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Methods of treating diseases with activated protein C

This application claims priority of Provisional

Application Serial No. 60/192,755 filed March 28, 2000.

This i1nvention relates to medical science particularly,

—

or pathological conditions associated with specific gene

induction or repression.

utilizing activated protein C for the treatment of diseases

Protein C 1s a serine protease and naturally occurring

o
P

anticoagulant that plays a role in the regulation o:

vascular hemostasis by 1nactivating Factors Va and VIIIa in

the coagulation cascade. Human protein C is made In vivo

P

primarily in the liver as a single polypeptide of 461 amino

acids. This precursor molecule undergoes multiple post-

translational modifications to produce circulating 2-chain

zymogen that 1s activated in vivo by thrombin in complex

wilith thrombomodulin at a phospholipid surface in the

presence of calcium 1on. Activation results from removal o:

F

a dodecapeptide at the N-terminus of the heavy chain,

producing activated protein C (aPC).

In conjunction with other proteins, aPC functions as

perhaps the most important down-regulator of blood

coagulation, resulting i1n protection against thrombosis.

addition to its anti-coagulation functions, aPC has anti-

grie—

"ects through 1ts i1nhibition of cytokine

inflammatory e
generation (e.g. TNF and IL-1) and also possesses
profibrinolytic properties that facilitate clot lysis.
Thus, the protein C enzyme system represents a major

F
P

physiological mechanism of anti-coagulation, anti-

inflammation, and fibrinolvysis.

N

|

In

The mechanism(s) by which protein C exerts its various

P

activities has been an active area of research for many
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vears. It 1s known that protein C binds to the endothelial

protein C receptor (EPCR). This i1nteraction facilitates

pr—

more efficient activation of protein C by thrombin and

propagation of the anticoagulant response (Stearns-Kurosawa,

et al. Blood, 94 (10):2878, 1999) . It has also been

pr—

postulated that the anti-inflammatory activity of protein C

1s related, 1in part, to the interaction of the

P

oligosaccaride portion of the protein with selectins (Yan,

et al., Glycobiology (3) 957-608, 1993). Moreover, aPC has

o~
pr—

been shown to have direct anti-inflammatory e:

fTects on

monocyvtes. Furthermore, data suggest that activated protein

ﬁ
-

C exhibits 1ts profibrinolvtic e:

fects either by stimulation

—m

of the release of plasminogen activators into the blood

p—

and/or by neutralization of plasminogen activator i1inhibitor

(PAT-1) (Castellino, F.J., Trends 1in Cardiovasc Med (5) bb5-

p

62, 1995) and by reduced generation of thrombin activated

fibrinolysis inhibitor [TAFI] (Nesheim et al., Throm. and

Haem., 78(1l):386-391, 1997)

rﬂ-
P—.

However, the effect of protein C at the molecular level

has not been elucidated. Therefore, there 1s a need i1in the

p—

1

art to discover the direct e

fect of protein C on the

*

induction or repression of genes associlated with various

disease states or pathological conditions. Thus, the

r=—=

elucidation of such protein C regulated genes provides

useful and valuable information leading to new therapeutic

treatments for aPC.

In one embodiment of the invention, a method 1s

provided for treating a disease or pathological condition

associated with apoptotic cell death which comprises

—

administering a pharmaceutically e:

fective amount of

p—

activated protein C or a compound having activated protein C

activity.
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-

Another aspect of the i1nvention 1s a method of

1l

increasing the activity of Bcl-2 1in cells affected by a
disease or pathological condition assocliated with apoptosis

*
—

which comprises administering a pharmaceutically effective

e

> amount ot activated protein C or a compound having activated

protein C activity.

r— -
— p_—

Another embodiment of the invention is a method of

—
—

1ncreasing the activity of

human IAP homolog B 1n cells

affected by a disease or pathological condition associated

alinin

10 with apoptosis which comprises administering a

o

pharmaceutically effective amount of activated protein C or

a compound having activated protein C activity.

A

Yet another embodiment of the invention is a method o3

treating a patient suffering from a disease or pathological

15 condition induced by NF-kB which comprises administering a

r—=
—

fective amount of activated protein C or

pharmaceutically e:

a compound having activated protein C activity.

gr—

Yet another aspect of the invention provides a method

of treating a disease or pathological condition where TNF-«

20 1s a primary modulator of pathophysiology which comprises

— —
— S

fective amount o:

administering a pharmaceutically e:

activated protein C or a compound having activated protein C

activity.

P ﬁ

Another aspect of the invention provides a method for

ﬁ

25 treating a disease of pathological condition where PCNA or

r—m,

Gu protelin is a regulator of cell growth and survival which

F
p—

comprises administering a pharmaceutically effective amount

T activated protein C or a compound having activated

L1l

O

protein C activity.

30 In yet another aspect of the invention a method 1is

provided for treating a disease or pathological condition

where cell-cell adhesion 1is a modulator of pathophysiology
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which comprises administering a pharmaceutically effective

amount of activated protein C or a compound having activated

protein C activity.

P
o

Another embodiment of the invention provides for the

5 use of activated protein C or a compound having activated

p—

protein C activity in the manufacture of a medicament for

the treatment of a disease or pathological condition

associliated

with apoptotic cell death.

gre—

Yet another embodiment of the invention provides for

10 the use of

activated protein C or a compound having

activated protein C activity in the manufacture of a

medicament

condition where TNF-0 is a primary modulator of

pathophysiology; where PCNA or Gu proteiln i1s a regulator of

pr——

tor the treatment of a disease or pathological

—
pr——

15 cell growth and survival; where cell-cell adhesion is a

modulator of pathophysiology; and, where a disease or

pathological condition is induced by NF-kB.

It 1s

indicated

20 protein C.

contemplated that the activated protein C as

for the above treatments is human activated

In another embodiment, a method i1s provided for

screening to identify test substances that induce or repress

expression

of genes that are induced or repressed by

activated protein C. The level of expression of an RNA

25 transcript

or 1ts translation product in a first sample is

compared to the level of expression induced by activated

protein C.

P
p—

The level of expression of an RNA transcript or

1ts translation product in a second sample is compared to

g

the level of expression repressed by activated protein C.

30 In another aspect of

—

the i1nvention a method is provided

for screening to identify test substances which modulate the

F

activity o:

L activated protein C on the induction or
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—

repression of genes. A cell is contacted with a test

substance 1n combination with activated protein C and the

P—.

level of expression of an RNA transcript or i1ts translation

product in a first sample is compared to the level of
expression induced by activated protein C alone.
A cell 1s contacted with a test substance in combination

pr-
jrore

wlth activated protein C and the level of expression o:

1)

all

RNA transcript or 1ts translation product in a second sample

1s compared to the level of expression repressed by

activated protein C alone.

The first sample 1n the above embodiments 1s a

o= p—
—

transcript of a gene selected from the group consisting of

gene numbers 1-5 as shown in Figure 1. The second sample in

the above embodiments 1s a transcript of a gene selected

from the group consisting of gene numbers 1-15 as shown in

Figure 2.

Figure 1 1s a Table showing genes induced by activated

protein C.

Figure 2 1s a Table showing genes repressed by

activated protein C.

For purposes of the present invention, as disclosed and

claimed herein, the following terms are as defined below.

aPC or activated protein C refers to recombinant

activated protein C (rhAPC). Preferably aPC is human

protein C (ZOVANT", recombinant human activated protein C,

Ell Lilly & Co.) or derivatives having proteolvtic,

amidolytic, esterolytic, and biological (anticoagulant,

anti-inflammatory, or pro-fibrinolytic) activities

characteristic of human aPC. Examples of protein C

derivatives are described by Gerlitz, et al., U.S. Patent

No. 5,453,373, and Foster, et al., U.S. Patent No.

5,516,650, the entire teachings of which are hereby
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incorporated by reference. Recombinant activated protein C

may be produced by activating recombinant human protein C

zyvmogen 1n vitro or by direct secretion from cells of the

p—
pre—r.

activated form of protein C. Protein C may be produced 1n

-
p—

transgenic animals, transgenic plants, or 1n a variety of

eukarvotic cells, including, for example, secretion from

human kidney 293 cells as a zymogen then purified and

activated by technigues known to the skilled artisan.

Treating - describes the management and care of a

.
ey

patient for the purpose of combating a disease, condition,

or disorder whether to eliminate the disease, condition, or

disorder, or prophvlactically to prevent the onset of the

symptoms or complications of the disease, pathological

condition, or disorder.

Continuous infusion - continuing substantially

uninterrupted the introduction of a solution or suspension

into a vein for a specified period of time.

Bolus injection - the injection of a drug in a defined

p—
o

quantity (called a bolus) over a period of time up to about

120 minutes.

Suitable for administration - a lyophilized formulation
or solution that 1s appropriate to be given as a therapeutic
agent.

Hypercoagulable states - excessive coagulability

associated with disseminated intravascular coagulation, pre-

-

thrombotic conditions, activation of coagulation, or

pr——
.

congenital or acguired deficiency of clotting factors such

as aprPC.

Zyvmogen - protein C zymogen, as used herein, refers to

secreted, inactive forms, whether one chalin or two chains,

of protein C.
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iy
Pharmaceutically effective amount - a therapeutically
efficacious amount of a pharmaceutical compound. The

particular dose of the compound administered according to

- course, be determined by the

attending physician evaluating the particular circumstances

surrounding the case, including the compound administered,

the particular condition beling treated, the patient

Characteristics and similar

o =

It 1s the discovery of

considerations.

the present invention that

P

activated protein C modulates a whole host of genes,

~—

increasing and decreasing expression of their mRNA and

protein products. These genes have not previously been

1dentified as being modulated by activated protein C. The

now-established modulation by activated protein C indicates

that the genes are involved

o

of various disease states 0O

1in the progression or inhibition

r pathological conditions.

Furthermore, the present i1nvention also describes the method

P

of treating diseases or pat

with the modulation of the

p—

The modulation of the

hological conditions associated

identified genes.

indicated genes was determined by

transcriptional profiling which 1s the simultaneous

#

monitoring of gene expressi

organism’s genome. Analysi

P
pu—

on for a large part of an

p

s of transcriptional profiles

provides 1nformation underlying molecular basis of cellular

| W

development and dif

"erentiation, identifies biological and

signal transduction pathways, determines genes that are

coordinately expressed, identifies the function of novel

genes, and provides 1nsights into the pathophysiology of

.S. Science 274:536-539, 1996; Lander,

[1]

diseases (Lander,

p—
v

E.S5. Nat. Genet., 21 (Suppl)

Nature Genetics 21 {(Suppl) :

:3-4, 1999 Lockhart, et al.,
20-24, 1999)
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A sampling of 6800 human genes were tested for the

bl

effects of activated protein C on thelr expression. Such a

comprehensive and unbiased screening permits the

gr—

identification of many genes which were heretofore not known

to be modulated by activated protein C.

The level of expression of an RNA transcript or 1its

translation product (protein) can be determined using any

technigues known in the art. Specific oligonucleotide

probes for the relevant genes can be used i1in hybridization

experiments, as 1s known in the art. Any hybridization

format for determining RNA levels can be used, including but

not limited to ¢DNA microarrays, RT-PCR, subtractive

hyvbridization, Northern blots, slot blots, dot blots, and

—
fp—

hyvbridization to oligonucleotide arrays. Specificity of

p—
—

hybridization can be assessed by varying degrees ot

p—
——

the hybridization conditions. In addition,

stringency o:

comparison of mis-match to perfect match oligonucleotide

probes can be used to determine specificity of binding. To

P

assess speclific translation product expression levels,

antibodies specific for the protein can be used readily.

Again, any format known 1in the art for measuring specific
protein levels can be used, including sandwich assays,

e
—

ELISAs, 1mmunoprecipitations, and Western blots. Any ot

monoclonal antibodies, polyclonal antibodies, single chain

antibodies, and antibody fragments may be used 1n such

assays. Specificity of immunologic reactions can be

assessed using competitor antibodies or proteins, as well as

varying the immunoreaction condilitions. Monitoring

oo
P

expression product levels involves determining amounts of a

speclific expression product. Amounts determined need not be

absolute amounts, but may be relative amounts determined
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under different conditions, for example, 1n the presence and

absence of a test compound.
Probes according to the present i1nvention may be

labeled or unlabeled, tethered to another substance or in

solution, synthetically made or 1solated from nature.

Probes can be nucleic acids, either RNA oxr DNA, which

contaln naturally occurring nucleotide bases or modified

bases. The probes may contain normal nucleotide bonds or

P

peptide bonds. Oligonucleotide probes may be of any length

P

which provides meaningful specificity of hybridization.

Thus probes may be as small as 10 nucleotides, and

-

preferably they are between 12 and 30 nucleotides in length.

However, oligonucleotide probes may be significantly longer,

po—
.

1n the range of 30 to 100 nucleotides, 100 to 500

nucleotides or 500 to 2000 nucleotides. Probes may be
attached to polymers, either soluble or non-soluble. Probes

may be attached or bonded to solid substrategs such as

filters, sheets, chips, slides, and beads.

High density arrays are particularly useful for

monitoring the expression control at the transcriptional,

RNA processing and degradation level (transcriptional

F

profiling). The fabrication and application of high density

arrays 1n gene expression monilitoring have been disclosed

previously 1in, for example, U.S patent No. 6,020,135

1ncorporated herein by reference. Each oligonucleotide
occuplies a known location on a substrate. A nucleic acid

target sample 1s hybridized with a high density array of

oligonucleotides and then the amount of target nucleic acids

hybridized to each probe in the array 1s quantified. One

preferred quantifying method is to use confocal microscope

g
—

and fluorescent labels. The GeneChip® system (Affymetrix,

pr—

Santa Clara, Calif.) 1s particularly suitable ftor
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gquantifying the hybridization; however, 1t will be apparent

—

to those of skill 1n the art that any similar systems or

—
—

other effectively equivalent detection methods can also be

used.

—

A variety of primary mammalian cell lines may be

g
o

utilized for transcriptional profiling to analyze the effect

pri— pr—
—

of activated protein C on the modulation of specific genes.

Such mammalian cell lines may include, but are not limited
to: peripheral blood leukocytes, bone marrow cells,
endothelial cells, pulmonary epithelial cells, pulmonary
macrophages, intestinal epithelium, keratinocytes, neuronal

cell populations, synovial cells, liver cells, kidney cells,

spleen-derived cell populations, osteoblasts, osteoclasts,

smooth muscle cells, myocytes (skeletal and cardiac)

dendritic cells, or prostate cells. In the present

invention, transcriptional profiling was used to analyze how

aPC modulates the inflammatory response 1in endothelial

cells. RNA was 1isolated from human umbilical veln

endothelial cells (HUVEC), HUVEC treated with aPC, HUV.

LL]

C

treated with tumor necrosis factor O(TNF-0) to induce a

pr—

state of cell activation or mimic an inflammatory response,

and HUVEC treated with aPC plus TNF-O..
Genes whose transcription was 1nduced by activated
protein C are shown i1n Figure 1. Similarly, genes whose

transcription was repressed by activated protein C are shown

in Figure 2 and in Example 2.

t)

Activated protein C induces the gene expression of

human Al (bcl-2 homologue) and human IAP homolog B (MIHB),

Figure 1 and Example 1. The bcl-2 family members inhibit

g

most types of apoptotic cell death and i1s thought to

Jr—
=

function by regulating an antioxidant pathway at sites of

free radical generation (Hockenbery et al. Cell 75:241-251,
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1993) . Apoptosis 1s the
cellular death that occur

physiological process. A

this form of cellular dem

cells of a built-in genet

~11 -

)

term used to describe a type ot
s 1n many tissues as a normal
lso called “programmed cell death,”

ise involves the activation in

ic program for cell suicide by

F

which cells essentially autodigest. An aspect of the

present invention 1s the

activated protein C. Thzi

cell tyvpes as shown in EX

In contrast to the e

cellular phenomenon, when

cells through apoptosis ¢

states and pathological ¢

of neurons that occurs 1n
dementia and Parkinson’s
apoptosis. Autoimmune di

1nappropriately attack no

failure of apoptosis to ©

caused by viral infection

many cases, 1ncluding T-c

Immunodeficiency Virus (H

MIHB 1s a homolog otf

apoptosis protein. There

MH1B will 1nhibit apoptos

diseases or pathological

apoptosis. Thus activate

ah—

expression of bcl-2 and/o

diseases or pathological

apoptosis. Preferred dis
assoclated with apoptosis
1n treating are rheumatol

disease, vasculitis, 1sch

inhibition of apoptosis by

s has been exemplified in several

ample 3.

P

ffect of apoptosis 1n normal

I

aberrantly regulated, the death ot

an lead to a variety of disease
onditions. For example, the death

diliseases such as Alzheimer’s

1)

disease shows many hallmarks o:

seases, where immune cells
rmal tissues, 1s due, 1n part, to a
ccur. Additionally, cell death

can occur through apoptosis 1in

ell death induced by the Human

V) that causes AIDS.

IAP which 1s an inhibitory

—

fore the induction of bcl-2 and/orxr

is which 1n turn will 1nhibit

conditions associated with

d protein C by i1nducing the gene

r MH1B 1s useful for treating
conditions associliated with

eases or pathological conditions

that activated protein C 1s useful

d arthritis, inflammatory bowel

emic renal failure, 1nsulin-
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dependent diabetes mellitus, pancreatis, psoriasilis, multiple

sclerosis, Hashimoto’s thyroiditis, Graves disease, systemic

lupus erythematosus, autoimmune gastritis, Ifibrosing lung

disease, HIV-induced lymphoma, fulminant viral hepatitis B,

fulminant viral hepatitis C, chronic hepatitis, chronic

clrrhosis, H. pyvlori-associated ulceration, atherosclerosis,

cytoprotection during cancer treatment, chronic

glomeruonephritis, osteoporosis, aplastic anemila,

myelodysplasia, Alzheimer’s disease, Parkinson’s disease, .

v

Activated protein C i1nduces the gene expression of human

proliferating cell nuclear antigen (PCNA) and human Gu

&

protein, Figure 1 and Example 1. Proliferating cell nuclear

antigen (PCNA) plays an essential role in nucleic acid

metabolism as a component of the replication and repalr

machinery. One of the well-established functions for PCNA

1s its role as the processivity factor for DNA polymerase O

and €. PCNA tethers the polymerase catalytic unit to the

DNA template for rapid and processive DNA synthesis and thus

1s associated with cell growth and survival. The Gu protein

1s a member of a new subgroup of RNA helicases and has been

associated with cell growth and survival. Therefore,

activated protein C 1s useful for treating a disease or

pathological condition where PCNA or Gu protein 1is a

g p—

regulator of cell growth and survival. Examples of such

1)

regulation include, but 1s not limited to, regulation of

cell growth on endothelial cells and increasing

'

angiogenesis, which 1s necessary in wound healing and for

restoring blood flow to tissues after injury or insult.

g
e

Activated protein C i1nduces the gene expression of

endothelial nitric oxide synthase (ENOS), Figure 1. ENOS 1s

involved 1n controlling platelet function both in vitro and

in vivo. Platelet haemostasis 1s maintained by the release
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of ENOS from the endothelium, endocardium and the platelets

themselves.
adhesion and aggregation and promotes disaggregation of

pre

pr—

assoclated with relaxation of smooth muscle.

interaction with the soluble guanvliate cyclase and the
resultant 1ncreec
reactions are less clear,

the expression of

The 1nhibitory activity of

r—

T1b/ a and P-selectin.

se 1n cGMP.

but they lead to the i1nhibition of

ENOS generated in this system inhibits platelet

pr—
—-

formed platelet aggregates. In addition, ENOS has been

ENOS 1s due largely to 1ts

The subseguent cGMP-mediated

i)

the platelet glycoproteins, 1ncluding

p—
—

Decreased generation of

—

endothelial ENOS has been associated with a deleterious

et
cell activation and platelet adhesion.

protein C by inducing the gene expression of endothelial

ENOS 1s use:

-

ﬁ

ful for treating diseases or pathological

Thus activated

fect on the 1ntegrity of vessel walls due to endothelial

conditions due to endothelial cell activation and platelet

adhesion.
limited to,
restenosis

cardiliac

coronary artery atheroscleosilis, arterial
following balloon angioplasty,

failure,

Examples of such diseases i1nclude, but are not

hypertension,

coronary disease after transplantation, and

pregnancy-induced hypertension and pre-eclampsia.

Unexpectedly, activated protein C repressed the

expression of the gene for nuclear factor kappa B (NF-kB),

Figure 2.

NEF-kB

P

wide variety o:

I1L.-1, and TNF.

the expression of

B

responses.

S

ffects 1s use:

18 a transcriptional factor activated by a

C agents i1ncluding the inflammatory cvyvtokines

As a transcription factor, NF-kB regulates

and T cell development,

1l

genes i1nvolved in i1mmune cell activation,

for treating diseases or pathologica

antr-viral and anti-microbial

The ability of aPC to i1nhibit NF-kB mediated

1

conditions where NF-kB is i1induced. Examples of specific
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diseases or pathological conditions associliated with the

e

induction of NF-kB include, but are not limited to, neuronal

degeneration diseases, graft versus host reactions, acute

inflammatory conditions, systemic inflammatory responses,

acute phase response, i1schemic reperfusion 1njury,

atherosclerosis, HIV infection, and cancer.

The effects of TNF- as an inflammatory cytokine are

well known 1n the art. The ability of aPC to inhibit TNF-Q

—
Pl

medliated effects, as shown in Figure 2 and in Example 1, 1s

useful for treating diseases or pathological conditions

F

where TNF-O 1s a primary modulator of pathophysiology.

P

Examples of specific diseases or pathological conditions

assoclated with the i1nduction of TNF-0 1nclude, but are not

limited to, Crohn’s disease, ulcerating colitis, arthritis,

acute peritoneal inflammation, and heart failure.

Activated protein C suppressed TNF-o induction of MHC

class 1 genes, Figure 2. In all vertebrates there 1s a

genetic region that has a major influence on graft survival.

This region 1s referred to as the Major Histocompatibility

Complex (MHC). 1Individuals i1dentical for this region can

exchange grafts more successfully than MHC non-identical

combinations. The MHC products play an important role 1in

antigen recognition by T cells. Therefore, aPC 1s useful 1n

treating diseases or pathological conditions where MCH class

1 or HLA-B null allele are modulators of immune function.

i

Examples of such diseases or pathological conditions

include, but are not limited to, organ transplantation,

infectious disease, or autoimmune dilisease.

1)

Activated protein C repressed the transcription of Bb6l

and lymphotoxin beta isoform variant, Figure 2. The

products of these genes are pro-inflammatory cytokines.

Thus, activated protein C is useful for treating diseases or
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pathological conditions that are inflammatory 1n nature.

Examples of such diseases or pathological conditions

1nclude, but are not limited to, acute inftlammatory

conditions, systemic inflammatory responses, acute phase

response, and acute peritoneal inflammation.

Activated protein C

ELAM~-1, VCAM-1, PECAM-1,

Figure 2 and Example 2.

#
—

repressed the transcription of

and human CX3C chemokine precursor,

The products of these genes are

involved 1n cell-cell adhesion and cell-cell i1nteraction.

Thus, activated protein

"or treating diseases oOr

| L

C 1s useful

pathological conditions where cell-cell adhesion 1s a

F

modulator of pathophysio

Activated protein C
calreticulin, Figure 2.

have been associated wit

follows therefore, that

calreticulin by transcri

logy.

repressed the transcription of

Auto-antibodies to calreticulin

h numerous autoimmune disorders. 1t

—
.

decreasing the amount of

ptional repression will in turn

result 1n fewer auto-antibodies being produced. Thus,

activated protein C 1s useful for treating diseases or

pathological conditions

—
p—

where anti-calreticulin antibodies

are a modulator of pathophysiology. Examplies of such

diseases or pathological condilitions are, but are not limited

Lo, systemic lupus ervthematosus, Sjogren’s syndrome,

onchocerclasilis, rheumatoid arthritis, mixed connective

CLissue disease, and complete congenital heart block.

Activated protein C repressed the transcription of

thrombospondin (TSP-1),

1]

Example 2. TSP-1 1s an

extracellular matrix glycoprotein that 1s synthesized and

secreted by a variety of cell types, including endothelial

and tumor cells. TSP-1

released by activate platelets

participates in the formation of molecular bridges between

platelets and leukocytes that are recruited as part of the
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inflammatory process. TSP-1 also regulates angiogenesis

gty
p—s

through 1ts effect on the adhesion and proliferation of

endothelial cells and 1is thought to play a role in the

g

progression of tumors. TSP-1 1s an activator of TGF-, a

gr—
anad

cytokine involved in cell growth, differentiation, and

immune modulation. Induction of TGF-§ is associated with

kidney fibrosis and cardiac hypertrophy following myocardial

1nfarction. Thus, activated protein C 1is useful for

treating diseases or pathological conditions associated with

P

elevated levels of TSP-1 and TGF-R. Examples of such

diseases or pathological conditions include, but are not

limited to, breast cancer, GI malignancies, gynecological

cancers, lung cancer, kidney fibrosis and cardiac

hypertrophy following myocardial infarction.

Activated protein C represses the transcription of

RDC1l, Figure 2. RDC1l is related to the family of proteins

known as G-protein coupled receptors. It is well

pr— 3

established that many significant biological processes are

mediated by participating in signal transduction pathwavys

that i1nvolve G-proteins. Therefore, activated protein C is

useful for treating diseases or pathological conditions

I

F

associlated with elevated levels of RDCl. Examples of such

diseases or pathological conditions include, but are not

limited to, bacterial, fungal, protozoan and viral

infections, particularly infections caused by HIV-1 or HIV-

2; palin; cancers; anorexia; bulimia; asthma; Parkinson’s

disease; acute heart failure; hypotension; hypertension;

urinary retention; osteoporosis; angina pectoris: ulcers;

allergies; benign prostatic hypertrophy; and psychotic and

neurological disorders, including anxiety, schizophrenia,

manic depression, delirium, dementia, severe mental
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retardation and dyskinesias, such as Huntington’s disease or

Gilles dela Tourett’s syndrome.

—

In another embodiment of the present invention, a

method 1s provided for screening to i1dentify compounds or

p—

test substances that induce or repress expression of genes

that are induced or repressed by activated protein C. The

pr—

level of expression of an RNA transcripts or its translation

product 1n a first sample 1s compared to the level of

expression 1nduced by activated protein C. The level of

expression of an RNA transcript or its translation product

”

1n a second sample is compared to the level of expression

repressed by activated protein C.

The preferred cell type for the above embodiment 1s the

endothelial cell although other cell types may be considered

-

fl1rst

and are contemplated by the present invention. The

sample 1n the above embodiment is a gene transcript of one

Or more genes, preferably 2 to 5 genes, most preferably b

F

genes, selected from the group consisting of the genes

described i1n Figure 1. The second sample in the above

F

empbodiment 1s a gene transcript of one or more genes,

prefterably 2 to 14 genes, even more preferably 7 to 14

genes, most pretfterably 14 genes, selected from the group

*

consisting of the genes described in Figure 2.

P
anal

In another aspect of the i1nvention a method 1s provided

for screening to 1dentify test substances which modulate the

activity of activated protein C on the induction or

[

repression of genes. A cell is contacted with a test

substance in combilination with activated protein C and the

F

level of expression of an RNA transcript or its translation

product 1n a first sample 1s compared to the level of

expression induced by activated protein C alone.
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A cell 1s contacted with a test substance in

combination with activated protein C and the level of

expression of an RNA transcript or 1ts translation product

ﬁ

1n a second sample is compared to the level of expression

repressed by activated protein C alone.

The preferred cell type for the above embodiment 1s the

endothelial cell although other cell types may be considered

and are contemplated by the present invention. The first

sample 1n the above embodiment 1s a gene transcript of one

Or more genes, pretfterably 2 to 5 genes, most preferably 5

fr—

genes selected from the group consisting of the genes

described in Figure 1. The second sample 1in the above

gr—

embodiment 1s a gene transcript of one or more genes,

preterably 2 to 14 genes, even more preferably 7 to 14

genes, most preferably 14 genes, selected from the group

gr—

consisting of the genes described in Figure 2.

' amnd

Compounds 1dentified i1in one or more of the above

screens would have activated protein C activity or would

modulate protein C activity and would be useful to treat

diseases or pathological conditions that are effectively

treated with activated protein C as described herein. The

1dentified compounds may be administered alone or in

combination with activated protein C. The phrase “in

combination with” refers to the administration of a compound

with activated protein C, either simultaneously,

-

sequentially, or a combination thereof.

Protein C can be formulated according to known methods

Lo prepare a pharmaceutical composition comprising as the

active agent, aPC, and a pharmaceutically acceptable solid

Or carrier. For example, a desired formulation would be one

that 1s a stable lvophilized product of high purity

comprising a bulking agent such as sucrose, a salt such as
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1

sodium chloride, a buffer such as sodium citrate and

activated human protein C. A preferred stable lyophilized

gr—

formulation comprises a weight ratio of about 1 part

activated protein C, between 7 to 8 parts salt and between

5 about 5 and 7 parts bulking agent. Examples of stable

lyvophilized formulations include: 5.0 mg/ml activated

protelin C, 30 mg/ml sucrose, 38 mg/ml NaCl and 7.56 mg/vial

citrate, pH 6.0; and, 20 mg/vial activated protein C, 120

mg/ml sucrose, 152 mg/vial NaCl, 30.2 mg/vial citrate, pH
10 6.0.

Preferably, protein C will be administered parenterally

gur—
h—

fective form

to ensure delivery 1nto the bloodstream 1n an e:

gr—

by 1njecting a dose of 0.01 mg/kg/day to about 10.0

mg/kg/day, B.I.D. (2 times a day), for one to ten days.

15 More preferably, the protein C will be administered B.I.D.

for three days.

Alternatively, the protein C will be administered as a

continuous 1nfusion for 1 to 240 hours. More preferably,

the protein C will be administered as a continuous infusion

20 for 1 to 196 hours. Even more preferably, the protein C

wilill be administered as a continuous 1nfusion for 1 to 144

hours. Yet even more preferably, the protein C will be

administered as a continuous infusion for 1 to 96 hours.

P

The amount of protein C administered by continuous

25 infusion will be from about 0.01 ug/kg/hr to about 50

ug/kg/hr. More preferably, the amount of human protein C

derivative administered will be about 0.1 ug/kg/hr to about

=

40 pug/kg/hr. Even more preferably the amount of protein C

administered will be about 1 ug/kg/hr to about 30 ug/kg/hr.

F

erable amounts of protein C administered will

—
—

30 The most pref
be about 24 ug/kg/hr.
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The preferred plasma ranges obtained from the amount OL

protein C administered will be 0.02 ng/ml to less than 100

ng/ml. More preferred plasma ranges are from about 0.2

ng/ml to 50 ng/ml. Most preferred plasma ranges are from

about 2 ng/ml to about 60 ng/ml and still more preferred

about 40 ng/ml to about 50 ng/ml.

In another alternative, protein C will be administered

by injecting a portion (1/3 to 1/2) of the appropriate dose

per hour as a bolus injection over a time from about b5

minutes to about 120 minutes, followed by continuous

' ol

infusion of the appropriate dose for up to 240 hours.

In another alternative, the protein C will be

administered by local delivery through an intracoronary

catheter as an adjunct to high-risk angioplasty (with and

without stenting, and with or without combination

antithrombotic therapy with or without anti-platelet

agents). The amount of protein C administered will be from

about 0.01 mg/kg/day to about 10.0 mg/kg/day by continuous

infusion, bolus injection, or a combination thereot.

In anther alternative, aPC will be injected directly

into the joints.

Tn yvet another alternative, protein C will be

P
p—

administered subcutaneously at a dose of 0.01 mg/kg/day to

about 10.0 mg/kg/day, to ensure a slower release into the

bloodstream. Formulation for subcutaneous preparations will

be done using known methods to prepare such pharmaceutical

compositions.

The following Examples are provided merely to further

illustrate the present invention. The scope of the

invention shall not be construed as merely consisting of the

following Examples.
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Preparation 1

P

Preparation of Human Protein C

Recombinant human protein C (r-hPC) was produced 1n

Human Kidney 293 cells by techniques well known to the

skilled artisan such as those set forth in Yan, U.S. Patent

No. 4,981,952, Bang, et al., U.S. Patent Nos. 4,775,624 and

No. 4,992,373, and 1n Grinnell, et al., 1987, Bio/Technology

F

5:11689-1192 the entire teachings of which are herein

1ncorporated by reference.

Recombinant human protein C (r-hPC) was activated by

methods well known in the art. Specifically, r-hPC was
activated with bovine thrombin as described 1n Carlson, et

al., U.S. Patent No. 6,159,468, herein 1incorporated by

reference.

Example 1

pr——

Modulation of Markers of Apoptosis by Recombinant Human

Activated Protein C

p—
pore

Transcriptional profiling using Affyvmetrix DNA chip

technology was used to analyzed how aPC modulates genes

assocliated with apoptosis using primary human endothelial

cells. RNA was 1solated from Human Umbilican Veln

Endothelial (HUVEC) cells and HUVEC treated with aPC as

follows. Pooled HUVEC P096 cells were obtained as first

passage from Clonetics (catalog #CC-2519, lot #6F0081) and

cultured i1n Clonetics EBM basal medium supplemented with 2%

fetal bovine serum, 12 Uug/ml gentamicin, and 50 ng/ml

amphotericin-B (Clonetics EGM BulletKit, catalog #CC3124).

The cells were passaged three times and then grown to

approximately 80-90% confluence in 60 ml medium prior to

treatment. The medium was changed approximately six hours

prior to treatment. Fifty two T225 flasks were divided into



10

15

20

25

CA 02404231 2002-09-20

WO 01/72328

_2D

TNEF-0, and APC + TNF-(C.. The cells were treated with

four treatment groups of thirteen flasks each;

recombinant human aPC (Lilly lot #PPD028390) or

pr—

volume of vehicle (20 mM Tris,

hours, or 1 ng/ml TNF-0 (R &

of vehicle (0.1% BSA in PBS)

D Systems)

PH 7.5,

for seven hours.

150 mM NaCl)

PCT/US(01/05823

control,

an equal

The cells

abPC,

183 nM

Tor nine

Or an equal volume

were washed once with PBS and then dislodged by treatment

wlth trypsin (6 ml 0.025% trypsin/EDTA per flask for 5

F

minutes.) After inhibiting the trypsin with 6 ml of Trypsin

Neutralizing Solution, the cells were spun for

at 1000 rpm. The cell pellets were kept on ice

maximum of thirty minutes until resuspension in Trizol

-

ml total Trizol per 13 flasks o:

(A) RNA was 1solated by conventional procedures,

F

-~ each condition).

and was

five minutes

10

The poly

labeled and hybridized to oligonucleotide arrays allowing

pertformed 1n duplicate. The resulting data was analyzed

using commercially available so:

Affymetrix). Reverse transcription PCR

for the analysis of gene expression.

confirm the 1nitial observations from the Gene

shown 1n Table, both the anti-apoptotic factor

marker PCNA were found to be up-regulated by treatment of

HUVECs with APC.

The experiment wa

(RT-PCR)

"tware (GeneChip,

S

was used to

chips. As

Bcl-2 and the

pr——
e

Table 1. Modulation of genes associated with cell survival

and apoptosis

Relative level of Expression

PCNA GU IAP Bcl-2
Untreated 1 1 i 1
APC-treated | 2 .8 5.1 1.8 Z




CA 02404231 2002-09-20
WO 01/72328 PCT/US01/05823

_273 -

We also observed genes that were suppressed by aPC

including the B6 gene, an immediate-early response gene of

endothelium that has been suggested to participate 1n

p—
—

mediating the response of the vascular endothelium to

5 proinflammatory cytokines (Holzman et al, 1990, MCB

10:5830). We observed a significant suppression as

evidenced by loss of detectable mRNA signal following aPC

treatment (Table 2). In contrast, TNF-treated cells as a

control tor gene response, showed an ll-fold increase in B-

10 o .
Table 2. Modulation of B-6 gene associated with
proinflammatory response
Relative Level of Expression
Untreated 1
TNF Treated (control) 11.3

APC Treated | Below detectable limits

15 Example 2

Identification of genes modulated by activated protein C

using subtractive hvbridization

Subtractive hybridization 1s a powerful technigue that

enables researchers to compare two populations of mRNA and

P

20 obtaln clones of genes that are expressed 1n one population

but not in the other. Subtractive hybridization was used to

1dentify genes that are up-regulated or down-regulated by

activated protein C. HUVEC cells were treated with aPC as

described i1in Example 1. The poly (A) RNA was i1solated from

25 cells by conventional technigues and used to construct

reverse (library of genes down-regulated by aPC) and forward

(library of genes up-regulated by aPC) subtracted cDNA

libraries using a commercially available kit (Clontech PCR-

Select cDNA Subtraction Kit). Several genes were 1dentified
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as being differentially expressed 1n the reverse-subtracted

library, including but not limited to thrombospondin-1 and

PECAM-1. The down-regulation of these genes by aPC was

]

validated using standard RT-PCR analysis of the original RNA

5 1solated for control and aPC-treated HUVECs. The down

" e d

regulation of these genes by aPC was confirmed by Western

blot and flow cyvtometry analysis.

Example 3

10 Inhibition of Apoptosis by rhAPC

p—

The 1nhibition of

apoptosis by rhAPC 1n primary human

umpbllical venous endothelial cells (HUVEC) or the

immortalized endothelial cell line (Eahy926) 1s shown below

M

uti1lizing the APOPercentage ™ Apoptosis Assay.

15 The APOPercentage'’ Apoptosis Assay is done per

manufacturer’s instructions {(Biocolor Ltd., Belfast, N.
Ireland). Briefly, adherent cells (HUVEC, Eahy926, or 293)

are seeded at 3x10° cells per well and treated with

staurosporine, lug/ml (Sigma, St. Louis, MO), for one hour

20 or with staurosporine and rhAPC (pretreatment 16 hours).

Staurosporine 1is an alkaloid i1isolated from the culture broth

of Streptomyces staurospores and a potent inhibitor of

protein kinase C and inducer of apoptosis.

Cells are prepared and stained per manufacturer’s

J—

25 instructions. Significant inhibition of apoptosis by rhAPC

1s observed i1in both the HUVEC (Table 3) and Eahy926 (Table

4) endothelial cell lines.

30
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Table 3

Apoptosis Inhibition in HUVEC Cells
Treatment Percent Apoptosis Std. Error
Untreated 16.3 2.1
Staurosporine 1luM 100.0 1.61
Staurosporine + 59 .0 16.7

rhAPC 0.5ug/ml

Table 4

Apoptosis Inhibition EAhy926 Cells
Treatment Percent Apoptosis Std. Error
Untreated 20.0 0053
Staurosporine 1uM 100 3.3
Staurosporine + 21.0 0.41

rhAPC CO.5ug/ml

The 1nhibition of

apoptosis by rk

APC 1n U937 monocytes

utilizing the Caspase-3 intracellular stainling assay 1S

shown 1n Table 5.

The Caspase-3 1ntracellular staining 1s run as
U937 cells are grown to 1x10° cells per ml.

pretreated with rhAPC

then added

calcium and magnesium free,

P

for 3 hours.

for 16 hours.

BS/albumin 1% with Na Azide 0.02%.

(PharMingen/BD,

anti-active caspase-3

San

Diego,

(PharMingen/BD

The cells are washed in H:

follows.

The cells are

Staurosporine lug/ml 1s

BSS,
pelleted and washed with

The cells are then

, San Diego,

fixed and permeabilized with the Cyvtofix/Cytoperm

CA)

Kit

CA. Intracellular staining with

at 10ulL

per 1x10° cells is for 30 minutes at 4 degrees Celsius.

Cells are pelleted,

[

BS/albumin bu:

resuspended i1n P

fer 2x10°

cells/ml and analyzed with a Coulter Flow Cytometer

(Coulter™) .

~1cant 1nhibition

S1gni:

1S Observed 1n the

U937 cell line.

I
e

OL

apoptosis by rhAPC
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Table 5

Apoptosilis Percentage Inhibition in U937 Cells
Caspase-3 Assay

rhAPC ug/ml % Apoptosis Std Error
g 100 2.06
0.1 22 .5 0.41
1.0 18.8 0.04
5.0 21.9 0.12

The 1nhibition of apoptosis by rhAPC i1n U237 cells and

293 cells utilizing the Annexin V assay 1s shown in Tables 6

and 7 respectively. The Annexin V stalning assay 1s done as

follows. Non-adherent cells

cells) are grown to a concentration of 1x10° cells per ml of

media. The cells are pretreated with rhAPC for 16

Staurosporine lug/ml 1s added

for 3 to 2.5 hours.

(US 37 monocytes and 223 renal

1)

hours.

The cells

are diluted to 5x10° cells and stained with both anti-

annexin V-FITC and proplidium 1o0dide as per the Annexin V-

FITC Apoptosis Detection Kit (Oncogene Research Products,

1

Boston, MA). Fluorescence detection of annexin V s

1s done utilizing the Coulter Flow Cytometer (Coult

Significant inhibition of apoptosis by rhAPC 1s obs

bpoth the U937 cells and the 293 cells.

Table 6

taining
er' ) .

erved 1n

Apoptosis Percentage Inhibition in U937 Cells
Annexin V Assay

Treatment Percent Apoptosis Std. Error
Staurosporine (SS) 100 1.88
rhAPC 0.5ug/ml +SS 10.9 0.46
rhAPC 5.0ug/ml +SS 4 .72 0.84

Table 7

Apoptosis Percentage Inhibition in 293 Cells
Annexin V Assay

Treatment Percent Apoptosis Std. Error

Staurosporine (SS) 6.08

0.58

rhAPC 0.5ug/ml +SS 4 .02

0.08
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rhAPC 5.0ug/ml +SS

0.49

rhAPC 10ug/ml +SS

0.057

fr—

“ect ot

— ol
1!‘4

Example 4

rhAPC on Adhesion Molecule

el

EXpression

p——

tect of

F
p—

The e

ICAM-1,

molecules
8. HUVEC or
at 80-90%

16 hours and/or Tumor necrosis

7 hours) .

flow cytometry. Data

average maximal response.

E-selectin,

)

FACS bu:

1n 100ul. of
0.02%)

anti-mouse

applied at 4C for 30min.’

Coulter Flow Cyvtometer (Coulter ).

to adhesion markers ICAM-1,

Systems,

F

1s applied for 30 min at 4cC.
IgG-FITC,

Minneapolis,

P
p——

of the expression o:

Table 8

fer

rhAPC on the expression ot

Eahy926 endothelial cells grown in T-75

confluence are pretreated with rhAPC

(PBS,

at lug/ml in 100ul ot

E-selectin,

MN) . Signi

ICAM-1 and

and VCAM-1,

factor alpha

albumin 5%,

P

adhesion

1s shown 1n Table
flasks

(5ug/ml)

tor

F

1 OX

(TNF 1ng/ml

Expression of the adhesion protein 1s assessed by
for adhesion 1s compared to TNF

The primary antibody at 1-Zug/ml

sodium azide

The secondary antibody,

vl

FACS buffer is

FACS analysilis 1s done using a

Primary antibodies were

and VCAM-1 (R&D

ficant suppression by rhAPC

F-gelectin was Observed.

Effect 6f rhaAPC on A@hesion Moleculé Expression

_}c_lhesion Molecule 'Aw;erage Expression | St Dev.
ICAM-1 ] 0.36 0.098
| E-selectin FO.322 0.049

| vcAM-1 1 0.61 | 0.330
TNFo. control 1.0
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Example 5

Treatment of Diseases or Pathological Conditions Associated

wlth Apoptosis

This protocol 1s a controlled trial in patients with

e
—

multiple sclerosis which displays many hallmarks ot

apoptosis and is treated with rhAPC or rhAPC derivatives as
described herein.
For multiple sclerosis, the attending physician

administers rhAPC or an rhAPC derivative subcutaneously at a

=

dose of 0.5mg/day, to ensure a slower release into the

bloodstream. The treatment i1s continued until the patient

g

is relieved of the symptoms of the disorder.

Another protocol is a controlled trial i1n patients with

Hashimoto’s thyroiditis which displays many hallmarks ot
apoptosis and i1s treated with rhAPC or rhAPC derivatives as
described herein.

For Hashimoto’s thyroiditis, the attending physician
administers rhAPC or an rhAPC derivative subcutaneously at a

P

dose of 0.5mg/day, to ensure a slower release 1nto the

bloodstream. The treatment 1s continued until the patient

1s relieved of the symptoms of the disorder.

Yet another protocol is a controlled trial in patients

P
—

with Graves Disease which displays many hallmarks ot

apoptosis and 1s treated with rhAPC or rhAPC derivatives as

described herein.

For Graves Disease, the attending physician administers

g
—

rhAPC or an rhAPC derivative subcutaneously at a dose of

0.5mg/day, to ensure a slower release into the bloodstream.

The treatment is continued until the patient 1s relieved ot

the symptoms of the disorder.
An additional treatment protocol i1s a controlled trial

in patients with chronic hepatitis which displays many



e

10

15

20

25

30

WO 01/72328

CA 02404231 2002-09-20 PCT/US01/05823

_2G =

i

hallmarks of apoptosis and 1s treated with rhAPC or rhAPC

derivatives as described hereain.

For chronic hepatitis, the attending physician

administers rhAPC or an rhAPC derivative subcutaneously at a

r—

dose of 0.5mg/day, to ensure a slower release 1nto the

bloodstream. The treatment 1s continued until the patient

*
P

is relieved of the symptoms of the disorder.

another protocol is a controlled trial in patients with

systemic lupus erythematosus which displays many hallmarks

P
fp—

of apoptosis and is treated with rhAPC or rhAPC derivatives

as described herein.

For systemic lupus erythematosus, the attending

physician administers rhAPC or an rhAPC derivative

subcutaneously at a dose of 0.5mg/day, to ensure a slower

release into the bloodstream. The treatment 1s continued

J— P

until the patient is relieved of the symptoms of the

disorder.

Another protocol is a controlled trial in patients with

Alzheimer'’s disease or Parkinson’s disease which displays

many hallmarks of apoptosis and 1s treated with rhAPC or

rhAPC derivatives as describecd herein.

For Alzheimer’s disease or Parkinson’s disease, the

attending physician administers rhAPC or an rhAPC derivative

puru.

subcutaneously at a dose of 0.5mg/day, to ensure a slower

release into the bloodstream. The treatment 1s continued

F
p—

until the patient is relieved of the symptoms of the

disorder.

For all of the above mentioned treatment protocols, the

particular dose of rhAPC or rhAPC derivative administered

and the route of administration is adjusted by the attending
physician evaluating the particular circumstances

surrounding the case, 1ncluding the compound administered,



CA 02404231 2002-09-20
WO 01/72328 PCT/US01/05823

- 30 -

the particular condition being treated, the patient

characteristics and similar considerations.
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What 1s Claimed:

1. A method of treating a patient suffering from a
disease or pathological condition associated with apoptotic
cell death comprising: administering a pharmaceutically

P

fective amount of activated protein C or a compound having

m

e:
activated protein C activity.

pr— b
p—

2. A method of increasing the activity of Bcl-2 1in

cells affected by a disease or pathological condition

associated with apoptosis which comprises administering a

J—

fective amount of activated protein C or

pr—
P

pharmaceutically e

a compound having activated protein C activity.

— -

3. A method of increasing the activity of human IAP

g
-

homolog B in cells affected by a disease or pathological

condition assocliated with apoptosis which comprises

P
]

1)

fective amount of

administering a pharmaceutically e:

activated protein C or a compound having activated protein C
activity.

4. The method according to Claims 1, 2, or 3, wherein

the disease or pathological condition 1s selected ftrom the

pr—

group consisting of rheumatoid arthritis, i1nflammatory bowel

disease, wvasculitis, renal ischemia, 1nsullin-dependent

diabetes mellitus, pancreatilis, psoriasis, multiple

sclerosis, Hashimoto’s thyroiditis, Graves disease,

transplant rejection, systemic lupus erythematosus,

autoimmune gastritis, fibrosing lung disease, HIV-induced

lyvmphoma, fulminant viral hepatitis B, fulminant viral
hepatitis C, chronic hepatitilis, chronic cirrhosis, H.
pylori-associated ulceration, cytoprotection during cancer
treatment, adjuvant to chemotherapy, chronic

glomeruonephritis, osteoporosis, aplastic anemia,
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myelodysplasia, neurogenerative diseases such a& Alzheimer's

disease and Parkinson’'s disease; glutamate-induced

neurotoxicity.
5. Cancelled |
5 6. The method of Claim 5 wherein the disease or

pathological condition is selected from the group consisting
of Crohn’s disease, ulcerating colitis, arthritis, acute
peritoneal inflammation, and heart failure.
7. A method of increasing angiogenesis in a patient in
10 need of wound healing or tissue repair where PCNA or Gu
prbtein i8 a requlator of cell growth and survival,
comprising: administering a pharmaceutically effective
amount of activated protein C or a'compound having activated
protein C activity. |
15 8. A method of treating a patient suffering from a
disease or pathological condition where cell-cell adhesion
is a modulator of pathophysiology, comprising:
administering a pharmaceutically effective amount of
activated protein C or a compound having activated protein C
20 activity.
9. 'The method of Claim 8 wherein said activated
- protein C represses the transcription of ELAM-1, VCaM-1,
PECAM~1, and human CX3C che.mokine precursor.
10. A method of treating a patient suffering from a
25 disease or pathological condition induced by NF-kB which
comprises: administering a pharmaceutically effective.

amount of activated protein C or a compound having activated
protein C activity.

SUBSTITUTE SHEET

AMENDED SHEET

Empfa“QOLCC\ IV VYWV IlE =aw




10

15

20

25

30

'X:13404 Amended June 10, 2002

-33-

11. The method according to Claim 10 where:{n the
disease or pathological condition is selected from the group
consisting of neuronal degeneration diseases, graft versus
host reactiong, acute inflammatory conditions, systemic
inflammatory responses, acute phase response, ischemic
reperfusion injury, atherosclerosis, HIV infection, and
cancer.

12. The.method according to claims 1-11 wherein the
activated protein C is human activated protein C.

13. Use of activated protein C in the manufacture of a
medicament for the treatment of a disease oxr pathological
condition associated with apoptotic cell death.

14. Use of activated protein C in the m.anufactu're of a

medicament for the treatment of a disease or pathological

condition where:

PCNA or Gu protein is a regulator of cell growth and
survival;

where cell-cell adhesion is a modulator of
pathophysiology'; or,

where the disease or pathological condition is induced
by NF-kB. ,

15. The use according to claims 13 orx 14 wherein the
activated p:rotein C is human activated protein C.

16. A method of screening to identify test substances

which induce or repress expression of genes which are

induced or :répressed by activated protein C, comprising:
(1) contacting a cell with a test substance:
'{1i) monitoring expression of a transcript or its
translation product, wherein the transcript specifically

hybridizes to one or more genes selected from a first
SUBSTITUTE SHEET

AMENDED SHEET
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group and a second group, wherein the first group

comprises M93718 endothelial ENOS, U29630

homologue), J05614 human proliferating ce

Human Al (bcl-2

nuc lear

antigen (PCNA) gene, U41387 Human Gu protein mRNA, and

5 U37547 Human IAP homolog B (MHIB) mRNA, complete cds, and

the second group comprises 7268228 RDCi, D49824 Human HLA-

Bnull allele mRNA, M24736 Human endothelial leukocyte

adhesion molecule 1 (ELAM-1), M30257 Human vascular cell

adhesion molecule 1 (VCAM-1), X65965 SOD-2 gene for

10 manganese superoxide dimutase, M84739 Human autoantigen

calreticulin, MS57730 Human B661 mRNA, S76638/U09609 Human

nuclear factor kappa-B2 (NF-KB2), X12432 Human major

histocompatability complex class 1l-type DNA, M59807 Human

NK4 mRNA, complete cds, M69043 Homosapiens MAD-3 mRNA

15 encoding IkB-like activity, complete cds,

MOY4dZ80 Human

MHU class 1 (HLA-A8001) mRNA, U84487 Human CX3C chemokine

precursor, mMRNA, alternatively spliced, complete cds,

U89922 Human lymphotoxin beta isoform variant,

alternatively spliced mRNA, complete cds,

wherein a test

—
jp—

20 substance 1s identified 1f it increases expression of a

transcript which specifically hybridizes to one or more

genes 1n the first group and decreases expression of a

transcript which specifically hybridizes to one or more

genes 1n the second group.

25 17. A method of screening to 1dentity

test substances

which modulate the activity of activated protein C on the

induction or repression of genes comprising:

(1) Contacting a cell with a test substance in

combination with activated protein C;

g—
—rw-

30 (11) Monitoring expression of a transcript or 1ts

translation product, wherein the transcript specifically

hyvbridizes to one or more genes selected

from a first
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group and a second group, wherein the first group

comprises M93718 endothelial ENOS, U29680 Human Al (bcl-2

homologue), J05614 human proliferating cell nuclear

antigen (PCNA) gene, U41387 Human Gu protein mRNA, and

U37547 Human IAP homolog B (MHIB) mRNA, complete cds, and

the second group comprises 768228 RDCi, D49824 Human HLA-

Bnull allele mRNA, M24736 Human endothelial leukocyte

adhesion molecule 1 (ELAM-1), M30257 Human vascular cell

adhesion molecule 1 (VCAM-1), X65965 SOD-2 gene for

manganese superoxide dimutase, M84739 Human autoantigen

calreticulin, M57730 Human B661 mRNA, S§76638/U09609 Human

nuclear factor kappa-B2 (NF-KB2), X12432 Human major

histocompatability complex class 1l-type DNA, M59807 Human

NK4 mRNA, complete cds, M69043 Homosapiens MAD-3 mRNA

encoding IkB-1like activity, complete cds, M94880 Human

MHU class 1 (HLA-A8001) mRNA, U84487 Human CX3C chemokine

precursor, mRNA, alternatively spliced, complete cds,

U89922 Human lymphotoxin beta isoform variant,

alternatively spliced mRNA, complete cds, wherein a test

substance 1n combination with activated protein C 1is

A

F—

1dentified 1f 1t increases expression of a transcript

which specifically hybridizes to one or more genes 1n the

first group, said i1ncrease being greater than with

gr—
—

activated protein C alone and decreases expression of a

transcript which specifically hybridizes to one or more

genes 1n the second group, sald decrease belng greater

than activated protein C alone.

18. The method of claims 16 or 17 wherein said cell 1is

a human endothelial cell




WO (01/72328 CA 02404231 2002-09-20

PCT/US01/05823

1/2
5
Induced
Gene Description Accession #
Endothelial ENOS MO93718
Human Al (bcl-2 homologue) U29630
Human proliferating cell J05614
nuclear antigen (PCNA) gene
Human Gu protein mRNA Ud41387
Human IAP homolog B (MIHB) U37547
mRNA, complete cds
10
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2/2
Repressed
Gene Description Accession #

RDC1 Uu6e7784
Human HLA-B null allele mRNA D49824
Human endothelial leukocyte adhesion M24736
molecule 1 (ELAM-1)
Human vascular cell adhesion molecule 1 M30257
SOD-2 gene for manganese superoxide X65965
dismutase
Human autoantigen calreticulin mRNA M84739
Human B61 mRNA MS57730
Human nuclear factor kappa-B2 (NF-KB2Z) S7T6638

Uu09609
Human major histocompatability complex X12432
class I-type DNA
Human NK4 mRNA, complete cds M59807
Homo sapiens MAD-3 mRNA encoding lkB-1like M69043
activity, complete cds
Human-MHC class I (HLA-A*8001) mRNA M9O94880
Human CX3C chemokine precursor, mRNA, Uug84487
alternatively spliced, complete cds
Human lymphotoxin beta i1soform variant, Ug99272

alternatively spliced mRNA, complete cds
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