of the
aliguot is abowt 2 ml.

41, The metbod of claim 27, wherein the aliguot is
subjected 10 the stressor for a perod of up o about 60
EHINHES,

42, The method of claim 41, wherein the aliguot is
subjected to the stressor for 2 period of about 3 minules.

43, The method of claim 27, wherein the blood is admin-
istered to the mammal by a method suitable for vaccination
sehected from the group consisting of infra-arterial injection,
idramuscular yjection, infravenous injection, subcufaneous
infection, mtraperitoneal inpection, and oral, nasal or rectal
administration.

44, A combination ireatment for congestive heart allure
{CHF}Y in a human patient soiflering therefom, the combi-
nation treatment including the administration to the patient
of an aliguot of the patient’s own blood which has been
trented selected from the group ex vivo with a stressor
cotmprising an oxidiving agent and selected from the group
consisting of nitrates, B-blockers, ACE inhibitors, AT recep-
tor blocking agents, aklosterone anfagonists, caleivm chan-
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nel blocking agents, TNF blocking agents, suppressors of
production of TNF-r, sodium and Buid restriction, diuretics
and digitalis wherein the aliquot has a volume sufficient to
ireat CHE in the patient,

45, The combination freabment of claim 44, wherein the
suppressors of production of TNF-a are selected from the
group consisting  of pentoxifvline, TACE inhibitors,
amrinone, adenosine, thalidomide and dexamethasone.

46. A method of treating congestive heart fathare (CHF) in
a human patient suffering therelrom, comprising:

a} treating an abiguot of the patient’s blood ex vivo
simultaneonsly, for a fime up o 60 minutes, with a
combination of stressors comprising {17 a mixture of
ozone gas and medical grade oxyeen, the ozone gas
being contained in the mixture in a concentration of up
to about 300 pg'mi: (2} vitraviolet Hght having one or
more UV band wavelengths; and {3) tempersture in
the range of from ahow 37° €. {o about 55°

b} administering the aliquot of the treated o step a} 10 the
patient, wherein the aliquot bas a volume sufficient to
treat the CHF in the patient.
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TRANSFORMING GROWTH FACTOR
REGULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

FOOB1T  This apphication claims priority from Canadian
paler! application seriaf nomber 2,327,630, filed Dec. 5,
2000, the disclosure of which is incorporated herein by
reference,

FIELD OF THE INVENTION

FOO02]  This invention relates fo the {reatment of biological
cells and immune system modelation. More specifically, 1t
relates (o treating cells of the maemmalisn immune systen o
alter the evitokine profiles of certain types of constituent
cells, and therapeutic applications of such treatments,

BACKGROUND OF THE INVENTION

(0003} Trensforming growth Tactor i, (e i), 18 2 CYEOK-
ine secreled by varous mammalien cells, including mac-
rophages, dendritic cells and lissue cells. I appears (o play
a significant role in the operation of the immune system, by
inferaction with other component cells thereof alter ils
secrefion. The maemmalian immtoe system comprises lym-
phocyies (ope type of while blood cell), the major compo-
nents of which are B cells, which mature within the bone
marrow, and 1 cells, which migrate from the bone marrow
to mature in the thyvmus gland. B cells react to antigens o
profiferate and differentiale inlo memory B cells and effector
I3 cells which generate and express antibodies specific o the
antigen, thereby removing the antigen from the host. T cells
have T cell receptors which recognize antigen associated
with MLIC molecules on a cell, and a5 a2 result of this
recognition differentiate oo memory T cells and varions
types of effector T eells, The T oell population is made up of
Thelper (Tyy) cells and Feytotoxic {T,) cells, distinguished
from one another by the presence of surface membrane
ghycoprotein UD4 on T cells and surface membrane ply-
coprodein U8 on T, cells. Adtivation of & Ty cell can cauvse
it {0 secrele variows growtll factors (eviokines), Different
types of Ty cells scorete different cytokines, Cytokines,
including TGF-B, play key roles in the immune response,
including auloimmune responses, often by inferaciing with
otber cells (o stimulate theny into greater production of other
eviekines or, conversely, to dowpregulate them fo produce
lesser amounts of other evtokines. They can also affect the
differentiation and proliferation of cells such as Toells, 1o
change the population distribution of e variows types of
T-cells,

FOOB4]  While the precise mechanism of action of TGF4,
% not fully understood, 11 is known that TGE-B, bas varions
effects on the operation of the immune system, 1l appears 1o
promote a switch in Ty cell type, Trom Ty 1o 132, 2 swilkeh
which has benefits in alleviating or hindering the develop-
men! of sutoimmune diseases. I appears to have a ole
angriogenesis, stggesting that its presence will have benefi-
cial effects on rales of nleer healing in the mammalian hody,

FODGS] A process of a medication which would promote
the expression of the eviokine TGE-f, in a mammalian body
would accordingly offer significant benefifs o mammalian
patients saffering from one or more of a variely of different
disorders. 1) also promotes the bealing of sleers, for example
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venous uleers, diabetic wloers, gastric wleers, duodenal
wleers, decubitis nlcers, ele. {Banno elal, “Photodermatol
Phetoimmunel Photomed Dec. 17, 2001 {6):261-5, Zhoy, 1.
i, etal, Br ¥ Dermatol 2000 September; 143(3):506-12;).
prolonged pressure and are common in siuations were he
patient remains in a fixed position for prolonged periods
{c.g., long term bed confinement).

[B0061  In particular, decubitus vleer formation in nutrient
deprived swiace skin areas is Tacilifated by skin irritation
due 10 moisture, friction, and shearing forces. Typically,
decabitus wleer formation 1 preceded by reddening of
nutrieny deprived skin which, with comfinued irrilation,
develops into the bedsore (Le, a skin vleer).

[8087]  Diabelic uleers are formed by deprivalion of nulri-
ents 10 the swrTace skin as a resulf of the diabetic condition
inchuding neuropathy, poor circulation in the patient, ¢fc. In
particoler, disbetic uwleer formation in nutrient deprived
surface skin areas s facilifaled by skin irnlation due fo
moisture, friction, and shearing forees, Typreally, diabetic
nleer formation i preceded by reddening of putrient
deprived skin which, with continued irrifation, develops fnto
a skin ulcer.

[B008]  Accordingly, # is an object of the present invention
1o provide @ process whereby the expression of the oviokine
TGE-B, in & mammalian body may be promoted amd
mereased.

{80091 It is a further object to provide a composition of
matier for adminisiration 0 a2 mammalian patient for pro-
maoling expression of the oytokine TGF-B, in the patient’s
bty

J616] it is a Turther obiedd of the present invention to
provide a process and composition useful in freating amd
acceleraling the healing of sleers in a mammalian patient.

SUMMARY OF TR INVENTION

[8011] 'The presend invention provides a process whereby
expression of the cylokine TGF-R, is promoted in 2 mam-
malian paticst hody. The process involves introducing bload
cells into the patient which cells have been extracorporeally
stressed by subjecting the blood cells to an owadative siress
amcdior ultraviolet radiation, When these stressed blood cells
are iptroduced 1o the patient, they appear o have the effect
of promoting the expression of TGF-f1,, either by activating
and wpregelating one of the types of manmmalian cells which
naturally express §, or by incressing the relalive population
of such cells, or both. Whatever the precise mechanism of
action, the result is a significant and measurable increase in
TGE-B, levels in the patient’s system. Accordingly, the
process of the invention 18 useful for the medical treatmen
of patients suffering from, prone o, or af risk of confracting
a chisorder associated with insufficient amounis of TGF-B . H
also provides a process of accelerating the healing of
wonnds, Since increased levels of TGE-B, are Toumd in the
dermis of buman patients who have been given {realments
according 10 the invention, the process 18 particularly mdi-
cated for the healing of skin nloers, such as decubitis ulcers,
diabetic uleers and the like.

[8012] Thes according fo the present invention, there is a
provided a process of increasing the expression of TGE-f,
by cefls in @ mammalian patient, which comprises admin-
wtering 1o the paliont an effective amount of stressed mam-
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mralian blood cells, sawd sressed cells having been exiracor-
poreally subjected o af Jeast one stressor selecled From
oxidative stress and ulraviole! radiation.

FO913]  From another aspect, the present invention pro-
vides a composition of matter For administration fo a mam-
malizn patient to raise the levels of expressed TGE-B, in the
palient’s system, wherein said composilion COmprises
siressed blood cells from the patient, the cells having been
stressed by subjecting them extracorporeally o af least one
stressor selecled from oxidative stress and ultraviolet light

BRIEY REFERENCE TO THE DRAWINGS

F014]  FIGS. 1 and 2 of the accompanying drawings are
graphical presemtations of resulis obtained according o the
experiment of Example 1, described below.

DESCRIFTION GF THE PREFERRED
EMBODIMENTS

FRIES]  The source of the stressed blood cells for use in the
present invendion 18 preferably the patient’s own blood, Le.
an aliquot of avlologous blood,

FOOT6]  The terms “ahgoot”™, “aliquod of blood” or similer
terms wsed herein inchude whole blood; separated cellular
Tractions of the blood, inchuding platelets; separated pon-
cellular fractions of the blood, including plasma, plasma
components; and combipations thereof, Preferably, in
hurnan patients, the volume of the aliquo! is ap 1o about 400G
mi, preferably from about 0.1 to about 100 ml, more
preferably From about o about 13 ml, even more prefer-
ably from about 8 to about 12 ml, and most preferably about
10 mb. The effect of the stressor or the combination of
stressors is 1o modify the blood, andior the cellular or
non-cellular fractions thereof, contained in the aliguot. The
macdified aliquot is then re-introduced into the patient™s body
by any suilable method, most preferably intramuscular
injeciion, bul also including subontaneous injection, infrap-
eritoneal injection, intra-arerial injecion, infravenous imec-
tion and oral administration, following which #f canses ap
increase i the expression of TGF-B, by the patient.

FIT]  According 1o 2 preferred process of the present
mvention, an aliquot of blood is extracted from a mamma-
lian subject, preferably @ human, and the aliguot of blood s
treated ex vive, simuliancously or sequentially, with the
aforementioned stressors. The blood s then injected back
ime the same subject. Preferably 2 combination of both of
the aforementioned stressors is used,

FODIS]  DPreferably, the alicuot of blood is Further subjected
to mechanical stress. Such mechanical siress s suitably that
applied 1o the aliguot of blood by extraction of the blood
aliguot through a conventional blood extraction needle, or a
substantially egquivalent mechanical siress applied shortly
before the other chosen stressors are applied © the blood
aliguot. 'This mechanical stress may be supplemented by the
mechamca! siress exered on the blood aliquot by bubbling
gases throwgh i, such a8 OZODE/OXYECR miXPures, as
described below. Optionally also, a temperature siressor may
be applied to the blood aliguol, simultaneously or sequen-
tially with the otber siressors, 1o, 4 femperature af, above or
below body lemperature.

FOO19]  The oplionatly apphied femperature siressor either
warms he aliquot being freated 1o a lemperature above
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normal body temperature or cools the aliquo! below normal
bocdy femperature, The temperature is selected so that the
lemperature stressor does ol cause excessive hemolysis in
the blood contained in the aliquol and so that, when the
frealed aliquot 18 injected into a subject, the desired effecy
will be achieved, without development of significant adverse
side elfects. Preferably, the temperature stressor is applied so
that the lemperature of all or a part of the aliguot is up to
about 55° C., and more preferably in the range of from a-
bou! -5 C. {0 about 35° C.

(8026 In some preferred embodiments of the invention,
the tempersiure of the aliguot 18 rased above normal body
femperalure, suchl that the mean temperature of the aliquol
does not exceed a lemperature of about 35° €, more
preferably from about 40° C o about 507 { even more
preferably from about 40° C. 1o about 44° ., and mos!
preferably about 42.521° C.

[0021] In other preferred enmbodiments, the aliguot is
cooled below normal body temperasture such that the mean
femperature of the aliquol s within the range of from about
4° {10 about 36.5% O, more preferably from about 107 C.
10 about 307 C, and even more preferably from about 153° CL
10 abow 25° C.

902271 The oxidative environmen! siressor can be the
applicalion to the afiguot of solid, quid or gaseous oxidiz-
ing agens. Preferably, it involves exposing the aliguot 1o a
mixfure of medical grade oxygen and Ozone gas, mosy
preferably by applying 1o the aliguot medical grade oxygen
gas having ozone as 2 component therein. The ozone comlent
of the gas siream aod the How rate of the gas siream are
preferably selecied sach that the amount of ozone introduced
1o the blood aliguot, either on its own of in combination with
one of the other stressors, does not give st 0 excessive
levels of cell damage, and 5o (hat, when the treated aliguol
is irected into a subject, the desired effect will be achieved,
withou! development of sigoificent adverse side effects.
Suitably, the gas stream has an ozone content of up fo about
300 pgiml, preferably up to aboul 100 ugiml, more prefer-
ably up 10 about 30 pg/ml, even more preferably up to about
20 pgiml, particalarly preferably from abowt 10 gg/ml ©
abont 20 gpd/mi, and most preferably abont 145210 pgiml
The gas stream is suitably supplied o the aliquoel 8 2 rate of
up to about 2.0 litres/min, preferably up to about 0.5
titres/min, more preferably wp 1o abou! 0.4 hilres/min, even
more preferably up to abow 033 lres/min, and most
preferably abou! 02420024 Ires/min, The lower Hmi of
the How rate of the gas stream is preferably not lower thap
001 Heres/min, more preferably not lower than Q.1 litres/
min, and even more preferably not lower than 0.2 lilres/min,
all rates ol STP {0° C. and 1 atmosphere pressure).

[8023] 'Flhe uhiraviolet light siressor is sailably applied by
rrradialing the aliquo! voder treatmen! from a source of UV
light, ie. eleciromagnetic radiation of wavelength from
about 180 nm 1o about 490 am, Preferred UV sources are
UV lamps emitting UV-C band wavelengihs, ie. at wave-
tengths shorfer than sbout 280 nm. Ultraviolet light corre-
sponding 1o standard UV-A {fe., wavelenpths from abou!
315 1o about 400 nm) and UVLB (1e., wavelengths from
about 280 1o about 315} sources can also be used. As in the
case of the oxidative stressor, the UV dose should be
selected, on s own or o combination witll the other chosen
stressor{s), so 1hat excessive amonnts of celt damage do ot
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oceur, and so that, when the frealed abigoot s imecied o
a subject, the desired effect will be achieved, For example,
an appropriate dosage of such UV light, applied simuifa-
neousty witly the aforementioned fempersture and oxidative
environmen! siressor, can be oblained from lamps with a
power output of from about 10 10 about 30 walls, arranged
to surround the sample container holding the aliquot, cach
famp providing an intensity, al a distance of 16 mm, of from
abou! 5 10 ahout 20 mWiaw®. Up to eight such lamps
surrotmding the sample botlle, with & combined output at
233.7 pm of 1010 30 watts, operated al an intensity to deliver
aotal UV light energy al the surface of the blood of from
abou! (L0Z5 to about 10 joulesfom®, and prefersbly from
about 0.1 1o about 3.0 joulesfom™, may advantageousty be
wsed, Such a treatmen! provides a modified blood aliquot
which is ready for injection into the subject,

FOO24] Tt is preferred to subject the abiquot 1o the oxidative
covironment stressor, the UV light stressor and the fompera-
ture sressor simultaneously, following the subicction of the
aliguot 1o the mechanical stress, ¢.g. by extraction of the
bood From the patient. Thos, the aliquot may be mainiained
al a predelermined femperature above or below body tem-
perature while the oxygen/ozone gas mixtwre is applied
thereto and while i is frradiated with ultraviedet light.

[O923]  The time for which the aliquot is subjected 1o the
siressors is normally within the time range of from about 0.5
minnies up to aboul 60 minutes, The time depends 1o some
exler! wpon the chosen combination of siressors, When an
UV ligh! 18 wsed, the intensily of the UV lLight may affect the
preferred time. The chosen temperature level may also affect
the preferred time. When an oxidative environment in the
form of a gaseous mixivre of oxygen and ozone applied 1o
the aliquo! s chosen as one of the Iwo siressors, the
concentration of the oxidizing agend and the rate af which it
is suppHed o the aliquoel may affect the preferred lempera-
ture. Some experimentation (o establish optimum times may
be pecessary on the pard of the operator, once the other
stressor levels have been set. Under most siressor condi-
tions, preferred times will be in the approximate range of
from ahowt 2 0 about 12 minutes, more preferably from
ahout 2 to about 3 minutes, most preferably aboul 3 minutes,
The starting blood temperature, and the rale af which I can
be warmed or conled 0 o predetermined lemperature, fends
to vary from subiect 10 subject, Warming is suitably by use
of one or more infrared lamps placed adiacent to the aliguot
container, Other methods of warming can also be adopled.

FOO26]  As noted, it s preferred 1o subject the aliquot of
blood 1o a mechanical stressor, as well as the chosen
stresson(sy discussed above. Extraction of the blood aliquot
from the patien! through an imection needie constitntes the
most convenient way of obtaining the aliquot for further
extracorporeal freatment, and (his extraction procedure
imparts a suitable mechapical siress 10 the blood aliquol. The
mechamcal stressor may be sepplemented by subsequent
processing, for example the additional mechanical shear
stress caused by bubbling as the oxidative siressor is applied,

FO27] Tn the practice of the preferred process of the
present invention, the blood aligquot may be treated with the
heat, UV Light and oxidative environment stressors using an
apparatus of the type described in aforementioned U5, Pat,
No. 4,968,483 to Miller et al. The aliguot is placed in a
suitable, sterife conlainer, wincl is filled info the machine, A
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UV-permeable contammer 8 used and the UV lamps are
switched on for 2 fixed period before the other stressorfs) is
apphied, o allow the output of the UV {amps to stabilize.
When a temperalure stressor is vsed in combination with UV
fipht stressors, the UV lamps are typically on while the
semperaiure of the aliqued s adiusted fo the predetermined
value, e.g. 425217 O Four UV lamps are suilably used by
placing around the aliquot confaining container.

[O6287  In the preferred method of the nvention, a mam-
malian patient standing to benefit from an increased expres-
sion of TGF-f; is given one or more courses of freatments,
cach course of (reatment comprising the administration o
the mammalian subject of one or more {e.g., one 10 5iX or
one o twelve) aliguots of mammalian blood modified as
discussed above.

(96297 For optimum effectiveness of the treatment, it is
preferred that oo more than one aliguo! of modified blood be
admimsiered to the subed! per day I one or more injection
sites, and that the maximum rest period belween any (wo
copsecutive alguot administrations during the course of
freatment shoudd be po greater than about 21 days. As used
herein, the term “rest period” is defined a8 the number of
days between consectiive aliquots oF consecalive courses of
freatment on which no aliguots of moedified blood are
acministered o the subject.

(00367 Fherefore, except where alicuots are administered
to the subject on consecntive days, a rest period of from 1
1o 21 days is provided between any iwo aliquots during the
course of treatmen!. Moreover, at leas! one of ihe rest
periodds during the course of treatmen! preferably has a
length of abowl 3 fo 15 days,

[8031] Although # may be sulficient to administer only
one course of treatment as described above to the subject, i
may he preferred in some circumstances to adminisier more
than ome course of frealment, or o follow the above-
described course of frealment by periodic “booster” treat-
ments, i necessary, t0 maintain the desired effects of the
present invension. For example, i may be preferred to
administer booster treatments at intervals of 1 o 4 months
Foltowing the initial course of freatment, or to adminisfer a
second course of treatmen! to the subject following a rest
period of several weeks or months.

[8032] 'Fhe invention is Torther Hustraled and deseribed
below with reference to Example 1, comprising animal
studies conducted in an approved manner, and Example 2, a
clinical frial on human patients. The exarmpies are olfered for
purposes of illusirating the fovention and should not! be
constraed a8 a limitation,

HXAMPLE ]

(86337 Whole blood was oblained from Balb/c mice, by
cardiac punctare through an injection needle, and freated
with an anti-coagolant. An aliquot of this anti-coagulated
blood was subjected 1o e process of & preferred embodi-
men! of the invention, 1o oblain freated blood. The remainder
was fefl unireated, for use in control experiments. Since the
Balh/c mice used were genctically identical, the administra-
tion of the treated blood 1o others of the group is equivalent
o adminisiration of autotogous blood,

[8034] Fo obtain (reated blood, the selected aliguot, I a
sterfle, UV-transmissive conlainer, was {reated simubia-
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neously with & gaseous oxygen/ozone muxivre and uliravio-
let Might at clevated femperature using an apparatus as
generally described in aforementioned U.S, Put. No. 4,968,
483 Mitller 1.2l Specifically, 12 mi of cirated blood wis
transterred o @ sterile, low deosity polvelbvlene vessed
(more specifically, a Vasogen VOTO02 Blood Container} for
ax vivp freatment with stressors according fo the invention.
Using an apparatus as described in the aforementioned
Muiller ef al. palen {more specifically, a Vasopen VT0GO]
apparates}, the blood was healed 10 42.321° C.and o that

temperature drradiated with UV light at 4 wavelength of

2537 nm, while oxygen/ozone gas mixture was bubbled
through the blood o provide the oxidalive environment and
to facilitate exposure of the blood to UV, The constifution of
the gas mixture was 14.521.0 gg ozone/ml, with the remain-

der of the mixture comprising medical grade oxygen. The

gas mixture was hubbled through the aliquot af a rate of

240224 mlimin for a period of 3 miouies.

FOO3S]  There were 4 groups of Balb/e mice. The first,
control group A-1 received oo treatmen!, The second, con-
el group B-1, was freated with 50 g of physiological
saline, The thind, control group C-1;, was sham freated with
50 i of blood which had been extracted, bul not treated with
the additional stressors. The Tourth, test group -1, was
treated with 50 gl of blood subjected 1o siressors as
described above, Treatments, each! involving injection of 5G
wl of the respective liquid into the gluteal muscle, started on
day 1, and were repeated every day Jor a total of § days,

F36] The experiment was run in paraliel o the test for
contact hypersensitivity resistance in the mice, as described
in applicants co-penciing international patent applivation
POT/CADGHOGE3S incorporated herein by reference, so that
the varions groops had been pre-sensitized with dinitrofluo-
robenzene (DNFB) and were subscquently challenged on
one ¢ar, 24 hours after the Jast injection, with DNFB as
described therein, but this is not a factor in the tesis
demonsirating the prosent invention,

(0037} Each of the animals was sacrificed amd the lvmph
nodes draining the car that was challenged with BNFD were
collected. The expression of the mRNA of the oylokine
TGFS, in the lymph tissue so obtained was analyzed using
known RE-PCR fechniques, essentially following the pro-
cedures described in Kondo etal, J. Tmmaneclogy, Vol
157:4822, 1996, The PCR products were deternined by
scanming of phiotonegatives ssing a laser densitometer, and
the depsitometric value of the TGP, was normalized 1o
that of the housckeeping gene P-actin, The analyses indi-
caed that ammals which bad received 2 course of injection
of blood subjecied o stressors 8 described bad sigoificantby
increased concendrations of TGE-{, in the Ivmph node, as
compared with controls and sham treated animals. The
apalyses were repeated three Himes, and the accompanying
Figure illesiraies the mean of these resulis,

EXAMPLE 2

FOOB8T A tolal of 20 human patients having moderate 10
severe psoriasis were randomized oo a double blnd, ple-
ceho controlled clinical trial, Two groups of 10 patients
received 2 injections per week inframuscularly, into the
ghiteal muscle, of trealed blood or saline, over a 3 week
period. The therapy involved the collection of 10 mil of the
palient’s venous blood o 2 mil sedium citrate. The blood
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was fransferred o a steride disposable low-density polyeth-
viene vessel for ex vivo freatment as deseribed in Example
£, Prior o muscular injection, 1 mbof Novocain was injected
mto the plutesl muscle a8 a local anestbetic,

[D06397  Skin biopsics were {aken ab the end of the treat-
men!, fixed in formalin and embedded in parafiin. Histo-
logical examination of skin biopsies of palients who had
undergone freatment according to the invention was under-
saken, by immunchistochemistry using a monoclonal anti-
hocdy 10 TGE-B,. Increased production of TGE-f, in the
dernyis of patienis fredled according fo the invention was
seen in slides of fissue {FIG. 2o, microphiotograph of the
hiopsicd human skin sample aler freatment 10 visualize
TGE-f ) based on increased density of staining in TGFR,
producing cells, compared 1o patients freated with saline
{FI(3. 2b). This result 18 indicative of the use of the process
of the mvention to gpregulate TGE-$, and therelore in
reating vicers of the skin.

(8040  AH references cited above are herein incorporaled
by reference in thelr entirety,

1. A process of increasing the expression of TGE-B, from
cells in a mammalian patiert, which comprises adminstor-
ing 1o the patient an effective amount of stressed mammalian
hood cells, said stressed cells baving been extracorporeally
sabecled 10 at least ope stressor selected from oxidative
stress and uhiraviolet radiation, and thereby alleviating in the
patient the symptons of a disorder associated with TGF-§,
deficiency.

2. A process of trealing wlcers in 2 mammalian patient to
accefersie the healing thereof, which comprises administer-
ing 1o an sleer—suffering patient an effective amoun! of
stressed marmmalian blood cells, said stressed cells having
heen extracorporcally subjected fo at least one sfressor
selected from oxidative stress and uliraviolet radiation, and
thereby accelerating the bealing of the patien!’s ulcer,

3. The process of claim 2 wherein the stressed blood cells
originale from the same patien).

4. The process of claim 3 wherein the stressed cells have
heen subjected 10 both oxidative stress and ultraviolet radia-
tion simuliancously.

5. The process of claim 4 wherein the siressed mammalian
blood cells bave been additionally extracomporeally sub-
jected to hea! stress simuliancously with the subjection to
hoth oxidative stress and wliraviole! radiation.

6. The process of elaim 5 wherein the oxidative conditions
comprise bubbling a gascous mixtre of medical grade
oxygen and ozone through the blood, for a period of from
about 0.5 minules-60 minutes.

7. The process of claim 6 wherein the gaseous mixture has
an ozone confent of from about 0.1 10 about 19 ug/mb

8. The process of claim 7 wherein the UV stressor is UV-(
radiation.

9. 'the process of claim & wherein the temperalure siressor
is & temperalure in the range of from abou! 40 (o abowt 55°
C.

1. The process of claim 9 wherein the stressed mamma-
lian blood cells comprise a volume of whole blood of from
about 0.1 1o about 400 mis.

1. A process of inhibiling wleer formation in a mamma-
tian patient at risk of said wloer formation which conmprises
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admmistering 1o said patien! an elfective amoun of stressed
mammalian blood cells, said stressed cells having been
extracorporeally subjected o at least one stressor sclected
from oxidative siress and sliraviolet radistion, and therchy
accelerating the bealing of the patient’s vleer,

12. The process of claim 11, wherein the stressed hlood
cells originate from the same palient,

13, The process of claim 11, wherein the stressed hlood
cells bave been subjected o both oxidative siress and
ulraviolet rediation simulancously,

14. The process of claim 11, wherein the siressed mam-
malian blood cells have been additionally extracorporeally
subjected 1o heat stress simultaneousty with the sebjection
of both oxidative siress and wliraviolet radiation,

15, The process of claim 11, wherein the oxidative
conditions comprise bubbling a gascous minture of medical

Jul, 11, 2002

grade oxvgen and ozone through the blood, for a period of
from aboul (1.5 minutes to about 60 minutes,

16. The process of claim 15, wherein the gascous mixiure
has an ozone content of from about 001 to about 100 gg/ml.

17 The process of claim 11, wherein the UV stressor is
UV radiation.

18, The process of claim 14, wherein the temperature
stressor 35 a temperature in the range of from about 40 t©
abont 55° C.

19, The process of claim 11, wherein (e stressed mam-
malian blood cells comprise & volume of whole blood of
from abou! 0.1 1o abow! 400 mis
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1
ENDOTRHELIAL LINING EFFECTS AND
TREATMENT OF VASOSPASTIC DISORDERS

Thiis Application 18 @ confinuation-in-part of U.S. apphi-
cation Ser, No. G8/477 818 filed Jun. 7, 1995 and ssued Nov,
19, 1998 as ULS, Par. No. 5,834,030, which is in fum a
continuation-in-part of U.5. application Ser. No, 07/941,326
filed Sep. 4, 1992 (abandoned), whicll was a continuation-
in-par of U5, application Ser. No. O7/832,798 filed Feb 7,
1992 (abandoned}. 1t is also 2 division of U8, application
Ser. No. 08/765,225, filed Apr. 11, 1997 (abandoned), which
% a §371 application of PCT/CADG/GO2E2Z, filed May 3,
1996, The PCT application claims priority to Great Britain
Patent Application Serial No. 9509197 1, filed May 35, 1995
and Great Britain Patent Application Serial No, 953224754,
filed Nov. 2, 1995,

FIELD OF THE INVENTION

This invention relates to treatment of blood cells, and tie
use of treated, modified blood cells in connection with
certain ahpormal mammalian physica]l conditions and dis-
case states. More specifically, it relates to modified mam-
malian biood and blood cells, methods of achieving the
modified mammalian blood and blood cells, and the
treatment, among other disorders, of vascular disorders
associated with deficient endothelial Tunction, such as vasos-
patic disorders, in & mammalian patient by administration {o
the patient of such modified blood and blood cells.

BACKGROUND OF THE INVENTION

The control and regulation of blood flow through the
carchovascular systemn of 4 mammal 18 well recognized to be
of importance in connection with cardiovascular disorders
such as atherosclerosis, peripheral vascular discase and
mrany other cireslatory disorders. There 1s an emerging body
of hterature which indicates that the endothelium plavs a
major role i tie regulation of blood flow through the
cardiovascular system. The endothelinm is a cellular strue-
ture which Hoes the blood vessels, communicating with the
smooth muscle laver of the blood vessel walls, Contraction
of fis muscle laver canses the blood vessels to consirict
(vasoconstriction), and relaxation of this muscle layer
causes the blood vessels (o expand {vasodilation). A nor-
mally Tunctioning endothelium effectively controls the
smooth muscles of the vessel wall, by secreting vasodilators
or vasoconsirictors whicl diffuse or are carried to the muscle
fibres to cause the muscle fibres either to relax or to comtract,
One such vasodilator seoreted by the endothelivm is com-
monty referred to as Yendotbelivm derived relaxing factor™
(ELRIE), but has recently been established to be nitric oxide,
a form thereof or & closely related compound. In addition o

regulating blood flow, nitric oxide is recognized as having 5

many other actions within the body, including
negrofransmis-sion, a4 smooth muscle controlling fonction
within the gastroiptestinal tract, bothl natural and dreg
induced analgesia, a role in impotence and in tumour tox-
icity.

it is helieved that defective functioning of the endothe-
ligrn of a patient is an wnderlying factor in many cardiovas-
culer diseases observed in mammalian patienis, For
example, @ patient with atherosclorosis has excessive quan-
tities of lipid underlying the endothelium, including oxi-
dizedd Jow density Hipoprotein {containing cholesterol) which
1% believed to interfere with the proper fonctioming of the
endothelial cells,

SUMMARY GF THE INVENTION
The present invention 18 based wpon the discovery that
one can extracorporeally subject an aliguot of & mammalian
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patient’s blood, or the separated cellular fractions of the
blood, or mixtures of the separated cells, inchuding platelets,
o certain stressors and create in the aliquot modified leu-
koeyies. On re-introduction of the aliguot to the patient’s
body by variows rostes including intra-muscular injection,
the modified leukocyies have certain beneficial elfects, One
of these effects is stimulation of the activity of a2 Tunctionally
deficient endothelivm,

The modified levkocytes of the present invention can be
obtained by subjecting the aliquot of the patient’s blood, or
the separated cellilar fractions of the blood, or mixtures of
the separated cells, including platelets, to stressors selected
from beat, uliraviolet radiation and oxicdative environments
such as freatment with ozone/oxygen mixfures, or any
combination of such stressors, simultancously or sequen-
EH

Thus, according to the present invention, ex vivo freat-
ment of the blood, or the separated cellular fractions of the
blood, or mixtures of the separated cells, imcluding platelets,
promoles the subsequent development of modified
leukocoyles, which are different from the untreated cells that
are found in the peripheral blood of pormal individuals and
patients before receiving s freatment, in that they cause an
o vivo effect.

The elffects of the modified leukocytes of the present
vention, when re-injected into the mammalian patient’s
hexly, are several in number Firstly, there is an effect on
other levkocoyies or thedr progenttors which have not been
modified by the externally applied stressors, as a result of
cellto-cell communication, a widely recognised phenom-
enon among cells of the immune system. The resull of
mjecting the blood sublected to stressors outside the body i
the wpregulation of specific cell surface markers such as
HEA-DR and CL¥25 on oflier, non-treated leukocoyies in the
peripheral Mood, cireulating in the patient. This is indicative
of an enhanced immune system. It appears that the treated
levkooyies release oviokines (intercellalar messenger pep-
tides and profeins), or stimulate levkocoyies of the recipient
o do s0, initiating a cascade phenomenon which affects a
pumber of the guiescent lenkocytes in the peripheral blood
and causes them to hecome stimulated, This apparently leads
to improved blood flow at sites in the body far removed from
the site of injection of the treated leukooyles,

Secondly, the stimulated leakocyles present in the blood
circulation, perhaps through the intermediary of the same or
similar cytokines and probably aster physical contact or
binding o the endotheliom via cell adhesion molecules, act
spon the endothelium, either directly or indirectly, to
mncrease the endothelial vasodilalor Tunction probably by
increasing the production and/or action of vasodilators such
as pitric oxide, prostacyclin andfor by inhibiting the pro-
duction andior action of vasoconstrictons, 0 8% {0 increase
Blood flow. This can be manifested either @8 a restoration of
the function of a portion of the endothelium which has
hecome defective, the portion being close o or remote from
the site of injection. Sucl restoration of function may oocur
through repair of deficient cells or an enhanced rate of
replacement of damaged cells. It can also be mantfested as
an overall improvement in endothelial function. This
imcreased blood How resulting Trom increased endothbelal
vasodilator function, and the copsequent Increase in OXy-
senation of tissues, 15 indicative of use of the process of the
present invention in freatment of patients with vascular
disease inchuding those with advanced perpheral vascular
disease, those with chronic varicose ulcers, and those at risk
of developing pengrene which frequently resulis in ampu-
tation. In generdd, the leskooyies according to the present
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inveniion are mdicated for use in treating any type of
vascular disease either involving partial or complete Mood
vessel occlusion leading to restricted blood How or dysfune-
tion of the mechanisms required 10 permit adequate vasodi-
lation such that tssoees including those of the central nervous
system, bear!, lungs, gastrointestipal tract, hver, kidneys,
placenta or extremitics would be aculely or chronically
affected I terms of strcture or Fanction.

BRIEF DESCRIFTION OF THE DRAWINGS

$1G. T is a diagramematic illostration of the behieved mode
of action of the injected keukooytes according 10 the present
invention, in the vascular system.

FIGS, 2 and 3 are graphical presentations of the resulisof
chinical fests of the vse of the present as deserbed in

Example 3 below,

DESCRIFIION OF TIiE PREFERRED
EMBODIMENTS

With reference to the FIG. 1, there is diagrammalically
ilustrated an arleriole 160 An arleriole 18 4 blood vessel
forming part of the mammalisn vascolar system, of a size
smaller than an arlery, and which receives circnlating blood
Trom an artery, fed from the heart, Arlerioles gradually
decrease in size, i the downstream direction. A metarteriole
12, which is a smaller ferminal branch of the arleriole 14, is
stiown branching off the arteriole 10, Metarlerioles suoly as
12 lead to capillarics which are the site of mrent and
gascous exchange hetween the blood and the tissues, with
oxygen diffusing from the blood 1o the tissuves and carbon
cioxide dffusing from the issues to the blood. The artleriole
19 15 lined with a cellular laver of eodothelivm . Sur-
rounding the exterior of the anteriolar endothelium 14 s a
layer of smooth muscle 18, which can contract or expand o
catse alterations in the size of the areriole B, cavsing eitber
vasoditation to increase the amount of blood fow there-
through or vasoconstriction Lo reduce the amount of hlood
How therethrough, Fhe melarnteriole 12 is similarly lined
with endothelium 16 and bhas a single layer of smooth muscle
19, functioning similarly,

As i the case of all the other blood vessels in the body,
of afl the varions sizes, capillaries are Hned with endotbe-
Hum, However, there is no smooth muscle laver associated
with the capillaries.

According o the preferred process of the present
inveniion, an aliguot of blood, or the separated cellular
fractions of the blood, or mixtures of the separated cells,
mcluding platelets, Is extracted Trom the patient and freated

with cerlain siressors, deseribed in more detail below, The s

effect of the stressors 18 {o modify leskooyies in the aliguol
Tlhese modified levkooyles 20, along with the res! of the
aliguot, are re-injected inframuscelarly and, after a period
within the muscle, of uncertain and probably variable

caration, they probably gain entry o the general circulation

by passing through the blood vessel wall, where mixing with
the blood occurs. Downstreamn Trom the poind of enlry 22,
therefore, the blood will contain modified leukocoyies 20 in
addition 10 unmodified leukocytes 24, red blood cells 26 and
platelets 28, as well as other components.

The imection of modified levkoovies 20 appears 10 have
a ournber of vnexpected effects on the arleriole 1 and on the
blood fowing through it One effect is the stimulation of
quiescent lenkoeytes 24, which have not been subjected 1o
the siressors outside the body, to trapsform inlo stimulated
lepkooyies 3G This activalion process may OCCUr in sies
otber than the blood vessels, for example in immsne systenm

il

20

30

40

15

)

&=

4

organs such as Iymph oodes, spleen or bone marrow, amd
may involve leukocyte progenilors in addition fo or alter-
natively lo mature leukocytes. Thus a cascade mechanism is
set in motion. This is believed to be effected by the secretion
of certain oyviokines 32, the precise palure of which is
wncertain, eilber from the modified leskooyies 20 themn-
selves of by the stimulation of endogenous leukocyles 36 by
direet cell-—cell interaction. These mechanisms serve to
effect stimulation of previously quiescent levkooyies or
progentlors 10 creste the stmulated leskocytes 3. The
stimialed leakooyies 30 probably adbiere to the damaged
endothelial cells via cell adbesion molecules such as
TCAM-1 expressed on the endothelial cells interacting with
activated LPA-1 expressed on certain achivated leukooytes.
Gther cylokines 34, perbaps originating from these adheren
leukoeyles and which may in Tact be the same as or dilferent
from the cvtokines 32, contact the endothelivm B4, and
cause i fo seorete vasodilators 36 which have the effect of
relaxing the smooth muscle 18 to cause a degree of vasodi-
tation. Other secretions 38 released from the endothelivin 14
by the cytokines 34, which may or may not be the same
substances or mixtare of substances as the vasodilators 36,
cordac! the platelets 28, and have the effect of inhibiling
their ability to agpregate. Whilst the accompanving figure
diagrammatically dlustirales endotbelial effects at the endot-
helium of an arteriole of the vascular sysiem, § appears thal
the process of the invention has 2 similar effect on endot-
helial cells at all levels of the vascolar free.

1 18 believed that one of the components of the vasodi-
tators 36, and one of the components of the secretions 38, 18
endothelinm derved relaxing Tactor EDRE, probably nitric
oxide or closely related substances, and a second componen
is prostacychin. AHernative or additional sources ol nitric
oxide andior other vasodilators resulling from 2 treatmen
according 10 the presen! invenfion may be stmulsied leu-
kocytes present in the circulation or stimulated platelets
present in the cireulation,

The stressors fo which the leukocytes are subjected ex
vive secording 1o the invention are selected from tempera-
fure stress (blood femperatures above or below body
lemperaiured, an oxidative environment and ultraviolet
radiation, individually or in any combination, simulia-
neously or successively. The leukocyles are subjected (o the
stressors s a par! of an aligeod of mammalian blood or the
separated collular fractions of the blood, or mixtures of the
separated cells, including platelets, extracted Trom the
patient to whom the aliquot is o be injected Iollowing
sabieciion 10 {he stressors, Suitably the aligquot bas a volume
of from sbout G.1-100 mis, prefersbly 5-15 mis, a mos!
preferred, typical aliguot being 10 mis i volume.

i is preferred, according to the invention, to apply all
three of the aforementioned stressors simuliancously o the
alicuot under treatment, o order to cosure the appropriate
modification of a suflicien! number of leakooytes, Care musy
be laken no! to ulihsed an excessive level of the siressors, o
the extent that the cells or any parts of them become
irreparably damaged, or that the cell membrane is caused to
be disrupted.

The temperature stressor, when 11 18 applied, must keep
the alique! Hquid, and should not bea! it above abou! 35° C,,
for fear of damaging the cells. Preferably the femperalure
stressor warms the aliquot being treated 1o a femperature
above pormal body temperafirre, L., to about 37-33%
amd most preferably from abou! 40-50° C.

The oxidative environment sfressor can be the apphication
1o the aliguot of liguid or gaseous oxidizing agents. Prefer-
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ably it involves exposing the aliguo! 1o & mixture of medicat
grade oxygen and ozone gas, most preferably by bubbling
through the aliquot, at the aforementioned femperature
range, a siream of medical grade oxvgen gas baving ozone
48 a minor component therein, Suilably the pas siream has
an ozone comlent of-from about 1.0-100 ug/mi, preferably

a rale of from about
abou! G.05-5.0 hters
abogt 006 liters per

siream 18 supplied o the aliquot at
G.61-2.0 ltersiminute, preferably af
per minwle aml most preferably at
minute (STPL

The ulfraviole! radiation stressor is suitably applied by
irrachiating the aliquot under freatment from an appropriafe
souree of UV radiation wihile the aliquo! 18 mainfained af the
aforementioned fempersture and while the oxypen/ozone
gaseous mixture is being bubbled through the aliquot
Appropriate UV sources are UV lamps emitting in the
C-band wavelengibs, e, af wavelenpilis shorter than about
280 mm. Ultraviolet radiation corresponding to standard
UV-A and UVLT sources can also be used, Emissions at
wavelengih 253.7 nim are particularly suitable, An appropri-
ate dosage of such UV radiation, apphied simulfancously
with {he alorementioned lemperature and oxidalive environ-
men stressors, s obtained from lamps with & power output
of Trom about 15 1o about 25 walls, at the chosen UV
wavelength, arranged o surround the sample confainer
holding the aliquot, cach lamp providing an infensity, at a
distamce of 1 meter, of from abou! 4565 mWisg.em. Up fo
eigh! such lamps surrovnding the sample boltle, with a
combined output at 253.7 nm of 1525 watfs, operated af an
iensity o deliver a total UV light energy at the surface of
the blood of about 0.025-10, preferably abouwt G.1-05
jonlesforn®, may advantageonsly be nsed. Such a treatment
provides an aliquot which contains stimulated leukocyies
according to the invention in appropriate amounts o cause
the effects outlined above ready for re-injection into the
palient.

The time for which the aliguo! is subjected 1o the stressors

minutes. This depends to some extent upon the chosen
intensity of the UV irradiation, the temperature and the
concentration of and rale al which the oxidizing agen! is
supplied (o the aliguot. The more severe the stressors applied
tor the aliquot, generally the shorter time for which they need
to be applied, Some experimentation (o establish optimum
times may be necessary on the part of the operator, once the
otfier stressor levels have been sel. Under mos! stressor
conditions, preferred times will be in the approximale range

blood temperature, and the rate af which 1f can be warmed
or cooled 10 2 predetermined temperature, tends 1o vary from
palient to palien!.

in the practice of the preferred process of the present
invention, the hlood aliguot {or the separated cellular Trac-
tions of the blood, or mixtures of the separated cells,
wnchuding platelets, these various levkooyvie-conlaining
combinafions, along with whole blood, being referred 1o
collectively throughou! as the “aliquot™) may be treated with
the stressors using an apparatus of the type described in U S,
Pat. No, 4,968,483 Muclier. The aliguot is placed in a
suitable, sterile, radiation-fransmissive conlainer, which is
then fitled info the machine. The temperature of the aliquot
is adpusied to the predelermined value, e.g. 42.5% C, and the
UV lamps are swilched on Jor 2 fixed period before the gas
How is apphicd 1o the aliquol providing the oxidative stress,
to aftow the outp! of the UV lumps 10 stabilize. Then the
oxygen/ozone gas mixture, of known composition and con-
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rolled flow rale, 1s applied o the aliguot, for the predeter-
mined duration of 0.5-60 minwes, preferably 2-5 minutes
amd most preferably about 3 minutes as discussed above, so
that the aliguot experiences all three siressors simuha-
neously. In this way, appropristely modifieded levkooyies
according to the present invention are generated in pwmbers
sufficient to achicve the desired cffedts.

Another charactenistic of the modified leskocytes of the
presen! invendion 18 their ability to generate in the blood-
stream of the patient, after re-injection, stimulated leukocyes
having an increase in activation markers, for example (13 25
{11.-2 receplor), Ber-Mac 3 and HLA-DR {T-cell and mono-
cyte aclivation}. These cell surface markers are surface
profeins, the guantities of which are increased by injeciing
the modified leukocytes prepared using the stressors of the
preferred process of the present fovention Le, lemperatare,
an oxidising environment, and UV radiation. They can be
guantified by staimng fechnigues and use of conventional
monocional antibody lechniques.

The proper functioning, or lack thereo!, of the endothe-
Hum of a paticnt, al a particular location, can be tfesied by
using a method which involves the optophoretic infrodue-
fion of acetyilchioline through the skin, and measurement of
Hs effect on superficial blood at the chosen focation.

Acetvicholme added o a blood vessel which has mtact,
properly Functioning endothelinm, stimulates the production
and secretion of nitric oxide by the endotbelivm, The nitric
oxide so produced acls as a vasodilator and causes the
smooth muscle cells 1o relax. The effect of such visodilation
can be quamtitated by measuring the How of blood in the
vessel, ez by laser Doppler Sowmetry. TE, however, the
endothelivm of the patient has a major functional defect, the
acelylcholine may ac! directly on the smooth muscles
themscelves, and cause them 0 contrac!, resulling in
vasoconstriction, the opposite of the elfedt observed when
the patient’s endothelium is functioning nommally.

Endothelial funchion may accordingly be examined clini-
cally as follows, Acetyleholine is apphied 1o the skin of the
patient and a small electre current is applied across the skin
hetween fwo adjacent elecirodes, one positively and one
negatively charged {lontophoresis). Acetylcholine, being a
charged molecule, passes through the skin with the curren
10 the superficial blood vessels immediately below the skin
surface, Af this sife, acetylcholine acts on the endothelial
cells of the blood vessels, stimulating them to produce
EDRF (e.g. nifric oxide), resulting in vasodilation
{endothelial dependent vasodilationy and an incresse in
blood flow, which is measured by laser Doppler flowmetry,
for example, This technigue is known, in general fenms.
see, Tor example, Chowienczyk et.al., “Impaired
endothelinm-dependent vasodilation of forearm resistance
vessels In bypercholesterolacmia”, The Lancer, Vol 340,
Dec. 12, 1992, p. 1430,

A specific preferred application Tor the present invention
is in freatment For, or at least alleviation of the symptoms of,
the vasospasiic (vpe diseases as exemplified by Raynapd’s
Phepomenon and otber vasospastic disorders soch as
migraine, closter beadache and syondrome X, Raynand's
Phenomenon is 2 state in which the fingers andfor 1oes
undergo a series of colour changes, white {vasospasm}, then
blue (capilfary stagnation) then red (srterial dilslion), lasling
# variable time and for a venable frequency, and with or
without pain. Raynaund’s Discase or primary Raynaud's is
the term for Raynaud’s Phenomenon in the absence of any
other detectable disease, Ravnaud’s syndrome, or secondary
Raynand’s, s the term for Rayoasd's Phenomenon associ-
ated with other diseases.
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Wiils! Ravnand’s is no! in isel! life threalening, o may
lead to the onset of other pathological conditions, and
to-date there has been no effective cure put into general
practice for it A patient suffering from Raynaud’s must
simply endure the associated pain and discomfort. To a small
proportion of cases, the ischenna of the digits resulting from
exfreme vasospasm may lead to skin ulceration and
gangrene, which may result in amputation. Raynaud’s Phe-
nomenon can affect palionts af substantially any age, and
affects abou! four Hmes as many women as men,

following one of more freatments according 1o the pro-
cedure of the invention, spaced af appropriate intervals,
dramatic alleviation of the symptoms of the Raynaud’s
phenomenon s experienced, in the cases of all of the
palients on which the treatmen! has so Tar been employed,
Ioptophoretic measurements conducted on the bood flow of
the subject patients, before and after undergoing the treat-
men! aecording to the invention, have shown an enhance-
men! of the endothelial performance in the patients of
concern, and an alleviation of the Raypaud's phenomenon
SYMpPIOmS.

Thus from another aspect, the presen! inveniion provides
an aligquot of avlologous buman blood for adminisiration (o
a palient to alleviate Raynaud’s phenomenon in the patient,
the aliguot of antologous blood having heen subjected, in
vilEn, 0 af least one stressor selected from heat, UV radia-
ton and ozope/oxygen mixture 1o stimulate lencocytes
therein, 1o the extent that, upon re-injection into the patient,
a significant enhancement of endothelial function 1 cause
vasodifalion 18 experienced.

The mvention 15 forther Hustrated and described with
reference to the following specilic examples,

EXAMPLE 1

A patient seffering from primary Raynaod’s disease was
given a course of freatmen! under carefully controlled clini-
cal conditions, according fo the present invention. Bach
treatment administered to the patient involved removing a
small aliguot of the patien!”s blood, exposing if {0 SIFESS0rS
ex vivo and re-infroducing the irealed blood aliquo! 1o the
patient as deseribed in the invention. The course of treatment
adminisiered o the patient comprised ten such fndividual
freatments, one admimstered each day over a period of about
two weeks, Raynaud’'s disease 18 a disorder associaled with
peripheral vasospasm and inadequate blood flow at the
extremities of the patient’s body, such as the fingers, char-
acterized intially by marked pallor of the fingers on expo-
sure {0 cold, oflen followed by a subsequent phase of
cyanosis (bluish colour} and a slowing of the restoration of
blood flow after cold exposure ceases.

The subject of this experiment was a female patient of
abou! 24 years of apge who bad suffered from primary
Raynaud’s discase Tor af feast 10 vears, with the fingers of
both hands being severely affected, Prior to commencing the
course of treatments according o the invention, the blood
flow in the superficial blood vessels of the fngers was
meastred by laser Doppler fowmetry and photoplethys-
mography in response to mild cold and warm stresses of the
hand, The skin surface temperatures of the fingers were also
meastred by a thermographic lechmiqre in response (o warm
and cold stress of the hands, The blood flow in response 1o
iontophoretic introduction of acetyl choline was measured
by laser Doppler flowmetry, prior (0 commencing the course
of freatmenis.

10 mis of the patient’s blood were extracted from ap arm
vein, anticoagulated and colfected in a sterile sample bottle,
This sample was subjected to heat—UV radiation.
oxidising {oxygen/orone mixinre) siressors according fo the
procedore of the invenlion, i1 an apparalus generally as
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iHostrated in aforementioned US, Pat. No. 4,968 483 Muel-
ler. The blood sample was heated to 42.3° €. apd UV
wrradiation of wavelength 2537 was applied 10 it Upon
reaching the required femperafure {42.5° C), & gaseons
mixiure of medical grade oxvgen with an ozone content of
12.5 micrograms per mi, &t 2 gas flow rate of about 60
mi/min was bubbled through the sample for 3 min.

After the ex vivo treatment of the blood sample had heen
compleled according 10 the procedure of the invention, the
sample was re-imected ino the gluteal muscle of the patient.
Shorty afler completion of the course of ten freatments over
a period of two weeks, the patient reporfed an alleviation of
her symptoms of Rayneud’s disease. This slate of improve-
men! persisted for af least fwo montls afler the complelion
of the course of treatment.

The skin temperature and the blood flow messuremerns in
response 10 warm and cold siress and the blood flow after
foptophoretic introduction of acetyl choline were repeated
after the course of reaiment according to the invention. The
responses 1o warm and cold stress were reflective of a more
normal response affer treatment than before, The blood flow
response 10 acetyl choline after weatment was increased,
inchicating an increase in the ability of the endothelinm to
produce vasoditators following the treatment. All the mea-
surements showed evidence of an increase in peripheral
hood flow following the treatment along with the atleviation
of the symptoms of Raynaud’s discase,

Generation in the blood of treated patients of increased
tevels of prostacychin is also an effec! resulling from the ex
vive stressing of the blood cells in the manner deseribed,
according 10 the present invention. Amclioration of the
elffects of a defective endotheliom with its consequent alle-
viation of abnormal conditions associated therewith, such as
vasospastic disorders as exemplified by Raynaud’s disease,
i st ope of the several beneficial effects Hkely to be
derived by correct medical vse of the processes, lechnigues
amd modified levkooytes forming aspects of the present
Hvention.

EXAMPLE 2

four patients, including the subject of Example 1, human
females ranging in age from 15 to 84 vears, and all sullering
from primary Raynaud’'s phenomenon, were subjected 10 2
course of freatmen! according 1o the presen! invesntion.
Treatment was given by skilled, gualified personpel, n 2
medical hospital facility on an out-patient basis.

Hach treatment administered to a patient involved remov-
ing 2 10 mi aliquot of the patient’s blood, into an apparatus
as generally ilustrated in aforementioned U8, Pat, No.
4,968 483 Mucler, healing the sample to 42.5° € amd
exposing # 10 UV irradiation at wavelength 2537 nm. Upon
reaching the required temperatire {42.5°% C), 2 gaseous
mixture of medical grade oxvgen with ap ozone content of
12.5 micrograms per mi, &l a gas How rale of about 60
mifmin was bubbled through the semple for 3 minules.

After the ex viva freatmend of the blood sample had been
completed in this manner, the sample was re-injected into
the respective patient via the gluteal muscle. Each patient
wnderwent @ course of 10 such treatments over a period of
24 weeks, the wdividpal treatments being spaced apart by
about 1-3 days.

Subjectively, every patient reported a very significant
afleviation of her Ravnand’s symptoms, alter completion of
the course of treatments. This state of Improvement persisted
for af least two montlis afler the completion of the course of
freatment. o the case of the 14 year ofd female patient, she
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exhibited @s par! of the Rayoand’s symploms initially, small,
slow healing ulcerations of the feet, around the toes, All of
these had healed by the end of the course of 10 treatments.
The 84 year old patient initially had noticeably disfigured
fingernails at the fiogernail beds, esulting from reduced
nutrition and reduced oxygenation caused by lack of circy-
iation of blood thereto, Al the end of the course of treatment,
new growih of nails from the nail bed had stanted and was
clearly visible.

EXAMINIL 3

in the case of cach patien!, objeclive measurements of
blood Bow, before and after the course of treatments, were
made by the iontophorelic fechnique using acelvicholine
previously described, The dontophoretic applications and
meastgremens were made on the patients” forcarms. The
inttial measurements on cach patien! were faken immedi-
ately before the first treatment (Le, during visit 1) The
subsequent measurements were all faken one day after the
completion of the course of ten treatments {Le. during visit
11) amt again on a follow-up basis two or three weeks later
(t.e. during visit 12} Ope of the four patienis was given a
second, subsequent course of Bve further freatments, Blood
flow was measured by laser Doppler lowmetry, 10 give an
indication of vasodilation.

for cach measurement, & 1€8ervoir containing acetylcho-
lime was mounied on the patien!’s arm witly {he scetvilcholine
in contact with the patient’s skin. Eleotrodes were inseried
ime the reservoin, o that a coment of known but variable
magnitade could be applied to the reservoir fo exert an
intophoretic effect. The done of acetyicholine applied o the
skin is a Tuocton of the time of acetylcholine-skin contact
and the voltage applied between the clectrodes, therehy
giving a dose in arhitrary units.

Fi(5. 2 of the accompanying drawings presents a graph of
observed laser Doppler flow of blood, against dosage in
arbitrary wnits determined as above, For one representative
patient. The duration of the fontophoresis was arbitrarily
divided info various equal time intervals or epochs. The
mean How at cach epochr s plofted agains! time, with the
mean plotted #f the mid time point of cacl epoch. The carve
denoted by circles is that obtained from testing conducted
before the Birs! reatment, Le. on the patient’s Hirst visit. As
stiown, blood fow increases in a generally sigmoidal Tash-
won as the acetyl chioline dosage {fanction of contad! time
and applied iontophoretic voltage) increases. The curve
denoted by trangles is that obtained in 2 similar manner, on
the palient’s 11th visil, one day afler the conclusion of the
cotrse of fen freatments. The corve denoted by squares s
that obtained on the patient’s 121h visiy, twenty eight days
afler the 11th visit, Effectively, these are dose response
curves. A significant increase in blood flow in response 1o
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acelyi-choline, indicative of an ephasced endothelial
function, after the course of treatmeny, is evident from these
CHFVES,

The shapes of the respective curves indicate that increas-
tng doses of acelylcholine cavse increasing levels of blood
Row, up 10 a platess level in cach case. This is explained by
the Tact that the acelyicholine is stimulating the production
and secretion of the vasodilator pitric oxide {EDRT) by the
emclothelivm, and that the endothelivny is acling normally,

Al Tour of the patients (reated showed essentially simifar
results, those presented on FHG. 2 being representative, and
from a single patient. F1G. 3 of the accompanying drawings
shows similar curves 1o FIG. 2, but derived from the means
of {he measered blood Bows of all four of the patients. As in
the case of the FIG. 2 curves frons the ope patient, the corves
denoted by circles gre the mean blood flow valses, af
various, increasing doses of acetvicholine from the four
patients before the first (reatment. The carves denoted by
iriangles are mean valoes from one day alter the conclusion
of the course of treatments. The curves denoted Dy squares
are mean values from twenty eight days after the conclusion
of the course of reatments. The dosage response trend is
clearly apparent from the curves presented as FIG. 3.

EXAMPLE 4

The jontophoresis data obtained from all four patients as
deseribed above, was subjected fo statistical analysis, using
the data of each of the Tour patients oblained before any
frealment, and the data oblained From all four patients fwo
1o three to four weeks after completion of the cowrse of 10
ireatments {visit 12),

As noted above, in obtaining the curves shown on FIG. 2,
the mean How af each epocl is plotted agaiost fime, with the
mean plotted af the mid time poind of each epoch. Since the
graphs indicate that the flow increased in a sigmoid Tashion,
the slope of the increase was caloulaled, in cach case, nsing
the mean Jows From the epoch with a curve starting 10 rise,
1o the point where the curve slarled to become asymiplotic.
The regression analvses used o caleulate these slopes all
accounted for greater than 85% of the variation, and were
therefore considered a very good fit. There was also caleu-
fated a tofal area wnder the curve (AUC) from the poin
where the curve started fo rise, to epoch 10 The maximum
recorded mean flow and the area under the curve during
epoch 11 were also analyzed.

Table 1 summarizes these resulis. It indicales that the
inerease in flow in response 10 acetylcholine was higher post
ireatment, since the maximum flow, the AUC during the
increase and the AUC in epoch 11 were higher post
frealment, o & statistically significant extent, even on the
hasis of four patienss (the P value being 0012, 9020 and
0040 respectively). The slope was also greater, but not
significantly so.

TABILE 1

SUMMARY OF ANATYSES OF IONTOPHORESES BIATA

Wisit 12 Aller

Baseline Before Course of 95
Freatment Treatment Wisit 12 Minus  Confidence P Value fom
Drog Varihle Mean iz Mesa 56 Baseline Interval T-Test
Acely]l Choline  Blope of norease 17560 451 Blial 1226 —1.34, 2408 n.0s¥
Avely] Choline  Maximsm Flow 367 ATTI 08 $).93 96, 9585 0052
Acety] Choline AL during iacrease { 242581 I08TOS 1524V 2613 Tagg, 44127 .02
Acety] Choliae AL i epoch 1] 64130 131870 B3VaS 66223 14624 26, 37143 0,04}
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EXAMPLE 5

Nineteen normal, healthy volunteers, 15 males, 4 fernales,
aged between 20 and 30 years, were enrolfed in the siudy.
They were blindly assigned to two groups, 14 (30 males, 4
Temales) being given the freatment, the remaining 5 males
constituiing the control group. The volmnteers were required
to refraim from smoking during the study and to avoid talang
drugs hkely 1o affect platelet function, as recommended by
the British Sociely of lHacmatology (1988). Individuals were
bled by venepunciure, and re-injected with 10 mL. of their
own bifood on five occasions over a period of fwo weeks,
Thus the injections were admimsfered o 2-3 day infervals
according o the folfowing protocol:

Dy Bieed vol {ml) Reeinjest vol (mi}
Mon Hi 143
Wl it 14
Fri it 1%
Mon il 143
Wl 143 14
Wedi+2 b} 30 -
Fri 143 —

Individuals in the treatment group received five intramus-
cular (gluteal} injections of 10 mi. autelogous blood which
had been treated as described in Example 1 shove. Indi-
viduals assigned 1o the control group were re-injecied with
190 ml. of their own wnireated blood and the study was
performed blind, in that neither the subjects, the supervising
chinician nor the laboratory stalf performing the analyses
were aware of the group o which an individual was
assigned,

Prostacyelin levels in peripberal blood were estimated
from the plasma concentration of its stable metabolite,
Gketo-prostaglandin-Flo (Wa etal, “Journal of Chnical
Investigation”™ 75; 168-174, 1985), using a commercially
available radioimmunocassay from Amersham Infernational,
UK. The leskoeyie surface markers CD25 {the a-subunit of
the -2 receptor), the MLIIC Class 2 anfigen TTLA-DR and
the monocyte-specific Ber-Mac 3 were assessed in mono-
nuclear cells {monoctyes, Theells and B-cells), isolated by
densily gradien! centrifugation, wsing immunocytochemical
staining with commercially available mopocional antibod-
ies. Quantitation of CD23, HLA-DR and Ber-Mac 3 positive
cells was performed microscopically, with manual counting,
and oumbers were expressed as @ percentage of the leuko-
cyle common antigen positive (CD45+) cells.
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Statistical Analysis: Sigoificance was determined using

Student’s (-test for paired data 1o compare the post-freatment
times with pre-ireatment values. Results from contro] and
treated groups of individuals were also compared.

Prostacyclin—Measured as 6-keto-prostaglandin
¥l

The results from the treated group and control groups are
shown in Fables 2 and 3. Table 4 shows 2 summary of the
statistical anabysis of these data. Ope subject (number 3) was
excladed from the date due to cigarelte smoking.

Within the fresled group, the posi-reatment 6-keto-
PGEFle concentrations were significantly {p<0.03) higher on
two of the five post-lrealmen! measurement occasions,
post-1 and post-4, when compared with the pre-realment
basetine vatves. No sech sigoifican! differences were
observed in the placebo-treated control group.

)
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TABLE 2

The concentrstions of 6-keto-prostaghandia Fle fpe/mb}in
peripheral blood Fom lkated volunieers belore aad after

\realment,
Pre-
Freated Trestment
Sobject No,  (Baseline}  Post-1 0 Post-2 0 Post-3 0 Post-4 Post-3
1 R a4 ReE 1A e
z 18,3 124 12 244 P
4 168 344 REEA 2943 iRt
3 172 444 mE 374
4 558 Age 4.7 8.8
7 234 347 ) a4
& KA i g
2 44.1 e 218
10 14.1 Al 153
11 0.3 1.4 1512
12 430 2.7 iz
13 22 3348 ing 235
14 14.8 i i aet
Mean = pr e 3654 38 A6 50 3752
TABLE 3
The coaceatration of G-keto-prostagiandia Fio
foeimL} in pedpherat bood from placeho-treated {coatrol}
volunleers before and aller & course of injections of
uateented hiood,
Pre-
Controd Trestment
Subject Noo (Baseiine}  Post-1 Posl2 Posle3 Posld PosteS
3 34.0 Rt 2543 31.0 12.0 FERL
2 A0 3648 124 385 A5 A5
3 525 LS TH3 380 49.0 374
4 2.0 8.5 AT 380 44.0 208
A 255 R 3.2 3.0 350 234
Mean = 34640 A4 .40 32.30 354 O
TABLE 4
Statistical saalvsis of the date of Tahies 2 and 3,
Trestment Base-
Thse it 1 P 3 % 5
Coalrel e 3193 08742 0803 0.94F 401428
Baseline
v Controd
Significance s 08 05 5 i3
Treated Basline — 03 O8asR 00872 00444 0eSY
v Freaded
Significance <105 08 05 =541 NS
Treated vs 03283 GUATER O NBAAS 08107 0389 1208
Conlrel
Srpnificance 135 1% A% LE3 135 1%

Expression of D25 on Peripheral Blood
Mononuclear Cells

The proportion of cells expressing C1325, measured as a
percentage of all CD45+ mononuclear cells, is shown in
Tables 3 and 6 below. Table 7 shows the statistical analvsis
of these date. The resulis show thal, on each of the five
occasions invesiigated during and afler & course of
freatment, a sigoificantly higher proportion of peripheral
hleod mononuciear cells expressed CD25 compared {o the
pre-freatment values. There was no such increased level of
expression of {his marker in the placebo freated control
group. In addition, of post-freatment times 2 and 3 the (reated
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group showed a sigmificently higher expression of this
marker than the control group,

TABLE 3

The proporiion of cells eapressing CD2S, as
percerdage of CEM3+ cells, i periphera] blood Do treated
wolunteees hefore and after o conese of treatirant

5

14
frealment values were sigoificantly higher then the pre-
freatment baseline, As for CD23, no significant changes
were observed in the control group. Comparison of the
greated with the placeho group showed thal, at post-
frealment times 2, 3, 4, and 5, the treated group showed
signticantly greater 1-DR expression than the control group.

TABLE 8

The proportion of cells expressing HMA-DR, meassured
a8 a percertage of all CDA5+ mononoclear cells, is shown in
Tables 8 & 9 amcd Table 10 shows a summary of the statistical
analysis of these data, As observed with CD25, the expres-
sion of HLA-DR was significanlly enhanced on each of the
five oceasions investigated during and afler & course of
VasoCare™ therapy. Willin the {resled group, all post-
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Pre- The proporlion of cells expressing HLADR (as &
{nalral Freatment percentage of D45+ cells) in periphersi bliood from
Subrect Moo {Baseline}  Post-i Post-2 0 Post-3 0 Postd Post-3 placeho-treated (eoatrol} voluatzers hefore and after 4
2 conrse of injections of saliested blood
1 47 43 pa B 46 35 o
2 a4 £ 32 21 18 3 Pre-
3 5 39 35 H 2 34 Caomdrol Trealmend
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Statisticat analvsis of the data i Tables 3 & 4, 25
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Fime line 1 2 k! 4 A TABLE 10
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Expression of Ber-Mac 3 Periphera] Blood
Mononuclear Cells

The proportion of cells expressing Ber-Mac 3, 2
monocyie-specific surface marker, measured a8 4 porceniage
of all CT35 positive mononuclear cells is shown in Tables
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13 & 14 and Table 15 shows a summary of the slatistical
analysis of these data, As observed with the otber levcocyle
swrface markers, the expression of Ber-Mac 3 was signifi-
cantly enhanced during the course of therapy. Within the
treated group, post-therapy vahies were significantly higher
than the pre-ireaiment basehne al tmes 1 & 2. As in the case
of the other two markers investigated, no sigpmfican! changes
were observed i the control group. Comparisons of the
treated with the placebo group showed only a single sig-
nificant difference of Ber-Mac 3 expression, at fime 2.

TABLE 11

Fhe proporlion of cells expressing BerMac 3 {ns
a percentage of U5+ cells} in pedphernst biood {rom
srented voluntesrs belore and alter o course ol lnempy,
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Wha is claimed is
L. A process Tor stimulating leukocytes in 2 mammakian
paticnt comprising:

(2} extracting an aliquot of blood from the patient;

(b} subjecting the extracted aliguol of blood simulia-
neously to an elevated temperatire stressor from 37° C
to 55° C., uhtraviolet radiation stressor at 4 C-band
wavelength, and an oxidative environmen! siressor
comprisiog ozone thereby stimulating leskocvies in the
aliguot of blood; and

(¢} reinjecting the Mood aliguot into the patient.

2. The process according 1o claim 1, wherein the oxidative
enviropment stressor i a gaseous oxidizing agent compris-
tog & mixture of medical grade oxygen and ozone.

3. The process according 1o clatm 2, wherein the gaseouns
oxidizing mixture comprises medical grade oxygen and 1.0
=100 g ozone per mi of the gascous oxidizing mixture,
apphied 10 the aliquot at a rate of Trom (.01-2.0 Hers/minule.

4. The process according fo claim 2, wherein the gascous
oxidizing mixture comprises medical grade oxygen and
from 550 ug owone per ml. of the gascous oxidizing

Hters/minute.

8. The process according fo claim 2, wherein the gaseous
oxidizing mixivre comprises medical grade oxygen and 12.5
s ozone per mi of the gaseous oxidizing mixture, applied
10 the aliguot at 2 rate of (.06 liters/minute,

6. The process according 1o claim T wherein the uliravio-
let racdiation siressor comprises outpul from a UV lamp
emiting al a C-band wavelength.

7. The process according 1o claim 1 wherein the aliguo! is
human hlood, and has 2 volume of from G.1-100 mls.

8. The process according to claim 1, wherein the aliquol
has been subjedled 10 said siressors for a period of time of
from (G.5-60 minuies.

9. The process according to claim 1, wherein the ulira-
vielet raciation stressor comprises ouipyd Trom 2 UV Jamp
emitting at 2 wavelength of 253.7 nm.

1. The process according 1o claim ¥, wherein the aliquo!
is human blood, and has a volome of 5-15 mis.

11 The process according fo claim 1, wherein the aliquot
is human blood, and has a velume of 10 mls.

12. Fhe process according 1o ¢laim |, wherein the aliquol
has been subjected 1o said siressors Tor a period of time of
from 2-5 minutes.

13 The process according 10 claim |, wherein the aliquot
has heen subjccted o said stressors Tor a perod of time of
3 minales.
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TREATMENT OF ENDOTHELIN-RELATED
DISORDERS

CROSS-REFERENCE TO RELATED CASES

FOOELT  This application claims the benelit of U.S. Patent
Application No. 60/460,456 filed Apr. 3, 2002, the disclo-
sure of which is incorporated herein by reference.

FIELD OF TiE INVENTION

FOOG2]  This mvention relales to endothelin, and methods
Tor the treatment or prophylaxis of mammalian disorders
assoctated with excessive levels of endothelin.

REFERENCES

FOO03] 1. Babaei, Saeid, et ol “Elfects of VasoCare
therapy on (he inlliation and progression of atherosclerosis.”
Atherosclerosis, 162 {2002} 45-533,

FO004]  The publication is hereby incomporated by refer-
ence in #s entirety.

BACKGROUND OF THE INVENTION

FOOGST  Endothelins are a Tamily of 21 amino acid peptides
procuced by endothelial cells. There are three known iso-
forms of endothelin, namely endotbielin-1 {E1-1}, endotie-
lin-2 {ET-2} and endothelin-3 {ET-3), O the three known
isoforms, ET-1 is the major isoform produced by the vas-
cular endothelum and is an extremely polen! vasoconstric-
tor, with veins being 3 lo 10 times more sensitive 1o the
effects of ET-1 than arleries.

FOOBGT  The vasoconsiricting effect of endothelin 18 caused
by the binding of endotbelin 0 it receptor on the vascular
smooth muscle cells. Thus far, two endothelin receptors
have heen characterized in mammalian species, known as
vascalar smooth muscle, 18 relatively selective For ET-1 and
mediates vasoconsiriction, The ETR receplor, primarily
located in the endothelinm, mediates vasodilatation through
the production of endothelivm-dependent vasodilators, such
as milric oxide and prostacychin,

FOOGT] A pathophysiological role Tor the endothelins has
been postulated in a large namber of human disease stales,

FODOS]  One example of such a disease siate is primary
pulmonary hyperlension {PPH), a rare condition of unknown
efiology which alfects mainly young people. PPH causes
progressive shortening of breath and most of those affected
are dead within 4 years of diagnosis. Patients with PPH have
increased circulating endothelin levels which may be cavsed
by increased pulmonary endothelin synthesis, aod there is
evidence 10 sogpest the! increased endothelin production
may be dircetly involved in the pathogenesis of PP {Ferro
and Webb, “The Clinical Potential of Endothelin Receplor
Amntagomists in Cardiovascotar Medicine”, Drags 1996 Janu-
ary; SH(Ey: 12-27).

FOO09]  Another example of such a disease slate 15 plau-
coma, whicl! 18 a group of vascolar disorders charsciernized
by degeneration of the optic nerve which carries images
Trom the retina o the brain. The discase is associated with
high intraccular pressure and impaired ocular blood flow,
There are reporis in the Hierature that E'T-1 plasma levels are
elevated in some forms of glavcoma (Cellind ¢ al, “Color
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Boppler imaging aod plasore levels of codothelin-l in
fow-tension glhivcoma™ Acta Ophthalmol Scand Suppl
997, (224 11-3%. Furthermore, endothelin appears to be
mvolved in the regulation of infraccular pressure and the
moduiation of ocular blood fow (Haelliger ef al, “Potential
rode of nitric oxide and endothelin in the pathogenesis of
glavcoma”, 1 Surv Ophthalmol 1999 Jupe; 43 Sepl 1
851-8; and Sugiyama et al, “Association of endothelin-1
witll normal tension glascoma: clinical and Tondamental
studies” 6 Surv Ophthalmol 1995 May; 39 Suppl 10 849~
56), suggesting that endothelin may be involved in the
pathogenesis of al least some Torms of the discase.

9616 Endothelin also plavs 2 polential role in the pro-
gression of atherosclerosis (Rubanyi and Polokoff, “Endot-
beling: Molecular Biclogy, Biochemistry, Pharmacology,
Physiology  and  Pathophysiology”™,  Pharmacological
Reviews Vol. 46, No. 3, 1994, pp. 325-415) incorporated
herein by reference. This is supporled by a mumber of
factors, inchuling the Iollowing: plasma ET1 levels are
clevated in patients with atherosclerosis and in animal
models of bypercholesterolenna; expression of the ET-1
gene is induced, synthesis and release of ET-1 peptide is
mncreased, and binding of exogenous ET-1 is enhanced in the
atheromatous vascular lesiom; ET-1 production by the endot-
helivm and macrophages 18 stirmutated by oxidized LOL and
several oylokines involved in the vascolar inpury process;
and BT 1 -induced vasoconsiriction is potentiated in athero-
sclerosis.

(06117 Endothelin 1 (ET-1) is also a Tactor in promotion of
angiogenesis, the development of blood vessels, a2 process
which, properly balanced, is importan! in the restoration amnd
maintenance of pood healtly in memmals. Excess angiogen-
esis, however, can cause serious health problems, eg. in
recovery from cardiac incidents and in restenosis, FRI is
known fo stimulate the seeretion of vascular endothelial
growth Tactor VEGF {see for example Spinella, ¥ et al, L
Biol, Chemn. 2002 Aug. 2; 277 (31) 27850-5), which pro-
mofes angiogenesis. Downeregitlation of EF1 is therefore
the hasis of potential treatments of conditions involving
EXCESS aNgIOgEnesis.

(96127  Although the symptoms of many endothelin-re-
lated disorders can be treated, there is a lack of available
freatments which address the underdying role of endothelin
in these disorders. Accordingly, the peed exists Jor an
elfective treatment of endothelin-related disorders,
SUMMARY OF THE INVENTION

[8013]  # has now been found that levels of endothelin can
be reduced 1o mammalian patients by adminisiration 1o such
patients of one or more aliquots of stressed mammalian
blood.

(86141  The aliguot of blood s stressed by being subjected
10 two or more stressors which have been found to modily
the blood. According 1o the inveniion, the blood aliquo! can
be modified by subjecting {he blood, or separated cellular or
non-cellular fractions of the blood, or midiures of the
separated cells and/or non-cellular fractions of the blood, o
stressors selected from femperature stressors, eleciromag-
netic emissions and oxidative environmen!s, of any combi-
nation of such stressors, simulancously or sequentially,

[8018]  Accordingly, i one aspect the presen! invendion
provides a method of allevialing the symptoms of an endot-
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hehin-related disorder i a mammalian patient suffering
therefrom, comprising: {2) treating an aliquol of the patient’s
blood ex vivo with at Jeast two stressors selected from the
group copsisting of @ temperature above or below body
temperalgre, an clectromagnetic emission and an oxidative
enviropmeny; and {b) administering the aliuol of hlood
treated in step {a) 10 the patient.

BRIEF BESCRIPFTION OF THE DRAWINGS

FODI6]  The FIGURE of accompanying drawings comprise
the Following:
17T FIG. 1 is 2 graphical preseptation of atheroscle-

rofic area relative to tofa] aortic luminal surface Tor LDL-R
deficient nrice treated according 1o Example 1.

DETALILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FOOI8]  According 1o a preferred process of the present
mvention, an aliquot of blood is extracted from a mamma-
Hian subject, preferably a haman, and the aliquot of blood is
treated ex vivo with cerlain siressors, described in more
detail below. The lerms “aliguot”, “aliguot of blood” or
similar terms wsed herein include whole blood, separated
cellular fractions of the blood including platelets, separated
non-cellutar fractions of the blood mchiding plasma, and
combinations thereof. The effed! of the stressors 1s 10 modify
the blood, andfor the celluler o non-cellular fractions
thereof, contained in the aliuot. The modified aliquol is
then re-mtroduced mto the subject’s body by any method
suitable for delivery, e.g., preferably selected From intra-
arferial injection, nframuscalar Injeclion, IMravenous injec-
tion, subogtaneous injection, mtraperitoneal njeciion, and

oral, nasal or rectal administration.
FOO19]  The stressors fo which the aliquot of blood is
subjected ex vive according o the method of the present
mvention are sclected Trom tfemperature stress {blood fem-
peratere above or below body fempersiure}, an oxidative
environmen! and an electromagnetic enrission, in any com-
bination, sirmsliancously or sequeniially.

FOO20]  Preferably also, the aliquol of blood is i addition
subjected 10 mechanical siress. Such mechanical stress is
suitably that applied to the aliguot of blood by extraction of
the blood aliguot through a conventional hlood extraction
needle, or a substaniially equivalent mechapical stress,
applied shortly before the other cliosen siressors are applied
to the blood aliquot. This mechanical stress may be supple-
menied by the mechanical siress exerted on the blood aliguot
by bubbling gases through it such a8 oZope/oxypen mix-
tures, as described below.,

FOO21]  Seitably, in human sebjects, the aliquot has a
volome sufficient thal, when re-introduced inio the subject’s
body, al least partizl alleviation of apn endotbelin-related
disorder is achieved in the subject, Preferably, the volume of
the aliquot is up 1o about 400 mi, preferably from about 0.1
to abow! 100 ml, more preferably from about 5 to about 15
ml, even more preferably from abou! 8 1o about 12 ml, and
most preferably about 10ml, When a cellular fraction is used
instead of whole blood, the aliquot should conlain the
mumher of blood cells which would ordinarily be contained
in whole blood of the aforementioned volumes, ¢.g. 107 o
107,
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[8022] 1t is preferred, according 1o the invenlion, 1o apply
all three of the alforementioned stressors simultancously to
the aliquos uoder freatment, in order t0 ensure the appropri-
ate modification 10 the blood. B may also be preferred in
some embodiments of the invention to apply any two of the
above stressors, for example 10 apply lemperature stress and
oxidative stress, temperatire stress and an electromagnetic
emission, or ap clectromagnelic emission and oxidative
stress. Clare nrast be taken o wilize an appropriate level of
the stressors 10 thereby effectively modify the blood 1o
alleviate the endothelin-related disorder in the subject.

{8023] 'Tle femperature slressor warms the aliquot being
frealed 10 @ lemperature sbove normal body temperature or
cools the aliguol below normal hody temperature, The
femperature 1s selected 50 that the temperatire stressor does
not capse excessive hemolysis in the blood contained 1o the
aliguot and so that, when the (realed aliguo! 1s imecled o
a subject, alleviation of the disorder will be achieved.
Preferably, the lomperature stressor is applied so that the
semperature of all or a part of the aliguot is up 1o about 35°
C., and more preferably in the range of from abow -5° C
10 abont 55° C.

{80241 In some preferred embodiments of the invention,
the femperalure of the aliguot 18 raised above normal body
semperaiure, such that the mean femperature of the aliguol
does not exceed a lemperature of about 35° €, more
preferably from about 40° C. to ahout 507 C, even more
preferably from about 40° C. 1o about 44° C., and mos!
preferably about 42.521° C.

[0028] In other preferred embodiments, the aliquot 18
cooled below normal body temperature such that the mean
semperature of the aliquot is within the range of from about
=3° C. o about 36.3° O, even more preferably Trom about
10° O to about 30° O, and even more preferably from about
15° € 1o about 25° C

[9026] The oxidative environmen! siressor can be the
applicalion to the afiguot of solid, quid or gaseous oxidiz-
ing agents. Chemical oxidants such as hydrogen peroide
can be wsed, Preferably, it involves exposing the aliquot o
a mixture of medical grade oxygen and ozone gas, most
preferably by bubbling through the aliquot, at the aforemen-
fioned temperature range, a stream of medical grade oxygen
fas aving ozone @8 @ minor compoenen! therein. The ozone
conten! of the gas stream and the flow rate of the gas stream
are preferably selected such that the amount of ozone
mtroduced 1o the blood aliguot, either on ils own or in
combination with other stressors, does no! give rise o
excessive levels of cell damage sucl that the therapy is
rendered ineHective. Suitably, the gas stream has an ozone
content of up to about 300 ggfmi, preferably up to about 100
sgiml, more preferably about 30 yg/ml, even more prefer-
ably up to abowt 20 pr/ml, particularly preferably from about
10 ggiml 1o about 20 upiml, and most preferably about
14.521.0 ngiml. The gas stream s suitably supplied fo the
aliqueot at a rate of up o about 2.0 Hires/min, preferably up
fo about 0.5 hitres/min, more preferably vp 1o sbowt G4
titres/min, even more preferably up o abow! 0.33 liires/min,
amd most preferably about (.24x0.024 litres/min, The lower
Hmit of the flow rate of the gas stream is preferably not lower
than 0.0 litresimin, more preferably not lower than (.1
itres/min, and even more preferably not lower than G2
litres/min.
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FHI2ZY]  The electromugnetic emission stressor 18 suitably
applied by irradiating the aliquot under treatment from a
source of an electromagnetic emission while the aliquot is
maiiained #f the aforementioned temperatore and while the
OXYEE0Z0ne gaseous mixiure 18 being bubbled through the
aliuot. Preferred electromagnetic emissions are sefected
from photonic radiation, more preferably UV, visible and
infrared light, and even more preferably UV Hght. The most
preferred UV sources are UV lamps ematting primarily
UV-C band wavelengilis, 1.e. at wavelengths shorter than
ahout 280 nm. Such Tamps may also emit amounts of visible
and infrared Hght. Ultraviolet light corresponding to stan-
dard UV-A (wavelengths from about 315 o about 400 nm)
and UV-B {wavelengths from abou! 280 1o about 315)
sources can also be used. For example, an appropriafe
dosage of such UV light, applied simultaneously with the
aforementioned temperatnre and  oxidative environment
siressors, can be obtained from lamps with 2 combined
power culpat of from about 45-65 mWiem™. Up to eight
such famps surrounding the sampile bottle, with a combined
output at 2537 nm of 15-25 walls, operated at an intensity
to deliver a lotal UV light energy at the surface of the hlood
of fram abou! (L025 to about 19 joules/om®, preferably from
about 0.1 to abou! 3.0 joulesiom®. Preferably, four such
jamps are vsed,

FOO28]  The time for which the aliguot 18 subjedted o the
siressors is pormally within the time range of up to about 60
minuies. The time depends 1o some extent wpon the chosen
iensity of the electromagoetic emission, the temperalure,
the copcentration of the oxidizing apgent and the rate al which
it 18 supphied 10 the aliquol. Some experimentation o estab-
lish optimum times may be necessary on the part of the
operalor, once the other stressor levels have been set. Under
most siressor conditions, preferred limes will be in the
approximate range of from about 2 1o about 5 minutes, more
preferably about 3 minutes, The starting Mood femperature,
and the rale al which it can be warmed or cooled 0 a
predetermined temperatire, tends fo vary from subject o
subject. Warming is suilably by use of one or more infrared
lamps placed adjacent 10 the aliguot container, Gther meth-
ods of warming can also be adopted,

FOO29]  As noted above, it is preferred to subject the aliquot
of blood t0 2 mechanical stressor, as well as the chosen
siressor(s} discussed ahove. Extraction of the blood aliguot
from the patient through an injection peedle constitutes the
most convenien! way of obtaining the aliguot for further
exiracorporeal {realment, and this exiraction procedure
imparts a suitable mechapical siress 10 the blood aliquot. The
mechanical stressor may be supplemented by subsequent
processing, for example the additional mechanical shear
siress caused by bubbhing as the oxidative siressor 18 apphied,

P34 In the practice of the preferred process of the
present inveniion, the blood aliquot may be treated with the
siTessors using an apparaiss of the fype desoribed 10 U S,
Pat. No. 4,968,483 to Mucller, incorporated herein by ref-
crepce. The aliguot is placed in a suitable, sterde, UV
Lght-fransmissive  confainer, which is fitled into the
maachine, The UV lamps are switched on for a fixed period
before the gas How is applied to the aliguot providing the
oxidative stress, fo allow the output of the UV lamps lo
stabilize, The UV lamps are typically on while the fompera-
ture of the aliguod 1s adjusted to the predetermined value,
eg 42.521° ¢ Then the oxygen/orone gas mixiure, of
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known compostion and confrolied flow rate, i applied o
the aliquot, Tor the predetermined duration of up 1o about 60
minutes, preferably 2 to 3 mimutes and most preferably about
3 minuies as discussed above, so that the sliguot experiences
all three stressors simulianecusty. lo this way, blood is
appropriately modified according 1o the present invention 1o
achicve the desired offects.

[0031] A subjec! prefersbly undergoes a course of treat-
ments, cach individual treatment comprising removal of 2
Plood aliquot, treatment thereol as described above and
re-administration of the treated aliquot to the subject. A
course of such freatments may comprise daily administralion
of frealed blood abiguots for a number of consecutive days,
or may comprise & first course of daily treatments for 2
designated period of time, followed by an interval and then
one or more addilional courses of daily treatments.

90327 in one preferred embodiment, the subject is given
an fnitial course of treatments comprising the administralion
of 110 6, more preferably 4 10 6 aliguots of treated blood.
In another preferred embodiment, the subject 18 given an
initial course of therapy comprising administration of from
2 to 4 aliquots of freated blood, with the administration of
any pair of consecutive aliquots being cither on conscoutive
days, or being separated by a rest period of from 1 1o 21 days
on which no aliquols are adminisiered o the patient, the rest
period separaling one selected pair of conseoutive aliquots
heing From about 3 10 15 davs. In 2 more specific, preferred
embodiment, the dosage regimen of the initial course of
frealmenis comprises # tolal of three aliguots, with the firy
amt second aliquots being administered on consecntive days
and 2 rest period of 11 davs being provided between the
acministration of the second and third alguots, For oplimum
effectiveness of the treatmen!, # is preferred 1ha! no more
than one aliguot of modified blood be administered 10 the
subject per day, in one of more injection sites, and that the
maximum rest period between any two consecntive aliquots
during the course of treatment be no greater than about 21
days.

[O6B33] It may be preferred fo subsequently administer
additional courses of freatments foltowing the inlial course
of treatments. Preferably, subseguen! courses of {realments
are adonisiered following a rest period of several weeks or
months, preferably al least about three weeks, after the end
of the initial course of treatments. ln one particularly pre-
ferred embodiment, the subjedt receives a second course of
reatments comprising the administration of one aliquol of
treated blood every 30 days fellowing the end of the initial
course of treatments, for a perod of 6 months. It may also
be preferred in some circumstances o Jollow one or more of
the above-described courses of treatmen! by periodic
“hooster” frealments, if necessary, 10 maiain the desired
cifects of the present fovention. Por example, it may be
preferred to administer booster treatments at intervals of 310
4 months following the initial course of treatment.

[80341 11 will be appreciated that the spacing between
suceessive courses of freatments should be such that the
postive effects of the treatmen! of the invention are main-
{ained, and may be delermined on the basis of the observed
response of individual subjects.

[8038] 'The invention i Turther Hustraled and deseribed
witly reference to the following specific examples,
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EXAMPLE 1
P61 Maodel

[O937]  The purpose of the experiment is 1o delermine the
elfects of treatment according the present invention on
endothelin fevels in the LDL receptor {1.01-R) deficient
mowse model, @ widely used trapsgenic atherosclerosis
model created by targeted disraption of the LDL. receptor,

FOO38]  The LDIL-R deficient mouse model shows intoler-
ance to cholesterol Teeding and develops widespread ath-
erosclerotic changes which progress o matare fibrous
lesions morphologically indistinguishable from established
human  atherosclerosis. Apart from the delined genetic
abnormality cagsing predisposition to atherosclerosis, this
model has the advantage of rapid development of wide-
spread atherosclerosis within 6 to § weeks following insti-
tation of cholesterol feeding.

FO39]  Protocol:

FO040] 1DL-R deficient mice in the CS7BL/61 back-
ground were purchased from Jackson Laboratories. A total
of 42 mice were entered into the study at 22 weeks of age,
The length of the study was 8 weeks. The mice were
maiained on 2 12 houwr dark/12 bowr Hght cycle with
worestricted access o food and water,

FOO41] The animals were randomiy assigoed to three
experimental groups as follows: (13 control (12 animals,
normal diety, (T1) high cholesterol diet with injections of
saline (15 animals);, and {1H) high cholesterol diet with
administration of stressed blood according to the invention
(15 apimals}.

(00421  No dilferences in food intake, drinking patierns, or
body weight were noted between animals Irom each group.
The tigh cholesterol diet contained 1.25% chiotesterol, 7.5%
(wtiwt) cocoa butter, 7.5% casein, and G.5% {wi/wi} sodipn
cholate.

FO431  To ensure proper Food intake, food consumption
and animal weight were monitored on a2 weekly basis. In
previous experiments, it was demonstrated that 8 weeks of
Teeding with the high cholesterol dict resulis in substantial
atherosclerosis development, particolarly in the aortic arch
and the descending thoracic aorts,

[0044]

FO043]  The 15 apimals of Group L underwent 2 course of
treatment by a preferred method of the invention. The
treatments began four weeks alter initiation of the study,
with cach of the antmals of Grogp i receiving a total of
three treatments on days 29, 30 and 42 of the high choles-
terol feeding.

FO046]  The blood to be siressed was taben [rom syngeneic
apimals by cardizc puncture, pooled and anti-coagulated
with sodium citrate (19 ml of bloed and 2 ml of 3.13%
sodivm cirate solution). The blood aliguot (12 mb was
transierred to @ sterile, disposable, low-density polyetbyiene
vessel Tor ex vivo treatment, and was then treated simulfa-
neously with a gascous oxygen/ozone mixture and ultravio-
et light at elevated temperature using ap apparatus as
generally described in aforementioped U8, Pat. No. 4,968,
483 1o Mueller et al.

Treatment:
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[8047] 'Fle constitution of the gas mixiare was 14.5£1.0
Lig ozone/ml, with the remainder of the mixture comprising
medical grade oxygen. The gas mixture was hubbled
through the aliguot at a rate of 240+24 mi/min for a period
of 3 minuies. The temperature of the aliguot was beld steady
at 42.521.0° C. The UV light was within the UV-C band, amxi
mnchided a wavelength of 253.7 nm.

[B048]  'Fle treatment protocat consisted of administration,
by intragrescular injection, of 3G g4 of the treated syngeneic
blood into eact animal of Group L

{8049]  In the amimals of Group i1, 30 g of saline blood
was injected mtrarmuscolarty on days 29, 30 and 42 of bigh
cholesterol feeding.

[8056]  Assessment of Atherosclerosis:

[80317  After 8 weeks, the animals were anesthetized with
rylaxine/ketamine and the heart was exposed, After nicking
the vena cava o obfain blood samples, the amimals were
perfused via ventricular puncture, fiest with PBS to flush out
the blood and then with 109% neutral bulfered Formatin for 3
minutes 0 fix the aora. The thoracic aorla was dissected
away from the thorax en bloc and stored in 10% Tormalin af
4EC, Pressure-fixed {10% Tormalin} aortae were removed on
bioe andd opened to allow & loogitudinal full length foversion,
The aortae were then mounted mternally exposed on glass
slides and stained with o red O, The bright red staining
{indicating lipid deposition) was then quantificd using a
compuier assisted morphometac system, and expressed as 2
percentage of total aortic intimal surface.

(80327 Immunchisochemistry Studies

[8083] 'Tlhe aortae of 4 animals from each experimental
group were divided info three regions: aortic arcly, thoracic
aorta and abdominal aonta. Parallin scctions {5 pan thickness)
were cut from each region and endogenous peroxidase
activity was quenched by 3% 4,0, in methanol for 20
mingies; nonspecitic antibody binding was blocked with
108 goat serum in PAS Tor 30 minetes. Adjscent sections
from each group of animals were immunostained using the
following antibodies: {a) polvelonal rabbit ETN antibody
{Peninsula Lab, Belmoot, Calif} ot 1:200 diletion overnight
at 4% O, and secondary reaction with goat anti-rabbil bioti-
aylated antibody {1250 dilation, Vector Laboratories, Bur-
Hngame, Calil) for 45 min at room temperatire; (b} poly-
clonpal rat antibody to the mouse monocyie/macrophage
marker MOMA-Z {Serotec Ltd., Oxford, United Kingelom}
at 11100 ditution overnight at 4° C., and secondary reaction
with hiotinylated rabbit anti-rat 1gG (1:259 dilution, Vector
Laboratories) Tor 45 mimtes at room temperatare; (€} mono-
clopal antibody to smooth orescle a-actin {Boehringer Man-
heim, Laval, Quebecy at 1100 didution For 60 minstes at
room femperature and secondary reaction with biotinylated
anti-mouse 1gG (1150 dilation, Vector Laboratoriesy for 30
migufes ai room temperature, Following incubation with the
secondery antibodies, the sections were treated with strepta-
vidin-biotin-peroxidase complexes {Vectastsin ABC ki,
Vector Laboratories) Tor 30 minutes at room temperature.
Diaminobenzadine was vsed as the peroxidase substrate and
hematoxylin as the nuclear counterstain. Negative control
slides were prepared by substituling preimmuoe rabbil
sergm For the primary antibody,
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FIS4]
FOOSS]  Swatistical differences between groups were evalu-
ated using the one-way ANOVA with post hoc student t-test
where appropriate. Data are presented as mean 5D,

[90356]

FOOST]  Only minimal lipid deposition was found in the
animals of Group | receiving normal mouse chow, while the
animals of Group H which received the high chofesterof diet
and the sham treatments exbibied sebstantial sorlic lpid
deposition, with lavolvement of more than 309% of the aorta,
i contrast, the aortic lesions were significantly less o the
treated animals of Group TH {p<0L.03), demonstrating that the
treatment of the invention significantly reduced the extent of
aortic atherosclerosis. FIG. 1 shows mean valves for ath-
crosclerotic area {n=8, group T, n=12, group 11 and n=f1,
group HIY. Asterisks indicate statistical difference versus
group § using the one-way ANGVA test in conjunction with
the Bonferroni correction (Fp<0.05; **p<).001). The cross
sign indicated a statistical difference versus group H using
the one-way ANOVA test {p<0.01).

FODS8]  Tn addition, the animals which were treated accord-
ing to the preferred method of the present invention were
observed to have better general appearance, reduced skin
xanthomatosis (evelids, nose and paws), reduced limb swell-
i, amd better appetite than the sntreated animals which
received the high cholesterol diet,

FOD39]  Tmmunosteining with monoclonal antibody  to
smooth muscle a-actin revealed a similar pattern staining in
both gormal chow and high cholesterol fed animals, largely
restricted o the miedial laver of the vessels with only partial
staining in the atberosclerotic lesion. In confrast, imoun-
ostaining with MOMA-2 showed a very dense acoumulation
of macrophages in the lesions of Group 1T animals, which
was reduced with the freatment of the invention. Imoran-

Statistical Analysis

Resulis:

expression of BTl was limited to endothelial cells and

predominantly in the neointimal macrophage rich lesion of

the atherosclerotic plague of the high cholestero] Ted ani-
mals. A negative control slide was prepared by substituting
preimmune rabbit serum for the primary antibody. However,
11 staining was markedly reduced in the animals treated
according to the invention.

FO060T  The animals treated according to the method of the
invention showed reduced atherosclerotic plaque formation,
as well as reductions in oarcs of macrophage and ET-]
staining. These resulls are copsisten! with a reduction in
ET1 production by the macrophages in the atherosclerotic
plague brounght about by the method of the invention, which
ey be copsister! with a decrease in chronie imflammation
contributing o a reduction in progression of atherosclerosis
in treated mice. Based on these resulis, 11 is expected that the
method of the mvention would be effective in the reatment
of endothelin-related discases, including those specifically
mentioned above. Administration {o patients susceptible fo
complication resulting from  excess  angiogenesis, o
patients recovering from cardiac events and Hable o rest-
¢nosis, is particularly indicated,
What is claimed is:

1. A method of aleviating the svmptoms of, or prophy-
laxis of, an endothelin-related disease, which comprises:

a) extracting an aliquot of blood from the patient, sub-

Jecting the aliguot extracorporeally {0 af least two
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stressors selected from the growp consisting of & tem-
perature above or below body temperature, an eleetro-
magnetic emission and an oxidative eavironment, and

b} achministering the aliquot of blood treated in step (a) to
the patient, whereln the aliguot has 2 volume sulficient
to alleviate sawd endothelin-related disorder.

2. The method of claim 1 wherein all of the stressors are

simudtanconsly adminisiered to the aliguot.

3. The method of claim 2, wherein the oxidative environ-
ment comprises applying an oxidizing agent to the aliquot.

4. The method of claim 3, wherein the oxidizing agemt
contains ozone gas, and the ozope gas s infroduced info the
blood aligeot in an amount which does not give rise o
excessive levels of cell damage,

3, The method of claim 3, wherein the oxidizing agent
comprises a mixture of ozone gas and medical grade oxvgen,
the orone gas being confained in the mixtore in & concen-
tration of up fo about 300 ug/ml.

6. The method of clym 5, wherein the ozone gas in the
mixture is in 2 concentration of up to about 30 pug/ml.

8. The method of chaim 5, whergin the mixture is applied
to the aliquor at 2 How rate of up to about (133 litres/min,

9. The method of claim 8, wherein the mixture is applied
to the aliqoot at a How rate of from about .21 lres/min ©
about 0.27 litres/min.

). The method of clam 2, wherein the eleciromagnetic
emission comprises ultraviole! light baving one or more
UVLC hand wavelengths.

1. The method of claim 2, whergin the temperatire
stressor 18 applied so that the temperature of at least part of
the aliguot 13 In the range of from about ~5° CL to about 55°
C.

12 The method of claim 2, wherein the mean temperatire
of the hlood in the aliquot is in the range of from about 0°
C. 1o about 36.5° €

13. The methiod of claim 2, wherein the temperature is in
the range of from about 37° € to about 55° C.

4. The method of claim 13, wherein the temperature i
42.521° C.

15. The method of claim 2, wherein the volume of the
aliguot 15 up fo about 400 ml

6. The method of claim 15, wherein the volume of the
afiguot 18 about 10 ml

17. The method of claim 2, wherein the aliguot s sub-
jected 1o the stressors For a period of ip to about 60 minutes.

18, The method of claim 17, wherein the aliguot is
subjected fo the stressors Tor a period of about 3 minutes.

19, The method of claim 2, wherein the blood is acdmin-
wtered o the mammal by a method suitable for delivery
selected from the group consisting of intra-arlerial injection,
intramuscular injection, Intravenous injection, suhcpiancous
injection, intraperitoneal injection, and oral, nasal or rectal
admimstration.

24, The method of claim 2, wherein the emlothelin-related
disorder is primary pulmonary hypertension.

21, The method of claim 2, wherein the endothelin-related
disorder is glancoma,

22 The method of claim 2, wherein the endothelin-related
disorder 18 eXCCSSIVE aRIOELNCSIS,
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BLOOD BRAIN BARRIER MODULATION USING
STRESSED AUTOLOGOUS BLOOD CELLS

FODGL]  This invention relates fo medical treatments and
pharmacentical compositions and uses. More particnlarly,
the invention s concerned with nenro-degenerative disor-
ders, their management and {realment,

BACKGROUNID OF TIiE INVENTION

FO02]  Newro-degencrative disorders soch as Alzheimer’s
Disease, Parkinson's Isease and sentle dementia, have
recently come to be understood 1o be associated with inflam-
matory reactions in the brain, leading to pewronal damage,
This suggests that inflammation-causing sabstances may be
breactiing the blood brain barrier, which in lurn suggests that
a patient suffering From a nevro-degenerative disorder may
have a compromised blood-brain barrier,

FODG3]  The se-called “blood-brain barrier” consists essen-
tially of the walls of the blood vessels of the brain. The brain
% supphied with blood vessels {arteries, veins, capillaries,
ele.y, through which blood circalates o fulfitl its fransport-
ing funclions o e brain. The blood vessels have walls
through which oxygen and other small molecules can
migrale, into the brain cells and tissues. The hlood vessed
walls bave varions components including the endothelivm
and the smooth nioscle,

FOO04]  The endothelun 18 & cetlular structure which lines
the blood vessels iocluding blood vessels of the bran, and
commugnicales with the smooth muscle Javer of the blood
vessel walls, Originally thought o function primarily o
protect the blood vessels, the endothelivm has more recently
been recogmized lo play a more complex ke, eg. in
expressing and secreting vasoditatory and vasoconstrictive
components to regulate contraction and relaxation of the
blood vessel and therehy play arole in regulating blood flow,

[OOGS]  Until recently, the central nervous system {CNS)
has been copsidered o be an immunologically privileged
sife 10 protect i Trom damage onginaling, for example, from
inflammation arising in the periphery, wilh the blood-brain
barder restrcting the entry of cireulating lymphocyles.
During infammatory conditions in the ONS, immune cells
nmmigrale mto the UNS and can be detected in the ONS
parenchyma and the cercbrospinal Bmd. The mechanisos
that regulate inflammatory cell recruiiment across the blood
brain barrer during CNS inflammation have not been char-
acterized, However, endothelial dysfunction and activation
ey constituie a critical part of a cascade of events leading
to mmcreases i blood-brain bartier permeability 10 non-
netral profeins, leading o inflammation and brain fissue
damage. Released inflammatory cells may vield deleterdous
compounds or cytokines that exacerbate the inHammatory
damage to melabolically compromised newsrons. These
inflammatory mechamsms may operale in the patbopliysi-
ofogy of newro-degeneralive diseases in which endothelial
Tactors, inflammation and brain lissue damage are impli-
caled,

FG6]  The loss of well-regulated endothelial cell fune-
tioning is followed by adverse changes in a variety of
physiclogical systems, such 88 the expression of adbesion
modecules, maeienance of adequate blood vessel tone and
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overall homeostasis, In addition, endothelial dysfunction
amd endothelial mediated vascular inflammation may lead to
breach of the blood-brain harrier, and this in fum may
produce biochiemical derangements thal are conducive o
production of f-amyloid,

[8087] B-amvioid bas recently come 10 be understood to
be one of the cavses of wflammatory reactions 1o the brain
leading 10 nevronal damage. Us presence in the brain is
thought fo indicale a compromised blood-brain barder
cither a precursor of the profein, the protein itself or cells
which secrete B are crossing (he blood-brain barrier in
patients witl nevronal damage, bu! ool in otherwise bealthy
patients, Gradual accumulation of B-amyloid and perbaps
other brain damaging substances from the hlood mayoccurin
patients with & compromised blood brain barrier, feading to
inflammation, nevronal damage, and a gradeal progression

i the severity of the damage.

SUMMARY OF THE INVENTION
[8008] 'Fhe present invemtion I8 based on the discovery
that a deficient or malfunctioning endothelnm in a patient
has a significant, adverse elfect on the infegrity or perme-
abilily (transpor! properties) of the blood brain barrier
Various substances, nafuralty present in the blood or infro-
duced into the blood, will cross the blood brain barrier of a
patient with a deficient or malfunctioning endothelinm,
whereas they do not cross the blood brain harrier, af Jeast to
any sigmficant extent, when e endothelivm s pormal.
Suchr substapces may include newronal inflamimation-caus-
ing proleins carried by the blood, such as B-amyloid or its
precursors. Over a period of time, the brain may accumulate
guantitics of blood borpe materials such as pro-inflamma-
fory profeins, or their metabolic products, i there 5 2
defective endothelium al the patient’s blood brain barrier.
Such a gradual accumulation may enderlic the gradual
on-set of a newrological disorder and its gradual progression.
It is generalty accepted that endothelial dysfunclion s rare
in young patients, and that s prevalence increases with
aping.
(80091 Accordingly, the present invention is a method of
alleviation, prophylaxis against or preconditioning fo hinder
the on-set and progression of 2 nevro-degenerative disorder,
such as Alzheimer's Discase, Parkinson's Discase, or senile
dementia, which comprises freating a palien! suffering from
or at risk 1o confract such a disorder and baving impaired
endothelal fonction at the blood vessels, to improve the
performance of endothelial function at the blood brain
barrier towards restoration of normal endothelial function,
by the administralion to the palent of astologous blood cells
which have been appropriafely siressed in vitro, Tiis rep-
resents 2 novel and innovative approach 1o the mapagement
and treatment of neuro-degenerative disorders,

[616]  Fhe present invention also inchudes a process in
which patients are diagnosed for defective endothetial fooe-
fion. Based upon the resulBls of such diagoosis, a population
srowp 15 selocled for endotbeliat dysfunction contributing t©
a patient’s newrodegeneralive disorder or rendering the
patient susceptible thereto. The so-sclected sub-group is
then treated aforesaid.

BRIEF REFERENCE 1O T DRAWINGS
6117 FIG. 1 and FHG, 2 of the accompanying drawings
are graphical presentalions of the resolts oblained according
{0 Exampie 1 betow, and
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FOOI2] FIG. 3 is @ graphical presenfation of resulls
obtained according fo Example 2 below,

FO013] FIGS. 4 and 8 are graphical presentations of the
resulis of Exemple 3 below.

BESCRIFTION OF THE PREFERRED
EMBODIMENTS
F9R4]  In accordance with preferred embodiments of the
mvention, a patient is treated to alter a defective endothe-
L fowards normalization of iis Function by adoiinisiration
o the patien! of agtologous blood cells which have been
extracorporeally  stressed by subjection t0 appropriale
amounts of oxidative stress, preferably simultancously with
exposgre 10 sliraviode! radiation and preferably also at an
elevaled lemperature. This process as applied o the allevia-
tion of the symploms of various auloimmune disonders is
Fully described I US. Pat. No, 5,980,954 Bolton, issued
Nov. 9, 1999, the disclosure of which is incorporated herein
by reference. Briefly, #f involves extracting an aliquot of
blood, eg. 10 ce, from a patient, subjecting the aliquot
extracorporeally to oxidative stress ¢.g. bubbling ozone!
oxygen mixture through the aliguol, and simullancously
exposing the aliguot to ulfravicolet radiation, at a shightly
clevated femperature, e.g. 38.5° C. The stressing frealment
catses stressing of the blood cells in the aliguol, to alter their
cyviokine profile, When these siressed cells are reinjected
ime the patient, they have an effect on the endothelivm and
tend 1o normalize {the function of a delfective endothelivm. In
doing so, they aller the {ransport properties of the blood
brain barrier, bringing it back foward & normal furction and
therefore restoring the blood brain barrier 10 a condition in
which it allows only those blood borne substances intended
o cross the blood brain barrier, such &8 oXygen, nulrienis,
various bormones and various ions, 1o cross into e brain
tissue and brain cells. The stressed cells, or blood compo-

nents affected by the stressed cells aller re-introduction of

the blood aliquel infe the patient, acting through the endof-
helivmy, have bepeficial effects on newrological disorders,
from wlich the patient may be suffering, af leas! 1o the extent
of hindering the progression thercof, and even cffecting

substantial alleviation of the symptoms of the discase,

FOOEST  The sowrce of the stressed blood cells For use in this

mvention is the patient’s own blood, ie. an aliquot of

aslologous blood, or a cellular Fraction thereoll

[O016]  The terms “aliquot”, “aliguot of bood” or similar
terms wsed herein include whole blood, separated cellular
fractions of the blood including plitelets, seperated non-
cellular fractions of the blood including plasma, plasma
components and combinations thereol, Preferably, in human
patients, the volume of the alicuot is vp o about 400 m),
preferably from about 0.1 10 abou! 160 mi, more preferably
from abou! 1 10 abou! 15 ml, even more preferably from
aboui 8 1o about 12 mi, and most preferably abowt 10ml. The
effect of the stressor or the combination of stressors is 1o
modify the blood, and/or the cellular or pon-cellular frac-
tions thereol, confained in the aliquol. The modified aliquot
1% then re-introduced inlo the subject’s body by any suitable
method, most preferably intramuscular injection, but also
including suboutaneous injection, infrapertoneal injection,
i ra-arterial injection, intravenons injection and orat admin-
isiration,

FOOTY]  According fo a preferred process of the present
inveniion, an aliquot of blood is extracted from the human
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patient, and the aliqguo! of blood is trealed ex vivo, simul-
fancousty or sequentially, with the aforementioned stressors.
Then it is injected back info the same subject. Preferably a
combination of both of the aforementioned stressors is used.

[O618]  Preferably also, the aliquot of blood is in addition
sobecled 1o mechanical stress. Such mechianical stress is
suilably tha! applied o the aliguot of blood by extraction of
the blood aliguot through 2 conventional blood exiraction
needle, or a substantially equivalent mechanical siress,
applied shorlly before the other chosen stressors are applied
10 the blood aliquot. Tiis mechanical siress may be supple-
menled by the mechanical stress exerted on the blood aliguot
by bubhling gases through ¥, such 88 ozone/OXygen mix-
mres, as described below. Optionally also, 2 temperainre
stressor may be applied 1o the blood aliquot, simuliancously
or seqgrentially with the ofler stressors, Le. a lemperature af,
above or below body temperature.

[8019] 'Fle optionally apphed temperature stressor either
warms the aliquot being freated o 2 temperalure above
normal body femperatire of cools the aliguot below normal
body lemperature, The temperature 1s selected so that the
femperalure stressor does nol cavse excessive bemolysis in
the blood confained in the aliquol and so that, when the
reated aliquot is injected into a subject, the desired effect
will be achieved, without development of significan! adverse
side elfects. Preferably, the temperature stressor is applied so
tha! the femperature of all or a part of the aliguot is up ©
about 35° C., and more preferably in the range of Trom abou!
-3° (. to about 557 O

{8026 In some preferred embodiments of the invention,
the femperature of the aliquot is raised above pormal body
semperaiure, such that the mean femperature of the aliguol
does no! exceed a lemperdure of abou! 55° C., more
preferably from abowl 40° C. 1o about 506° C., even more
preferably from about 40° . 1o about 44° C,, and most
preferably about 42.5x1° C.

[0021] In other preferred embodiments, the aliquot 18
cooled below nommal body temperature such that the mean
semperature of the aliguot is within the range of from abouy
4% ¢ 1o about 36.5° C, more prelerably from about 10° C.
10 aboud 30° C., and even more preferably From abow! 15° CL
10 about 23° C.

[8022] 'Fhe oxidative envirommen! sitessor can be the
apphcation to the aliquot of solid, liquid or gascous oxidiz-
ing agents. Preferably, it ipvolves exposing the aliquot to a
mixture of medical grade oxygen and ozone gas, most
preferably by applying {0 the aliquo! medical grade oxygen
gras having ozone a8 a component therein. The ozone conlen
of the gas stream and the How rate of the gas stream are
preferably selecied such that the amount of ozone introduced
10 the blood aliquot, either on 18 own o in combination with
one of the other siressors, does not give rise 10 eXoessive
tevels of cell damage, and so thal, when the treated aliguot
is injected into a subject, the desired elfect will be achieved,
withou! development of significant adverse side effects.
Suilably, the pas stream has an ozone content of up 1o abouy!
300 gg/mi, preferably up 10 about 100 gg/ml, more prefer-
ably about 30 pg/ml, even more preferably up to about 20
ng/ml, particalarly preferably from about 10 ug/ml 1o about
20 pghml, and most preferably about 14.5£1.0 pg/ml. The
fras strearn 18 suitably supplied o the aliquot at a rate of uwp
10 about 2.0 Hires/min, preferably up to abou! G.5 lires/min,
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more preferably up to sbowt 04 Hires/min, oven more
preferably up 1o about 033 litres/min, and most preferably
ahout (.24=20.024 Titres/min. The lower Bmit of the flow rate
of the gas stream is preferably not lower than .01 Hires/min,
more preferably not lower than 0.1 htres/min, and even more
preferably not lower than 0.2 litres/min, all rates at STP

FO023]  The sltraviolet Hpht stressor is suitably applied by
irrachiating the aligquot under treatment Irom a source of UV
fight. Preferred UV sources are UV lamps emitting W-C
band wavelengths, Le, at wavelengths shorter than about 280
mn. Ultraviolet light corresponding to stamdard UV-A
(wavelengths from about 315 o about 4060 nm) and UV-B
(wavelengths from about 280 1o about 315) sources can also
be used. As in the case of the oxidative stressor, the UV dose
should be selected, on s own or in combination of the other
chosen stressor{s), so that excessive amounts of cell damage
do it oceur, and so that, when the freated aliquot 18 imected
o 2 subject, the desired effect will be achieved, For
example, an appropriate dosage of such UV Hight, can he
obtained from up to cight lamps arranged 0 be exposed 1o
the sample container bolding the aliguot, operated at an
irensity to deliver o total UV Light eoergy at 2537 om at the
surface of the bood of from about G025 1o about 10
joulesiom®, preferably from about 0.1 to about 3.0 joules!
en®. Such a treatment, applied in combination with the
oxidative environment stressor, provides a modified blood
aliguot which is ready for injection into the sabject.

FOO24] Tt is preferred to subject the aliquot to the oxidative
environmen stressor, the UV light stressor and the tempera-
ture stressor simultaneously, following the subjection of the
alicmot to the mechanical stress, ¢.g. by extraction of the
blood from the patient. Thus, the aliquot may be maintained
at a predetermined temperature above or below body tem-
peratere while the oxvgenfozone gas mixture 18 applied
thereto and while it is frradiated with ultraviolet fight.

FOO25]  The time Tor which the aliquot s subjected to the
siressors is normally within the time range of from about 0.5
minutes up to about 60 minutes, The time depends to some
extent upon the chosen combination of stressors. When UV
Light is used, the intensity of the UV hight may affect the
preferred time. The chosen temperature level may also alfect
the preferred time. When oxidative environment in the form
of a gascous mixture of oxygen and ozone applied o the
alicaot 18 chosen 48 one of the two stressors, the concentra-
tion of the oxidizing agent and the rate at which i1 is supplied
to the aliguot may affect the preferred temperature. Some
experimentation, well within the ordinary skill of the art, to
establish optimum times maybe necessary on the part of the
operaior, once the other stressor levels have been set, Under
most stressor conditions, preferred fimes will be in the
approximate range of from about 2 to about 5 minutes, more
preferably about 3 minmutes. The starting Mood femperature,
and the rale at which it can be warmed or cooled 0 a
predetermined temperature, fends to vary from subject fo
subject. Warming is suitably by use of one or more infrared
{famps placed adjacent 1o the aliquot container. Other meth-
ods of warming can also be adopted,

FOO26]  As noted, it &5 preferred o subject the aliquot of
blood to a mechanical stressor, as well as the chosen
siressor(s} discussed ahove. Extraction of the blood aliquot
from the patient through an imection needle constittes the
most convenient way of obtaining the aliguot for further
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extracorporeal treatment, and this extraction procedore
imparts a suitable mechanical stress to the blood aliguot. The
mechanical stressor may be supplemented by subsequent
processing, for example the addilional mechanical shear
stress caused by bubbling as the oxidative stressor is applied.

[8027] In the practice of the preferred process of the
preserd imvention, the blood aliqeot may be treated with the
beat, UV hight and oxidative environment SIresSors using an
apparatus of the type described in aforementioned ULS. Pal.
No. 4,968,483 to Mueller. The aliquot is placed in a suitable,
sterile contaiper, which is fitled info the machine, A UV-
permeable container 1% used and the UV lamps are switched
on for a fixed period before the other stressor s applied, to
allow the output of the UV lamps to stabilize. When a
temperature stressor is used combination, the UV lamps are
typically on while the temperature of the aliguot is adjusted
to the predetermined value, e.g 42.521° € Four UV lamps
are suitably used, placed around the container.

[8028] 'The above treatment to improve endothelial fune-
tion and hence exert benelicial effects on peurological
disorders may be used in combination with other treatments
such as administration of one or more phammaceuticals
which have a beneficial elfect on endothelial fonction. Such
pharmacenticals inclode angiofensin converling enzyme
{ACE) iphibitors, angiotensin 11 receptor antagonists,
statins, pentoxifviline, f-blockers, c-antagonists, thalido-
mide and calcivm channel blocking drugs.

(86297 Accordingly, another aspect of the present inven-
tiom, i a preferred embodiment, s the use of stressed
autologous Mood cells as described above in combination
witly an elfective amount of an ACE inhibilor in preparation
of & medicament for the treatment of, or alleviation of the
symptoms of, Alzheimer’s discase, Parkinson’s disease or
senile dementia in & mammalian patent sulfering therelrom.
More preferably, the ACE inhibitor for such use is selected
from alacepril, benazepril, captopril, ceronapril, cilazepril,
dedaprl, enalapril, enalaprilat, fosinopril, imidapril, lisino-
pril, moveltopril, perindopril, quinapril, ramipril, spirapril,
temocapril and trandolapril.

9036 11 is known that ACE inhibitors, commonly pre-
seribed fo combat byperfension in patients through their
vasodilation activity, act af least in part through action on the
patient’s endothelivm {see For example see Tadded, 8. e, al,
Crry Hypertens Rep 2000 February;2{1): 64-790). A defec-
tive endothelinm, responsible at least in part for the patients
bypertension or other vascular disorder under treatment, is
to a degree repaired or restored towards normal function by
the action of the appropriate dose of ACE inhibitor. Known,
uscful ACE iphibitors for the present invention inchule
alacepril, henazepri, captopril, ceronaprdl, cilazapril, dela-
pril, enalapril, enalaprilat, fosinopril, imidapril, hsinopril,
moveltopril, perindopril, gquinapril, ramipril, spirapril,
temocaprl and trandolapril. The pharmacentically accept-
able salts of these drugs are also vseful berein.

(96311 Appropriate dosages of ACE inhibitors {or use in
the present invention are largely in accordance with those
normally administered in conpection with treatment of
hypertension, and are koown to those skilled in the art and
avaitable from standard physiciens” relerence books,

[8032] Also known to have bepeficial effects on a dys-
functional endothelivm, and therefore potentiatly useful in
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combinalion with stressed  astologous blood cells @5
described above in freating nevrodegenerative discases such
as Alzheimer’s discase, Purkinson’s disease, multiple scle-
rosis and senile dementia, according 1o a preferred embodi-
mend of the invention, are angiotensin [l receplor anlagonisis
such as candesartan, eprosartan, irbesartan, Josarian and
valsartan {see Cheetham, C., O’Driscoll, G, Stanton, X,
Taylor, R and Green, D, Cin Sci. {Coleh} Ian 1,
20061, 100{1%13-17} The pharmacentically acceptable salls
of these drogs are aiso wseful berein,

F33]  Appropriate dosages of angiotensin 11 receplor
anfagonists for vse in the presen! invention are fargely in
accordance with those pormally admimstered o connection
with freatment of hyperfension, and are known to those
skilled in the anl and available from standard physicians’
reference books,

[0034]  Adelectively Tunctioning endothelinm of the blood
vessels can also be improved towards normal fuoction, with
consequent alleviation of neurological degeneration condi-
tons such as Alzheimer’s Disease, Parkinson’s Discase,
mtiple sclerosis and senile dementia, by adminisiration fo
the patient. suffering therefrom of a statin drg commonly
preseribed as an antibyperlipidemic. Such statin drugs are
infbiors of the enzyime HMG CoA reductase, and are
understood o act at feast in part through endothelial effeats
(See Corsint, A., J Cardiovase Pharmaco! Ther 2000
Juby;3(3%161-75; and Parmer, L A., Curr Atheroscler Rep
2000 May;2{3):208-217).

FOO3S]  Suitable such statin drugs for use in combination
with stressed autologous blood cells in accordamce witly the
present invenlion include alorvastaling fuvastating lovasia-
tin, simvastatin, pravastatin and cerivasiatin. The pharma-
ceutivally acceptable salts of these drugs are also useful
herein. They can be used Tor purposes according 1o the
present invention in dosage ranges geoeraily similar to those
wsed for the treatment of hyperlipidemia with these drogs,
such doses being known o those skilled in the art and
available from standard physicians” reference books, These
are, in respect of atorvastatin, simvastalin, Jovastatin, Hav-
astatin and pravastaling from abou! 5 my to abow! 200 myp
datly, for an adelt of normal body weipht, preferably from
about 10-80 mg. In respect of cerivastalin, an entirely
synthetic compound, the most appropriale daily dosage is
el fower, pamely from abou! 0.1-0.8 my. 1o the combi-
nalion therapy of the invention, snd aBerwards, these dos-
ages may be reduced. Oral adminisiration of the statin drug,
once per day, 1 most appropriale.

F36]  Another means Tor improving the funclion of a
defective endothelium of the blood vessels, and hence
treating or allevialing the svmptoms of a newological
degeneraiive condition such as Alzheimner’s Disease, Par-
kinson's Disease and sentle dementia, 18 by adminisiration
of pentoxilvllioe to the patient sullering therefrom. Pentoxi-

TyHine is a known vasodilator drug, the full chemical of

which is 3,7-dibydro-3,7-dimethyl-1-(5-oxobexylvy-1-pu-
rine-2,0-dione. Tl also exerls its vasodifatory action, af
least in parl, by effects on the endotbelivm, tending towards
a normalization of the Function of a defective endothelinm
(sce Kristova, V., Kriska, M., Babal, I}, Dihrl, M. N,
Slamova, 1. and Kurlansky, A., Physiol Res 2000,49(1%123-
8; and Schratzberger, P, elal. Immumopharmacology 1099
Jamoary:41(1%65-75), and 1% hence wselnd in combination
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witl stressed avlologous blood cells in the present invention,
Appropriate daily dosages of pentoxifylline are generally in
zecordance with those commonly administered Tor use of the
drug a8 a vasoditator, and are koown fo those skilled m the
art anct available Irom physicians” reference books,

[8037]  Also potentiatly useful in the present invention are
combinations of siressed avlologons blood cells willy cal-
civm channed blocking drags of the dibrydropyridine ype.
These are known to exert beneficial effects on the endothe-
Hum (see Tadded, S, etal, Coarr Hypertens Rep 2000 Fehu-
arv:2(1y 64-703, so that they are polentially wseful in
reating nevrodegenerative diseases of the aforementioned
type. Accordingly another preferred embodiment of the
present invention is use of an effective amount of a dihy-
dropyridine-type calcium channel blocker drug in combina-
fion with stressed autologous blood cells as deseribed above
i preparafion of & medicament for the {reatment of, or
alleviation of the symptoms of, Alzheimer’s discase, Par-
kinson’s discase, of senile dementia in a mammalian patient
sulfering therefrom, Preferred such drugs are drug is amlo-
dipine, aranidipine, bamidipine, benidipine, cipidipine,
clonidipine, elgodipine, felodipine, sradipine, lacidipioe,
lercanidipine, manidipine, nicardipine, nifedipine, nilvad-
ipine, pimodiping, nisoldipine or nitrencipine,

[O6387 A preferred process according to the present
mvolves a step of delermining whether a patient suffering
from or at high risk of developing 2 neurodegencrative
disorder is hikely to bepefi! From a freatment according to the
mvention. To evaloate this, and conseguentty 1o seledt
sub-populations of patients in need or in polential need of
endothelial Tunction improvement in association with nen-
rocdegensrative  disonder treatmen! or prophylaxis, one
method which can be adopted s a determipation of the
approximale level of endothelial Tunction in e potential
patient.

[8039] The proper Tunctioning, or lack thereol, of the
endothelom of a mammalian palient, &l 2 particular Joca-
gion, can be fesied by using a method which involves the
iontophoretic introduction of acetylcholine through the skin,
and measurement of #s elfects on superficial blood af the
chosen focation, Detection of impaired endotbelial function
by this festing means, atone location in a patient, is indica-
sive of endothelial dysfunction elsewhere in the patient,
mnctuding the blood vessels of the brain. Similarly, elfecling
mmprovement of endotbelal Fonction at that location, as
determined by this methodotogy, 8 indicalive of systemic
endotheHal function improvement, inchiding blood vessel
endothelium repair.

(00407 Acetylcholine introduced o a blood vessel which
has intact, properly Tunctioning endothelium stimulates the
production and secrelion of pitric oxid by the endothelhinm,
1o casse smooth muscle relaxation and vasodilation. This
vasoditation can be guaniified by measuremen! of blood
flow in the vessel, eg by laser Doppler Howmetry. I
however the endothelium is defective, the acetylcholine may
act directly on the smooth muscle and cause them o
comdract, with resultant vasoconsiriction, Clinical examina-
sion of endothelial Function based on the effects of acelyl-
cholime proceeds generally accordmg fo the methodology
deseribed by Chowienczvk etal, “Ilmpaired endothelium-
dependent vasodilation of Torearmy resistance vessels in
hypercholesterolaemia®, The Lancer, Vol 340, Dec. 12,
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1992, p. 1430, Briefly, acetyvicholine is apphied 10 the skin of
the patient and a small electric current is appHed across the
skin between two  adiacen! electrodes, one posilively
charged @nd one negatively charged {fontophoresis). Ace-
tylcholine passes througl the skan with the corrent, o the
superficial blood vessels. There the acetylcholine acts on the
endothelial cells 10 cause vasodilation, or on the smooth
mscle cells fo cause vasoconsipiction, depending on the
state of the enclothelinm. Resallant blood flow i3 measured
by laser Doppler fowmetry.

FOO41]  This method of diagnosing « patiend amd determin-
ing suilability of a polential patien! for treatment or prophy-
laxis of pewrodegencrative disorders is generally described
Tor ilestrative purposes in Example 1, given helow.

(00421 Another method for diagnosing dysfunclional
endothelnm, and hence Tor selecting 2 population or sub-
population of patienis for whom the treatmen! and conpo-
sifions of the present invenlion are suileble is based on the
process described by limenez 1. 1, ot al, British Journal of
Haemotolgy 2001 January: 1120 81-9¢ This method mea-
sures the release of microparticles <about 1.5 pm Irom
endofbielial cells, more specifically CB31+ and CBSI+
endotbielial microparticles {EMPs}, by flow eviometry using
plasma labeled with Huorescein isothiocyanate-conjugaled
anti-CD31 and anti-CD31 aptibodies. Elevation of CD31+
EMP fevels in a patient suspected of having a neurodegen-
erative disease sbove the level found in porpual, healiby
individuals {Minagar, A of. al,, Newology 2001 May 22;
S6(10y 1319-1324), indicates acute fnjury to the patient’s
braip blood vessel endothelhnm. Elevation of CD3I+EMP
levels indicales chironic injury of endothelium. Eitber of
these elevations indicates saitability of the patient for freat-
mer of nenrological disease according (o the presen! inven-
tion.

(90431 Other methods of diagnosing dystunctional endot-
helinm are koown in the ant and may be used Tor determining
the suitability of a potential paticnt for treatment or prophy-
laxis of newrodegeneralive disorders a8 described berein.

EXAMPLE 1

F0944]  Four paticnts, human females ranging in age Irom
15 to 84 years, and all suffering Trom an endothelinm
deficiency-related condition (primaery Rayoaud’s phenom-
enon} were subjected 10 2 course of treatment of antologons
stressed blooad cells, Treatment was given by skilled, guali-
fied personnel, in a medical hospital facility on an out-
patient basis,

FOD4S] Fach freatment administered to the patient
involved removing a 10 ml aliquot of the patient’s blood,
io an apparalos 8 geoerally described in aforementioned
U8, Pat. No. 4,968 483, heating, the sample 10 42.5 degrees
. and exposing # to UV radiation al wavelength 253.7 nm,
Upon reaching the required temperature (42,5 O), a gaseous
mixture of medical grade oxygen with an ozone confen! of
12.5 micrograms per ml, af a Hdow rate of about 60 miimin
(ST} was bubbled through the sample for 3 minsies,

FOO46]  After the ex vivo lreatment of the blood sample had
been completed, the sample was injected into the respective
patient via the gluteal muscle. Each patient underwent a
course of of 10 such treatments over a period of 2-4 weeks,
the mndividual treatments being spaced apart by abopt 1-3
days,
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{00471 Subijcctively, every patient reported @ very signifi-
ca alleviation of ber Raynand's symptoms, after comple-
ion of the cowrse of treatments, indicative of an improve-
men! in endothelial function,

{8048]  For each paticnt, objectve measurenents of blood
flow, before and after the course of treatments, were made by
the lontophoretic fechnigue wsing acetylchline as previously
deseribed. The iontophoretic applications and measurements
were made on the patients” Torearms The initial measure-
menls on cach patient were laken imoediately before the
first treatment. The subsequent mearurements were all taken
one day alter the completion of the course of ten treatments,
and again on 2 ToHow-up hasis two or three weeks later (visit
12). One of the four patients was given a sccond, subsequent
course of five Turther freatments. Blood flow was measured
by laser Doppler fownelry.

{80491  For each measurement, & reservolr conlaining ace-
tylcoline was mounted on the patient’s arm with the acetyl-
choline in conlact with the patient’s skin. Electrodes were
inserted into the reservolr so that a corrent of koown bul
variabie magnitude could be apphied to the reservorr 1o exer!
an ionfophoretic effect, The dose of acetylcholine applied o
the skin is a Tunction of the time of scelylcholine-skin
conac! and the voltage applied between the electrodes,
thereby gaving a dose in arbitrary goits,

[B056]  FIG. T presents a graph of observed laser Doppler
flow of blood against dosage, in arbitrary wnits, determined
as above, Tor one represeniative patient.

[9081] The duration of the jonlophoresis was arbitrarily
divided into vardous equal time infervals or epochs, The
mean How at each epoch is plotted against time, with the
mean plotted af the mid time point of each epoch. The curve
denoted by circles is tha! oblained from festing conducied
hefore the frst treatment, L oon the patient’s frst visil. As
shown, blood flow increases in 2 generally sigmoidal Tash-
ton as the acetyl choline dosage (Teoction of contact fime
ared applied iontrophoretic vollape) iocreases. The curve
denoted by triangles is {hat obtained in a similer manner, on
the patient’s 117 visit, one day after the conchusion of the
course of ten freatments. The curve denoled by squares is
that obtained on the patien’s 12 visil, twenly eight days
after the 11™ wisit. Effectively, these are dose response
curves. A significant fncrease in blood How in response to
acetyl-choline, indicative of an enhanced endothelial Tune-
ion, alter the course of treatment, is evident from these
CHEVES,

{8052] Al four of the patients {reatesd showed essentially
similar resulls, those presensted on FHGL 1 being represen-
tative, and from a single patient. FIG, 2 of the accompany-
ing drawings shows similar curves o FEG. 1, but derived
from the means of the measured blood flows of all four of
the patienis. As in the case of the FIG. T curves from the one
patient, e curves denoted by circles are the mean blood
flow vahwes, al various, increasing doses of acetylcholine
from the four patients helore the first treatment, The cnrves
denoted by triangles are mean valoes from one day after the
conclusion of the course of treatrments. The curves denoted
by scuares are mean values from twenty eight davs afler the
conclusion of the course of treatments. The dosage response
rend is clearly apparent from the curves presented as FIG,
2.

[8053] ‘The ionlophoresis dale obtained from all four
patients as deseribed above, wis sebjecled 1o stalisiical
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analysis, using the dala of cach of the four patients oblained
before any freatment, and the data obtained Trom all Tour
patients fwo 1o three to four weeks aller completion of the
course of 10 treatments (visd 12},

(09341 As noled above, in oblaining the curves shown on
FIG. 1, the mean flow at each epocy is plotted against time,
with the mean plotted af the mid time point of cach epoch.
Since the graphs indicat thal the flow increased in a sigmoid
Tashion, the slope of the increase was calculaled, in cach
case, using the mean Hows From the epoch with 2 curve
starting 0 rise, o the poin! where the carve slarted 1o
become asymptofic. The regression analyses vsed to cales-
lafe these slopes all accounied for greater than 85% of the
variation, and were therefore considered a very good fir,
There was also caleslated a total area pnder the carve (AUQ)
from the point where the corve started 10 rise, 1o epoch 16,
The maximum recorded mean flow and the area wnder the
curve during epoch 11 were also analyzed.

FOOSS]  Table 1 summarizes these resalis, ¥t incicates that
the increase in How in response fo acetyicholine was higher
post treatment, since the maximum flow, the AUC during the
increase and the AUC in epoch 11 were higher post {real-
men, fo a statistically significan! extent, even on the basis of
Tour patients {the P valpe being 0.012, (.020 and (.040
respectivelyy. The slope was also greater, but not signifi-
cantly so

TABLE 1

6
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tmjection of LPS, which, as well &s resulling in mpairment
of LIP, is also associated with an increase in the levels and
expression of the pro-inflammatory evtokine IL-1 i the
hippocanipus.

(80397 Four groups of cight animals were investigated.
Half the animals were admimsiered 0.15 ml of siressed
donor rat blood inframuscelarly (equivalent o aviologous
biood int {his inbred sirain), on days-14, -13, and -1 prior fo
the experanental procedure. The blood was siressed as
follows:

[866G]  Whole blood was obtained From inbred Wistar rals,
by extraction Trom a main artery through an injection needle,
and treated with an anti-coagulent. An aliguot of this was
sabjecied 1o the process described below, (o obtain (reated
blood. The remainder was lef! untrealed, Tor use in conlml
experiments. Since these rats are genetically identical, the
administration of the treated blood 1o others of the group is
eguivalent to adminisiration of the treated blood fo the donor
amimal.

[8061] To obtain treated hlood, the selected aliquet, in 2
sterile, UV-transoissive conlainer, was {reated simulia-
neously with a gaseous oXygen/ozone mixtore and vliravio-
let Hght at elevated temperalure using &n apparalus as
generally deseribed in aforementioned US. Pat. No. 4,968,
483 Mucler et.al. Specifically, 12 mi of citrated blood was

SUMMARY OF ANATYEIS OF IONTOPHORESES DIATA

Vistt 12 Afler

Baseline Beloe Conase of Wisit 12 G P Value
Trestment Treatment Minus Coafidence From T8
Frog Varinble Mean 5B Mean 5B Baseline Inlerval Tesl
Acelyl  Siope of 15,55 31340 48,1 12485 32,28 -1, 2648 4067
Chodine  inoresse
Acetyl  Maximum 2114 4067 2TEE DAaE G3U3 2594, 9RA% G052
Choline  Fow
Acelyl AU dudng 80695 T4I3EE F067TE IRZ4T4 26013 TERwG, 44127 02
Choliae  morense
Acetyl AL n 64138 1316l 8aTel 68223 1948l 2186, 37145 4043
Chodine  epoch 13
EXAMPLE 2 fransferred {0 a sterile, low density polyethylene vessel
FOOSG]  This experiment investigaled the effect of pre- {more specifically, a Vasogen VCT002 Blood Container} Tor

adminisiration of siressed autologous bloed cells on
lipopolysaccharide {1.P8) induced inhibition of long-term
potentiation {LIP) in the hippocampus, in an animal model,
Long-term potentiation is 2 form of sypaptic plasticity and
is thought to be the biological substrate Tor learning and
MEmory.

FOOST]  The experimental model was inbred Wistar rats,
and involves electrophysiological recording of the excila-
tory post-synaphc potential {EPSPY following telame slimy-
lation. The synaptic activity of a specific negronal pathway
in the hippocampus, the perforant pathway, is measured,
EPSP is a Functional measure of post-synapiic neurolrans-
miiter release.

[O058]  The ability of the hippocampus 10 sustain 1TP is
impaired in aged rafs, stressed rats and following baclerial
infection. The latter can be mimicked by inlraperiloneal

ex vivo trealment with stressors according to the invention.
Using an apparalus sz described in the aforementioned
Muecller patent {more specitically, @ Vasogen VOT00L appa-
ratus), the hlood was heated 10 42.521° . and at thal
semperaiure irradiated with UV ight principally at a wave-
length of 253.7 pm, while oxygen/ozone gas mixture was
bubbled througl the blood fo provide the oxidative envi-
ronmen) and o facilitate exposure of the blood 1o UV, The
constifalion of the gas mixure wis 14.521.0 pg ozone/ml,
with the remainder of the mixture comprising medical grade
oxygen. The gas mixture was hubbled through the aliquot af
# rate of 240224 mlimin for a period of 3 miouies.

90621 Comtrol animals were  administered  untreated
bood. On day 0, the animals were apacsthetized and
mmjected with either saline or LPS (G.1 m! per kg) intraperi-
foneatly, 1o give four groups:
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FB6063] 1. Saline, untreated blood,
fB064] 2. LPS, unireated blood;
FBO68] 3. Saline, freated blood,
FEDG6] 4. 1LPS, treated blood,

[O067]  Three hours Jater, electrodes were inserted and the
electrophysiology experiment performed. The rats were then
sacrificed by decapitation, the hippocampus and corlex were
dissected on ice, shiced and frowen in 109 DMSG. Serum
was prepared from the peripherat blood and stored frozen,

FO068] The resulis are shown grephically on the accom-
panying FIG. 3. Tis shows the stope of the EPSP before
and after tetanic stimulation (arrow}. It is 10 be noted that, in
animals injected with saline (open squares), there is poten-
tation of the response (EPSEF does not refarn o pre-fetanic
baseline over & 40 minule period), whereas in animals

injected with LIPS {open triangles} there is no polentiation of

the response, In stressed cell freated animals given LIS
(closed triangles), the LTP is restored 1o controd levels and
in salipe-injected animals given stresed-celt therapy thereis
no difference compared to saline-control animals.

FO069]  The resulls of this experiment show that prefreal-
men! of animals with a course of three mjedtions of the
treated blood containing stressed cells protects the hippoc-
ampus against the loss of LTP resulting Trom LIS admin-
is{rafion,

FOOT70]  The mechanism of this protection relates at least in
part 1o the reduced formation of LPS indueced inflammation
i thie brains of the rats in the experiment, a mechianisen that
i supported by the date from the wse of stressed cell
administration 10 a patien! Tor pre-conditioning against
ischemiafreperfusion injury {see U.S, Pat. No, 6,136,308),
The stressed colt therapy towered LPS induced inflammation
in the brain and gave improvemen! in blood brain barrier
Tmnction even i pormal animals, and thes this henchicial
effect has the ability 1o cross the blood brain barrier. Low-
cred LIPS induced inflammation and improvement in the
blood brain barrier function present an alfractive explanation
of the observed bepeficial effects of the stressed cell therapy
on the endothelium.

EXAMPLE 3

FOT1]  Tmprovement in endothelial function in the arlerial
systemn of a maenmal, namely Watanabe rabbits, by use of the
present imvention wis demonsirated,

F72] Two groups of fernade Waatanabe rabbits, 7-8
momis old, were selected, 10 apimals in eacll group. Growp
A was given a course of treatment in which 10 m] of hlood
was drawn from the ear vein, reated {stressed) with oxygen/
ozone, UV tight and clevated tomperatores simultaneously,
woder copditions described in Example 20 A1 mi portion of
the stressed blood was reinjected o the same animal via the
ghuteal muscle. Such treatments ook place on days 7, 8 and
28 following reception, Group B had blood withdrawn and
reirected in the same manoer and in the seme volumes, but
the blood was not stressed (sbiany freatment). After 12 weeks
from the last freatment, the animals were sacrificed by
overdose of anaesthetic, and the arterial system was Hushed
with modified Krehs-licinsleit (K} solution. The iliac
arderies were removed and preserved for in vitro vasocon-
siriction studies.
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[8073] 'Fle arterial vessels were cleaned from @l the fad
ancd connective tissue, and riogs (0.4 om) were cuf from the
vessel. Rings, one endothelinm denuded and one endothe-
tromn intact from each animal, were mounied onfo wire
strreps, suspended in orpan chambers (Radooti (ass Tech-
nology} filled with oxygenated {95% (02/5% CO2) KI{ at 37
degrees C, and conpecied to Torce transducers (Harvard
Apparatus} fo record changes in isometric Torce, The output
from the transducer was amplified, converted fo digital
signals and collected by Biopac date acguisition sysfem
MPIO} {Tiarvard Apparatus). The rings were strefched to
and maintained ai 2 preload of 2 g and allowed to equilibrate
for 2 hours, During the equitibration period, the buffer was
chaoged every 30 punvfes and continuously babbled with
95% oxygen and 5% carbon dioxide. After equilibration, all
aorfic rings were exposed o cumulative concentartions of
phenylephrine, a potent alpha-agonist (110 10 110
M) to determine conlraciile response. Then the rings were
confracted with EDy, of phenviepbrine (o obtain the maxi-
mal confraction, and then exposed o camulalive concenira-
tions of acetylcholine {Ix107"" to 1x197 M} 10 observe the
relaxation result.

[9074]  Visorcaclivity reaction fo phenviephrine resulls are
presemted graphically on FIHG. 4. The reaction of the endot-
helivm-intact semple from the trealed apimals is signifi-
cartty different from that of the sham treated animals, On the
endothelem denuded samples, there i no significant dif-
ference between the treated animals and the sham freated
aminals,

9078 FIG, 5 presents graphically the effet of relaxation
induced by acetvicholine on the endothelium-intac! and the
enctothelivm-dennded ihac artery samples from treated and
sham {reated rabbits. The endotbelivm-denuded samples are
significantly lower, showing the involvement of the endot-
helium in the process of the invention, elfecting a significant
improvement in endothelial funchion.

(90761 Vilues presenfed on FIGS, 4 and 8 are meap—s.¢.

[B677]  Since the stressed cell therapy as described herein
has a beneficial ¢fect on endothelial Function, the therapy
alone and in combination with other available {reddments
known to have similar bepeficial effects on the endothelinm,
such as use of the pharmaceuticals as discussed herein, show
potential in the treatment of peuro-degenerative disorders
such as Alzbeimer’s Discase, Parkinson’s [hscase, amt
senile dementia,

What is claimed s

T Use in the preparation of a medicament for alleviation,
prophyfaxis againsd or preconditioning 1o hinder the on-sef
andd progression of 4 nesro-degenerative disorder in a mam-
matian patient seffering from or at risk to confract such a
disorder, of stressed avtologous blood cells, said cells having
been stressed by extracorporeal subjection o oxidalive
stress,

2. Use according fo clam 1 wherein the cells have
ackditionalty been extracorporeaity subjected simpitaneously
o UV light,

3. Use according lo claim 1 or claim 2 wherein the
oxidative stressor is exposure f0 a mixture of medical grade
oxygen and ozone gas, will an ozone conlend up 10 abouy!
300 pg/mi
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4. Use according 1o claim 3 wherein {he oxygenjozone gas
mixtwre is bubbled through a suspension of blood cells af a
rage of from 0.01-2.0 litres per minute (8P}

5. Use according to claim 4 wherein the saspeosion of
blood cells s whole blood, of & volume from (.1-100 ml

6. Use according to any preceding claim wherein the
blood cells are additionally subjected 10 elevated lempera-
ture of from 40-30° C, simultaneously with the subjection
to oxidalive Siress.

7. Use according o any preceding claim in combination
with adminisration 1o the patient of an effective amount of
an ACE inhibitor,

8. Use according to claim 7 wherein e ACE inbiibilor is
selected from alacepril, benazepnl, captopril, ceronapril,
citazapril, delapril, enalapril, enalaprilal, fosinopril, imi-
dapril, Hsinopril, moveltopril, perindopril, quinaprl, rami-
pril, spirapril, temocapri] and trandolapril.

9. Use sccording to any of caim 1-6 in combination with
adminisiration o (e patient of an effective amount of an
ACE inlubitor selected from alacepril, benazepril, captopril,
ceronapril, cilazapril, delapril, enalapril, enalaprilat, fosino-
pril, Imidapril, Hsinopril, moveltopril, quinapril, ramipril,
spirapril, femocapril and trapdolapril

16, Use acconding 1o any of claims 1-6 in combination
with acdministration o the patient of an effective amount of
an angioensin 11 receptor antagonist,

11 Use according to claim 190 wherein the angiotensin [1
receplor anlagonis! s selected from camdesarian, eprosarian,
irbesartan, losartan and valsartan.

12, Use according lo any of claims 1-6 in combination
with administration o the patient of ap effective amount of
an effective amoun! of an inbibitor of e eozyme HMG CoA
reductase,

13. Use according to caim 12 wherein the inhibilor of e
cozyme HMG CoA reduclase is atorvastatin, fluvastating,
Jovastatin, simvastatin, pravasiatin or cerivastalin.

14. Use according 10 any of claims 1-6 in combnnation
with achministration {o the patient of an effective amount of
an effective amount of a dibydropyridine-type calcium chan-
nel blocker dug.
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15, Use sccording o claim 14 wherein the drog i
amlodiping, aranidipine, bamidipine, bepidipine, cilnid-
ipine, efonidipine, elgodipine, felodipine, isradipine, lacid-
ipine, lercanidipine, manidipine, nicardipine, nifedipine, nil-
vadipine, mmodipine, nisoldipine or nitrendipine,

16. A method of frealing a patien to alleviate a neuro-
togical disorder suffered by the patient, which comprises
altering the defective endothelivm of the patient lowards
normalization of its function by administration 1o the patient
of autologous blood cells which have been extracorporeally
stressed by subjection to appropriate amounts of oxidalive
Siress,

17. The method of claim 11 wherein the cells have also
been stressed by simpltaneons exposure 1o ulraviolet radia-
sion and at an elevated temperature,

18, A method of greating a patient to alleviale a peuro-
logical disorder sulfercd by the patient, which comprises:

diagnosing palienis to deferming the presence in said
patients of defective endothelial finction in brain blood
vessels of the patients;

selecting patients diagnosed with defective blood vessel
endotlielial funclion, and

adminisiering to the selected patients astologous blood
cells whichi have been extracorporeally stressed by
subjection to approprigfe amounts of oxidative stress,

19, The process of claim 18 wherein the autologous blood
cells have additionally been stressed by simultancous exfra-
corporeal subjection to UV light,

20. Method according to claim 18 or claim 19 wherein the
patient is additionally treated by administration of an ACE
inhibitor, an angiotensio 1 receptor anlagonis!, an inhibitor
of HMG CoA reductase, & dvbydropyridine caleium channel

Mocker or pentoxylyliine,
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1
CHRONIC ILYMPROCYTIC L EUKEMIA
TREATMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

‘This apphication claims the benefit of Canaclian Applica-
tion Serial Number 2,324,199, Bled Qo 25, 20090, which is
incorporaied by reference in i8S eotirety.

FIELD OF THE INVENTION

This invention relales to leukemia alleviation, and (o
provesses and celluler compositions uselul therein. More
specifically, it refates fo compositions and processes for

alteviating chronic ymphooytic leskemis i mammalian

patients, especially humans, and 10 processes for preparing
such compositions.
BACKGROUNTD OF THE INVENTION

Chronie Iymphooytic Jeukemia (hereinafler CLL) is one
of the Tour maior types of lkeukemia encountered by humans,
the others being acute Iymphooeyiic leskemia, acute myeloid
lepkemia and chrome myeloid levkermia, CLL 18 most com-
monly epcountered in patients over the age of sixty. Tt has a

gracdual onsel, and may not cause the patient discomfort or

pain for several years. It is characterized by a large number
of cancerous matgre lvmphocyles and enlarged lymph
noddes. Cancerons cells crowd out the normal cells in e
bone marrow and lymph nodes, Anemia develops in the
patient and the pumber of normal while cells and platelets in
the patient’s blood decreases, whereas the tolal while cell
cour imcreases due o he proliferation of sbnormal white
cells, The level and activity of antibodies also decrease. As
a result, the patient’s immune system becomes compro-
mised, It is more common for CLL sufferers to dic from
consequences of the compromised immune system, e.g.
infeciions, than from the CLLL fself

The most common type of CLL is 2 B cell levkemia, and
the malignant cell of origin is a CD54B cell, e 2 B cell
expressing the marker CD3.

Clincal stage of CLL, characterized in the sfaging sys-
tems of Rai (stages G-1V) and Bine! {stages A—C), remains
the sirongest predictor of survival in CLL patients. Both
systems are hased on the amounl of involved lymphoid
tissue and the presence of anemia andfor thrombocyiopenia,
in general, patients willy later slages have a significantily
worse progoosis and 2 shorler survival, Patients with Ral
stage TV or Binet stage C bave a median survival of only 1.5
0 2 vears.

Chemotherapy {initially with alkylaling agents such as
chlorambucit and subseguently witl fluderabine) is (e
stanctard freatment for CLL. A patient diagnosed witly CLLL
% gormally monitored by fracking the white cell count in the
blood, Chemotherapy is not instituled until the patien! starls
to sulfer symploms such as fatigue, weight loss, Jevers or
pain as a result of the progression of the CLLL However,
CLI s not curable with conveniional methods of
chemotherapy, even though initial response rates are high.
The toxicities associated with the use of chemotherapy are
well known and include nausea and myclosuppression with
a risk of developing serious infeclions. Moreover, subse-
quend responses become mexorably shor-lived, likely
because drug-resistant fumor cells are selected by the use of
CYIOIORIC agents,

Accordingly, # is an object of the present invention o
provide novel procedures and composilions for alleviation
of CLL in mammalian patienis,

i
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1118 a Turther objed! of the mvention to provide procedures
amd compositions which, on suitable adminisiration 10 2
CLL sulfering patient, will significantly postpone the need
for subjecting the patien! to chemotlierapy,

SUMMARY OF THE INVENTION

According to the present Invention in Hs broad aspects,
Cil.in a mammalian patient is alleviated by adminstering
10 the patient oxidatively stressed CLL malignant cells. The
source of the CLL malignan! cells may be the mammalian
patient himself or herself (e.g. a withdrawn blood sample
from the patient), a compalible mammahan dooor (eg 2
withdrawn blood sample from another, compatible {
sulfering paticnt), or a cultwred cell line of CLI malignant
cells. Subjection of the CLL malignant cells o oxdative
stress takes place in vitro, The oxadatively stressed CLEL cells
thus obtained are administered o the patient to resull in an
alleviation of the patient’s CLL.

According to a preferred aspect of the present invention,
Cil. in a mammalian patien! suffering therelrom 18 sipnifi-
cartly alleviated by adminisiering 1o the patient oxidatively
stressed hlood cells, including oxidatively stressed CLL
malignant cells, obtained Trom the patient and subjected to
oxidative siress in vilro and then riniroduced into the
patient. The procedure thus involves exiracling an appro-
priate quantity of blood containing CLL cells from the CLL
patient, treating the blood or a selected portion of # extra-
corporeally with an oxidative siressor, and reintroducing 1
ot e same patient. The reselt, aller one or more of such
freatments, i a significant alleviation of the patient’s CLL
condition, as indicated in a reduced white blood cel] prolif-
cration and a reduced swelling of lymph nodes of he patient.

Thus from one aspect, (e present invention provides a
process for treating a CLIL sulfering patient Tor alleviation of
CLL., which comprises extracting an aliquet of blood con-
{wintng CLL cells from he patient, subjecling af least a
porlion of the exiracied blood cells exiracorporeally to
appropriate oxidative stress, and re-introducing the
oxidativelv-stressed material info the patient.

Anotlier aspect of the present invention is oxidatively
stressed mammalian CLL cells, usefud for introduciion into
a mammalian patient suffering from CLL to alleviale the
patient’s CLL.

A further asped! of the presen! invenlion is the use in
preparation of a medicamen! active against CLL in a mam-
malian patient, of oxidatively stressed antologous blood or
hleod Tractions, including oxidatively stressed autologous
malignant CLL cells,

Another aspect of iis iovention I8 4 COmMposiHoOn Com-
prising stressed CLL cells. The cells may be oxidatively
stressed and may further be autologous CLL cells.

While it is pot infended thal this invention should be
tirnited to any partictlar mode of action or theory of mecha-
nivm or performance, it s postalated the! appropriately
oxidatively stressed blood cells activate the regulatory
immune T cells controlling the CI3348 cells in the patient’s
blood, mcluding e malignat CD5+B cells. The oxida-
fively stressed cells, on reintroduciion info the CLL patient,
are believed 10 activate cerlain T cells present in the patient’s
blood which then down-reguate the mahignant CD5+8 cells
by acling directly on them or by secreling cviokines which
fhen act on them. In any even!, the result 18 a significen
recuction in the rate of proliferation of the malignant
CD5+T5 cells in the CLL patient and a consequent alleviation
of fhe CLL condition and #s symploms.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of the present invention subjects
{le blood cells, or the appropriste fraction of them including
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the CLL cells, to electiromagnelic emission radiation as well
as oxidative stress, either simultancously or sequentially,
Optionally also, a femperature siressor may be applied fo the
cells, simultaneously or sequentially with the oxidative
siressor and the eleciromagnetic omission siressor, e, 4
temperalure af, above or below body femperature. An aliquot
of blood is drawn from the CLL patient, of volume up fo
ahou! 400 ml, preferably from about 9.1 1o 100 ml, more
preferably from about 1 to about 15 ml, even more prefer-
ably from about 8 1o about 12 ml Either the whole blood is
subjected o the stressor(s), of an appropriate cellelar frac-
tion thereof containing the CLL malignant B cell fraction is
separated by known methods and subjected to the alore-
menfioned stressor(s). The stressed cefls are then reintro-

duced into the CLL patien! from whom the original aliquot

was drawn. The ferm “aliquot” as wsed herein refers o the
sample subjected to the stressors; and embraces both the

originally extracted whole blood and any Iraction thereof

subjected to stressors, before or aller separation,

The modified aligoo! s re-introduced o the patient’s
body by any suitable method, most preferably intramuscular
injection, but also including subcutaneous injection, ntrap-
eritoneal njection, intra-arierial injection, infravenous injec-
tion and oral adminisiration. Accordingly, the composition
may optiopally mclede a pharmaceniically acceplable
excipien!, such as sterile physiological saline,

Preferably also, the aliquel of blood is in addition sub-
jected to mechanical stress. Such mechanical stress is suit-
ably that applied to the aliquot of blood by extraction of the
blood aliquot through a conventional blood extraction
needle, or a subsianiially equivalent mechanical stress,
applied shortly before the other chosen stressors are applied
tor the blood aliguot. This mechanical stress may be supple-
menied by the mechanical stress exerted on the blood aliquot
by bubbling gases through i, sech as orone/oxvgen
mixires, as described below,

The optionally applied femperature stressor either wanns
the aliquot heing treated to a, lempersture above normal
body temperature of cools the aliquot below normal body
temperalure. The temperalore 18 selecled so that the tem-
peratre siressor does nol cause excessive bemolysis in the
blood contained in the aliquot and so that, when the frealed
alicmot is injected info 2 subiect, the desired effect will be
achieved. Preferably, the temperature siressor is applied so
that {he temperature of afl or a par! of the aligeo! s wp fo
abou! 55° €, and more preferably in the range of from about
-3% C. to about 55° .

In some preferred embodiments of the dnvention, the

temperature of the aliquol i raised above normal body

temperalure, such tha! the mean temperature of the aliqoot
does not exceed a temperature of about 55° €, more
preferably from about 40° C 1o about 50° (0, even more
preferably from abont 407 C. to about 44° ., and most
preferably about 42.521° C,

in other preferred embodiments, the aliquot 8 cooled
below pormal body temperature soeh that the mean tem-
perature of the aliquel is within the range of from about 47
. to about 36.5° C, more preferably from about 10° C fo
abon! 30° €, and even more preferably from aboa! 15° ¢
to about 25° ¢

The oxidalive environmen! siressor can be the applicetion
to the aliquot of solid, Tigquid or gascous oxidizing agents,
including peroxides such as hydrogen peroxide, Preferably,
it involves exposing the aliquol fo a mixture of medical
grade oxvgen and ozone gas, most preferably by applying 1o
the afiguot medical grade oxygen gas having ozone as i
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componen therein, The ozone conlent of the gas sirean amd
the How rate of the gas stream are preferably selected such
that the amount of ozone introduced to the blood aliquol,
either on 18 own or in combinalion with one of the other
stressors, does nol give rise o excessive levels of cell
damage, and 5o that, when the treated aliquot is injecied into
a subject, the desired effect will be achieved. Suitably, the
fas siream has an ovone content of up 10 about 300 ppiml,
preferably up 1o about 100 pg/mi, more preferably abow 30
Hefml, even more preferably up o abou! 20 pp'ml, particu-
Tarly preferably from about 10 ag/ml fo about 20 ug/ml, and
most preferably about 14.321.0 ng/ml. The gas siream s
suifably supplied fo the aliguot al 2 rale of wp o about 2.0
titers/min, preferably up to abownt 0.5 Lters/min, more pref-
erably up 10 about 0.4 Heers/min, even more preferably up to
about (L33 Hters/min, and most preferably about 0.220.025
liters/min. The lower Hmit of the How rate of the gas stream
is preferably not lower than 0.01 Hiersimin, more prefersbly
oot lower than 0.1 hters/min, Preferably the amount of
ozone mtroduced 1o the blood does not exceed about 300
fgfml of blood in the aliquotl.

The eleciromagnetic emission stressor is suitably applied
by irradiating the aliquot under freatment from a source of
cleciromagnetic emission while the aliguot is matntaioed af
the aforementioned lemperature and while the oxvgen/ozone
gaseous mixture is being bubbled through the aliquol, Pre-
ferred electromagnelic emissions are selected from photonic
radiation, more preferably UV, visible and infrared Hght, and
even more preferably UV light. The most preferred UV
sources are UV Jamps emitting UV-C band wavelengths, ie.
at wavelengths shorter than about 280 nm. Uliraviolet hght
corresponcting 1o standand UV-A {wavelengihs from abou!
315 to about 400 om) and UV-B (wavelengths from about
280 1o about 313) sources can also be used, As in the case
of the oxidative siressor, the UV dose should be selected, on
#s own or in combination of the other chosen stressors), so
that excessive amounts of cell damage do pot occur, and so
that, when the treated aliguot is injected oo a subject, the
desired effect will be achieved, For example, an appropriate
dosage of such UV Habt, can be oMained from lamps with
# power output of from sbow! 15 to about 25 walls arranged
1o surround the sample container bolding the aliquot, cach
tamnp providing ap infensity, & a distance of 1 meter, of from
about 45 t0 65 mW/em®, Up 1o eight such lamps, surround-
ing the sample container holding the aliquot, with a com-
bined outpy! af 253,77 nm of 15 to 25 walls, operated o an
mntensity to deliver a tolal UV Light energy o 253.7 nm at the
surface of the blood of from about 0025 to abowt 16
joulesiom®, preferably from about 9.1 to about 3.0 joules/
om” may advantageously be used. Such a treatment, apphied
in combination witll the oxidative environmen! $Iressor,
provides 2 modified blood aliguot which 18 ready for injec-
tion into the subject.

i s preferred to subject the aliquot to the oxidalive
environment stressor, the UV Hght stressor and the tempera-
fure stressor simuliancousty, following the sebjection of the
aliguot o the mechanical siress, e by extraction of the
hlood from the patient. Thus, the aliquol may be maintained
at a predetermined femperature above or below body tem-
perature while the oxygen/ozone gas mixture s applied
thereto and while i 18 irradiated with uliraviofet Hght.

The time for which the aligoot s subjecied fo the siressors
is normally within the time range of Trom aboul 0.5 minutes
up to about 60 minutes, The time depends fo some exten!
upon the chosen combination of stressors. When UV light is
used, the infensity of the UV Hight may alfect the preferred
e, e chosen tempersiure level may also affed! the
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preferred time. When the oxadative environment in the form
of a gascous mixture of oxygen and ozone applied o the
aliguot is chosen as one of the two stressors, the concentra-
tion of the oxidizing agent and the rate at which it is supplied
to the atiguot may affect the preferred temperature. Some
experimentation (o establish opfimun times may be peces-
sary on the part of the operator, once the other siressor levels
have been set. Under most stressor conditions, preferred
fimes will be in the spproximate range of from about 2 o
about 5 minutes, more preferably abowt 3 minutes. The
starting aliquot temperature, and the rate af which it can be
warmed or cooled o a predetermined lemperature, fends-o

vary from subject to subject. Warming is suitably by wse of

ope or more nfrered lamps placed adjacent o the aliquot
container. Other methods of warming can also be adopted.

As poted, 11 s preferred o subject the atiguot of blood o
a mechanical stressor, as well as the chosen stressor(s)
discussed above, Extraction of the hlood aliguot from the
patient through & hypodermic needle constittes the most
convenient way of obtaining the aliguot Tor further extra-
corporeal treatrnent, and this extraction procedure Imparts a
suitable mechanical stress to the blood aliuot. The
mechanical stressor may be supplemented by subsequent
processing, for example the additional mechanical shear
siress caused by bubbhing as the oxidative stressor 18 apphied.

in the practice of the preferred process of the present
invention, the alicuot may be treated with the heat, UV Jight

and oxidative environment stressors using an apparatus of

the type desceribed in LS. Pat. No, 4,968,483 to Mueller. The
aliguot 18 placed in 4 svitable, sterife comtmner, which is
fitled into the machine. A UV-permeisble confainer 15 used
and the UV Jamps are switched on for 2 fixed perod before
the other stressor is applied, to allow the output of the UV
lamps to stabitize. When @ temperature stressor s used in the
combination, the UV lamps are typicably on while the
temperature of the aliguot 18 adpested to the predetermined
value, e 42.5x1° O Pour UV lamps are suitably wsed,
placed around the container

In the preferred method of the invention, 2 mammalian
patient I8 given one or more courses of freatments, cach
course of freatment comprsing the admimstration o a
mammalian subicct of one or more {e.g. one 0 six) hlood
originating aliquots modified as disclosed above, The treat-
mend may be sdmimstered daily, but no more than one
treatment should be administered fo the subject per clay.

Abthough 11 may be sefficient o admimister only one
course of treatment a8 described above to the subject, it may
be preferred in some clrcumstances to administer more than

one freatment o course of treatment, or to folow the 5

above-described course of treatment by periodic “booster™
freatments, if nocessary, 10 maintain the desired effects of the
present ipvention. There may be 2 substantial interval
between individual treatments or courses of treatment. For
example, it may be preferred to administer booster treat-
ments at intervals of T week, 1 month, 3 months or 6 months
or other appropriate periods fotlowing the inifial treatment
or course of treatment, depending vpon the condition of the
individual patient and the progression or remission of the
CLA. Regular periodic monitoring of the patients undergo-
iy the treatment sceording to the invention 1s contemnplated,
with repeats of the {reatment or course of freatment &8
indicated by the patient’s condition and as determined by the
attending physician,

The process of the present invention is particalarly indi-
cated for CLI patients whose condition shows sipns of
accelerated progression to the point where chemotherapy
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would pormally be mstituted, Patients may be selected for
treatment based upon several crteria, For example, patients
having a CLL cell count in the hlood of from about 20
milliop--100 million CLL cells per milliliter of bleod are
preferred candidates for the freatment. Normatly, bowever,
progression of CLL alter diagnosis s stmply monitored by
determining the white blood cell count of 2 patient, Anormal
healthy paticnt has 2 white blood cell count of about 10 {i.e.
102107 white cells per mi of blood), whereas o CLL patient
has elevated white blood cell counts. As the CLL condition
progresses, the patient’s white blood cell count mereases,
mainly due to the proliferation of the malignant CD3+B
cells. When the patient’s white blood cell count reaches the
approximate range 30x10° to 100x10°, institution of che-
motherapy may be indicated. 'This 18 the mxdicator for the
mnstitution of the process of the present nvention, in its
preferred applications, as a means of forestalling or at least
delaving the application of chemotherapy to the patient, with
all s undesirable accompanyving offects.

Patients may be selected for freatment with the methods
ard processes of this invention. Ao assessment by an attend-
ing clinician will determine their suitability, but normally it
will be 2 patient who has previously tested positive for CLL,
has been moniiored for some fime without evidencing an
mmerease in white cell count, but who bas, in the previcas 1-2
months pror to test evidenced a white blood cell count
increase into the 30x19° to 100x10° approximate range.

The beneficial effects of the process of the present
vention, as with most leukemia treatments, vary widely in
efficacy between individual patients. Some patients show an
immediate and tong lasting effect. Others show an immedi-
ate effect which wears off over time, but which can be
re-effected by undertaking a Turther course of treatments
according fo the invention. In others, the immediate effect

wears off, and apparently s oot so re-effected. In any event,

the need for the patient {o ondergo chemotherapy treatments
is cither obviated or delaved in substantially all cases.
Treatment according to the invention can also beneficially
follow or even accompany chemotherapy.

The invention witt be further described, for fHlustrative
purposes, with reference to specific exampiles of clinieal
application of the processes and products of specifically
preferred embodiments of the invention.

EXAMPLE 1

Axn elderly male patiert bad been diagoosed with CLL
three vears earlier, and had heen continuously monitored by
physicians since that time, With 2 view o instifuting che-
maotherapy treatments when the condition deteriorated to the
appropriate extent. In the eight-month period feading up o
the treatments in accordance with the invention, the patient’s
white blood cell count had ncreased Trom 30 to 70, indi-
cating an bmminent need to Institute chemotherapy. The
patient also exbibited significantly swollen Ivmph nodes.

The patiert was given a course of {reatments in accor-
dance with the invention. Bacll treatment involved with-
drawing a 10 m] aliguot of blood from the patient via venal
puncture, subecting the whole blood aliguot, in a sterile
UVetransparent container anpd in the presence of
anticoagulant, to simultancous orope-oxygen bubbling and
UV radiation exposure af elevated femperature, in an appa-
ratus essentially as described in aforementioned U8, Pal
No. 4,968,483, The treated blood was re-administered to the
patient by mjection info the gluteal muscle.

The temperature of the blood aliquot in the apparatus was
itiadly raised to 42.5° C. and held steady at that level, The
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comsifution of the pas mivture was 115 mog/mil ozone/
oxygen, fed through the aliguol at a rate of about 200
milsimime, Tor three minutes. The UV radiation had a
wavelengih of 253.7 am.

Afler a course of 6 such freatments, administered over
three weeks with a fwo or three-day inferval between cach
treatmend, a favorable response was poted. Instesd of a
continuing increase in white cell count, the patient exhibited
a decrease, from 7o 61, There was also a 50% decrease in
periphieral adenopathy. The treatments were well tolerated
and no significant side effects bave been reporied by the
patient.

EXAMPLE 2

Following the protocol deseribed in Example 1, the Tol-
lowing patients have been freated,

A S5-year old man soffering from CLL and dizbeles was
treated, The increase in his winle celf count was arrested, an
etfect which has lasted one month since the eod of freatment.

A S0-year old man suffering from CLL was treated. His
white blood cell count dropped from 30 1o 15, This lower
level has been maintained Tor at least one month after the
conclusion of freatment.

A SG-vear okl woman sulfering from CLL was freated. -

She had been freated previousty Tor CLL by chemotherapy
wsing Chlorambucil, Tler condition had relapsed and the
Chlorambusil was no longer effective. Alter trealment with
the above protocod ber whale blood cell count was stabalized,

A 6G-year old man with CLL amd beart problems was
treated. is wihite cell count of 30 was stabilized by the
course of treatment,

What is claimed is:

1. A method Tor treating Chronic Lymphocytic Leukemia
(CLEY in a patient in need thereol, which comprises remov-
ing an aligoo! of blood coptatning CLE cells from the
patient, subjecting at least a portion of the removed hlood
alicuot extracorporeally 10 appropriate oxidative stress,
wherein the oxidalive stress comprises applicstion of an
effective concentration of an oxidizing agent 1o the CLL
cells and re-infroducing af least a portion of the oxidatively
stressed alicuot o the patient.

2. A method of claim 1, wherein the oxidatively stressed
aliguot incledes malignan CLL cells.

3. The method of claim 2, wherein the cells are forther
subjected to UV radiation.

4. The method of claim 1, wherein the aliguoetof blood has
a CLE cell content of Trom about 20 million o about 100
mithon cells per mi of blood,
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8. The method of claim 1, wherein the aliquot of blood has
a white blood cell count of Trom about 3010° to about
100105

6. The method of claim 1, wherein oxidizing agent
comprises ozone gas, amd the ozone gas 18 infrodeced to the
Ci.l cells in an amount which does nof give rise [0 excessive
tevels of cell damage.

7. The method of claim 1, wherein the oxidizing agemt
comprises a mixture of ozone gas and medical grade oxygen,
the ozone gas being conlained in the mixtore in & concen-
fration of up 1o abou! 300 ug/iml

8. The method of claim 6, wherein the ozone gas is
comained in the mixture in 2 concentration of np o abou! 30
Hgiml

9. The method of claim 6, wherein the ozone gas is
cordained in the mixlure in a conceniration of from abouy!
13.5 ng/ml 10 about 133 ug/mb

1. The method of claim 7, wherein the mixsire is applied
o the CLL celis at ¢ flow rate of up to 033 lters/mm.

11. The method of claim 7, wherein the mixigre is apphied
1o the CLL celis & a How rate of from abowt G.21 liers/min
10 about (.27 ltersimin,

12. The method of claim 3, whercin the UV radiation
comprises UV light having one or more UV-C band wave-
tengths,

13 The method of claim 1, further comprising applying
iemperature stressor 10 the CLL veils such thal the tempera-
mre fo which the CLL cells are cooled or heated i5 a
femperature which does oot result in substantial lyvsis of the
CLL cells,

4. The method of claim 13, wherein the temperature
stressor is applied so that the temperature of at least part of
the CLI cells is in the range of from about -5° (. o about
55° C.

15, The method of clam 13, wherein the measn tempera-
sure of the CLL cells is in the range of from about 37° Clto
about 44° C.

16, The method of claim 14, wherein the lemperature of
the CLE cells 18 in the range of from about 37° € to aboul
55° (.

17. The method of clabm 16, wherein the temperature of
the CLL cells is 42.521° C.

I8, The method of claim 1, wherein the CLL ceffs are
subjected to oxidative siress for a period of up o sbowt 60
minutes.

19 The methed of claim 18, wherein the CLL cells are
subjected fo oxidative stress for a period of about 3 minutes.
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ACUTE INFLAMMATORY CONDITION
TREATMENT

FIELD OF THE INVENTION

100011 This mvention relates to processes, medical treal-
mends, and composiions {or alleviating acwe inflammatory
condilions in maminalian patienis.

BACKGROUND OF THE INVENTION

100027 “Acute mflammatory conditions” as the term is used
herein, and in accordance with normal medical parlance,
refers fo nflammatory condifions having a rapid onset and
severe sympioms. The duration of the onset, from a normal
condition of the patient to one in which svimptoms of inflam-
mation are serrously manifested, s anything up o about 72
howrs, Acute inflammatory conditions are (0 be contrasted
with chronie inflarmatory conditions, which are inflamma-
tory condiftons of long duration, denoting a disease showing
fiitle change or of slow progression. The distinction beiween
scute and chronic conditions 18 well known to those m the
medical professions, even if they are not distingnishable by
rigid, numbers-based delinitions.

(00031 It is known that many inflammatory conditions are
associated with an aboormal secretion leve] of various cyvtok-
ines i the mammalian body. Professional antigen-presenting
cells {APCs), mehiding dendritic cells and macrophages,
actively capture and process antigens, clear cell debris, and
remove ifections organisms and dving cells, including the
resichues from dymg cells, During this process, APCs can
stimulate the production of either inflammatory Thi pro-
inflammatory oytokines (11-12, 11-1, TNF-o, PNy, ete) or
regulstory, Th2/Th3 anti-inflammatory eviokines (H.-10,
IL-4, TGF-B ete) domimated responses, depending on the

nature of the antigen or phagocytosed material and the level of

APC matmration/activation.

{08047 The preseat invention addresses acule mlammatory
disorder by a process tvolving suhjection of blood to oxidiz-
ing enviromments such as ozone.

RENCE TO THE PRIOR ART

B005] TS, Pat No, 3,715430 Ryvan relates 0 a method
aod apparatus for producing substantially pure oxygen hav-
ing a confrolled confent of ozone and higher oxvgen poly-
mers. The purified oxygen gas 18 exposed 1o altraviolet light
in 2 wavelength of 2483 1o 2537 angstrom units i onder o
produce 5 1o 500 parts permillion of ozone and higher oxygen
polvmers i the gas mixigre. Ryvan mdicales that the gasg
produced w this manner s non-irriating fo the buman body
and may be infravencusly mected into the blood stream for
therapeitic use.

100067 LS. Par No. 4,632,980 Zee et al discloses a
method of freeing blood and blood components of enveloped
viruses by contacting the blood or blood product i an ague-

ons medinm with ao epveloped vins mactivating amount of

ozone, The treatment s carried o at a temperature of 4° (o
37° Celsins, and an ozone concenfration of 1-100 ppm.
(0807 ULS. Pat No. 4,831,268 Figeh et al provides a
method for the radiation of blood to prevent arteriosclerosis
retated heart and vascular diseases caused by distirbances i
the fat exchange. The disclosed process involves iradiating
the blood i a blood conducting tube with radiation having an
intensity of from about I mW/iem® to 10 mW/em”® in a wave-
length of from about 300 to 600 nm,
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[088] US. Pat. No. 4,968,483 Muclier et al. describes an
apparatus for oxygenating blood, by treatiog an aliguot of a
patient’s blood extracorporeally, with an oxygen/ozone mix-
fure and wliravioler hglt, at a comdrolled temperature. The
apparaing s proposed for use in haematological oxidation
therapy.

[6009] TS, a1 No. 6,204,058 Holton discloses a process
for prepuring an autovaceine for administration © an autoim-
mune disease-suflering mammalian patient fo alleviaste the
patient's agfoimmuone discase svmploms, by irealing an
extracted blood sliquot extracovporeally by subjecting it to an.
mnmune system-mocdifyiog amount of ozone gas and ulra-
violet ractiation, where the treated blood aliquot has at least
one specified Feature such as increased numbers of leueocyies
exhibiting a condensed apoptotic-like morphology.

SUMMARY OF THE INVENTION

[6018] The present invention is based upoa the discovery
that blood treated with varions siressors such as ozone, will,
upon adminisiration 0 a mammalian patient, cause a rapid
deerease in the level of inflammatory cylokines such as TNEF-
o, 1Ny and 11-12, the effects being sipnificant within the
first twelve honrs after the administration of the treated blood.
Accordingly, the treated blood may be used to freat acute
mflammatory diseases and/or to delay and/or to ameliorate
symptoms assoctated with such diseases.

[H01F] o one aspect, the present iovemtion provides a
method of alleviating acute inflammatory conditions . a
mummalian subject, comprising: {a) extracting an aliguot of
blood from the subject; (b) freating the aligoot of blood ex
vive with af least two stressors selected from the group con-
sisting of an owidizing age, an electromagnelic emission
and elevated temperature; and {c) administering the aliguot of
blood treated i step (B) to the subject,

[H012] A Ferther aspect of the invention 8 the use in the
preparation of a medicament for treating acute inflammatory
conditions in a mammalian patient, of awologons blood
which has been stressed ex vivo by subjection o af Jeast two
stressors sefected from. an oxidizing agent, electromagnetic
emission, and clevaled temperature,

[H313] The preparation of the treated blood for use in the
present inveniton preferably comprises extracting from the
subpect an aliguot of blood of volume abowt .01 ml to abom
400 ml, and contacting the aliquot of blood, extracorporeally,
with an immose system-stialating effective amount of
orone gas and an electromagnetic ransmission.

[6014] The method for slleviating scute inflammatory con-
ditions in 2 human subject, in accordance with a preferred
embodiment of the present invention, comprises extraciing
from the patient an aliquot of blood of volume abouwt .G ml
10 about 400 mi, comtacting the aliquot of blood, extracorpo-
really, with an immune system-stimulating amount of ozone
gas and an electromagnetic emission, followed by adminis-
tering the {reated blood aliquot to the subiecl.

[H15] Following adminisiration o the mammalian patient,
the treated blood is belioved fo inferact rapidly with the
Hnmune system resulling m the rapid development of an
anti-inflammatory response, as evidenced by changes in
cvtokine profile.

BRIEF DESCRIPTION OF THE DRAWINGS

[H16] FIG. Eis a set bar graphs comparing the eviokine
1L-18 mBRNA expression (12 howr vs. 24 howr) from the
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deaining lvmph node of mice treated in the KD model (s
later described), Fxample 1 herain;

100177 FIG. 2 s a similar graph for the cytokine {FN-y,
Example | herein;

(00181 FIG. 3 is a similar graph for the cviokine H.-12,
Fxample | herein

DESCRIPTION OF PRE
EMBODIMENTS

ERRED

{00197 According fo the present invention, hlood from
patients suffering from acute inflammatory conditions is
treated, extracorporeally, with various stressors such as an
electromagnetic emission or ozone {inchiding combinations
of stressors).

{00207 BExactly how the treatment operates following this
re-inection is not currently fully understood. The ollowing
tenfive explanation is offered for a better amct morecomplete
deseription of the invention, but s not to be considered as
bincing or limiting,

(00217 Treells, which are one kad of Ivmphooyte and
which play a significant role in the comtrol of the immune
systen, inchide CD-8 cells, and C13-4 cells otherwise known
as T-helper cells, further subdividable into Th1 and Th2 cells.
The Thi cells secrete pro-inflammatory oyiokines such as
irerferon gamma (FFN-y). The Th cells are considered o be
reguistory cells and secrefe regulatory cyviokines, such ag
iderfeukin-4 (U.~4). A number of components of the treated
blood of the present invention, possibly inchiding FILA-DR
and/or other MHC antigens released From the leucocyte cell
surfaces, vpregulate the Th2 cells inthe patient's blood andfor
locally at the site of the inflammation, thereby fncreasing the
secretion of regulatory cytokines or having other effects.
{00221 A patient or o subject is identified as having 2 need
for prophviaxis or treatment of an acue inflarmmatory disor-
der. A blood aliquot from the patieat is prepared by exposing
the aliguot 1o at least two stressors, in controlled amounts, the
siressor being selected from among oxidizing agents such as
ozone, ultraviolet raciation and elevated temperature, Com-
binations of all three of such stressors are preferred. The
resulting blood aliquot, after such trentment, can be reinjeciled
into the patient.

100237 Preferably, the stressors to which the cells in the
extracted blood aliquot are subjected are a temperature siress
{blood femperature above body temperature), an oxidative
envirommerd such as @ mixture of ozone and oxyvgen bubbled
through the blood aliquot, and an electromagnetie emission,
individually, in any eombination, simultaneously or sucees-
sively, bt preferably simulaneousty,

{00241 1n general, from abowt GG ml o about 400 md of
blood may be {realed according to the invention, Prelerred
amounts are in the range of abowt (.1 to about 200 ml, More
suitably, the aliquot for treatment has a volume of from about
G4 to about 100 mis, preferably | to abowt 50 mi and most
preferably 5 10 15 mil The method most preferably involves
treating an aliquot of about 10 mis blood with ozone gas and
an eleetromagnetic emission, then re-andministering the
treated blood o the patient by intramuseniar injection,
{00251 Itis preferred, according 1o the lovention, o applv a
femperaiure stress (blood femperature above o below body
temperature), o addition to the electromagnetie emission
stress and the oxidative stress, Preferably, all three of the
aforementioned stressors are applied simultanecusly o the
aliguot under freatment, in order to ensure the appropriate
modification o the blood. Care must be taken to atilize an
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appropriate level of the siressors 10 therehy effectively
modify the blood o alleviate the acute nflanymatory condi-
sion in the subject.

|HI26)  The temperatore siressor warms the aliquot being
ireated to a temperatore above normal body temperature or
cools the aliquot below normal body temperatire. The tem-
perature is selected so that the temperature stressor does not
cause excessive hemolyvsis in the bood contained in the ali-
quot and so that, when the treated aliquot is njected info a
subjeet, alleviation of the acute inflammatory condition will
be achieved. Preferably, the temperature stressor is apphied so
that the temperature of altor a part of the aliquot is up o abow
55, anc more preferably in the range of from about -3° (L
0 abouf 557 C,

|27 Insome preferred embodiments ofthe invention, the
temperaiure of the aliqoot 8 raised above normal body tem-
perature, such that the mean temperature of the aliguot does
not exceed a temperature of abomt 33° C., more preferably
from about 40° C 1o about 50° O, even more preferably from
about 40° C. to aboutl 44° ., and most preferably about
42.5x1° C

[6028] In other preferred embodiments, the aliguot is
cooled below normal body temperature such that the mean
temperature of the aliquot is within the range of from abowt
~59C o about 36.5° C, even more preferably from about 10°
. to about 30° C., and even more preferably from about 15°
o about 25° (L

[6029] Akternatively, the blood sample is heated while
being subjecled o an clechromagnetic emission until the
blood reaches a predetermined temperature (preferably about
42.5x1° Celsius) at which point bubbling of ozope gas
through the blood is commenced, Theconcurrent electromag-
netic emission/ozone treatment is then maintained for a pre-
determined period of thme, preferably abowt 3 minutes.
|H030)  Another alernative method involves subjecting the
blood o electromagnetic emissionfozone while heating 10 4
predetermined temperature {preferably abowt 42.521° Cel-
sius}), then either ending the treatment once the predetermined
femperature s reached, or continuing electromagnetic emis-
sion/orone treatment for a further pertod of ime, most pref-
erably about 3 minufes,

[603F] Theoxidative environment stressor can be the appli-
cation to the aliguot of solid, Hauid or gaseous oxidizing
agents, Chemical oxidants such as hvdrogen peroxide can be
used. Preferably, #involves exposing the aliquot to ozone gas.
More preferably, it involves exposing the aliguot to a mixture
of medical grade oxygen and ozone gas, most preferably by
bubbling through the aliquot, at the aforementioned tempera-
fore range, a stream of medical grade oxvgen gas having
orone as a minor componerd therein, The ozone content ofthe
gas stream and the flow rate of the gas stream should be
selected sueh that the amount of ozone ntroduced 10 the
blood aliquot, either on #s own or in combination with other
stressars, does not give rise 1o excessive levels of cell damage
strch that the therapy is rendered inelfective. Suitably, the gas
stream has an ozone eontent of up to about 300 ug/ml, pref-
erably up fo about 100 ughml more preferably abouwt 30
pfml, even more preferably up to about 20 pg/mi, partice-
tarly preferably from about 10 ug/ml o about 20 pe/ml, and
most preferably about 14.5x1.0 pg/ml. The gas stream is
suitably supplied o the aliquot at a rate of up to about 2.0
Htres/min, preferably up o about 0.5 Hitres/min, more prefer-
ably up fo about G4 litres/min, even more preferably up fo
abouf 0.33 litres/min, and most preferably about 0.2440.024
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litres/min. The lower Hmit of the flow rate of the gas stream is
preferably notlower than (.01 litres/min, more preferably not
fower than 0.1 htres/min, and even more preferably not lower
than 0.2 litres/min,

100327  Fhe electromagnetic emission stressor is suinbly
applied by irradiating the aliquot voder treatment from a
source of an electromagnetic emission while the aliguot i
maintained at the aforementioned temperature and while the
OXYEEHOZODE gaseons mixture is being bubbled through the
ahiquot. Preferred electromagnetic emissions are selected
from photonie radiation, more preferably UV, visible and
indrared light, and even more preferably UV hight. The most
preferred UV sources are UV lamps emating primariby UVOC
bansd wavelengths, i.e. at wavelengths shorter than about 280
nm. Such lamps may also emit amomnts of visible and infra-
red light. Ultraviolet ight corresponding to standard TIV-A
{wavelenypths from about 315 to about 400 nm) and UVR
{wavelengths from about 280 1o about 315) sources can also
be used. For example, an appropriate dosage of such UV light,
applied simultanconsly with the aforementioned temperature
and oxidative environment stressors, can be oblained from
lamps with a combined power output of from about 45-65
mW/em®, Up to eight such lamps surrounding the sample
container holding the aliguot, with a combined output at
253.7 nm of 15-25 watts, operated at an intensity {o deliver a
total UV light energy at the surface of the blood of from about
(.025 to about 10 joules/em?®, preferably from about 6.1 1o
about 3.0 joulesfem™, Preferably, four such lamps are used.
{00331 The time for which the aliguot is subjected to the
stressors can be from a few seconds 10 about 60 minutes. The
time depends 1o some extent upon the chosen intensity of the
clectromagnetic emission, the femperatire and the concen-
tration of the rate af which the oxidizing agent is supplied to
the aliguot. Some experimentation to establish oplimum
times may be necessary on the part of the operator, once the
other stressor Jevels have been set. Under most stressor con-
ditions, preferred fimes will be in the approximate range of
from about 2 to aboul 5 mingtes, more preferably around 3
minutes. The starting blood temperature and the rate at which
it can he warmed or cooled 10 a predetermined temperature,
feads o vary from subieet 1o subiect.

{00347 Warnmning is suitably by use of one or more inlrared
lamps placed adjacent to the aliguot contamer. Other methods
of warming can also be adopted.

100357 inthe practice of the preforred process of the present
invention, the blood aliquot {or the separated cellular fac-
tions of the blood, or mixtures of the separated cells, includ-
ing platelets, these various lewcocyte-combinations, aloag
with whole blood, being referred to collectively throughout as
the “aliquot™) may be treated with the stressors using an
apparatus of the fype described i US. Pat, No, 4,968,483
Mueller. The aliquot is placed in a suitable, sterile, UV Hght-
fransmissive condainer, which is fitted into the machine. The
UV lamps are switched on {or a fixed petiod before the gas
flow 1s applied to the aliquot providing the ;adative stress, 1o
sfow the output of the UV lamps to stabilize, The UV lamps
are tvpically on while the femperature of the aliguot i
adiusted to the predetermined value, g 42.521° C Then the
oxygen/orone gas mixture, of known composition and con-
trofled How rate, is apphied to the alguot, for the predeter-
mined duration of up to about 60 minutes, preferably 2 10 5
meistres and most preferably about 3 mingtes as discussed
above, so that the aligool expericsces all three stressors
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sirmultaneousty, b this way, blood is appropriately modified
aceording 1 the present imvention to achieve the desired
effects.

[6036] Thus, the invention also provides a method of stimu-
lating or activating the immune system i the a human by
condacting about .01 ml fo about 400 ml of blood from a
Irwman with an imimmme system-stimulating amoundt of ozone
gas and ultravielet rdiation, followed by administering the
treated blood 1o a human. It is believed that this stimudation or
activation of the imname system may have the cffect of treat-
tng acule inflagumatory conditions or disorders. Similarly, the
tvention confemplates a method of treating an existing acute
tallammatory condition or disorder in a human by contacting
about 0.01 mil to about 400 mi of blood from a human with an
mnmune system-stimulating amount of ozone gas and ultra-
violet radiation, followed by administering the treatedd blood
10 4 human,

|6037] A subject preferably undergoes a course of treat-
mes, each mdividual reatment comprising removal of a
blood aliquot, treatment thereof as deseribed above and re-
achninistration of the treated aliquot fo the subject. A course
of such treatments may comprise daily adnunistration of
ireated blood aliguots for a number of conseculive days, or
may comprise a Brgt course of daily treatments for a desig-
nated period of time, followed by an interval and then one or
more additional courses of daily treatments.

[6038] TInonepreferred embodiment, the subject is given an
taitial course of treatments comprising the administration of
1 to 6, more preferably 4 fo 6 aliguots of treated blood. In
another preferred embodiment, the subiect 1s given an inttial
course of therapy comprising adminmstration of from 2 to 4
aliguots of treated blood, with the administration of any pair
of consecuiive aliguots being either on consecuiive davs, or
being separated by a rest pertod of from 1o 21 dayvs onwhich
no aliquots are administered to the patient, the rest pertod
separating one selected pair of consecutive aliquots being
from abowt 3 to 15 davs. In amore specific, preferred embodi-
med, the dosage regimen of the initial course of {reatments
comprises a tolal of three aliguots, with the Hrst and second
aliguots bemg administered on consecitive days and a rest
period of 11 days being provided between the administration
of the second and third aliquots, For optimum effectiveness of
the {reatment, # is preferred that no more than one aliguot of
modified blood be adminidered to the subject per day, inone
or more mjection stles, and that the maximum rest period
hetween any two consecutive aliguots during the course of
ireatment be no greader than about 21 days.

|H3%)  Hmay be preferred fo subsequently administer addi-
tional courses of reatments following the imtial course of
fresiments. Preferably, subsequent cotrses of treatinents are
admmisiered following 2 rest period of several weeks or
months, preferably at least about three weeks, alfter theend of
the initial course of treatments. In one particalarly preferred
embodunent, the suhject recetves a second course of treat-
ments comprising the administration of one ahiguot of trealed
blood every 30 davs following the end of the initial conrse of
ireatments, for a period of 6 months. It may also be prefemred
1 some circumnstances 1o follow one or more of the above-
described conrses of treatment by periodic “hooster” trent-
ments, # pecessary, fo mainiain the desired effects of the
present invention, For example, it may be preferred (o admin-
ister booster freatmends af nfervals of 3 to 4 months ollowing
the inttial course of treatment.
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{00401 1t will be appreciated that the spacing befween suc-
eessive conrses of treatments should be such that the positive
effects of the treatment of the invention are maintamed, and
may be determined on the bagis of the observed response of
individual subjects.

100417 The present invention 1s a provess for the treatment
of or prophylaxis agaimst acute inflammatory mammalian
disorders where inappropriste cytokine expression s
involved. Those disorders are generally characlerized by
acute nflammation that is mediated by cviokines H-1p,
PNy andlor oytokines secreted from milammatory cells eg
Th-1 cells. A patient having such a disorder may be selecied
for treatment. “Treatment™ includes, for example, a reduction
it the gumber of symploms, a decrease in the severity of at
least one symptom of the particular disease or a delay in the
further progression of at least one sympiom of the particnlar
disease.

(00421 One example of an acole inflammatory disorder that
the process of the present invention may freat or help goard
against, s acute allergic or foxic reaction from surface contact
with environmental and occupational alergens or drugs
through anaphylactic shock. More specific examples of such
disorders mchude allergic contact dermatitis, acute hypersen-
sHivity and respiratory allerpy.

100431 A second example of an acule inflemmatory disor-
der that the provess of the present invention may treat or help
guard against, is acute newrological inflammatory infury such
as that caused by acute infection

[00d4] A third example of an acate inflammatory disorder
that the process of the present mvention may treat or help
guard against, 15 acule myocardial mfarction,

{00457 Another example ig prophylaxis against or freat-
ment of acete seuronal injury resuliing from cardiopulmo-
nary bypass surgery.

100461 A forther example is prophylaxis or treatment of
scute inflammatory conditions arising From surgieal or medi-
cal procedures, and medically induced (Mjatrogenic™} acute
inflammatory condifions,

100471 The invention may also be useful i pre-condition-
ing individuals about 10 enter an environment in which they
wil encounter conditions Bkely to lead to acute nflammatory
disorder development, such ag harmiyl chemical-containing
environments and msect infested areas.

100487  The prophylaxis or {freatment methods described
herein may be administered in combination with one or more
other modalities, Bxamples of other preferred modalities
include, but are nof hmied 0, non-steroidal and steroidal
anfi-inflammatories.  Adminisiration  in combination
inchdes, for example, administration of the treated blood
described herein, prior to, during or afler administration of
the other one or more modalities. Caeofskill inthe artwill be
able to determine the administration schedule and dosage.

EXAMPLE ]

106497 {rraable contact dermatitis (JCD), or acute dermati-
tis, s an example of acute inflammation, in a model of which
an trdtant {2 4-dinirofluorobenzene (DNFRY) 15 pamted on
the shaved skin of a mouse and then after certain time polats,
the draming lymph nodes are collected and analyzed for the
mMRNA expression of pro- and anti-inflammatory cytokines,
This constitutes an accepted animal model of acute inflam-
matory disorder.

(00501 Balb/C mice between 6 to 8§ weeks of ape were
assigned to two time groups, 12 howrs and 24 hours. The mice
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were further assigned to one of 4 groups in the 24 hour group,
A3, with 5 animals in each group, Group A received no
bleod and no DNFR, Group 13 recervad a S0 microlitre injec-
fton of PBS and DNFB irrttant treatment, but no freated
bood. Group € was treated with DNFB and recetved an
mjection of 30 microlitres of untreated whole blood. Group D
was treated with DNFB and recetved an injection of 3¢
microlitres of treated whole blood. The mice i the 12 hour
group were assigned 10 one of three groups (of 5 mice per
group) A-CL Group A recetved a 50 microliire injection of
PS5 and DNEB oritan treatment, bl no treated blood.
Group 13 was treated with DNFR and received an injection of
50 microkitres of untreated whole blood. Growp Cwas treated
with DNFB and received an igjection of 50 microlitres of
ireated whole blood. Since the negative condrol group A inthe
24 howr gronp would be expected to have the same results
redating o cytokine levels as the 12 hour group. only 2 24 hour
condrol group was used.

[H5F] Whole blood was oblained from Balb/C mice, by
extraction from amam artery through an injection needle, and
treated with an anti-coagulant, An aliquot of this was sub-
jected to the process of o preferred embodiment of the nven-
fton. The remainder was left untrested, for use in control
experiments, Since these mice are genefically identical, there
18 not expected 10 be an immune response agatnst the mjected
blood by the recipient mice.

[6052] To obtam treated blood, the selected aliquot, in a
sterife, UVeifransmissive contamer, was iremted simukta-
neously with a gaseous oxygen/ozone mixture and vHraviolet
tight at elevated temperature using an apparatus as generally
deseribed in aforementioned ULS, Pat, No, 4,968 483 Muetler
et al. Specifically, 10 m] of citrated blood was transferred to o
sterite low density polyethylene vessel {more specifically, a
Vasogen V7002 Blood Contamer) for ex vivo frentment
with stressors according to the nvention. Using an apparatos
described in the aforementioned Mueller patent {more spe-
cifteally, a Vasogen VOTO0L apparatus), the blood was heated
1042.5217 C. and at that temperatore iradiated with UV light
principally at a wavelength of 253.7 nm, while oxvgen/ozone
gas was bubbled through the blood to provide the oxidative
envivonment amd to facilitate exposure of the blood 0 UV
The constttition of the pas mixture was 14.521.0 po/ml, with
the remainder of the miture comprising medical grade oxy-
gen, The gas mixture was bubbled through the aliquot at a rate
of 240424 mlfmin for a pertod of 3 minutes,

[6053] Tmmediately prior o the injections, animals were
anaesthetized with 0.2 mi of 5 mg/mi sodinm pentobarbital
via 1P mjection. The abdominal skin of the mouse was
spraved with 70% HeOH and a scalpel blade was used to
remove about a one-inch diameter paich of hair from the
abhdomen. Where the mice were treated with DNFRS, the
shaved ares was then painted with 25 plof 0.5% DNFR m 4:1
acetonerolive oil using a pipette tip. All mice were anesthe-
tived and had the belly area shaved. The PBS or blood (lreated
or untreated) was administered by injection mnto the lateral
gastrocnemius muscle {right leg).

[6054] Al animals in the two time groups were sacrificed
after the respective time poiats, From each sacrificed animal,
the draiming bvmph nodes were harvested. The RNA was
extracted from the lymph nodes, and subjected to REPCR
analysis for expression of the pro-inflapmatory cytokines
{L1-8, IFNwy and JL-12. Fhe resullts were determined in com-
parisont with the standard reporter gene GAPDH, which is
known 1o be expressed at 100% levels.
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{00551 The data, as oviokine/GAPDH for the various
eytokines at 12 and 24 hours, are presented graphically on
FIGS. 13

faa5e)  FIG. I pertains {o [L-1P measurements. These are
plotted, as a ratio 10 housekeeping gene GAPDEH, as vertical
axis, comparing the resulis for various experimental condi-
tiomns at 12 howrs and 24 hours. Each point represents the mean
of five mensurements with the error bars representing the
standard error of the mean. The data at 12 hours shows the
pro-inflammatory evicokine Ho-15 is significantly dowaregu-
lated, in comparison o the PBS-DNFR (p=0.022) and
mtreated blood-DINFB {(p=0.001), when treated blood was
injected into the mice, as determined by ANOVA, The results
at 24 bours were also significant when comparing mice hav-
ing the freated blood ireatment in comparison to PBS-DNFB
{p<(.001) and untreated blood-DNPR {(p<0001) This is an
indication of the potential of the process of the present inven-
tion to combat acute HL1-f related disorders i mammalian
patients, such as early pulmonary inflammation resaliing
from hepatic njury, unstable angina, acute juvenile and rhen-
matoid arthritis, and acute ischemia.

100577 FIG. 2 similarly presents the results of measure-
ments of TFN-y, another pro-inHammatory cytokine. Here the
effect of the treated blood is noticeable and significant at both
12 {(p<D.O5) and 24 hours (p<0.0GL} in comparison {0
s determined by ANOVA, finther indication of the potential
of thig nvention in ireating ascufe inflamumatory disorders,
espectally those in which HN-y plays a significant role, such
as coronary arferial inflammation, pericardiiis and acute
eOronary syndrome.

100587 FIG. 3 similarly presents the results for measure-
ment of 11-12, an inflammatory cytokine. Again, there s
significant downregulation of 11-12 in the freated blood

Gy in the untreated blood-DNFB condition as determined by
ANGVA, This is indicative of the potential of the preferred
embodiments of the invention i combating 1L-12 related

sente inflammatory disorders such as acule respiratory syn-
drome, acute inflammatory respoose due to organ transplant
and acute inflammmatory bowel disease.

EXAMPLE 2
100597 Blood (10 mi) from syngeneic male £ Lewis

Brown Norway (LBN)} rats was pooled, and sebiected 1o
exposare to heat, UV lght and orone/oxygen gaseous mix-

ture using a VCTO0T device {Vasogen Inc.). The conditioas of

blood treatment were as described in Example 1, namely 10
mi of blood treated with sedium citrate anticongulant was
heated to a temperature of 42,5217 €. and at that temperature
the blood was irradisted with UV light principally a a wave-
length of 253.7 nm, while oroneloxygen gas mixtore {14
=10 pe/mi ozone, balance medical grade oxygen) was
bubbled through the blood abiguot &t a rale of 240224
mb/minuie for a period of 3 minuies.

{0060t Twewmty LBN male Fl rats were allotted 1o eher a
treatment group {12} or & control group (8). Onday 1, day 2
aod day 14, rats in the {reatment group were mjected i the
ghiteus muscle with 150 1l of the treated blood. Rats i the
control group were similarly igjected, on the same schedule,
with 150 pl of sadine.
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[H38E] Onday 15, the animals were surgically operated on,
subjecting them tocoronary artery ligation. The animals were
then studied by echo cardiography throungh the acule phase
following the surpery, 10 monitor ihe cardiac function of the
ammals following the lgation.

[H362] Theecho cardiograply revealed a signilicant redue-
tion in left ventricular end-diastolic aren in rats of the treat-
ment group during the acute phase, as compared with rats of
the condrol grovp. This is indicative of a protective effect and
carby henetit on cardise remodeling afler coronary arfery
Bgation, These results are supportive of the potential wtiity of
the process and procedures of the presest invention in treat-
ment of acute inflammatory conditions suchas acute myoear-
dial mfarction and acute nflammatory conditions arising
from surgical procedures.

1-¥7. {canceled}

8. A method for prophylaxis or treatment of an acute
witammatory disorder, wherein the acute mflammatory dis-
order i characterized by a rapid onsel and severe sympioms
where the duration of the onset {rom a normal condifion to
one in which symptoms of mammation are serionsly mani-
fested s up 1o about 72 hours, and wherein the acute mflam-
matory disorder mvolves inapproprisie eyvtokine expression
by inflammatory cells, said method comprising administering
an aliguot of blood fo a mammalian patient i need thereof,
wherein the aliquot has been treated ex vivo with ot least two
stressors selected from the group consisting of an oxidizing
agent, an clectromagnetic emisgion and an elevated tempera-
fure,

19, The method of claim 18, whereln the oxidizing agent
COMPYISES OZORE gas.

26. Fhe method of claim 19, wherein the oxidizing agent
comprises a mixtore of medical grade oxygen and ozope gas.

21, The method of claim 20, wherein the ozone s admin-
istered as a gas stream in adinixture with medical grade oxy-
gen ot a rate of from 0.01-2.0 hters per minute.

22. The method of claim 18, wherein the electromagnetic
emission is wiraviolet radiation,

23. The method of claim 22, wherein the elraviolet radia-
ion is supplied from at least one ulraviolet lamp emilting in
the C-band wavelengih,

24. The method of claim 18, wherein the elevated tempera-
ture is 42.521° Celsins.

28 Fhe method of claim 18, wherein three stressors are
apphied to the blood simullancoushy, wherein the three stres-
sors are ozone gas, vliravioket radiation and a temperature of
from 40° 10 50° Celsius,

26. The method of claim 25, wherein the ozone 8 admin-
isteredt as a gas stream in admixture with medical grade oxy-
gen at a rate of from 0.01-2.0 hiters per minuie.

27. The method of claim 26, wheretn the blood aliquot is
ireated with ovone and vltraviolet radiation at a temperature
from 40° to 44° Celsius fora pertod of from 2 t0 5 nunutes, the
ozoneloxygen mixture being supphed atarate of from 0.1-1.0
ters per minate, with an ozose contert of from 1G-30G
pgfml

28. The method of claim 25, wherein the femperaure is
42.521° Celsms.

29_The method of cloim 18, wherein the aliguot adminis-
tered to the mammabian patient is from G.G1 to 400 mi.

3¢, The method of claim 29, whereln the aliguot adminis-
tered 1o the mammalian patient is from | to 56 ml.
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31 The method of claim 18, wherein the acute inflamma- 34, The method of claim 18, wherein the acole inflamima-
tory disorder is acute allergic or woxic rexction from surface sory disorder is acute nenronal inpury resulting from cardiop-
eontact wih environmental allerpen or drugs through ana- 13331011'?”"3' bypass surgery. . .
phylactic shock 35, The method of claim 18, wherein the acute mflanuna-

",;2 TI tod of claim 18, wherein {f o fl tory disorder arises from surgical or medical procedures,

K d 1::1 met 3_0;} of claim 18, (\; rerein the acute 1;1 T~ 36. The method of claim 18, wherein the acite milamma-
fory disorder 1 alleric comlact detmaliis oF acuie ypersen- tory disorder avises from medically induced actor inflamma-
SHIVIFY. fory conditions.

33, The method of claim 18, wherein the acute inflamma-
tory disorder is acute newrologieal inflammatory infry,
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Effect of combined heat, ozonation and ultraviolet
irradiation (VasoCare) on heat shock protein expression by
peripheral blood leukocyte populations.

Bulmer Jt, Bolton AE, Pockley AG.

Author information

Abstract

The re-administration of whole blood subjected to heat, ozonation and ultraviolet irradiation
(VasoCare therapy) has been shown to elicit clinical benefits in individuals with vascular disease.
Given that these stressors induce heat shock protein (Hsp) expression and that heat shock
protein reactivity is implicated in the pathogenesis of vascular disease, this study assessed the
effect of VasoCare on intracellular expression of Hsp60 and Hsp70 by treated peripheral blood
leukocytes. Contrary to expectations, VasoCare induced a significant reduction (approximately
40%) in the proportion of peripheral blood mononuclear cells expressing intracellular Hsp60 and
Hsp70, whereas it had no effect on heat shock protein expression by peripheral blood
neutrophils. Cell surface heat shock protein expression was not detectable. The reduced
expression of Hsp60 by mononuclear cells was concomitant with an increase in the levels of
Hsp60 in treated plasma. Although the mechanism underlying the clinical effectiveness of
VasoCare therapy has yet to be established, it may be that re-administration of treated blood or
soluble factors derived therefrom modifies in vivo immune responsiveness to heat shock proteins
or associated molecules.
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Treatment of severe Raynaud's syndrome by injection of
autologous blood pretreated by heating, ozonation and
exposure to ultraviolet light (H-O-U) therapy.

Cooke ED?, Pockley AG, Tucker AT, Kirby JD, Bolton AE.

Author information

Abstract

OBJECTIVE:

To determine the effect of re-injection of small samples of autologous blood, pretreated with heat,
ozone and ultraviolet light (H-O-U therapy) in patients with severe Raynaud's syndrome.

EXPERIMENTAL DESIGN:
Open trial in 4 patients.

SETTING:




Temperature/humidity controlled vascular laboratory.

PATIENTS:

Severe Raynaud's syndrome of more than 5 years duration and defined as more than 5 attacks
daily or 10 attacks in one week, at least half of which were painful and lasting for more than 30
minutes. Three patients were refractory to infusions of lloprost.

INTERVENTIONS:
Patients were treated daily or on alternate days for a two to three weeks period by re-injection of
citrated autologous blood pre-treated with heat, ozone and ultraviolet light (H-O-U therapy).

MEASURES:

Clinical observations; mean equilibrated hand temperature (infrared thermography); distributive
and microcirculatory blood-flow (venous occlusion strain-gauge plethysmography, infrared
photoplethysmography, laser Doppler flowmetry) iontophoresis of acetylcholine and sodium
nitroprusside; estimations: serum levels of 6-keto-PGFlalpha and serum levels of anti-hsp65
antibody.

RESULTS:

Reduction or abolition of Raynaud's attacks for at least three months after treatment. Mean
equilibrated hand temperature increased but did not normalise. Blood flow parameters improved
but did not reach statistical significance. lontophoresis of acetylcholine showed an increase in
laser Doppler flowmetry which was statistically significant. Serum levels of 6-keto-PGFlalpha, fell
significantly in three patients. Serum levels of anti-hsp65 antibody fell in the one patient which
was followed sequentially.

CONCLUSIONS:
H-O-U therapy may prove useful in patients with severe Raynaud's syndrome.

Atherosclerosis. 2002 May;162(1):45-53.

Effects of VasoCare therapy on the initiation and
progression of atherosclerosis.

Babaei S?, Stewart DJ, Picard P, Monge JC.

Author information

Abstract

VasoCare therapy, which involves the administration of autologous blood following the ex vivo exposure to
physico-chemical stressors, has been shown to modulate immune responses. Since immune mechanisms
have been recognized to be pivotal in the pathogenesis of atherosclerosis, we hypothesized that VasoCare
treatment would inhibit atherosclerosis in LDL-R (-/-) mice. Three groups of LDL-R (-/-) mice were studied: a
control group that was fed normal chow (Group I) and no other treatment; a control group that received a
high cholesterol (HC) diet for 8 weeks (group Il) with sham saline injections; and a third group (Ill) that
received HC diet for 8 weeks and VasoCare treatment initiated after four weeks of HC feeding.

Atherosclerotic area (AA), relative to total aortic area (TA), was assessed after 8 weeks of HC feeding by olil
red O staining, and cross sectional plaque area at the level of the aortic valve leaflets was determined by
quantitative morphometry. HC mice exhibited substantial aortic lipid deposition which was profoundly



reduced in the VasoCare treated animals (AA/TA ratios in group Il: 0.32+/-0.15 vs. group III: 0.17+/-0.06;
P<0.05).

This was associated with a significant decrease in cross sectional area of plaque in the aortic sinuses.
VasoCare therapy also reduced the xanthoma formation and limb swelling characteristic of this animal
model. However, cholesterol levels, measured by an enzymatic assay, showed similar marked increases in
total serum cholesterol (CHO) in the animals receiving HC diet alone and those receiving the HC diet and
VasoCare treatment [group |: 5.4+/-0.8 mM, group II: 46.7+/-3.6 mM, and group llI: 44.7+/-2.8 mM (P<0.01
vs. group 1)]. We conclude that VasoCare treatment inhibits progression of atherosclerotic lesions in a
murine model of human familial hypercholesterolemia by a mechanism independent of cholesterol lowering.
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Renal ischemia-reperfusion injury in the rat is prevented by
a novel immune modulation therapy.

Tremblay J¢, Chen H, Peng J, Kunes J, Vu MD, Der Sarkissian S, deBlois D, Bolton
AE, Gaboury L, Marshansky V,Gouadon E, Hamet P.

Author information

Abstract

BACKGROUND:

Vasogen Inc.'s (Mississauga, Ontario, Canada) immune modulation therapy (IMT) is a therapy in
which cells from the patient's own blood are modified by ex vivo exposure to specific
physicochemical stressors, including oxidation, ultraviolet (UV) light, and an elevated
temperature. The therapy has been shown to have a beneficial effect in models of inflammation
and vascular diseases. This study tested the hypothesis that IMT can prevent renal ischemia-
reperfusion (I/R) injury in rats.

METHODS:

Whole blood was collected from syngeneic age-matched donors by cardiac puncture. It was
treated with a combination of controlled physiochemical stressors consisting of elevated
temperature, a gas mixture of medical oxygen containing ozone, and UV light. The treated blood
(150 microL) was injected in the gluteal muscle. Control animals received the same volume of
untreated blood or physiological saline. Transient (45 or 60 minutes) left-renal ischemia was
produced with simultaneous contralateral nephrectomy in treated and control spontaneously
hypertensive rats (SHR). Young and old male and female rats were studied. Plasma creatinine,
diuresis, and the survival rates of each group were compared. Renal apoptosis-necrosis was
estimated by DNA laddering, histology, and in situ terminal deoxynucleotidyl transferase assay.
MRNA levels of several regulators of apoptosis-regeneration were determined in control and
postischemic kidneys by Northern blotting.

RESULTS:
IMT pretreatment of SHR significantly reduced renal I/R injury compared with equivalent placebo
treatments consisting of untreated blood- or saline-injected SHR, as evidenced by a significant



increase of the survival rate curves in young and old male SHR, which correlated with 24-hour
postischemic diuresis. The increases in plasma creatinine following renal I/R were significantly
lower in IMT-treated young male and old female SHR compared with saline or untreated blood-
injected controls. Dilution analysis showed that the protective effect of treated blood was lost by
dilution. Loss of epithelial cells was reduced in IMT-treated rats, with a significant decline in the
peak of apoptosis 12 hours after acute ischemic renal injury. IMT did not modify the pattern of
MRNA levels of several genes involved in the inflammation and regeneration processes.

CONCLUSION:
Our data demonstrate that IMT prevents the destruction of kidney tissue and the resulting animal
death caused by renal I/R injury
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Attenuation of LPS-induced changes in synaptic activity in
rat hippocampus by Vasogen's Immune Modulation
Therapy.

Nolan Y?, Minogue A, Vereker E, Bolton AE, Campbell VA, Lynch MA.

Author information

Abstract

Systemic injection of lipopolysaccharide (LPS) blocks the expression of long-term potentiation in
the hippocampus of the rat. This is coupled with increased IL-1beta concentration and c-Jun
NH(2)-terminal kinase activity, as well as an increase in the number of cells displaying apoptotic
characteristics in the hippocampus. Vasogen's Immune Modulation Therapy (IMT) is a procedure
involving intramuscular administration of syngeneic blood which has been exposed ex vivo to
elevated temperature, oxidation and ultraviolet light. We report that Vasogen's IMT significantly
abrogates these LPS-induced effects with a concomitant increase in the concentration of the anti-
inflammatory cytokine IL-10. These data suggest that Vasogen's IMT may play a protective role
against the deleterious effects of immune insults in the brain.
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OBJECTIVE We sought to determine whether a novel, non-pharmacological form of immune modulation
therapy (IMT), shown experimentally to reduce inflammatory and increase anti-inflammatory cytokines, improved
outcomes in patients with advanced heart failure (HF).

BACKGROUND Immune activation contributes to the progression of HF, but treatments directed against
inflammation have been largely unsuccessful.

METHODS Seventy-five HF patients (New Y ork Heart Association [NYHA] functiona class |1l to V) were
randomized to receive either IMT (n_ 38) or placebo (n_ 37) in adouble-blind trial for six months, with continuation
of standard HF therapy. Patients were evaluated using the 6-min walk test, changesin NYHA functional class, cardiac
function, and quality of life assessments, as well as occurrence of death and hospitalization.

RESULTS There was no between-group differencein 6-min walk test, but 15 There was no between-group difference
in 6-min walk test, but 15 IMT patients (compared with 9 placebo) improved NYHA functional classification by at
least one class (p _ 0.140). The Kaplan-Meier survival analysis showed that IMT significantly reduced the risk of
death. These preliminary findings are consistent with the hypothesis that immune activation is important in the
pathogenesis of HF and establish the basis for aphaselll tria to define the benefit of IMT in chronic HF. (p _ 0.022)
and hospitdization (p _ 0.008).
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Abstract

The immune system is a system of dynamic equilibrium, with inflammatory responses (mediated
by T helper type 1 cells, interleukin [IL]-1beta, interferon-gamma, and tumor necrosis factor-alpha
[TNF-alpha]) being balanced by anti-inflammatory responses (mediated by T regulatory type 1
cell, T helper type 3 cells, IL-4, IL-10, and transforming growth factor-beta). Therefore,
neutralization of inappropriate inflammatory cytokines is a therapeutic strategy that has been
attempted in many chronic inflammatory conditions, mostly targeting TNF-alpha, using either
monoclonal antibodies or modified receptor proteins (etanercept). There is functional redundancy
among the inflammatory cytokines. For example, in addition to TNF-alpha, both IL-1beta and IL-6
are elevated in patients with chronic heart failure (CHF); thus neutralizing the activity of TNF-
alpha alone may be an inadequate approach in this patient group. Immune-modulation therapy
(IMT) results in downregulation of proinflammatory cytokine levels and upregulation of anti-
inflammatory cytokines. This alteration in the balance between proinflammatory and anti-
inflammatory cytokines may be more appropriate than neutralizing the activity of a single cytokine
in the treatment of conditions such as CHF. Several animal studies investigating the effect of IMT
in inflammatory conditions including allergic contact hypersensitivity, ischemia reperfusion injury,
and atherogenesis are reviewed.
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Abstract

We have reported that Vasogen's immune modulation therapy (IMT), a procedure involving
intramuscular administration of autologous/syngeneic blood, which has been exposed ex vivo to
increased temperature, UVC light and oxidation, prevents several LPS-induced inflammatory
changes in the hippocampus. Here, we investigated neuroprotective effects of IMT in cortical
tissue, and report that the treatment acts as an anti-inflammatory and antioxidative agent,
reducing the concentration of TNFalpha and the accumulation of reactive oxygen species. The
data couple these changes with an increase in the concentration of the anti-inflammatory cytokine
IL-10, and a decrease in activation of the stress-activated protein kinase, c-jun N-terminal kinase.
Consistent with these putative protective effects of IMT, we report that the LPS-induced increase
in TUNEL staining, which is indicative of cell death, is prevented by IMT.
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Abstract

Chronic heart failure (CHF) remains a leading cause of mortality and morbidity, despite the use of optimal
standard-of-care medical therapies. Although the role of the immune system in the pathogenesis and
progression of CHF has been well-appreciated, attempts to modify specific systemic immune mediators
have been unsuccessful. Building on the modest successes of more broad-spectrum immune therapies,
Celacade therapy was developed, a device that induces apoptosis in an ex vivo blood sample. Upon
reinjection into the body, the treated blood sample has been shown to have an anti-inflammatory effect.
Celacade has been successful in several animal models of disease where inflammation plays an important
pathogenic role. Two phase IlI clinical trials of Celacade have been undertaken. A trial on the use of
Celacade in peripheral arterial disease with intermittent claudication was terminated early due to a lack of
clinical effect, and a larger trial of Celacade treatment in CHF (ACCLAIM) was completed in 2006. ACCLAIM
did not reach the primary end point for the overall study population; however, the study results demonstrated
a reduced risk of death or first cardiovascular hospitalization by 39% in patients with New York Heart
Association class Il CHF and a 26% reduction in patients with class Il, Ill, and IV disease who had no prior
history of myocardial infarction. Celacade has been approved for treatment of CHF in these groups of



patients in the European Union, and an FDA-mandated confirmatory study of Celacade for possible approval
in the United States is in progress.

http://www.nchi .nlm.nih.gov/pubmed/19584980

Can J Cardiol. 2009 Jul;25(7):e241-7.

Effects of therapy using the Celacade system on structural
and functional cardiac remodelling in rats following

myocardial infarction.
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Abstract

BACKGROUND:
Immune modulation by the Celacade system (Vasogen Inc, Canada) decreases mortality and hospitalization
in human heart failure.

OBJECTIVES:
To study the effects of Celacade in rats on acute cytokine expression after coronary artery ligation, cardiac
dimensions following myocardial infarction (MI), and systolic and diastolic function of cardiac muscle in MI.

METHODS:

Celacade treatment was administered 14 days before coronary artery ligation and monthly after the surgery.
Cytokine expression in cardiac tissue was measured on days 1 and 7 by ELISA in sham rats and in rats with
MI (with or without Celacade treatment). Echocardiograms were obtained serially for 16 weeks. Force and
sarcomere length (SL) were measured by strain gauge and laser diffraction in isolated right ventricle
trabeculas at 16 weeks. The inotropic effect of pacing on force was quantified as F5 Hz/0.5 Hz. Diastolic
dysfunction was quantified as the root mean square of spontaneous SL fluctuations.

RESULTS:

Celacade inhibited transforming growth factor beta-1 production in the infarct area on day 7 (191.6+/-22.6
pg/mg versus 275.4+/-30.1 pg/mg; P<0.05), but did not attenuate cardiac dilation in MI. Celacade restored
positive inotropism of pacing in Ml (F5 Hz/0.5 Hz in Celacade, 219.1+/-46.7%; MI, 148.1+/-27.1% [P<0.05
compared with 211.4+/-37.9% in sham]). Celacade reduced diastolic dysfunction in Ml (root mean square of
spontaneous SL fluctuations: 121+/-15% and 143+/-19% with Celacade versus 184+/-19% and 190+/-26%
without Celacade at 26 degrees C and 36 degrees C, respectively) compared with sham (100%; P<0.05).

CONCLUSIONS:

Celacade reduces the increase of transforming growth factor beta-1 expression during the acute
stage of Ml in rats, but does not prevent chronic cardiac dilation. Celacade restores the positive

inotropic effect of increased pacing rate in trabeculas from rat right ventricles with large Mls and

reduces diastolic dysfunction.
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