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DISEASE MARKERS FOR EARLY STAGE
ATHEROSCLEROSIS

CLAIM OF PRIORITY

This application claims priority under 35 USC §119(e) to
U.S. Provisional Patent Application Ser. No. 60/608,199,
filed on Sep. 9, 2004, the entire contents of which are hereby
incorporated by reference.

TECHNICAL FIELD

This invention relates to methods of diagnosing early
stages of atherosclerosis.

BACKGROUND

Native C-reactive protein (CRP), a marker of inflammation
that is a planar pentameric arrangement of five identical 23
kDa subunits, exhibits calcium-dependent binding to phos-
phorylcholine (PC) and has been demonstrated to interact
with artificial PC bilayers, although a disturbance of the
bilayer organization is required (Volanakis and Wirtz, Nature,
281:155-157 (1979)). In vivo, endothelial apoptotic pro-
cesses culminate in exposure of phosphorylcholine groups on
the membrane surface and capture of circulating native CRP
(Kim et al. Ann NY Acad. Sci. 987:68-78 (2003)). Once
bound to PC, the pentameric ring of the human CRP opens,
resulting in dissociation of the subunits into monomeric
(single subunit) forms (Wang and Sui, Biochem. Biophys.
Res. Comm., 288:75-79 (2001)).

Total CRP levels have been shown in multiple prospective
epidemiological studies to predict future cardiovascular dis-
ease, including myocardial infarction, stroke, peripheral arte-
rial disease, sudden cardiac death and cardiovascular events
in general (Ridker, Circulation, 107:363-369 (2003)).

SUMMARY

The present invention is based, in part, on the discovery
that elevated serum levels of free monomeric C-reactive pro-
tein (mCRP) precede the accumulation of pooled neutral lipid
in the arterial wall, providing a serum diagnostic marker for
early pathologic changes. Thus, this marker can be used to
predict and/or detect the onset of subclinical inflammatory
damage to arteries or organs in general, e.g., atherosclerosis at
a very early stage.

In general, the invention provides methods of diagnosing a
subject with early stage atherosclerosis. The methods include
providing a sample from the subject, e.g., a bodily fluid such
as serum; determining the level of monomeric C-reactive
protein (mCRP) in the sample; and comparing the level of
mCRP in the sample with a predetermined value, e.g., a level
of mCRP in a healthy control, e.g., an age and/or gender-
matched subject. The presence of mCRP in the sample at
levels above those of the predetermined value indicate that the
subject has early stage atherosclerosis. In some embodi-
ments, the predetermined value is a range of levels between
about 0.3 to 0.5 mg/LL (13-21 nmol/L) in the sample.

A “subject,” as used herein, is a mammal, e.g., a human.
For example, a subject can be an adolescent human, a pre-
adolescent human, or a human in late childhood. As used
herein, “adolescent” means age 12-20 (female), 13-21
(male); “preadolescent” means age 10-12 (female), 11-13
(male); and “late childhood” means about age 6—ypreadoles-
cence. In some embodiments, the subject has a risk factor for
the development of early stage atherosclerosis, e.g., elevated
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serum L.DL-cholesterol levels; elevated pulse pressure; fam-
ily history; smoking history; diabetes mellitus; dyslipidemia;
hypertension; a family history of premature atherosclerosis;
and/or hyperhomocystinemia.

In some embodiments, the subject has intermittent claudi-
cation and/or rest pain. In other embodiments, the subject has
neither intermittent claudication nor rest pain.

The methods described herein can also include administer-
ing a treatment, e.g., diet modification; exercise modification;
administration of an antiplatelet agent; administration of a
cholesterol lowering agent; and/or administration of an anti-
hypertensive agent, to the subject, where mCRP is present in
the sample at levels above those of a predetermined value.

The present invention also provides other methods of diag-
nosing a subject with early stage atherosclerosis. These meth-
ods include providing a sample from the subject, e.g., a bodily
fluid such as serum; determining a level of total C-reactive
protein (CRP) in the sample; determining the level of mono-
meric C-reactive protein (mCRP) in the sample; calculating
the ratio of monomeric CRP to total CRP, and optionally
comparing the ratio of mCRP:total CRP in the sample with a
predetermined value, e.g., a ratio of mCRP:total CRP in a
healthy control subject, e.g., an age and/or gender-matched
subject. A ratio of mCRP:total CRP in the sample at levels
above those of the predetermined value indicate that the sub-
ject has early stage atherosclerosis. In some embodiments,
the predetermined value is a ratio of 0.23. “Total CRP” in
humans includes all molecular forms of CRP, e.g., pentameric
(native) forms, monomeric (single subunit) forms, mono-
meric fragments, or any aggregation of native pentamers,
subunits, or subunit fragments with themselves or with each
other. In rats, total CRP includes dimers as well.

Also provided are additional methods of diagnosing a sub-
ject with early stage atherosclerosis. The methods include
providing a sample from the subject, e.g., a bodily fluid such
as serum; determining a level of pentameric C-reactive pro-
tein (pCRP) in the sample; determining the level of mono-
meric C-reactive protein (mCRP) in the sample; calculating
the ratio of monomeric CRP to pentameric CRP (mCRP:
pCRP), and optionally comparing the ratio of mCRP:pCRP in
the sample with a predetermined value, e.g., a ratio of mCRP:
pCRP in a healthy control subject, e.g., an age and/or gender-
matched subject. A ratio of mCRP:pCRP in the sample at
levels above those of the predetermined value indicate that the
subject has early stage atherosclerosis. A “critical value” is a
level that is significantly above or below the standard range of
normal values for that analyte in healthy individuals (in some
embodiments, calculated as +2 SD from the mean). A level
above the critical value generally suggests a serious medical
condition that may require immediate medical attention for
the patient. In some embodiments, the predetermined value is
a ratio of about 1.0, and ratios significantly below about 1.0
are subcritical, while ratios significantly above about 1.0 are
critical.

In some embodiments, the methods include administering
a treatment, e.g., diet modification; exercise modification;
administration of an antiplatelet agent; administration of a
cholesterol lowering agent; and/or administration of an anti-
hypertensive agent, to the subject, if one or more of a level of
mCRP, a ratio of mCRP:total CRP, or a ratio of mCRP:pCRP,
is above those of the predetermined value.

Also included are methods of evaluating the efficacy of a
treatment for atherosclerosis, e.g., early stage atherosclerosis.
The methods include administering a treatment to a subject
and evaluating an effect of the treatment on one or more of
mCRP levels, the ratio of mCRP:total CRP, or the ratio of
mCRP:pCRP. In some embodiments, the methods further
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include determining one or more of mCRP levels, the ratio of
mCRP:total CRP, or the ratio of mCRP:pCRP in the subject
before the treatment is administered, e.g., to establish a base-
line in the subject. A treatment that causes a decrease in one or
more of mCRP levels, the ratio of mCRP:total CRP, or the
ratio of mCRP:pCRP can be considered effective in treating
early-stage atherosclerosis. The treatment can be, e.g., an
experimental treatment, or a known treatment that has not
been previously administered to the subject. The treatment
can be intended to treat early stage atherosclerosis in the
subject. Alternatively, the treatment can be intended to treat
another condition, and the present methods can be used to
evaluate potential beneficial or detrimental side effects on
early-stage atherosclerosis or risk of developing atheroscle-
rosis.

In some embodiments, the methods described herein also
include determining the level of oxidized low-density lipo-
protein (LDL) in the sample, and comparing it to a predeter-
mined value level of 0xLLDL, e.g., a level in a normal, age-
matched, healthy control subject.

Further, the invention provides kits for carrying out the
methods described herein. For example, the invention
includes kits for use in a method of capturing and concentrat-
ing total CRP. The kits will generally include a calcium
supplementation buffer, a rinse buffer, a release buffer, and
instructions for carrying out the method. Optionally, the kit
can also include phosphorylcholine beads.

The invention provides several advantages. Because
mCRP levels are diagnostic of the very earliest, preclinical
stages of the development of atherosclerosis, treatment of
individuals identified by the diagnostic methods described
herein is likely to be far more effective than treatment begun
when symptoms have begun to appear, which may prevent the
subsequent development of full-blown atherosclerosis alto-
gether. In this respect, the methods described herein can be
used to identify individuals who are in the process of devel-
oping atherosclerosis before any symptoms have arisen,
symptoms which are at best uncomfortable and at worst pain-
ful and life-threatening, and can eliminate the need for surgi-
cal intervention in later life. In addition, milder forms of
treatment can be used, such as altering diet and exercise
regimens and/or administering anti-hypertensive therapy,
with a greater likelihood of success than in subjects with more
advanced disease.

Also described herein is an animal model of early-stage
atherosclerosis.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, suitable methods and mate-
rials are described below. All publications, patent applica-
tions, patents, database entries, and other references men-
tioned herein are incorporated by reference in their entirety.
In case of conflict, the present specification, including defi-
nitions, will control. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a graph illustrating caloric intake and weight
change in rats over a twelve day induction period. o, mean

20

25

30

35

40

45

50

55

60

65

4

(SE) kcal intake/24 hours. @, mean (SE) weight variation
from baseline in g/24 hours. Single group, N=17.

FIG. 2 is a graph illustrating blood pressure changes over
the twelve day induction period of FIG. 1. o, mean (SE)
systolic pressure. @, mean (SE) diastolic pressure. [J, mean
(SE) pulse pressure. Single group, N=18.

FIG. 3 is a graph illustrating changes in soluble intercellu-
lar adhesion molecule-1 (sICAM-1) levels over the twelve
day induction period. o, mean (SE) serum level of sSICAM-1;
six groups, N=7 each (same group for days 0 and 2). ¢, mean
(SE) level of sSICAM-1 for non-preconditioned animals at age
12 weeks; N=6.

FIG. 4 is a graph illustrating changes in total serum CRP
and CRP monomer/dimer ratio over the twelve day induction
period. @, mean (SE) total CRP. [J, mean (SE) CRP mono-
mer/dimer ratio. Five groups, N=7 each (same group for days
0 and 2); one group, N=6 (day 8).

FIG. 5 is a graph illustrating changes in serum oxidized
low-density lipoprotein (LLDL) levels over the twelve day
induction period. o, mean (SE) oxidized LDL, measured as
LDL-baseline diene conjugate (LDL-BDC); six groups, N=7
each (same group for days 0 and 2).

FIG. 6 is a graph illustrating the accumulation of pooled
neutral lipid within the extracellular matrix over the twelve
day induction period. o, mean (SE) net density of Oil Red O
stain within the arterial wall; N=7, each group. No pooled
lipid was observed in any of the animals sampled at day 2.

FIG. 7 is a graph illustrating changes in counts of coronary
endothelium-adherent monocytes over the twelve day induc-
tion period. o, mean (SE) count of endothelium-adherent
monocytes (index described in Methods); N=7, each group.
¢, mean (SE) count for non-conditioned animals; N=6.

FIGS. 8 and 9 are graphs illustrating mCRP (peak at about
7.25 minutes) and pCRP (peak at about 9-9.5 minutes) levels
in two human subjects, with a total CRP level of 5.5x the
critical value (FIG. 8) or total CRP level of 18x critical value
(FIG.9).

DETAILED DESCRIPTION

The present invention relates to the discovery that elevated
serum levels of free monomeric C-reactive protein (mCRP)
and oxLLDL precede and track, respectively, the accumulation
of pooled neutral lipid in the arterial wall matrix, thus pro-
viding serum markers for early histopathologic changes.

The accumulation of neutral lipid in the arterial matrix is
associated with degenerating elastin fibers in the pre-athero-
sclerotic stage (Bobryshev and Lord, Atherosclerosis, 142:
121-131 (1999)). In humans, such a preclinical stage should
be the most readily reversible stage of the disease (e.g., by
dietary modification and/or hypertensive therapy), as it pre-
cedes the arrival of monocytes, their entry into the arterial
wall, and their conversion to the more pathologic foam cells
that drive subsequent stages of the disease.

Detecting Monomeric C-Reactive Protein

The methods described herein include detecting levels of
monomeric C-reactive protein (mCRP), and, optionally, total
CRP and/or pentameric CRP (pCRP), in a sample from a
subject. The level can be obtained by any art recognized
method. Typically, the level is determined by measuring the
level of the marker in a body fluid, for example, blood, lymph,
saliva, urine and the like. The level can be determined by
ELISA, or immunoassays or other conventional techniques
for determining the presence of the marker. Conventional
methods include sending samples of a patient’s body fluid to
a commercial laboratory for measurement. In some embodi-
ments, the level is obtained by measuring the total quantity of






























