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ABSTRACT

The assay of soluble endothelial protein C receptor (SEPCR)
is useful to predict cardiovascular disease, particularly ath-
erosclerotic cardiovascular disease (ASCVD). An assay for
SEPCR is therefore useful to identify individuals at risk of
developing ASCVD. An sEPCR ELISA assay is particularly
useful for this purpose. Elevated sEPCR is indicative of an
increased risk of developing cardiovascular disease.
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METHODS FOR PREDICTING SUSCEPTIBILITY
TO CARDIOVASCULAR DISEASE

[0001] The present application claims benefit of priority to
U.S. Provisional Application Ser. No. 60/483,386, filed Jun.
27, 2003, the entire contents of which are hereby incorpo-
rated by reference.

[0002] The government owns rights in the present inven-
tion pursuant to RO1 HL64787 AND RO1AI47575, both
from the National Institute of Health.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to the fields of car-
diology, vascular biology and inflammation. More particu-
larly, it relates to assays to detect soluble endothelial protein
C receptor (SEPCR) as a predictor of cardiovascular disease.

[0005] II Related Art

[0006] The protein C pathway is a primary regulator of the
coagulation system and the thrombotic events that contribute
to atherosclerosis (Esmon et al., 1999). When circulating
thrombin binds to thrombomodulin on the endothelial cell
surface, it loses its ability to create clots. The bound throm-
bin instead activates the protein C zymogen to activated
protein C (APC), which then inhibits critical cofactors
(factors Va and VIIIa) of the clotting pathway. APC also
enhances fibrinolysis by neutralizing PAI-1 (Sakata et al.,
1986; Krishnamurti et al., 1991; de Fouw et al., 1993) and
accelerating t-PA-dependent clot lysis. It is a series of events
that occur on the endothelial surface and is subject to
modulation by cytokines, serpin inhibitors, and products of
neutrophil activation. The clinical importance of the protein
C pathway is evidenced by the obscrvation that homozygous
protein C deficiency is life-threatening in neonates (Sanz-
Rodriguez et al., 1999; Paret et al., 1998; Muller et al., 1996;
Baliga et al, 1995); Dreyfus et al., 1995; Marlar et al., 1992;
Petrini et al., 1990) and defects in this pathway account for
more than half of the familial thrombophilia documented
(Reitsma et al., 1995; De et al., 1998; Koster et al., 1993).

[0007] Multiple studies in non-human primates and in
small clinical studies also demonstrate that the protein C
pathway is critical to the host response to inflammation. In
non-human primates, blockade of this system exacerbates
the response to low level F. coli infusion, increasing both the
inflammatory and coagulant responses (Taylor et al., 1987;
Taylor, Jr., 2001; Gruber et al., 1990; Gruber et al., 1989). In
patients with meningococcal septicemia, a devastating dis-
ease, treatment with protein C concentrates or activated
protein C results in reversal of organ dysfunction accompa-
nied by significantly reduced vascular complications and
morbidity (Bernard et al., 2001; Weisel, 2002; Hodgson et
al., 2002; Grinnell and Joyce, 2001; Betrosian et al., 1999;
Clarke et al., 2000; Rivard et al., 1995). These observations
in small studies have now been confirmed in a large-scale
human study. In the recent PROWESS phase 3 clinical trial,
patients with severe sepsis (n=1,690) were treated with APC
(drotrecogin alpha, activated) (Bernard et al., 2001). APC
reduced the 28-day all cause mortality rate by 19.4% in
patients with severe sepsis.

[0008] The mechanism for APC’s anti-inflammatory
activity may include down-regulation of TNF-a generation
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by mononuclear cells (Murakami et al., 1997, Grey et al.,
1994). Activated protein C also inhibits translocation of
nuclear factor kB (NF-kB) in THP-1 monocytic cells treated
with LPS (White et al., 2000). NF-kB is a critical transcrip-
tion factor for LPS-induced pro-inflammatory cytokine pro-
duction. APC may also regulate apoptosis by modulating
expression of an endothelial Bel-2 homolog, an inhibitor of
apoptosis, and blocking induction of apoptosis by stauro-
sporine Joyce et al., 2001). Additionally, in endothelial cells,
APC initiates signaling events by binding to membrane-
bound endothelial protein C receptor (EPCR, sce below) and
then proteolytically activating the tethered-ligand protease
activated receptor 1 (PAR1) to initiate signaling (Riewald et
al., 2002).

[0009] The endothelial protein C receptor (EPCR) is a
recent member of the protein C pathway (Fukudome and
Esmon, 1994). EPCR is a type 1 transmembrane protein
specific to endothelium and is structurally homologous to
CD1d/MHC class I proteins (Fukudome and Esmon, 1994;
Oganesyan et al., 2002). The extracellular domain of EPCR
binds both protein C and APC with similar affinities
(Kd’s~30 nM) (Fukudome and Esmon, 1994; Liaw et al.,
2000). Membrane-bound EPCR is important because on the
endothelial surface, EPCR binds the protein C zymogen and
presents it to the thrombin-thrombomodulin complex for
augmented activation and propagation of the anticoagulant
response (Stearns-Kurosawa et al., 1996). Blockade of
EPCR in the primate model of sepsis, using an anti-EPCR
monoclonal antibody (1494 mAb) that blocks ligand bind-
ing, resulted in early death and massive leukocyte infiltra-
tion, suggesting that EPCR influences leukocyte trafficking
and responses to inflammatory challenge (Taylor et al,
2000).

[0010] Inhealthy adults, a soluble form of EPCR (sSEPCR)
exists in plasma (Kurosawa et al., 1997). Plasma sEPCR is
the extracellular domain of the endothelial-bound parent and
it circulates as a single, undegraded 40kDa molecule.
SEPCR retains its ability to bind both protein C and activated
protein C with affinity similar to the cell-bound receptor, but
it no longer augments protein C activation (Kurosawa et al.,
1997; Fukudome et al., 1996). In fact, high levels of SEPCR
can inhibit protein C activation by binding protein C
zymogen, effectively reducing the substrate concentration
available for activation by thrombin/thrombomodulin
(Fukudome et al, 1996). High levels of sEPCR also inhibit
the anticoagulant activity of activated protein C (Fukudome
et al., 1996; Regan et al., 1996) by binding activated protein
C and altering its active site conformation and substrate
recognition (Oganesyan et al., 2002; Liaw et al., 2000).

[0011] The current model for generation of sEPCR (FIG.
1) is that thrombin’s interaction with its PAR-1 endothelial
receptor stimulates up-regulation of surface metalloprotein-
ase activity, which then cleaves membrane-bound EPCR to
release the extracellular domain into the circulation (Xu et
al., 2000). Thrombin does not directly cleave EPCR from the
cell surface, but initiates the sEPCR shedding through
interaction with PAR-1 because the agonist PAR-1 peptide
was able to reproduce the response. The precise metallo-
proteinase responsible for cleaving membrane-bound EPCR
from endothelial cells was not identified. Additional evi-
dence demonstrating a role for thrombin in initiating sSEPCR
release comes from an in vivo study in rats (Gu et al., 2000).
The data demonstrate increased EPCR mRNA and plasma
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sEPCR levels after stimulation with endotoxin and these
effects were inhibited by hirudin, a specific thrombin inhibi-
tor. Thus, sEPCR levels are regulated, probably as an
indirect result of thrombin activity, and very high sEPCR
levels in vitro will reduce APC anti-coagulant activity and
limit the efficiency of the protein C pathway.

[0012] Several years ago, the present inventors developed
a monoclonal antibody-based ELISA for measurement of
SEPCR levels (U.S. Pat. No. 5,804,392) that is now available
as a commercial kit (Asserachrom® sEPCR; Diagnostica
Stago). They measured SEPCR levels in a variety of popu-
lations, both patients and asymptomatic healthy adults, in
efforts to understand what sEPCR levels are reporting about
the vasculature. They currently know five things about
plasma sEPCR levels: (1) sEPCR levels have a bimodal
distribution in apparently healthy adult populations (Steams-
Kurosawa et al., 2003); (2) males have higher sEPCR levels
than females (Steams-Kurosawa et al., 2003); (3) sEPCR
levels increase in patients with systemic inflammatory dis-
cases (Kurosawa et al., 1998; Boomsma et al, 2002); (4)
SEPCR levels do not correlate with soluble thrombomodulin
(STM) levels, a marker of endothelial injury (Kurosawa et
al., 1998; Boomsma et al., 2002); and (5) sEPCR levels
decrease in response to treatment with heparin or oral
anticoagulants (warfarin) (Stearns-Kurosawa et al., 2002).

[0013] The inventors also have measured sEPCR levels in
several healthy adult populations from different countries
and find an unusual bimodal distribution in each population
(Steams-Kurosawa et al., 2003). sSEPCR levels in about 80%
of a population has a normal distribution with a mean of
approximately 100-130 ng/ml, and males have higher
SsEPCR levels than females. In contrast, about 20% of each
normal population had much higher SEPCR levels, up to
700+ ng/ml, that were not normally distributed (skewed).

[0014] The inventors have observed that plasma sEPCR
levels are increased significantly in patients with sepsis,
systemic lupus erythematosus or autoimmune vasculitis,
suggesting a link with systemic inflammatory mechanisms
(Kurosawa et al., 1998; Boomsma et al., 2002). Interest-
ingly, in the patient groups for which we have studied both
markers (sepsis, SLE, normal pregnancy, pre-eclampsia,
angioplasty, type 2 diabetes, Wegener’s granulomatosis), the
plasma soluble EPCR and soluble thrombomodulin (sTM)
levels did not correlate. Membrane-bound thrombomodulin
is degraded on endothelial cells by neutrophil proteases
(EPCR is not susceptible to neutrophil protease degradation)
and multiple studies show that sSTM levels are a good marker
of endothelial injury (Takahashi et al., 1992; Takano et al.,
1990; Wada et al., 1992). The inventors’ consistent obser-
vation that SEPCR and sTM levels do not correlate raises the
possibility that either they represent markers of endothelial
injury from distinct vascular beds, or alternatively, that they
are reporting different vascular conditions.

[0015] Based on their collective data, the inventors believe
the latter explanation is more likely. Their model is that sTM
levels report vascular damage whereas sSEPCR levels report
a vascular response to injury, particularly through thrombin
activity. This concept is supported by their recent study
demonstrating that plasma sEPCR levels decrease in
response to heparin treatment in patients and to warfarin
therapy in both normal volunteers and patients (Steams-
Kurosawa et al., 2002). During warfarin administration, the
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SEPCR reduction paralleled decreases in F1+2 levels (the
prothrombin fragment released during thrombin formation).
When warfarin was discontinued, sEPCR levels returned
almost to pre-treatment levels. Heparin and warfarin are
anti-coagulants with very different mechanisms of action,
but with the common end result of inhibiting thrombin
formation. The observation that SEPCR generation is depen-
dent on thrombin activity (in vitro at least) and that sEPCR
levels decrease in response to anticoagulant treatment are
consistent with the model that SEPCR levels report thrombin
activity and an endothelial response to thrombin. Thus, it is
possible that SEPCR levels are regulated and responsive to
a pro-coagulant environment.

[0016] Several hemostatic and coagulation markers are
used for the detection of a hypercoagulable state. Among
them, the thrombin-antithrombin complex (TAT), prothrom-
bin fragment 1+2 (F1+2) and fibrinopeptide A (FpA) mea-
surements are considered to be representative. However,
these markers have shortcomings in that they are not specific
for in vivo generation of thrombin. They will report the
generation of thrombin regardless of where thrombin was
formed, including clot formation in a test tube or syringe
while the blood was drawn. In contrast, SEPCR is formed
from cleavage of membrane-bound EPCR expressed on the
surface of endothelium in vivo. Thus, clot formation in a test
tube cannot affect SEPCR levels. In fact, measurement of
SEPCR levels in serum and plasma (citrate or heparin)
correlate nicely.

[0017] Tt is increasingly evident that the vascular endot-
helium is an active participant in maintaining homeostasis.
Recent insights into the basic mechanisms involved in
atherogenesis indicate that deviation from normal endothe-
lial physiology, or endothelial dysfunction, represents a key
step in the development of atherosclerosis, plaque progres-
sion and atherothrombosis (Bonetti et al., 2003). However,
relatively few markers are available to practicing physicians
and cardiologists which report endothelial function or acti-
vation status.

[0018] Given its strategic location and biological proper-
ties, the endothelium serves as both a mechanical and
biological barrier between the blood and the vascular wall.
It also serves as an early and chronic target for molecular and
cellular-mediated injury giving rise to plaque formation,
vasoconstriction and progression to clinical manifestations.
The risk to develop endothelial dysfunction may increase
with the number of risk factors present in an individual (Vita
et al., 1990) such that status of endothelial function is an
integrated part of the overall cardiovascular risk burden
(lifestyle, age, smoking, male, dyslipidemia, hypertension,
obesity). Changes in endothelial function appear early and,
if the changes are found to predict the clinical benefit of
interventions, then drug and lifestyle changes may be evalu-
ated more rapidly to reverse the disease progression (Cel-
ermajer, 1997). Thus, there remains a need in the art for
more accurate measures of endothelial cell function.

SUMMARY OF THE INVENTION

[0019] Thus, in accordance with the present invention,
there is provided a method for predicting occurrence of an
acute cardiovascular event in a subject comprising measur-
ing circulating levels of soluble endothelial protein C recep-
tor (SEPCR) in said subject, wherein elevated sEPCR levels,
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as compared to levels in normally distributed controls,
predict occurrence of an acute cardiovascular event in said
subject. SEPCR may be measured by an immunoassay, such
as by ELISA. The sEPCR level may be determined by
measuring SEPCR in a blood product, cerebrospinal fluid or
urine, in particular in plasma or serum. The acute cardio-
vascular event may be selected from the group consisting of
myocardial infarction, stroke, angina pectoris and sudden
coronary death. In a particular embodiment, elevated sEPCR
is greater than about 150 ng/ml serum. The subject may (a)
not suffer from cardiovascular disease; (b) suffer from
previously undiagnosed cardiovascular disease; or (c) suffer
from previously diagnosed cardiovascular disease.

[0020] The method may further comprise assessing
another cardiovascular disease risk factor in said subject,
such as increased age, male gender, dyslipidemias (hyperc-
holesteremia, hypertriglycaemia and low HDL-cholesterol),
hypertension, C-reactive protein, hyperhomocysteinemia,
lipoprotein(a), fibrinogen, obesity, physical inactivity,
tobacco use, oral contraceptives, underlying primary disease
(e.g., diabetes, SLE), and other hematological cardiovascu-
lar risk factors. The method may also further comprising
administering a cardiovascular disease prevention or therapy
program to said subject. The cardiovascular disease preven-
tion program may be selected from the group consisting of
diet and life style changes, low-dose aspirin, cholesterol
reducing agents, blood pressure reducing agents, and oral
anticoagulant treatment. The cardiovascular disease thera-
peutic program may be selected from the group consisting of
beta blockers, anti-hypertensives, cardiotonics, anti-throm-
botics, vasodilators, hormone antagonists, iontropes, diuret-
ics, endothelin antagonists, calcium channel blockers, phos-
phodiesterase inhibitors, ACE inhibitors, angiotensin type 2
antagonists, statins, cytokine blockers/inhibitors and low fat
diet. In addition, the method may further comprising assess-
ing sEPCR after administering the cardiovascular disease
prevention or therapy program to the subject.

[0021] In another embodiment, there is provided a method
for predicting or diagnosing atherosclerotic cardiovascular
disease in a subject comprising measuring circulating levels
of soluble endothelial protein C receptor (SEPCR) in said
subject, wherein elevated sEPCR levels, as compared to
levels in normally distributed controls, predict development
or diagnose presence of atherosclerotic cardiovascular dis-
ease in said subject. The SEPCR level may be determined by
measuring SEPCR in a blood product, cerebrospinal fluid or
urine, in particular in plasma or serum. In a particular
embodiment, elevated sEPCR is greater than about 150
ng/ml serum. The subject may (a) not suffer from athero-
sclerotic cardiovascular disease or (b) have previously undi-
agnosed atherosclerotic cardiovascular disease.

[0022] The method may also further comprising adminis-
tering an atherosclerotic cardiovascular disease prevention
or therapy program to said subject. The atherosclerotic
cardiovascular disease prevention program may be selected
from the group consisting of diet and life style changes,
low-dose aspirin, cholesterol reducing agents, blood pres-
sure reducing agents, and oral anticoagulant treatment. The
atherosclerotic cardiovascular disease therapeutic program
may be selected from the group consisting of beta blockers,
anti-hypertensives, cardiotonics, anti-thrombotics, vasodila-
tors, hormone antagonists, iontropes, diuretics, endothelin
antagonists, calcium channel blockers, phosphodiesterase
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inhibitors, ACE inhibitors, angiotensin type 2 antagonists,
statins, cytokine blockers/inhibitors and low fat diet. In
addition, the method may further comprising assessing
SEPCR after administering the atherosclerotic cardiovascu-
lar disease prevention or therapy program to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

[0024] FIG. 1—Schematic diagram of sSEPCR generation
by thrombin and sEPCR function. A hypercoagulable, pro-
inflammatory environment is characterized by increased
thrombin generation in vivo. Thrombin upregulates metal-
loproteinase activity via PAR-1 on the endothelial cell
surface. The metalloproteinase cleaves membrane-bound
EPCR to release the extracellular domain, soluble EPCR
(sEPCR), into the circulation. Membrane-bound EPCR
accelerates the protein C activation rate by ~5- to 10-fold.
Because sEPCR binds protein C with similar affinity, it
competes with membrane-bound EPCR for ligand, thereby
inhibiting protein C activation efficiency. SEPCR also binds
APC directly and inhibits the APC inactivation of coagula-
tion cofactors Factor Va and Factor VIIIa, possibly contrib-
uting to phenotypic APC resistance. Thus, elevated sEPCR
can influence both arms of the protein C pathway, by
reducing the generation and activity of APC.

[0025] FIG. 2—Distribution of plasma sEPCR levels by
gender and nationality. Plasma sEPCR levels in healthy
donors from France and Italy. Values were grouped accord-
ing to gender (horizontal) and nationality (vertical). The
density traces (smoothed histograms) show the bimodal
nature of each distribution.

[0026] FIG. 3—Box plots of the sub-population with
lower sEPCR levels within each gender and nationality
group. For each plot, the distance between ends of the lines
represents the total range of the sample and the length of the
box represents the range of the middle 50%. The patterns
exhibited by the boxes indicate higher sample values for the
Italians as compared to the French, and higher male values
as compared to females. The means and standard deviations
for each group are shown.

[0027] FIG. 4—Distribution of plasma sEPCR levels in
Japanese healthy volunteers. Plasma sEPCR levels in
healthy donors from Japan (n=141) were grouped and plot-
ted by relative distribution. SEPCR levels show a bimodal
distribution with the majority of individuals in the low
sEPCR group (<200 ng/ml). The prevalence of subjects in
Japan in the high SEPCR group (2200 ng/ml) is only 9.9%,
which is lower than the 21% observed in subjects from
France.

[0028] FIG. 5—sEPCR levels are stable over time in
healthy individuals. Plasma sEPCR levels in healthy donors
were determined at the designated time points over a 48 hour
period. There was little variation in their sSEPCR levels,
suggesting that simple changes in environment (¢.g., diet) do
not acutely affect SEPCR levels.

[0029] FIG. 6—Levels of soluble thrombomodulin (sTM)
and soluble EPCR (sEPCR) in patients with sepsis or SLE.
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Plasma from patients with sepsis (n=16) or systemic lupus
erythematosus (n=42) were assayed for the soluble receptors
by ELISA. The means were compared by Student’s t-test
with receptor levels found in normal plasma (n=18).

[0030] FIG. 7—Plasma levels of sEPCR decrease in
patients undergoing oral anticoagulant therapy. A French
population of patients receiving oral anticoagulant therapy
with acenocoumarol, fluindione, or warfarin had signifi-
cantly lower SEPCR levels (right; 105.3+70.8 ng/ml; n=55)
than a healthy French population (left; 165.8+115.8 ng/ml),
p<0.0001.

[0031] FIGS. 8A-C—Levels of sEPCR respond to war-
farin in healthy adult volunteers. Warfarin was administered
to 6 adult volunteers for 8 days. The SEPCR levels (FIG.
8A), INR values (FIG. 8B) and F1+2 levels (FIG. 8C) were
determined in blood drawn just before warfarin administra-
tion (day 0), throughout the administration period, and
during a 1-week follow-up period. Data from each indi-
vidual are indicated. The F1+2 levels are shown with the
median, interquartile ranges, and 95% confidence intervals
for the means.

[0032] FIGS. 9A-B—Levels of SEPCR decline in patients
beginning warfarin treatment. Levels of sEPCR (FIG. 9A)
and prothrombin fragment F1+2 (FIG. 9B) were determined
in 7 patients before the start of oral anticoagulant therapy
(time 0) and during treatment.

[0033] FIGS. 10A-B—Plasma sEPCR levels are higher in
patients before angioplasty. The relative distribution of
SEPCR levels determined in plasma from peripheral blood
samples obtained from patients just prior to undergoing
angioplasty (FIG. 10A; n=35) is significantly higher when
compared with a healthy population (FIG. 10B; from
France, n=200). ***The percentage of subjects in the high
SsEPCR group (2200 ng/ml) is 60% in patients before
angioplasty as compared with 21% in the healthy population
(p<0.0001).

[0034] FIG. 11—Plasma sEPCR levels did not change in
most patients immediately after angioplasty. SEPCR levels
determined in plasma from peripheral blood samples
obtained from patients just before angioplasty and after the
procedure are compared. The linear regression analysis and
95% confidence limits are shown. In most patients, there
was little change in their circulating SEPCR levels. This is
consistent with the current model of sSEPCR generation and
we would not expect rapid changes in SEPCR levels via the
thrombin-mediated mechanism. However, in two patients
(circled), their sSEPCR levels increased considerably. The
re-occlusion rates is these patients is not known.

[0035] FIGS. 12A-C—High sEPCR levels decrease APC
anticoagulant activity contributing to APC resistance. The
APTT time was determined in normal plasmas

(n=25)*added recombinant sEPCR (rsEPCR) without added
APC (FIG. 12A) or with 60 nM APC (FIG. 12B). The APC
sensitivity ratio (FIG. 12C) is the APTT+APC (s)/APTT (s).
A lower APC sensitivity ratio is associated with APC
resistance. Total SEPCR levels (endogenous plus recombi-
nant) ranged from 677.7 ng/ml to 954.2 ng/ml (mean=745.7
ng/ml), which are at the upper ranges observed in clinical
samples and healthy subjects. Data shown is mean +S.E.M.
The Pvalues (paired t-test) are shown when p<0.05; n.s., not
significant.
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[0036] FIG. 13—Anti-EPCR blocking antibody reverses
the effect of SEPCR. The anticoagulant activity of APC (1.3
nM) was determined with a one-stage Factor Xa clotting
assay in the presence of 1.0 uM sEPCR with or without
anti-EPCR monoclonal antibody which blocks binding of
APC to EPCR. The blocking antibody neutralizes both
exogenous and endogenous (plasma) sEPCR, thus further
prolonging the clot times. Data shown is mean +S.D. The P
values (t-test) are shown.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] Increasingly it is appreciated that cardiovascular
disease, in particular atherosclerotic cardiovascular disease
(ASCVD), is preceded by a prolonged hypercoagulable
state, systemic vascular inflammation and endothelial dys-
function. The protein C pathway members, including the
endothelial protein C receptor (EPCR), contribute to regu-
lation of these coagulation and inflammatory events. Mem-
brane-bound EPCR binds protein C, accelerates protein C
activation and augments activated protein C anti-inflamma-
tory activity. In a hypercoagulable environment, thrombin
activity up-regulates metalloproteinases, which cleave the
extracellular domain of EPCR, releasing it into the circula-
tion. The resultant soluble EPCR (sEPCR) no longer con-
tributes to protein C activation, but binds activated protein
C and inhibits its anticoagulant function. This inhibition of
the protein C pathway by elevated sEPCR levels shifts the
equilibrium toward a hypercoagulable and pro-inflammatory
state.

[0038] The inventors have found that about 20% of appar-
ently healthy adults have significantly elevated sEPCR lev-
els and that these levels decrease after oral anticoagulant
therapy. These measurements of sEPCR levels in popula-
tions from several countries, as well as in selected patient
cohorts, suggest that sSEPCR is a marker for a hypercoagu-
lable state that contributes to cardiovascular discase. Assays
for measuring sEPCR have been described previously in
U.S. Pat. No. 5,804,392 and U.S. Ser. No. 10/028,741.
However, in this context, the assay was applied not as a
predictor of disease in asymptomatic patients, but as a
monitor of therapeutic efficacy in diseased patients.

I. COAGULATION PATHWAY

[0039] The key component in the coagulation pathway is
thrombin, which is the final enzyme product of the coagu-
lation cascade and is necessary to form fibrin and to activate
platelets, both of which are essential components of a clot.
Since thrombin itself is virtually impossible to measure, use
of surrogate markers is necessary. Currently, there are four
tests used clinically to monitor thrombin generation: (a)
prothrombin (PT) fragment 142 (F1+2); (b) fibrinopeptide A
(FpA); (c) thrombin/antithrombin complexes (TAT); and (d)
soluble fibrin monomer (SFM). Prothrombin fragment 1+2
is generated when prothrombin is converted to thrombin by
factor Xa in the prothrombin complex. It is a peptide
released into the circulation with a half-life of about 90 min.
Therefore, F1+2 levels will reflect only acute thrombin
generation.

[0040] Fibrinopeptide A (FpA) is released from fibrinogen
by direct thrombin proteolysis. The peptide circulates in the
blood and can be detected using a sensitive ELISA. The
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major drawback of FpA levels is they are very sensitive to
in vitro generation of thrombin by phlebotomy techniques
and blood handling routines. Some manufacturers have
stopped making the ELISA kits and few hematology and
coagulation reference laboratories offer the test.

[0041] Antithrombin (AT) is the primary inhibitor of
thrombin and complexes with thrombin (TAT) to remove it
from the circulation. TAT levels can be measured by ELISA.
TAT levels also reflect acute generation of thrombin because
the complexes are cleared by receptor-mediated mechanism
in the liver, limiting evaluation of long-term thrombin levels.
Importantly, both F142 and TAT levels will reflect both in
vivo and artifactual in vitro thrombin generation. Thrombin
can be generated in vitro, most commonly by phlebotomy
procedures, artificially elevating F142 and TAT levels.

[0042] Soluble fibrin monomers (SFM) are generated
when thrombin cleaves fibrinopeptides A and B from
fibrinogen, and the fibrin monomers non-covalently interact
with excess fibrinogen. Thrombin then generates factor
XlIla to cross-link the SFM into a local clot or systemic
deposition on vascular walls. Thus, increased SFM is more
an indication that the normal removal of thrombin is satu-
rated or no longer working properly.

II. sEPCR

[0043] EPCR is an endothelial cell receptor with signifi-
cant homology to the CD1/MHC class 1 family (Fukudome
and Esmon, 1994; Fukudome et al., 1996; Regan et al.,
1996). The cloning and biological role of the endothelial cell
receptor for protein C was described in PCT/US95/09636.
The protein was predicted to consist of 238 amino acids,
which includes a 15 amino acid signal sequence at the
N-terminus, and a 23 amino acid transmembrane region
which characterizes the receptor as a type 1 transmembrane
protein. EPCR binds both protein C and APC with similar
affinity (Fukudome et al., 1996) in the presence of calcium,
and facilitates protein C activation by presenting the protein
C substrate to the thrombin-thrombomodulin activation
complex on cell surfaces (Steams-Kurosawa et al., 1996).
Recombinant soluble EPCR (rsEPCR), truncated just before
the transmembrane domain, binds both protein C and APC
with an affinity similar to that observed for intact cell-
surface expressed EPCR (Fukudome etal., 1996).

III. IMMUNOASSAYS

[0044] Tt will be understood that polyclonal or monoclonal
antibodies specific for the sEPCR will have utilities in
several applications. These include the production of diag-
nostic kits and in methods of detecting sEPCR. Thus, the
invention provides antibodies that bind immunologically to
SsEPCR. Means for preparing and characterizing antibodies
are well known in the art (See, ¢.g., Antibodies: A Labora-
tory Manual, Cold Spring Harbor Laboratory, 1988; incor-
porated herein by reference). Antibodies to sEPCR have
already been generated using such standard techniques and
are described in U.S. Pat. No. 5,804,392 and U.S. Ser. No.
10/028,741.

[0045] A. Polyclonal Antisera

[0046] Polyclonal antisera is prepared by immunizing an
animal with an immunogenic composition in accordance
with the present invention and collecting antisera from that
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immunized animal. A wide range of animal species can be
used for the production of antisera. Typically the animal
used for production of anti-antisera is a rabbit, a mouse, a
rat, a hamster, a guinea pig or a goat. Because of the
relatively large blood volume of rabbits, a rabbit is a
preferred choice for production of polyclonal antibodies.

[0047] As is well known in the art, a given composition
may vary in its immunogenicity. It is often necessary there-
fore to boost the host immune system, as may be achieved
by coupling a peptide or polypeptide immunogen to a
carrier. Exemplary and preferred carriers are keyhole limpet
hemocyanin (KLH) and bovine serum albumin (BSA).
Other albumins such as ovalbumin, mouse serum albumin or
rabbit serum albumin can also be used as carriers. Means for
conjugating a polypeptide to a carrier protein are well
known in the art and include glutaraldehyde, m-maleimido-
bencoyl-N-hydroxysuccinimide ester, carbodiimyde and
bis-biazotized benzidine.

[0048] As also is well known in the art, the immunoge-
nicity of a particular immunogen composition can be
enhanced by the use of non-specific stimulators of the
immune response, known as adjuvants. Exemplary and
preferred adjuvants include complete Freund’s adjuvant (a
non-specific stimulator of the immune response containing
killed Mycobacterium tuberculosis), incomplete Freund’s
adjuvants and aluminum hydroxide adjuvant.

[0049] The amount of immunogen composition used in
the production of polyclonal antibodies varies upon the
nature of the immunogen as well as the animal used for
immunization. A variety of routes can be used to administer
the immunogen (subcutaneous, intramuscular, intradermal,
intravenous and intraperitoneal). The production of poly-
clonal antibodies may be monitored by sampling blood of
the immunized animal at various points following immuni-
zation.

[0050] Asecond, booster injection, also may be given. The
process of boosting and titering is repeated until a suitable
titer is achieved. When a desired level of immunogenicity is
obtained, the immunized animal can be bled and the serum
isolated and stored, or the animal can be used to generate
mAbs (below).

[0051] For production of rabbit polyclonal antibodies, the
animal can be bled through an ear vein or alternatively by
cardiac puncture. The procured blood is allowed to coagu-
late and then centrifuged to separate serum components
from whole cells and blood clots. The serum may be used as
is for various applications or else the desired antibody
fraction may be purified by well-known methods, such as
affinity chromatography using another antibody or a peptide
bound to a solid matrix or protein A followed by antigen
(peptide) affinity column for purification.

[0052]

[0053] mAbs may be readily prepared through use of
well-known techniques, such as those exemplified in U.S.
Pat. No. 4,196,265, incorporated herein by reference. Typi-
cally, this technique involves immunizing a suitable animal
with a selected immunogen composition, e.g., a purified or
partially purified sEPCR protein, polypeptide or peptide.
The immunizing composition is administered in a manner
effective to stimulate antibody producing cells.

B. Monoclonal Antibodies
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[0054] The methods for generating monoclonal antibodies
(MADs) generally begin along the same lines as those for
preparing polyclonal antibodies. Rodents such as mice and
rats are preferred animals, however, the use of rabbit, sheep,
goat, monkey cells also is possible. The use of rats may
provide certain advantages (Goding, 1986, pp. 60-61), but
mice are preferred, with the BALB/c mouse being most
preferred as this is most routinely used and generally gives
a higher percentage of stable fusions.

[0055] The animals are injected with antigen, generally as
described above. The antigen may be coupled to carrier
molecules such as keyhole limpet hemocyanin if necessary.
The antigen would typically be mixed with adjuvant, such as
Freund’s complete or incomplete adjuvant. Booster injec-
tions with the same antigen would occur at approximately
two-week intervals.

[0056] Following immunization, somatic cells with the
potential for producing antibodies, specifically B lympho-
cytes (B cells), are selected for use in the MAb generating
protocol. These cells may be obtained from biopsied spleens
or lymph nodes. Spleen cells and lymph node cells are
preferred, the former because they are a rich source of
antibody-producing cells that are in the dividing plasmablast
stage.

[0057] Often, a panel of animals will have been immu-
nized and the spleen of animal with the highest antibody titer
will be removed and the spleen lymphocytes obtained by
homogenizing the spleen with a syringe. Typically, a spleen
from an immunized mouse contains approximately 5x107 to
2x10° lymphocytes.

[0058] The antibody-producing B lymphocytes from the
immunized animal are then fused with cells of an immortal
myeloma cell, generally one of the same species as the
animal that was immunized. Myeloma cell lines suited for
use in hybridoma-producing fusion procedures preferably
are non-antibody-producing, have high fusion efficiency,
and enzyme deficiencies that render then incapable of grow-
ing in certain selective media which support the growth of
only the desired fused cells (hybridomas).

[0059] Any one of a number of myeloma cells may be
used, as are known to those of skill in the art (Goding, pp.
65-66, 1986; Campbell, pp. 75-83, 1984; each incorporated
herein by reference). For example, where the immunized
animal is a mouse, one may use P3-X63/Ag8, X63-Ag8.653,
NS1/1.Ag 4 1, Sp210-Ag14, FO,NSO/U, MPC-11, MPC11-
X45-GTG 1.7 and S194/5XX0 Bul; for rats, one may use
R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266,
GM1500-GRG2, LICR-LON-HMy2 and UC729-6 are all
useful in connection with human cell fusions.

[0060] One preferred murine myeloma cell is the NS-1
myeloma cell line (also termed P3-NS-1-Ag4-1), which is
readily available from the NIGMS Human Genetic Mutant
Cell Repository by requesting cell line repository number
GM3573. Another mouse myeloma cell line that may be
used is the 8-azaguanine-resistant mouse murine myeloma
SP2/0 non-producer cell line.

[0061] Methods for generating hybrids of antibody-pro-
ducing spleen or lymph node cells and myeloma cells
usually comprise mixing somatic cells with myeloma cells
in a 2:1 proportion, though the proportion may vary from
about 20:1 to about 1:1, respectively, in the presence of an
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agent or agents (chemical or electrical) that promote the
fusion of cell membranes. Fusion methods using Sendai
virus have been described by Kohler and Milstein (1975,
1976), and those using polyethylene glycol (PEG), such as
37% (v/v) PEG, by Gefter ot al. (1977). The use of electri-
cally induced fusion methods also is appropriate (Goding
pp. 71-74, 1986).

[0062] Fusion procedures usually produce viable hybrids
at low frequencies, about 1x107° 10 1x10~%. However, this
does not pose a problem, as the viable, fused hybrids are
differentiated from the parental, infused cells (particularly
the infused myeloma cells that would normally continue to
divide indefinitely) by culturing in a selective medium. The
selective medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary and preferred agents are aminop-
terin, methotrexate, and azaserine. Aminopterin and meth-
otrexate block de novo synthesis of both purines and pyri-
midines, whereas azaserine blocks only purine synthesis.
Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source
of nucleotides (HAT medium). Where azaserine is used, the
media is supplemented with hypoxanthine.

[0063] The preferred selection medium is HAT. Only cells
capable of operating nucleotide salvage pathways are able to
survive in HAT medium. The myeloma cells are defective in
key enzymes of the salvage pathway, e.g., hypoxanthine
phosphoribosyl transferase (HPRT), and they cannot sur-
vive. The B cells can operate this pathway, but they have a
limited life span in culture and generally die within about
two weeks. Therefore, the only cells that can survive in the
selective media are those hybrids formed from myeloma and
B cells.

[0064] This culturing provides a population of hybridomas
from which specific hybridomas are selected. Typically,
selection of hybridomas is performed by culturing the cells
by single-clone dilution in microtiter plates, followed by
testing the individual clonal supernatants (after about two to
three weeks) for the desired reactivity. The assay should be
sensitive, simple and rapid, such as radioimmunoassays,
enzyme immunoassays, cytotoxicity assays, plaque assays,
dot immunobinding assays, and the like. The selected hybri-
domas would then be serially diluted and cloned into indi-
vidual antibody-producing cell lines, which clones can then
be propagated indefinitely to provide mAbs. The cell lines
may be exploited for mAb production in two basic ways.

[0065] A sample of the hybridoma can be injected (often
into the peritoneal cavity) into a histocompatible animal of
the type that was used to provide the somatic and myeloma
cells for the original fusion (e.g., a syngeneic mouse).
Optionally, the animals are primed with a hydrocarbon,
especially oils such as pristane (tetramethylpentadecane)
prior to injection. The injected animal develops tumors
secreting the specific monoclonal antibody produced by the
fused cell hybrid. The body fluids of the animal, such as
serum or ascites fluid, can then be tapped to provide mAbs
in high concentration.

[0066] The individual cell lines could also be cultured in
vitro, where the mAbs are naturally secreted into the culture
medium from which they can be readily obtained in high
concentrations. mAbs produced by either means may be
further purified, if desired, using filtration, centrifugation
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and various chromatographic methods such as HPLC or
affinity chromatography. Fragments of the monoclonal anti-
bodies of the invention can be obtained from the purified
monoclonal antibodies by methods which include digestion
with enzymes, such as pepsin or papain, and/or by cleavage
of disulfide bonds by chemical reduction. Alternatively,
monoclonal antibody fragments encompassed by the present
invention can be synthesized using an automated peptide
synthesizer.

[0067] Tt also is contemplated that a molecular cloning
approach may be used to generate monoclonals. For this,
combinatorial immunoglobulin phagemid libraries are pre-
pared from RNA isolated from the spleen of the immunized
animal, and phagemids expressing appropriate antibodies
are selected by panning using cells expressing the antigen
and control cells e.g., normal-versus-tumor cells. The advan-
tages of this approach over conventional hybridoma tech-
niques are that approximately 10* times as many antibodies
can be produced and screened in a single round, and that new
specificities are generated by H and L chain combination
which further increases the chance of finding appropriate
antibodies.

[0068]

[0069] In still further embodiments, the present invention
thus concerns immunodetection methods for binding, quan-
tifying or otherwise generally detecting SEPCR. The steps of
various useful immunodetection methods have been
described in the scientific literature, such as, e.g., Nakamura
et al. (1987; incorporated herein by reference). Immunoas-
says, in their most simple and direct sense, are binding
assays. Certain preferred immunoassays are the various
types of enzyme linked immunosorbent assays (ELISAs),
radioimmunoassays (RIA) and immunobead capture assay.
However, it will be readily appreciated that detection is not
limited to such techniques, and Western blotting, dot blot-
ting, FACS analyses, and the like also may be used in
connection with the present invention.

[0070] In general, immunobinding methods include
obtaining a sample suspected of containing a protein, pep-
tide or antibody, and contacting the sample with an antibody
or protein or peptide in accordance with the present inven-
tion, as the case may be, under conditions effective to allow
the formation of immunocomplexes.

[0071] The immunobinding methods of this invention
include methods for detecting or quantifying the amount of
a reactive component in a sample, which methods require
the detection or quantitation of any immune complexes
formed during the binding process. Here, one would obtain
a sample suspected of containing SEPCR, and contact the
sample with an antibody, and then detect or quantify the
amount of immune complexes formed under the specific
conditions.

[0072] Contacting the chosen biological sample with the
antibody or antisera under conditions effective and for a
period of time sufficient to allow the formation of immune
complexes (primary immune complexes) is generally a
matter of simply adding the composition to the sample and
incubating the mixture for a period of time long enough for
the antibodies to form immune complexes with sEPCR.
After this time, the sample-antibody composition will gen-
erally be washed to remove any non-specifically bound

C. Immunoassays
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antibody species, allowing only those antibodies specifically
bound within the primary immune complexes to be detected.

[0073] In general, the detection of immunocomplex for-
mation is well known in the art and may be achieved through
the application of numerous approaches. These methods are
generally based upon the detection of a label or marker, such
as any radioactive, fluorescent, biological or enzymatic tags
or labels of standard use in the art. U.S. patents concerning
the use of such labels include U.S. Pat. Nos. 3,817,837,
3,850,752; 3,939,350, 3,996,345; 4,277,437, 4,275,149 and
4,366,241, each incorporated herein by reference.

[0074] In certain embodiments, the first added component
that becomes bound within the primary immune complexes
may be detected by means of a second binding ligand that
has binding affinity for the encoded protein, peptide or
corresponding antibody. In these cases, the second binding
ligand may be linked to a detectable label. The second
binding ligand is itself often an antibody, which may thus be
termed a “secondary” antibody. The primary immune com-
plexes are contacted with the labeled, secondary binding
ligand, or antibody, under conditions effective and for a
period of time sufficient to allow the formation of secondary
immune complexes. The secondary immune complexes are
then generally washed to remove any non-specifically bound
labeled secondary antibodies or ligands, and the remaining
label in the secondary immune complexes is then detected.

[0075] Further methods include the detection of primary
immune complexes by a two step approach. A second
binding ligand, such as an antibody, that has binding affinity
for the encoded protein, peptide or corresponding antibody
is used to form secondary immune complexes, as described
above. After washing, the secondary immune complexes are
contacted with a third binding ligand or antibody that has
binding affinity for the second antibody, again under con-
ditions effective and for a period of time sufficient to allow
the formation of immune complexes (tertiary immune com-
plexes). The third ligand or antibody is linked to a detectable
label, allowing detection of the tertiary immune complexes
thus formed. This system may provide for signal amplifica-
tion if this is desired.

[0076] Of particular interest in the present invention are
enzyme linked immunosorbent assays, known as ELISAs. In
one exemplary ELISA, antibodies binding to the encoded
proteins of the invention are immobilized onto a selected
surface exhibiting protein affinity, such as a well in a
polystyrene microtiter plate. Then, a test composition sus-
pected of containing the sEPCR is added to the wells. After
binding and washing to remove non-specifically bound
immunocomplexes, the bound antigen may be detected.

[0077] Detection is generally achieved by the addition of
a second antibody specific for the target protein, that is
linked to a detectable label. This type of ELISA is a simple
“sandwich ELISA.” Detection also may be achieved by the
addition of a second antibody, followed by the addition of a
third antibody that has binding affinity for the second
antibody, with the third antibody being linked to a detectable
label.

[0078] In another exemplary ELISA, the samples sus-
pected of containing the SEPCR are immobilized onto the
well surface and then contacted with the antibodies of the
invention. After binding and washing to remove non-spe-
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cifically bound immune complexes, the bound antibody is
detected. Where the initial antibodies are linked to a detect-
able label, the immune complexes may be detected directly.
Again, the immune complexes may be detected using a
second antibody that has binding affinity for the first anti-
body, with the second antibody being linked to a detectable
label.

[0079] Another ELISA in which the SEPCR are immobi-
lized, involves the use of antibody competition in the
detection. In this ELISA, labeled antibodies are added to the
wells, allowed to bind to the sEPCR and detected by means
of their label. The amount of marker antigen in an unknown
sample is then determined by mixing the sample with the
labeled antibodies before or during incubation with coated
wells. The presence of marker antigen in the sample acts to
reduce the amount of antibody available for binding to the
well and thus reduces the ultimate signal. This is appropriate
for detecting antibodies in an unknown sample, where the
unlabeled antibodies bind to the antigen-coated wells and
also reduces the amount of antigen available to bind the
labeled antibodies.

[0080] Irrespective of the format employed, ELISAs have
certain features in common, such as coating, incubating or
binding, washing to remove non-specifically bound species,
and detecting the bound immune complexes. For example,
in coating a plate with either antigen or antibody, one will
generally incubate the wells of the plate with a solution of
the antigen or antibody, either overnight or for a specified
period of hours. The wells of the plate will then be washed
to remove incompletely adsorbed material. Any remaining
available surfaces of the wells are then “coated” with a
nonspecific protein that is antigenically neutral with regard
to the test antisera. These include bovine serum albumin
(BSA), casein and solutions of milk powder. The coating
allows for blocking of nonspecific adsorption sites on the
immobilizing surface and thus reduces the background
caused by nonspecific binding of antisera onto the surface.

[0081] InELISAs,itis more customary to use a secondary
or tertiary detection means rather than a direct procedure.
Thus, after binding of a protein or antibody to the well,
coating with a non-reactive material to reduce background,
and washing to remove unbound material, the immobilizing
surface is contacted with a control and sample to be tested
under conditions effective to allow immune complex (anti-
gen/antibody) formation. Detection of the immune complex
then requires a labeled secondary binding ligand or antibody,
or a secondary binding ligand or antibody in conjunction
with a labeled tertiary antibody or third binding ligand.
“Under conditions effective to allow immune complex (anti-
gen/antibody) formation” means that the conditions prefer-
ably include diluting the antigens and antibodies with solu-
tions such as BSA, bovine gamma globulin (BGG) and
phosphate buffered saline (PBS)/Tween. These added agents
also tend to assist in the reduction of nonspecific back-
ground.

[0082] The “suitable” conditions also mean that the incu-
bation is at a temperature and for a period of time sufficient
to allow effective binding. Incubation steps are typically
from about 1 to 2 to 4 hrs, at temperatures preferably on the
order of 25° C. to 27° C., or may be overnight at about 4°
C. orso.

[0083] Following all incubation steps in an ELISA, the
contacted surface is washed so as to remove non-complexed
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material. A preferred washing procedure includes washing
with a solution such as PBS/Tween, or borate buffer. Fol-
lowing the formation of specific immune complexes
between the test sample and the originally bound material,
and subsequent washing, the occurrence of even minute
amounts of immune complexes may be determined.

[0084] To provide a detecting means, the second or third
antibody will have an associated label to allow detection.
Preferably, this will be an enzyme that will generate color
development upon incubating with an appropriate chro-
mogenic substrate. Thus, for example, one will desire to
contact and incubate the first or second immune complex
with a urease, glucose oxidase, alkaline phosphatase or
hydrogen peroxidase-conjugated antibody for a period of
time and under conditions that favor the development of
further immune complex formation (e.g., incubation for 2
hrs at room temperature in a PBS-containing solution such
as PBS-Tween).

[0085] After incubation with the labeled antibody, and
subsequent to washing to remove unbound material, the
amount of label is quantified, e.g., by incubation with a
chromogenic substrate such as urea and bromocresol purple
or 2,2'-azido-di-3-ethyl-benzthiazoline-6-sulfonic  acid
(ABTS) and H,0,, in the case of peroxidase as the enzyme
label. Quantitation is then achieved by measuring the degree
of color generation, e.g., using a visible spectra spectropho-
tometer.

[0086] D.sEPCR Levels

[0087] sEPCR cut off levels are not uniform. As discussed
in the Examples, one should perform standard evaluations of
patient populations to establish appropriate cut off levels
based on normally distributed subjects. For example, in the
French population, the cut point and proportion higher was
155 ng/ml and 22% for females, 176 ng/ml and 25% for
males. For the Italian population, the cut point and propor-
tion higher was 190 ng/ml and 24% for females, 200 ng/ml
and 25% for males. In Japanese adults, the inventors again
observed a bimodal distribution of sEPCR levels. The fre-
quency of those with high sEPCR levels (2200 ng/ml) was
9.9%. This was substantially less than that observed in the
French and Italian populations (20-25%), suggesting there
may be a genetic component contributing to elevated sSEPCR
levels. However, the bimodal distribution is still observed.

[0088] Thus, in each large population of apparently
healthy adults that have been studied, sEPCR levels in the
majority of subjects are “normally distributed” (Gaussian
distribution), usually averaging about 100-150 ng/ml. This
sub-population is referred to as “normal distributed con-
trols” for the purpose of this application to distinguish from
the sub-population with high sEPCR levels that are not
normally distributed (non-Gaussian distribution) and can
range up to 700 ng/ml or higher. Thus, in general terms,
about 80% of an apparently healthy adult population will
have sEPCR levels<200 ng/ml (low sEPCR group) and these
values are normally distributed (Gaussian distribution). The
remaining 20% of the population has much higher levels,
ranging up to 700+ng/ml SEPCR (high SEPCR group, >200
ng/ml).
IV. CARDIOVASCULAR DISEASE: DIAGNOSIS,
PREVENTION AND THERAPY

[0089] Cardiovascular disease is one of the leading causes
of morbidity and mortality in the world. In the U.S. alone,
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estimates indicate that over 60 million people are currently
living with with some form of the disease—high blood
pressure, congestive heart failure, coronary heart discase
(atherosclerosis, chronic ischemic heart disease, myocardial
infarction, angina pectoralis), cardiomyopathy (cardiac
hypertrophy, dilated cardiomyopathy) and stroke—and
claims upwards of one million lives each year. The follow-
ing is a general discussion of various cardiovascular disease
states, their diagnosis, prevention and therapy.

[0090]

[0091] In conjunction with the present invention, it may
prove useful to combine other diagnostic procedures with
the SEPCR assays of the present invention. The following is
a discussion of a various risk factors and diagnostic/prog-
nostic factors for use in conjunction with the present inven-
tion.

[0092] 1. Coronary Heart Discase (CHD)

[0093] Typical risk factors for coronary heart disease
(CHD), and hence the basis for diagnosis, are high blood
pressure, high blood cholesterol and diabetes. An electro-
cardiogram, along with a patient interview and exam, will be
performed. Other tests may be ordered such as stress testing,
cardiac ultrasound, cardiac catheterization, or nuclear imag-

ing.
[0094] 2. Congestive Heart Failure (CHF)

[0095] Because congestive heart failure (CHF) typically
results from other cardiac diseases, most commonly, asymp-
tomatic patients are not usually screened for CHF. When
patients present symptoms that may indicate CHF, diagnos-
tic tests can be performed to determine the cause. In some
cases, results from coronary artery disease screening meth-
ods (blood cholesterol tests, blood pressure measurements,
stress tests, etc.) may also indicate CHF and warrant further
examination.

[0096] Early symptoms of CHF may include fatigue,
dyspnea (shortness of breath), and wheezing or hoarseness.
Other noticeable symptoms include heart palpitations, swol-
len ankles and legs, and weight gain (due to fluid build-up).
Depending on the extent of CHF, patients may also have
other complications including an abnormal heart murmur,
pulmonary congestion arrhythmia, (irregular heartbeat),
hypertrophy (enlarged heart), tachycardia (accelerated heart-
beat), and kidney or liver problems.

[0097] Diagnosing CHF typically begins with a physical
exam, including careful documentation of the patient’s
medical and personal history of heart problems (i.e., athero-
sclerosis—narrowing of arteries, coronary artery disease,
history of CHF or congenital heart disease).

[0098]

[0099] Diagnosis of dilated cardiomyopathy and/or car-
diac hypertrophy typically depends upon the demonstration

A. Cardiovascular Disease Risk Factors

3. Cardiomyopathy
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of enlarged heart chambers, particularly enlarged ventricles.
Enlargement is commonly observable on chest X-rays, but is
more accurately assessed using echocardiograms. DCM is
often difficult to distinguish from acute myocarditis, valvu-
lar heart disease, coronary artery disease, and hypertensive
heart disease. Once the diagnosis of dilated cardiomyopathy
is made, every effort is made to identify and treat potentially
reversible causes and prevent further heart damage. For
example, coronary artery disease and valvular heart disease
must be ruled out. Anemia, abnormal tachycardias, nutri-
tional deficiencies, alcoholism, thyroid disease and/or other
problems need to be addressed and controlled.

[0100]

[0101] A few prophylactic measures may be taken to
reduce the risk of acute cardiovascular events, as well as
more chronic forms of cardiovascular disease. Such preven-
tative protocols include exercise, reduced fat diets, low-dose
aspirin, statins and oral anticoagulants.

[0102]

[0103] A variety of “standard” pharmaceutical cardiac
therapies exits. Examples of standard therapies include,
without limitation, so-called “beta blockers,” anti-hyperten-
sives, cardiotonics, anti-thrombotics, vasodilators, hormone
antagonists, ionotropes, diuretics, endothelin antagonists,
calcium channel blockers, phosphodiesterase inhibitors,
ACE inhibitors, angiotensin type 2 antagonists and cytokine
blockers/inhibitors.

B. Prophylaxis

C. Therapies

[0104] In addition, combinations of the foregoing drugs
may be used by administration of a single composition or
pharmacological formulation that includes multiple agents,
or by administering two distinct compositions or formula-
tions, at the same time. Alternatively, one drug may precede
or follow administration of the other by intervals ranging
from minutes to weeks. In embodiments where the two
agents are applied separately, one would generally ensure
that a significant period of time did not expire between the
time of each delivery, such that both agents would still be
able to exert an advantageously combined effect. In such
instances, it is contemplated that one would typically admin-
ister both modalities within about 12-24 hours of each other
and, more preferably, within about 6-12 hours of each other,
with a delay time of only about 12 hours being most
preferred. In some situations, it may be desirable to extend
the time period for treatment significantly, however, where
several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4,
5, 6,7 or 8) lapse between the respective administrations. It
also is conceivable that more than one administration of a
drug will be desired.

[0105] By way of illustration, the following permutations
based on 3 and 4 total administrations are exemplary, where
A represents a first drug and B represents a second drug:

A/B/A B/A/B B/B/A A/A/B B/A/A A/B/B B/B/B/A B/B/A/B

A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A

A/a/A/B B/A/A/A A/B/A/A A/A/B/A A/B/B/B B/A/B/B B/B/A/B
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[0106] Other combinations are likewise contemplated.

[0107] D. Drug Formulations and Routes for Administra-
tion to Patients

[0108] Where clinical applications are contemplated,
pharmaceutical compositions will be prepared in a form
appropriate for the intended application. Generally, this will
entail preparing compositions that are essentially free of
pyrogens, as well as other impurities that could be harmful
to humans or animals.

[0109] One will generally desire to employ appropriate
salts and buffers to render delivery vectors stable and allow
for uptake by target cells. Buffers also will be employed
when recombinant cells are introduced into a patient. Aque-
ous compositions of the present invention comprise an
effective amount of the vector or cells, dissolved or dis-
persed in a pharmaceutically acceptable carrier or aqueous
medium. The phrase “pharmaceutically or pharmacologi-
cally acceptable” refer to molecular entities and composi-
tions that do not produce adverse, allergic, or other untoward
reactions when administered to an animal or a human. As
used herein, “pharmaceutically acceptable carrier” includes
solvents, buffers, solutions, dispersion media, coatings, anti-
bacterial and antifungal agents, isotonic and absorption
delaying agents and the like acceptable for use in formulat-
ing pharmaceuticals, such as pharmaceuticals suitable for
administration to humans. The use of such media and agents
for pharmaceutically active substances is well known in the
art. Except insofar as any conventional media or agent is
incompatible with the active ingredients of the present
invention, its use in therapeutic compositions is contem-
plated. Supplementary active ingredients also can be incor-
porated into the compositions, provided they do not inacti-
vate the vectors or cells of the compositions.

[0110] The active compositions of the present invention
may include classic pharmaceutical preparations. Adminis-
tration of these compositions according to the present inven-
tion may be via any common route so long as the target
tissue is available via that route. This includes oral, nasal, or
buccal. Alternatively, administration may be by intradermal,
subcutaneous, intramuscular, intraperitoneal or intravenous
injection. Such compositions would normally be adminis-
tered as pharmaceutically acceptable compositions, as
described supra.

[0111] The active compounds may also be administered
parenterally or intraperitoneally. By way of illustration,
solutions of the active compounds as free base or pharma-
cologically acceptable salts can be prepared in water suit-
ably mixed with a surfactant, such as hydroxypropylcellu-
lose. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these prepa-
rations generally contain a preservative to prevent the
growth of microorganisms.

[0112] The pharmaceutical forms suitable for injectable
use include, for example, sterile aqueous solutions or dis-
persions and sterile powders for the extemporaneous prepa-
ration of sterile injectable solutions or dispersions. Gener-
ally, these preparations are sterile and fluid to the extent that
easy injectability exists. Preparations should be stable under
the conditions of manufacture and storage and should be
preserved against the contaminating action of microorgan-
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isms, such as bacteria and fungi. Appropriate solvents or
dispersion media may contain, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof,
and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of
dispersion and by the use of surfactants. The prevention of
the action of microorganisms can be brought about by
various antibacterial an antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal,
and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate
and gelatin.

[0113] Sterile injectable solutions may be prepared by
incorporating the active compounds in an appropriate
amount into a solvent along with any other ingredients (for
example as enumerated above) as desired, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium
and the desired other ingredients, e.g., as enumerated above.
In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation
include vacuum-drying and freeze-drying techniques which
yield a powder of the active ingredient(s) plus any additional
desired ingredient from a previously sterile-filtered solution
thereof.

[0114] The compositions of the present invention gener-
ally may be formulated in a neutral or salt form. Pharma-
ceutically-acceptable salts include, for example, acid addi-
tion salts (formed with the free amino groups of the protein)
derived from inorganic acids (e.g., hydrochloric or phos-
phoric acids, or from organic acids (e.g., acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups of the protein can also be derived from
inorganic bases (e.g., sodium, potassium, ammonium, cal-
cium, or ferric hydroxides) or from organic bases (e.g,
isopropylamine, trimethylamine, histidine, procaine and the
like.

[0115] Upon formulation, solutions are preferably admin-
istered in a manner compatible with the dosage formulation
and in such amount as is therapeutically effective. The
formulations may easily be administered in a variety of
dosage forms such as injectable solutions, drug release
capsules and the like. For parenteral administration in an
aqueous solution, for example, the solution generally is
suitably buffered and the liquid diluent first rendered iso-
tonic for example with sufficient saline or glucose. Such
aqueous solutions may be used, for example, for intrave-
nous, intramuscular, subcutaneous and intraperitoneal
administration. Preferably, sterile aqueous media are
employed as is known to those of skill in the art, particularly
in light of the present disclosure. By way of illustration, a
single dose may be dissolved in 1 ml of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis
fluid or injected at the proposed site of infusion, (see for
example, “Remington’s Pharmaceutical Sciences” 15th Edi-
tion, pages 1035-1038 and 1570-1580). Some variation in
dosage will necessarily occur depending on the condition of



US 2005/0032140 Al

the subject being treated. The person responsible for admin-
istration will, in any event, determine the appropriate dose
for the individual subject. Moreover, for human administra-
tion, preparations should meet sterility, pyrogenicity, general
safety and purity standards as required by FDA Office of
Biologics standards.

V. EXAMPLES

[0116] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Example 1

The Distribution of SEPCR Levels in Healthy
Adults is Skewed and Significantly Different from
a Normal Distribution

[0117] The distribution of SEPCR levels in healthy adults
was evaluated using plasma samples from healthy adult
populations obtained from collaborators in France and Italy.
All samples in this and consecutive studies were collected
with informed consent using IRB-approved protocols.
SEPCR levels were measured by a monoclonal antibody-
based ELISA (Stearns-Kurosawa et al., 2002) adapted from
a prior method (Kurosawa et al, 1998). Samples were
grouped by gender and nationality (Italian males, Italian
females, French males and French females). sEPCR values
in these four gender by nationality groups were tested for
normality using the Shapiro-Wilk test. Since all showed
significant departure from normality, the Kruskal-Wallis test
was used to examine differences among the four popula-
tions. Since histograms suggested subpopulations within
each group, each group was partitioned into low and high
sEPCR populations by first ordering all values from smallest
to largest. Next, the point where the two populations were
apparently separated by at least ten units was used as an
initial partition point. If the resulting lower population
contained a high outlier (as defined by box plot criterion),
the partition point was lowered by one value until no outlier
was observed. The resultant populations were tested for
normality. The four lower populations were deemed suitable
for a 2x2 (gender by nationality) analysis of variance. The
four higher populations were deemed not suitable for para-
metric analysis and were examined using the Kruskal-Wallis
test, a nonparametric analog of analysis of variance.

[0118] The analysis of plasma sEPCR levels in the four
groups (males and females from Italy or France) of appar-
ently healthy adults demonstrated that each was significantly
different from a normal distribution (Steams-Kurosawa et
al., 2003). Each group had a bimodal distribution of plasma
sEPCR values (FIG. 2) and the Kruskal-Wallis test indicated
a significant difference (p<0.0001) among the four groups.
The partitioning algorithm yielded different cut points for
high/low division for each group, but surprisingly similar
proportions in the high sEPCR groups. For the French
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population, the cut point and proportion higher was 155
ng/ml and 22% for females, 176 ng/ml and 25% for males.
For the Italian population, the cut point and proportion
higher was 190 ng/ml and 24% for females, 200 ng/ml and
25% for males.

[0119] For purposes of reporting data in the examples set
forth below, the cut point for all adult populations was set at
200 ng/ml based on visual inspection of the data (FIGS. 2
and 4). Those in the low sEPCR group have levels <200
ng/ml; those in the high sEPCR group have levels 2200
ng/ml. This cut point probably underestimates the percent-
age of individuals in the high sSEPCR group, but is useful for
general comparison of large populations. Data for all popu-
lations should undergo rigorous analysis to determine cut
points for statistical comparisons, as was done with the
French and Ttalian samples. This may be performed by one
of ordinary skill in the art using the techniques described
herein.

[0120] The low sEPCR groups for each of the four gender
and nationality populations (FIG. 2) showed a normal
distribution (Gaussian) and were examined using a two
factor analysis of variance. The means and standard devia-
tions are indicated (FIG. 3). Both gender and nationality
main effects were significant (p<0.0001), but there was no
significant interaction between gender and nationality
(p=0.35). In other words, males had higher sEPCR levels,
but this gender difference was similar regardless of the
country of origin. In these groups, the estimated difference
in sEPCR levels between the two nationalities was 28.9
ng/ml, and the gender difference was 18.2 ng/ml sEPCR. In
each large population of apparently healthy adults that have
been studied, SEPCR levels in the majority of subjects are
normally distributed (Gaussian distribution), usually aver-
aging about 100-150 ng/ml. It is this sub-population that is
referred to as “normal controls,” to distinguish from the
sub-population with high sEPCR levels that are not normally
distributed (non-Gaussian distribution) and can range up to
700 ng/ml or higher.

[0121] The inventors have also measured sEPCR levels in
a population of apparently healthy Japanese adults. These
samples were obtained from Dr. Hideo Wada (Dept of
Clinical Laboratory Medicine, Mie University School of
Medicine, Japan). The inventors were particularly interested
in sEPCR levels in an Asian population because they have
a lower incidence of ASCVD and the genetic contribution to
thrombophilia is very different from western populations.
For example, unlike a western population, Asians do not
have a high incidence of Factor V Leiden (De et al., 1998;
Ozawa et al,, 1996; Lee, 2001; Pepe et al., 1997). This
mutation in Factor V (R506Q) renders it resistant to cleav-
age by activated protein C, severely diminishing the effec-
tiveness of protein C anti-coagulant mechanisms (Dahlback
et al., 1997). Factor V Leiden is the most prevalent genetic
thrombophilia in individuals of European descent, signifi-
cantly contributing to risk of thrombotic events, particularly
in homozygous individuals and those with coinheritance of
other risk factors.

[0122] In the Japanese adults, the inventors again
observed a bimodal distribution of sEPCR levels (FIG. 4).
The frequency of those with high sEPCR levels (2200
ng/ml) was 9.9%. This was substantially less than that
observed in the French and Italian populations (20-25%),
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suggesting there may be a genetic component contributing to
elevated SEPCR levels. However, the bimodal distribution is
still observed.

[0123] Thus, in general terms, about 80% of an apparently
healthy adult population will have sEPCR levels<200 ng/ml
(low sEPCR group) and these values are normally distrib-
uted (Gaussian distribution). The remaining 20% of the
population has much higher levels, ranging up to 700+ng/ml
sEPCR (high sEPCR group, 2200 ng/ml). In the Japanese
population, the frequency of those with high sEPCR levels
was less (9.9%), but present nevertheless.

[0124] To show that this is not just an artifact of sampling
bias, the inventors also found that SEPCR levels do not
change much with time in a given individual, at least over
the course of 2 days (FIG. 5). This suggests that simple daily
changes, such as diet (short-term) or biorhythms (e.g.,
cortisol), do not acutely influence SEPCR levels.

Example 2

sEPCR Levels are Increased in Patients with
Systemic Inflammatory Diseases and do not
Correlate with Soluble Thrombomodulin (sTM)
Levels

[0125] Previously, the inventors showed that SEPCR lev-
els are elevated in patients with sepsis or systemic lupus
erythematosus (SLE) (Kurosawa et al., 1998). Both are
systemic diseases with prominent coagulopathic and inflam-
matory components. SLE in particular promotes premature
coronary atherosclerosis and cerebrovascular disease, and
SLE patients experience a greatly increased risk of coronary
events compared to age and sex matched controls (Urowitz
et al., 1976; Petri, 2000). The septic patients required
hemodynamic support, had ATTII levels less than 70%, no
previous liver disease and no hematologic disease. In both
patient populations, SEPCR levels were significantly
increased (FIG. 6). They did not observe a correlation
between the SEPCR levels and multiple organ failure score,
survival or presence of septic shock. Surprisingly, parallel
measurements of soluble thrombomodulin (sTM) did not
show any correlation with the sEPCR levels in either the
SLE patients (r*=0.018) or in the septic patients (r*=0.013).
This was surprising because both TM and EPCR are located
primarily on the endothelium. However, membrane-bound
EPCR is expressed almost exclusively on large vessels along
with TM, but it is not nearly as abundant as TM in the
microvasculature (Laszik et al., 1997). These studies suggest
that SEPCR levels may reflect large vessel disease processes
(a prominent feature of atherosclerosis), and also raised the
possibility that SEPCR levels may arise from mechanisms
distinct from neutrophil-mediated protease activity that give
rise to circulating soluble TM.

Example 3

SsEPCR Levels are Linked to Thrombin Production
in Vivo
[0126] Earlier in vitro studies indicated that generation of
sEPCR is regulated by inflammatory mediators (Gu et al.,
2000), including thrombin-mediated up-regulation of sur-
face metalloproteolytic activity (Xu et al., 2000). Therefore,
the inventors addressed the question of whether plasma
SEPCR levels reflect changes in thrombin levels in vivo
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(Stearns-Kurosawa et al., 2002). They found that sSEPCR
levels were reduced significantly in French patients under-
going oral anticoagulant therapy with vitamin K antagonists,
including acenocoumarol, fluindione or warfarin (p<0.0001;
FIG. 7). The length of treatment time was not available nor
did we have gender or other demographic information for
further analysis of this population.

[0127] Therefore, in a small prospective study, the inven-
tors evaluated the influence of oral anticoagulant treatment
on sEPCR levels in normal adult volunteers. sSEPCR levels
declined to ~100 ng/ml within 2-3 days upon initiation of an
8 day warfarin anticoagulant treatment period and subse-
quently increased within 2-3 days after cessation of warfarin
(FIG. 8A). Plasma sEPCR levels returned to pre-treatment
values within 1 week. Changes in their plasma sEPCR levels
mirrored changes in their INR values (FIG. 8B) and
decreases in F1+2 levels (FIG. 8C) during warfarin treat-
ment. The INR is a standardized clotting time assay (should
be prolonged with warfarin) and F142 is a fragment released
from prothrombin during thrombin generation and is
assayed with an ELISA.

[0128] A similar decline in SEPCR levels over time was
observed in seven patients initiating warfarin treatment for
thrombotic disorders, including deep vein thrombosis, atrial
fibrillation and dilative cardiomyopathy (FIG. 9A). F1+2
levels also decreased in the warfarin-treated patients (FIG.
9B). These studies demonstrate that plasma levels of SEPCR
decline in response to treatment with anticoagulants whose
mechanism of action is known to decrease in vivo thrombin
production. These studies demonstrate that SEPCR levels are
responsive to anticoagulant therapy, providing an important
link between in vivo thrombin production during disease and
subsequent endothelial responses.

Example 4

SEPCR Levels are Increased in Patients Targeted
for Coronary Angioplasty

[0129] Coronary artery disease is a major complication of
the atherosclerotic process and we evaluated sEPCR levels
in a cohort of thirty-five patients undergoing coronary angio-
plasty (PTCA). These samples were obtained from a col-
laborator at Washington University School of Medicine.
Peripheral blood samples were drawn both before and after
the angioplasty procedure. The inventors observed that
SEPCR levels were increased in the patients before angio-
plasty (FIG. 10A) when compared to a healthy population
(FIG. 10B; samples from France). The percentage of indi-
viduals with sEPCR levels 2200 ng/ml was 60% (21/35) in
the patients before angioplasty and 21% in the healthy
population (42/200; from France). Plasma sEPCR levels in
samples obtained from the coronary sinus did not differ from
the peripheral blood results (not shown). The inventors
further observed that in most of the patients, the sEPCR
levels did not change after the PTCA procedure (FIG. 11).
This is consistent with the understanding of how sEPCR is
generated (indirectly via thrombin-mediated up-regulation
of metalloproteinase activity), so that one would not expect
to see immediate changes in sEPCR levels. Of interest,
though, are 2 patients whose SEPCR levels increased ~2-fold
after the angioplasty. The inventors speculate that this
increase in sEPCR is due to endothelial/vascular damage
incurred as a result of the surgical intervention; most likely
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their sSTM levels also increased after the procedure, although
this was not measured. The re-occlusion rates in these
patients is not known. This study demonstrates that indi-
viduals with coronary artery disease, most likely the conse-
quence of advanced atherosclerosis, have elevated sEPCR
levels relative to a healthy population. The relative distri-
bution of SEPCR levels in the angioplasty patients remained
bimodal, with some patients having much higher sSEPCR
levels compared to the majority.

Example 5

High sEPCR Levels may Contribute to APC
Resistance

[0130] Activated protein C (APC) is an anti-coagulant
enzyme responsible for inhibition of thrombin formation by
virtue of its proteolytic inactivation of coagulation cofactors
Va and VIIla. A reduced anticoagulant response to APC,
known as APC resistance, is found in 10-50% of patients
with venous thrombosis (Koster et al., 1993; Griffin et al,
1993; Rodeghiero and Tosetto, 1999). APC resistance due to
the presence of the Factor V Leiden polymorphism
(Arg506GIn) is inherited as an autosomal dominant trait
with a prevalence of 2-13% in the general population. The
factor V Leiden molecule has normal pro-coagulant activity
when activated by thrombin or Factor Xa, but the rate of
inactivation by APC is about 10-fold slower than normal Va
because the mutation is in a cleavage site recognized by
APC. The Factor V Leiden polymorphism renders the mol-
ecule resistant to APC proteolysis, thereby contributing to
APC resistance and up to an 80-fold increase in risk of
thrombosis in individuals with a homozygous defect
(Rosendaal et al., 1995). This defect is most common is
individuals of European descent and virtually absent in
Asian populations (De et al., 1998; Ozawa et al., 1996; Lee,
2001; Pepe etal,, 1997).

[0131] Interestingly, in those with normal Factor V, phe-
notypic APC resistance is found in about 15% of the
population (Rodeghiero and Tosetto, 1999) and is associated
with increased risk of ischemic stroke (van der Bom et al,
1996). Thus, while it is clear that homozygous Factor V
Leiden is a thrombotic risk factor, it is becoming increas-
ingly apparent that other pathways also may contribute to a
poor anticoagulant response to APC (Taube et al., 1999).
These include oral contraceptive use (Rosing et al,, 1999),
autoantibodies against APC (Zivelin et al, 1999) or Factor V
(Kalafatis et al., 2002), as well as availability of glucosyl-
ceramide (Deguchi et al., 2002; Deguchi et al., 2001) or high
density lipoprotein (Griffin et al., 1999; Griffin et al., 2001).

[0132] In in vitro clotting assays, recombinant SEPCR
reduces the anticoagulant response to APC (Regan et al,
1996), raising the possibility that plasma sEPCR may con-
tribute to APC resistance. However, these studies were done
with very large molar excesses of SEPCR (>500 nM or
>21,000 ng/ml), greatly exceeding levels found in appar-
ently healthy donors or in patients (see FIGS. 2-4, 6 and 10).
In some individuals in the healthy populations, sEPCR
levels ranged up to 700 ng/ml (high sEPCR group), and
some 1in the patient populations reached 800-900 ng/ml.

[0133] The inventors undertook a preliminary study to
address the possibility that high sEPCR levels within
observed pathophysiological ranges affect APC anticoagu-
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lant activity, possibly contributing to APC resistance. This
study was done in collaboration with Dr. Nicola Englyst
(Endocrinology & Metabolism Unit, Southampton Univer-
sity Hospitals Trust, Southampton, UK). APC resistance was
measured using Coatest APC Resistance-C kits (Chromoge-
nix via Quadratech, UK). This is an APTT-based clotting
assay. The time taken for a clot to form was measured in the
absence and presence of added APC. The APC sensitivity
ratio was calculated as the APTT time in the presence of
APC (seconds) divided by the APTT time (seconds). A lower
APC sensitivity ratio is associated with APC resistance. All
assays were carried out at least in duplicate. Data were
normalized by log transformation and were analyzed using
paired Students t tests. Kit-to-kit variation was normalized
against the data obtained using characterized control
samples (n>10).

[0134] Plasma from 25 young, healthy adult males was
used in this study. Because the inventors knew that the
majority of samples would be in the low sEPCR group, they
chose to add recombinant sEPCR (the extracellular ligand-
binding domain of EPCR (Fukudome et al., 1996; Regan et
al., 1996) to 600 ng/ml to each sample so that they would
have sEPCR levels in the 700-900 ng/ml range (based on
FIGS. 2 and 6). In the current study, the plasma sEPCR
levels before the addition of recombinant SEPCR ranged
from 77.3 ng/ml-354.2 ng/ml (mean =S.D.=145.7£76.2
ng/ml). Thus, total SEPCR levels (endogenous plus recom-
binant) ranged from 677.7 ng/ml-954.2 ng/ml (mean=745.7
ng/ml), which are at the upper ranges observed in clinical
samples and healthy subjects.

[0135] In the absence of APC, the added recombinant
sEPCR had no effect on clotting times (FIG. 12A). As
shown in FIG. 12B, addition of recombinant SEPCR to 600
ng/ml and APC to the samples resulted in decreased APC
activity.  Correspondingly, the APC sensitivity ratio
decreased (FIG. 12C; 227x0.08, PBS control vs.
2.21+0.07, 1sEPCR, p=0.002). It should be noted that the
error bars shown reflect the variability of the clotting time
data between different individuals and do not indicate inher-
ent variability in the effect of recombinant SEPCR between
individuals.

[0136] Example 6

Blocking Plasma sEPCR with an Anti-EPCR
Antibody Increases the Anticoagulant Activity of
APC

[0137] To directly examine the influence of endogenous
sEPCR in plasma, an anti-EPCR monoclonal antibody (1494
mAb; IgG1,), which blocks both protein C and APC bind-
ing, was added to neutralize SEPCR in plasma. Clotting
times were determined with a one-stage factor Xa clotting
assay on pooled human plasma (25 donors) in the presence
of APC, recombinant sSEPCR and/or excess anti-EPCR mAb
(83 pg/ml final) (FIG. 13). As expected, addition of APC
prolonged the clotting times and addition of recombinant
sEPCR inhibited the APC activity. When the blocking
anti-EPCR mAb was included in molar excess, inhibition by
the SEPCR was reversed and the APC activity increased. The
prolongation actually was greater than that observed without
recombinant SEPCR (p<0.006), indicating that the anti-
EPCR antibody blocked both exogenous and endogenous
sEPCR. Thus, blocking endogenous plasma sEPCR with the
antibody resulted in greater APC anti-coagulant activity.
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[0138] Taken together, these observations support the
notion that pathophysiological levels of SEPCR can reduce
APC anti-coagulant activity. This may contribute to APC
resistance and may be an additional pro-coagulant burden,
particularly in patients with both compromised protein C
levels (e.g., sepsis) and high sEPCR levels.

[0139] All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods, and in the steps or
in the sequence of steps of the method described herein,
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the invention as defined by the appended claims.
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What is claimed is:

1. A method for predicting occurrence of an acute car-
diovascular event in a subject comprising measuring circu-
lating levels of soluble endothelial protein C receptor
(sEPCR) in said subject, wherein elevated sEPCR levels, as
compared to levels in normally distributed controls, predict
occurrence of an acute cardiovascular event in said subject.

2. The method of claim 1, wherein the SEPCR is measured
by an immunoassay.

3. The method of claim 2, wherein the SEPCR is measured
by ELISA.

4. The method of claim 1, wherein the sEPCR level is
determined by measuring sEPCR in a blood product, cere-
brospinal fluid or urine.

5. The method of claim 4, wherein the blood product is
plasma or serum.
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6. The method of claim 1, wherein the acute cardiovas-
cular event is selected from the group consisting of myo-
cardial infarction, stroke, angina pectoris and sudden coro-
nary death.

7. The method of claim 1, further comprising assessing
another cardiovascular disease risk factor in said subject.

8. The method of claim 7, wherein said other cardiovas-
cular disease risk factor may comprise increased age, male
gender, dyslipidemias, hypertension, C-reactive protein,
hyperhomocysteinemia, lipoprotein(a), fibrinogen, obesity,
physical inactivity, tobacco use, oral contraceptives, under-
lying primary disease, and other hematological cardiovas-
cular risk factors.

9. The method of claim 1, further comprising administer-
ing a cardiovascular disease prevention program to said
subject.

10. The method of claim 9, wherein said cardiovascular
disease prevention program is selected from the group
consisting of diet and life style changes, low-dose aspirin,
cholesterol reducing agents, blood pressure reducing agents,
and oral anticoagulant treatment.

11. The method of claim 10, further comprising assessing
SEPCR after administering said cardiovascular disease pre-
vention program to said subject.

12. The method of claim 1, further comprising adminis-
tering a cardiovascular disease therapeutic program to said
subject.

13. The method of claim 12, wherein said cardiovascular
discase therapeutic program is selected from the group
consisting of beta blockers, anti-hypertensives, cardiotonics,
anti-thrombotics, vasodilators, hormone antagonists, ion-
tropes, diuretics, endothelin antagonists, calcium channel
blockers, phosphodiesterase inhibitors, ACE inhibitors,
angiotensin type 2 antagonists, statins, cytokine blockers/
inhibitors and low fat diet.

14. The method of claim 12, further comprising assessing
SEPCR after administering the cardiovascular disease thera-
peutic program to the subject.

15. The method of claim 1, wherein an elevated sEPCR is
greater than about 150 ng/ml serum.

16. The method of claim 1, wherein said subject (a) does
not suffer from cardiovascular disease; (b) suffers from
previously undiagnosed cardiovascular disease; or (c) suf-
fers from previously diagnosed cardiovascular disease.

17. A method for predicting or diagnosing atherosclerotic
cardiovascular disease in a subject comprising measuring
circulating levels of soluble endothelial protein C receptor
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(sEPCR) in said subject, wherein elevated SEPCR levels, as
compared to levels in normally distributed controls, predict
development or diagnose presence of atherosclerotic cardio-
vascular disease in said subject.

18. The method of claim 17, wherein the sEPCR is
measured by an immunoassay.

19. The method of claim 18, wherein the sEPCR is
measured by ELISA.

20. The method of claim 17, wherein the SEPCR level is
determined by measuring SEPCR in a blood product, cere-
brospinal fluid or urine.

21. The method of claim 20, wherein the blood product is
plasma or serum.

22. The method of claim 17, wherein said subject is does
not suffer from atherosclerotic cardiovascular disease.

23. The method of claim 22, further comprising admin-
istering a atherosclerotic cardiovascular disease prevention
program to said subject.

24. The method of claim 23, wherein said cardiovascular
disease prevention program is selected from the group
consisting of low-dose aspirin, cholesterol reducing agents,
blood pressure reducing agents and oral anticoagulant treat-
ment.

25. The method of claim 23, further comprising assessing
SsEPCR after administering said cardiovascular disease pre-
vention program to said subject.

26. The method of claim 17, wherein said subject has
previously undiagnosed atherosclerotic cardiovascular dis-
ease.

27. The method of claim 26, further comprising admin-
istering a cardiovascular disease therapeutic program to said
subject.

28. The method of claim 27, wherein said cardiovascular
disease therapeutic program is selected from the group
consisting of beta blockers, anti-hypertensives, cardiotonics,
anti-thrombotics, vasodilators, hormone antagonists, ion-
tropes, diuretics, endothelin antagonists, calcium channel
blockers, phosphodiesterase inhibitors, ACE inhibitors,
angiotensin type 2 antagonists, statins, cytokine blockers/
inhibitors and low fat diet.

29. The method of claim 27, further comprising assessing
sEPCR after administering said cardiovascular disease
therapeutic program to said subject.

30. The method of claim 16, wherein an elevated sSEPCR
is greater than about 150 ng/ml serum.
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