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(57) ABSTRACT

The invention provides methods and materials for evaluating
cardiovascular conditions (e.g., angina conditions). Specifi-
cally, the invention provides methods and materials related
to determining whether or not a mammal has at least one
unstable plaque. The invention also provides kits for assess-
ing cardiovascular conditions, substantially pure popula-
tions of cells, and methods of identifying compounds to treat
life-threatening cardiovascular conditions (e.g., unstable
angina).
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Figure 8

Representation among clonss (%)

0% 0%
40%
2%
30%
20%
10%
I I I I I I -
0% 0%
251/532 552/53 757 1351 17 151 153 81 237
ISUSZ BSISI 8B1SZ 481 1881 182 156 283 251183/87

BV BJ



Patent Application Publication Apr. 10,2003 Sheet 9 of 12 US 2003/0068645 A1

Figure 9

BVZ  BVY3 BV8 BV14 control

LAD RCA LAD RCA LAD RCA LAD RCA LAD RCA




Patent Application Publication Apr. 10, 2003 Sheet 10 of 12

orporation (cpm)

18 111

1cit

wim

-

3H-TI

Figure 10

US 2003/0068645 Al

30000

250007

200007

150007

100007

—

KVl
Clone




Patent Application Publication Apr. 10,2003 Sheet 11 of 12  US 2003/0068645 A1

Figure 11

OET3

CKT3/2E11

OET3/TSP 50

CET3ITEP 60

OET3/TEP 30

PHA

0 20,000 40,000 £0,000 80,000 100,000 120.000

QKET3

OKT3/2E11

OET3TEP 80

CET3/TSP 60

OET3/TSP 30

PHA

0 20,000 40,000 &0,000 20,000 100,000 120,000 140,000
3H-I:l'ljgrmic:line incorporation {cpin)



Patent Application Publication Apr. 10,2003 Sheet 12 of 12 US 2003/0068645 A1

Figure 12

% cozgm!

Events

Log CD161 expression



US 2003/0068645 Al

METHODS AND MATERIALS FOR EVALUATING
CARDIOVASCULAR CONDITIONS

BACKGROUND
[0001] 1. Technical Field

[0002] The invention relates to methods and materials
involved in evaluating cardiovascular conditions. Specifi-
cally, the invention relates to methods and materials
involved in determining whether or not a mammal has an
unstable plaque.

[0003] 2. Background Information

[0004] Coronary artery disease is characterized by long
periods of clinical stability with few or no symptoms. In
addition, classical pathologic studies have demonstrated that
the disease is commonly far advanced anatomically before
any symptoms are reported (Blumgart H L et al., Am. Heart
Journal, 19:1 (1940)). An additional characteristic of coro-
nary artery disease is a propensity to an abrupt, sometimes
catastrophic, change in a previous stable or silent clinical
course leading to a variety of acute coronary syndromes
(Fuster V et al.,, N. Engl. J. Med. 326:310-318 (1992)).

SUMMARY

[0005] The invention involves evaluating cardiovascular
conditions. Specifically, the invention provides methods and
materials related to determining whether or not a mammal
has an unstable plaque. In addition, the invention provides
methods and materials related to determining whether or not
a mammal is at risk for developing an unstable plaque. The
invention also provides kits for assessing cardiovascular
conditions, substantially pure populations of cells, and meth-
ods of identifying compounds that can be used to treat a
life-threatening cardiovascular condition (e.g., unstable
angina) or reduce the risk of developing a life-threatening
cardiovascular condition (e.g., the presence of unstable
plaques).

[0006] The term “cardiovascular condition” as used herein
refers to symptomatic (e.g., angina conditions) and asymp-
tomatic coronary artery disease. The term “angina condi-
tion” as used herein refers to a cardiovascular condition
where the mammal experiences chest pain resulting from an
inadequate delivery of oxygen to the heart muscle. Typically,
this chest pain is characterized as a heavy or squeezing pain
in the midsternal area of the chest. Angina conditions can be
either stable or unstable. In general, stable angina refers to
an angina condition that is not changing in severity, dura-
tion, or frequency, while unstable angina refers to an angina
condition that is increasing in severity, duration, or fre-
quency. Typically, unstable angina patients are at an
increased risk of having a myocardial infarction as com-
pared to stable angina patients.

[0007] The term “unstable plaque” as used herein refers to
an inflamed plaque that can rupture at any time possibly
leading to a thrombotic event and/or myocardial infarction.
Typically, inflamed plaques are small plaques. The term
“stable plaque” as used herein refers to a plaque that is not
inflamed. Plaques that are not inflamed typically do not
rupture.

[0008] The methods and materials described herein can be
used to identify mammals having at least one unstable
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plaque or mammals having an increased risk of developing
at least one unstable plaque. Thus, the invention provides
methods and materials that can be used to inform medical
professionals about the risk a patient faces with respect to
experiencing a myocardial infarction. In other words, the
methods and materials described herein can be used to
screen patients (e.g., patients with angina, patients that
smoke, and patients that are overweight) such that those
patients with at least one unstable plaque and, therefore, at
an increased risk for myocardial infarction are identified and
appropriately treated. For example, patients presenting an
angina condition can be screened using the methods and
materials described herein to identify those patients having
unstable plaques. When it is determined that a patient has an
unstable plaque, then that patient can be further evaluated
by, for example, angiography. Since angiography is typically
used to evaluate patients suspected to have unstable angina,
the methods and materials provided herein can allow medi-
cal professionals reliably determine which patients need
further evaluation and which patients do not. In addition.
methods and materials described herein can provide impor-
tant information about a patient’s cardiovascular condition
(e.g., angina condition) in both an efficient and objective
manner.

[0009] In general, the invention features a method for
determining whether or not a mammal (e.g., human) has an
unstable plaque. The method includes determining whether
or not a sample from the mammal contains an elevated level
of an interferon-y-activated transcription factor, where the
elevated level indicates that the mammal contains the
unstable plaque. The sample can be a blood sample and can
contain mononuclear cells. The sample can be a nuclear
extract. The interferon-y-activated transcription factor can
be a phosphorylated transcriptional factor. The interferon-
y-activated transcription factor can be phosphorylated STAT-
1.

[0010] In another embodiment, the invention features a
method of assisting a person in determining whether or not
a mammal has an unstable plaque. The method includes (a)
determining the level of an interferon-y-activated transcrip-
tion factor in a sample from the mammal, and (b) commu-
nicating information about the level to the person, where an
elevated level of the interferon-y-activated transcription
factor in the sample indicates that the mammal contains the
unstable plaque. The person can be a medical professional
(e.g., a doctor, a nurse practitioner, a scientist, and a tech-
nician). The communication can include sending the infor-
mation directly to the person. The communication can
include sending the information indirectly to the person. The
communication can include making the information elec-
tronically available to the person. The interferon-y-activated
transcription factor can be STAT-1.

[0011] Another embodiment of the invention features a
method for determining whether or not a mammal has an
unstable plaque. The method includes determining whether
or not a sample from the mammal contains an elevated level
of a polypeptide, where the polypeptide is encoded by DNA
responsive to an interferon-y-activated transcription factor,
and where the level indicates that the mammal contains the
unstable plaque. The sample can contain mononuclear cells.
The polypeptide can be CD64 or IP-10. The interferon-y-
activated transcription factor can be STAT-1.
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[0012] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal has an unstable plaque. The method includes (a)
determining the level of a polypeptide in a sample from the
mammal, where the polypeptide is encoded by DNA respon-
sive to an interferon-y-activated transcription factor, and (b)
communicating information about the level to the person,
where an elevated level of the polypeptide in the sample
indicates that the mammal contains the unstable plaque. The
polypeptide can be CD64 or IP-10. The interferon-y-acti-
vated transcription factor can be STAT-1.

[0013] Another embodiment of the invention features a
method for determining whether or not a mammal has an
unstable plaque. The method includes determining whether
or not a sample from the mammal contains an elevated level
of an mRNA, where the mRNA is encoded by DNA respon-
sive to an interferon-y-activated transcription factor, and
where the elevated level indicates that the mammal contains
the unstable plaque. The sample can contain mononuclear
cells. The mRNA can be CD64 mRNA or IP-10 mRNA. The
interferon-y-activated transcription factor can be STAT-1.

[0014] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal has an unstable plaque. The method includes (a)
determining the level of an mRNA in a sample from the
mammal, where the mRNA is encoded by DNA responsive
to an interferon-y-activated transcription factor, and (b)
communicating information about the level to the person,
where an elevated level of the mRNA in the sample indicates
that the mammal contains the unstable plaque. The mRNA
can be CD64 mRNA or IP-10 mRNA. The interferon-y-
activated transcription factor can be STAT-1.

[0015] In another aspect, the invention features a Kit
containing at least two different antibodies, where each of
the at least two different antibodies specifically recognizes a
different polypeptide, and where each different polypeptide
is encoded by DNA responsive to an interferon-y-activated
transcription factor. At least one of the at least two different
antibodies can be an anti-CD64, anti-IP10, or anti-phospho-
rylated STAT-1 antibody. At least one of the at least two
different antibodies can be labeled. The kit can include a
reference chart indicating a reference level for at least one of
the polypeptides. The kit can contain an anti-CD161 anti-
body.

[0016] In another embodiment, the invention features a kit
containing at least two sets of oligonucleotide primers,
where cach set amplifies a different target sequence during
an amplification reaction, where each different target
sequence encodes a different polypeptide, each different
polypeptide being a polypeptide that is encoded by DNA
responsive to an interferon-y-activated transcription factor.
At least one of the different polypeptides can be CD64,
IP-10, or STAT-1. The kit can include a reference chart
indicating a reference level for an IFN-y-responsive mRNA,
where at least one of the different target sequences contains
a sequence from the IFN-y-responsive mRNA. The kit can
contain a reference chart indicating a reference level for an
IFN-y-responsive polypeptide, where at least one of the
different target sequences encodes the IFN-y-responsive
polypeptide. The kit can contain a pair of oligonucleotide
primers that amplify, during the amplification reaction, a
sequence that encodes CD161 mRNA.
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[0017] Another aspect of the invention features a substan-
tially Jpure population of CD28™! T cells, where each
CD28 T cell contains a T-cell receptor that is present on a
CD28™! T cell expanded in an unstable angina patient. The
CD28™' T cells can be isolated from a patient having an
unstable angina condition. The CD28"! T cells can be
CD4'/CD28™" T cells or CD8*/CD28™" T cells. The
CD28 T cells can express interferon-y or CD161.

[0018] In another embodiment, the invention features a
substantially pure population of CD28™" T cells, where the
CD28™"' T cells recognize an unstable angina antigen.

[0019] Another aspect of the invention features a method
for determining whether or not an antigenic polypeptide is
an unstable angina antigen The method includes (a) con-
tacting an antigen presenting cell presenting the antigenic
polypeptide with a CD28™" T cell, where the CD28™" T
cell is expanded in an unstable angina patient, and (b)
determining whether or not the CD28™"! T cell is activated
after the contacting, where activation of the CD28™! T cell
indicates that the antigenic polypeptide is the unstable
angina antigen.

[0020] Another embodiment of the invention features a
method for assessing a compound for inhibitory activity. The
method includes (a) contacting an activated CD28™" T cell
with the compound, and (b) determining whether or not the
activation of the activated CD28™" T cell is reduced or
eliminated after the contacting, where the reduction or
elimination of the activation indicates that the compound is
an inhibitor of CD28™" T cell activation.

[0021] Another embodiment of the invention features a
method for determining whether or not a mammal has an
unstable plaque. The method includes determining whether
or not a CD28™" T cell from the mammal expresses CD161,
where the expression of the CD161 by the CD28™" T cell
indicates that the mammal contains the unstable plaque.

[0022] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal has an unstable plaque. The method includes (a)
determining whether or not a CD28™" T cell from the
mammal expresses CD161, and (b) communicating infor-
mation about the expression to the person, where the expres-
sion of the CD161 by the CD28*"! T ¢ell indicates that the
mammal contains the unstable plaque.

[0023] Another embodiment of the invention features a
method for determining whether or not a mammal is at risk
for developing an unstable plaque. The method includes
determining whether or not a sample from the mammal
contains an elevated level of an interferon-y-activated tran-
scription factor, where the elevated level indicates that the
mammal is at risk for developing the unstable plaque.

[0024] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal is at risk for developing an unstable plaque. The
method includes (a) determining the level of an interferon-
y-activated transcription factor in a sample from the mam-
mal, and (b) communicating information about the level to
the person, where an elevated level of the interferon-y-
activated transcription factor in the sample indicates that the
mammal is at risk for developing the unstable plaque.

[0025] Another embodiment of the invention features a
method for determining whether or not a mammal is at risk
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for developing an unstable plaque. The method includes
determining whether or not a sample from the mammal
contains an elevated level of a polypeptide, where the
polypeptide is encoded by DNA responsive to an interferon-
y-activated transcription factor, and where the level indicates
that the mammal is at risk for developing the unstable
plaque.

[0026] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal is at risk for developing an unstable plaque. The
method includes (2) determining the level of a polypeptide
in a sample from the mammal, where the polypeptide is
encoded by DNA responsive to an interferon-y-activated
transcription factor, and (b) communicating information
about the level to the person, where an elevated level of the
polypeptide in the sample indicates that the mammal is at
risk for developing the unstable plaque.

[0027] Another embodiment of the invention features a
method for determining whether or not a mammal is at risk
for developing an unstable plaque. The method includes
determining whether or not a sample from the mammal
contains an elevated level of an mRNA, where the mRNA is
encoded by DNA responsive to an interferon-y-activated
transcription factor, and where the elevated level indicates
that the mammal is at risk for developing the unstable
plaque.

[0028] Another embodiment of the invention features a
method of assisting a person in determining whether or not
a mammal is at risk for developing an unstable plaque. The
method includes (a) determining the level of an mRNA in a
sample from the mammal, where the mRNA is encoded by
DNA responsive to an interferon-y-activated transcription
factor, and (b) communicating information about the level to
the person, where an elevated level of the mRNA in the
sample indicates that the mammal is at risk for developing
the unstable plaque.

[0029] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting.

[0030] Other features and advantages of the invention will
be apparent from the following detailed description, and
from the claims.

DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a bar graph plotting CD64 expression
levels of samples from healthy controls, SA patients, and UA
patients. The median value is represented as a line, the 25th
and 75th percentiles are represented as boxes, and the 10th
and 90th percentiles are represented as whiskers.

[0032] FIG. 2 is a bar graph plotting CD64 expression
levels of samples from healthy controls, SA patients, and UA
patients that were treated in vitro with IFN-y. The median
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value is represented as a line, the 25th and 75th percentiles
are represented as boxes, and the 10th and 90th percentiles
are represented as whiskers.

[0033] FIG. 3 is a graph plotting the correlation of spon-
taneous and IFN-y-induced expression of CD64 by CD14*
monocytes.

[0034] FIG. 4 contains two photographs of electrophore-
sis gels. The samples and bands corresponding to IP-10
(photograph A) and B-actin (photograph B) are indicated.

[0035] FIG. 5 is a photograph of an electrophoresis gel
from a super shift assay. The samples and treatments are
indicated.

[0036] FIG. 6 is a series of photographs of electrophoresis
gels from amplification reactions using total RNA samples
from either CD4*CD28* T cells (pos) or CD4*CD28™"' T
cells (null).

[0037] FIG.7 is a series of photographs of electrophoresis
gels from amplification reactions using total RNA samples
from CD4*CD28* T cells collected from five patients either
initially (1) or six months later (2).

[0038] FIG. 8 contains two bar graphs plotting the per-
centage of representation among clones for the indicated
TCR-BV and TCR-BJ gene segments.

[0039] FIG. 9 is a photograph of an electrophoresis gel of
amplification reactions using primers specific for the indi-
cated TCR gene segments and RNA from either LAD or
RCA samples.

[0040] FIG. 10 is bar graph plotting the amount of thy-
midine incorporation for the indicated clones. The light-
shaded bars indicate the amount of thymidine incorporation
for cell treated with a control IgG antibody, while the
dark-shaded bars indicate the amount of thymidine incor-
poration for cell treated with an anti-CD40 antibody.

[0041] FIG. 11 contains two bar graphs plotting the
amount of thymidine incorporation for CD4*CD28>! T
cells exposed to the indicated treatments.

[0042] FIG. 12 contains one FACS analysis graph of
CD4'CD28™"" T cells stained for CD 161 and treated with or
without IL-12 and another FACS analysis graph of CD4™*
CD28* T cells stained for CD161 and treated with or without
IL-12.

DETAILED DESCRIPTION

[0043] The invention provides methods and materials
related to evaluating cardiovascular conditions. Specifically,
the invention provides methods and materials related to
determining the severity of a cardiovascular condition in a
mammal (e.g., human, dog, cat, horse, cow, goat, and pig).
For example, the invention provides methods and materials
for determining whether or not a sample from a mammal
contains an elevated level of an interferon-y-activated tran-
scription factor, an elevated level of a polypeptide encoded
by DNATresponsive to an interferon-y-activated transcription
factor, and/or an elevated level of mRNA encoded by DNA
responsive to an interferon-y-activated transcription factor.
The presence of one or more of these elevated levels can
indicate that the mammal contains at least one unstable
plaque. The invention also provides kits for assessing the
severity of a cardiovascular condition, substantially pure
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populations of cells, and methods of identifying compounds
to treat cardiovascular conditions such as unstable angina.

[0044] 1. Interferon-y-activated Transcription Factors

[0045] The level of an IFN-y-activated transcription factor
present within a sample obtained from a mammal can be
evaluated (1) to determine whether or not the mammal
contains at least one unstable plaque or (2) to determine
whether or not the mammal has an increased risk for
developing an unstable plaque. As disclosed herein, if the
level of an IFN-y-activated transcription factor in a sample
is an elevated level, then the mammal can be classified either
as having at least one unstable plaque or as having an
increased risk of developing an unstable plaque. In the case
of a mammal having an angina condition, the angina con-
dition can be classified as unstable. If the level of an
TEFN-y-activated transcription factor in a sample is not an
elevated level, then the mammal can be classified either as
not having at least one unstable plaque or as not having an
increased risk of developing an unstable plaque. In the case
of a mammal having an angina condition, the angina con-
dition can be classified as stable.

[0046] The term “clevated level” as used herein with
respect to the level of an IFN-y-activated transcription factor
is any level that is greater than a reference level for that
IFN-y-activated transcription factor. The term “reference
level” as used herein with respect to an IFN-y-activated
transcription factor is the level typically expressed by
healthy mammals or mammals with SA. For example, a
reference level can be the average level of an IFN-y-
activated transcription factor that is present in samples
obtained from a random sampling of 50 SA patients.

[0047] It will be appreciated that levels from comparable
samples are used when determining whether or not a par-
ticular level is an elevated level. For example, the average
level of a particular IFN-y-activated transcription factor
present in brain tissue from a population of SA patients may
be 30 units/g of tissue, while the average level of the same
IFN-y-activated transcription factor present in liver tissue
from the same population of SA patients may be 10 units/g
of tissue. In this case, the reference level for that particular
IFN-y-activated transcription factor in brain tissue would be
30 units/g of tissue, and the reference level for that particular
IFN-y-activated transcription factor in liver tissue would be
10 units/g of tissue. Thus, when determining whether or not
a level of that IFN-y-activated transcription factor measured
in liver tissue is elevated, the measured level would be
compared to the reference level for that particular IFN-y-
activated transcription factor in liver tissue (i.e., 10 units/g
of tissue).

[0048] An elevated level of an IFN-y-activated transcrip-
tion factor can be about 0.1,0.5,1,2,3,4,5,6,7,8,9, 10,
15, 20, or more times greater than a reference level for that
IFN-y-activated transcription factor. In addition, a reference
level can be any amount. For example, a reference level for
an IFN-y-activated transcription factor can be zero. In this
case, any level of that IFN-y-activated transcription factor
greater than zero would be an elevated level.

[0049] The term “IFN-y-activated transcription factor” as
used herein refers to any transcription factor that induces
transcription in response to IFN-y. In addition, an IFN-y-
activated transcription factor is a polypeptide that is present
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within a cell at the time of [FN-y stimulation. For example,
a transcription factor is considered an IFN-y-activated tran-
scription factor if that transcription factor (1) is present
within a cell and (2) becomes activated upon IFN-y stimu-
lation such that that transcription factor induces transcription
in that cell. A transcription factor is not considered an
IFN-y-activated transcription factor if that transcription fac-
tor must first, after IFN-y stimulation, be synthesized.
Examples of IFN-y-activated transcription factors include,
without limitation, STAT-1 and NF-xB.

[0050] Any method can be used to identify an IFN-y-
activated transcription factor. For example, a radioactive
oligonucleotide having a sequence that is required for an
IFN-y-responsive polypeptide to be expressed in response to
IFN-y can be incubated with a nuclear lysate obtained from
cells exposed to [IFN-y. One example of a sequence for such
an oligonucleotide is 5-CGCCATTTCCCGTAAATC-3'
(SEQ ID NO: 1). If an IFN-y-activated transcription factor
is present in the nuclear lysate, then an oligonucleotide/IFN-
y-activated transcription factor complex can be formed. The
presence of the oligonucleotide/IFN-y-activated transcrip-
tion factor complex can be determined by gel electrophore-
sis since the complex will migrate slower than the oligo-
nucleotide alone. Once detected, the oligonucleotide/IFN-y-
activated transcription factor complex can be isolated, and
the identity of the IFN-y-activated transcription factor deter-
mined. In addition, any method can be used to confirm that
an IFN-y-activated transcription factor is present within a
cell prior to IFN-y stimulation. For example, pulse-case
experiments or experiments inhibiting transcription and/or
translation can be performed to confirm that the transcription
factor inducing transcription is present prior to IFN-y treat-
ment.

[0051] In some cases, an IFN-y-activated transcription
factor can be a modified polypeptide such as a phosphory-
lated polypeptide. Upon modification, the polypeptide can
be translocated to the nucleus where it induces transcription.
For example, cytoplasmic STAT-1 typically becomes an
IFN-y-activated transcription factor after being phosphory-
lated in response to the cell being stimulated by IFN-y. Once
phosphorylated, STAT-1 can translocate to the nucleus and
induce transcription.

[0052] An IFN-y-activated transcription factor can induce
the transcription of any mRNA. For example, an IFN-y-
activated transcription factor can induce the transcription of
mRNA that encodes a receptor, an enzyme, a transporter, or
an IFN-y-activated transcription factor. In addition, an IFN-
y-activated transcription factor can induce the transcription
of any number of different mRNA molecules. For example,
an IFN-y-activated transcription factor can induce the tran-
scription of one, two, three, four, or more different mRNA
molecules.

[0053] Any type of sample can be used to evaluate the
level of an IFN-y-activated transcription factor including,
without limitation, tissue, blood, and isolated blood cells
(e.g., PBMC). In addition, any method can be used to obtain
a sample. For example, a syringe can be used to obtain
peripheral blood from a mammal. Once obtained, a sample
can be manipulated prior to measuring the level of an
IFN-y-responsive transcription factor. For example, a
peripheral blood sample can be centrifugated to obtain an
enriched cell sample. In addition, a cell sample can be
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treated such that a nuclear extract is obtained. Once
obtained, the nuclear extract can be evaluated to determine
the amount of an IFN-y-activated transcription factor
present.

[0054] Any method can be used to determine the level of
an IFN-y-activated transcription factor present within a
sample. For example, the level of an [FN-y-activated tran-
scription factor present within a sample can be determined
using polypeptide detection methods such as western blot,
immunochemistry, and gel shift assays. Typically, the level
of phosphorylated STAT-1 can be determined using an
antibody specific for phosphorylated STAT-1. Alternatively,
the level of phosphorylated STAT-1 can be determined using
a nuclear extract and an antibody that does not distinguish
between unphosphorylated and phosphorylated STAT-1. In
this case, the detection of STAT-1 in a nuclear extract will
correlate to phosphorylated STAI-1 since phosphorylated
STAT-1 translocates to the nucleus and unphosphorylate
STAT-1 does not. The level of phosphorylated STAT-1 also
can be determined using a gel shift assay. For example, a
nuclear extract can be mixed with a radioactive oligonucle-
otide containing a sequence recognized by phosphorylated
STAT-1 (e.g., 5-CGCCATTTCCCGTAAATC-3". After
mixing, the mixture can be separated by gel electrophoresis
to determine the amount of STAT-1 bound to the radioactive
oligonucleotide. The STAT-1/oligonucleotide complex will
have a slower mobility than the oligonucleotide alone.

[0055] 2. IFN-y-responsive mRNA and Polypeptides

[0056] The level of an IFN-y-responsive mRNA or
polypeptide in a sample obtained from a mammal can be
evaluated (1) to determine whether or not the mammal
contains at least one unstable plaque or (2) to determine
whether or not the mammal has an increased risk for
developing an unstable plaque. The term “IFN-y-responsive
mRNA” as used herein refers to mRNA that is encoded by
DNA responsive to an IFN-y-activated transcription factor.
The term “IFN-y-responsive polypeptide” as used herein
refers to a polypeptide that is encoded by DNA responsive
to an IFN-y-activated transcription factor. DNA responsive
to an IFN-y-activated transcription factor is any DNA
sequence that is transcribed in a cell to a greater extent in the
presence of an IFN-y-activated transcription factor. Typi-
cally, such DNA is located downstream of a regulatory
sequence recognized by an IFN-y-activated transcription
factor such that the IFN-y-activated transcription factor
binds to the regulatory sequence and directs transcription of
that downstream DNA. The DNA that encodes an [FN-y-
responsive mRNA or polypeptide can be responsive to any
IFN-y-activated transcription factor including, without limi-
tation, STAT-1 and NF-xB. For example, an IFN-y-respon-
sive mRNA or polypeptide can be encoded by DNA respon-
sive to STAT-1. Examples of IFN-y-responsive mRNA
include, without limitation, IP-10 mRNA, CD64 mRNA,
IFN-y regulatory factor-1 (IRF1) mRNA, and IFN-y regu-
latory factor-2 (IRF2) mRNA. Examples of IFN-y-respon-
sive polypeptides include, without limitation, IP-10, CD64,
IRF1, and IRF2.

[0057] Any method can be used to identify an IFN-y-
responsive mRNA or polypeptide. For example, a computer
algorithm can be used to search a nucleic acid database (¢.g.,
GenBank®) for a polypeptide-encoding sequence located
near a regulatory sequence recognized by an I[FN-y-activated
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transcription factor. In addition, an [IFN-y-responsive mRNA
or polypeptide can be identified by comparing the expres-
sion level of an mRNA or polypeptide in a cell treated with
IFN-y (e.g., 50, 100, 200, 250, 500, 1000, 2000, or more
Units/mL of IFN-y) to the expression level of that mRNA or
polypeptide in a cell not treated with IFN-y. Once identified
as having increased expression after IFN-y treatment, the
mRNA or polypeptide can be purified and sequenced.

[0058] As disclosed herein, if the level of an IFN-y-
responsive mRNA or polypeptide in a sample is an elevated
level, then the mammal can be classified either as having at
least one unstable plaque or as having an increased risk of
developing an unstable plaque. In the case of a mammal
having an angina condition, the angina condition can be
classified as unstable. If the level of an IFN-y-responsive
mRNA or polypeptide in a sample is not an elevated level,
then the mammal can be classified either as not having at
least one unstable plaque or as not having an increased risk
of developing an unstable plaque. In the case of a mammal
having an angina condition, the angina condition can be
classified as stable. The term “elevated level” as used herein
with respect to the level of an IFN-y-responsive mRNA or
polypeptide is any level that is greater than a reference level
for that IFN-y-responsive mRNA or polypeptide. The term
“reference level” as used herein with respect to an IFN-y-
responsive mRNA or polypeptide is the level typically
expressed by healthy mammals or mammals with SA. For
example, a reference level can be the average level of an
IFN-y-responsive mRNA or polypeptide that is present in
samples obtained from a random sampling of 50 SA patients.
As described herein, IP-10 mRNA was undetected in blood
cells obtained from a population of SA patients. Thus, in this
case, any level of IP-10 mRNA or polypeptide detected in
blood cells using a similar method can be an elevated level.

[0059] Tt will be appreciated that levels from comparable
samples are used when determining whether or not a par-
ticular level is an elevated level. For example, the average
level of a particular IFN-y-responsive mRNA or polypeptide
present in brain tissue from a population of SA patients may
be 30 units/g of tissue, while the average level of the same
IFN-y-responsive mRNA or polypeptide present in liver
tissue from the same population of SA patients may be 10
units/g of tissue. In this case, the reference level for that
particular IFN-y-responsive mRNA or polypeptide in brain
tissue would be 30 units/g of tissue, and the reference level
for that particular IFN-y-responsive mRNA or polypeptide
in liver tissue would be 10 units/g of tissue. Thus, when
determining whether or not a level of that IFN-y-responsive
mRNA or polypeptide measured in liver tissue is elevated,
the measured level would be compared to the reference level
for that particular IFN-y-responsive mRNA or polypeptide
in liver tissue (i.e., 10 units/g of tissue).

[0060] An elevated level of an IFN-y-responsive mRNA or
polypeptide can be about 0.1,0.5,1,2,3,4,5,6,7,8, 9, 10,
15, 20, or more times greater than a reference level for that
IFN-y-responsive mRNA or polypeptide. In addition, a ref-
erence level can be any amount. For example, a reference
level for an IFN-y-responsive mRNA or polypeptide can be
zero. In this case, any level of that IFN-y-responsive mRNA
or polypeptide greater than zero would be an elevated level.

[0061] Any type of sample can be used to evaluate the
level of an IFN-y-responsive mRNA or polypeptide includ-
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ing, without limitation, tissue, blood, and isolated blood
cells (e.g., PBMC). In addition, any method can be used to
obtain a sample. For example, a syringe can be used to
obtain peripheral blood from a mammal. Once obtained, a
sample can be manipulated prior to measuring the level of an
IFN-y-responsive mRNA or polypeptide. For example, a
peripheral blood sample can be centrifugated to obtain an
enriched cell sample. In addition, a cell sample can be
treated such that total RNA is obtained. Once obtained, the
total RNA can be evaluated to determine the amount of an
IFN-y-responsive mRNA present. Alternatively, a cell
sample can be treated such that a polypeptide preparation is
obtained. Once obtained, the polypeptide preparation can be
evaluated to determine the amount of an IFN-y-responsive
polypeptide present.

[0062] Any method can be used to determine the level of
an IFN-y-responsive mRNA present within a sample. For
example, the level of an IFN-y-responsive mRNA present
within a sample can be determined using PCR-based meth-
ods such as RT-PCR (e.g., quantitative RT-PCR and semi-
quantitative RT-PCR) or northern blot analysis. The amount
of IFN-y-responsive mRNA present in a sample can be
determined from an amplification reaction by fluorimetry or
spectrophotometry. In addition, amplification products can
be separated by gel electrophoresis and quantitated using a
densitometer. The following procedure can be used to deter-
mine the level of IP-10 mRNA present within a sample.
Briefly, a cellular sample can be obtained from an angina
patient. Once obtained, the sample can be treated so that an
RNA sample (e.g., mRNA or total RNA sample) is isolated.
Any method can be used to isolate an RNA sample from any
amount of cells (e.g., 1x10° cells). Once isolated, the RNA
samples can be used with primers specific for [IP-10 RNA in
a PCR to amplify an IP-10 specific product. After complet-
ing the PCR, the level of IP-10 RNA can be determined.

[0063] Any method can be used to determine the level of
an IFN-y-responsive polypeptide present within a sample.
For example, the level of an IFN-y-responsive polypeptide
present within a sample can be determined using polypep-
tide detection methods such as western blot analysis and
immunochemistry (e.g., immunocyto-chemistry). The fol-
lowing procedure can be used to determine the level of
CD64 or IP-10 polypeptide present within a sample. Briefly,
a cellular sample can be obtained from an angina patient.
Once obtained, the sample can be treated so that a polypep-
tide sample is isolated. Any method can be used to isolate a
polypeptide sample from any amount of cells (e.g., 1x10°
cells). Once isolated, the polypeptide sample can be stained
with an antibody specific for CD64 or IP-10 polypeptide.
Such antibodies can be labeled with any appropriate label
such as a fluorescent, calorimeter, or radioactive molecule.
After staining, the level of CD64 or IP-10 polypeptide can
be determined.

[0064] In addition, fluorescent activated cell sorting
(FACS) analysis can be used to determine the level of an
IFN-y-responsive polypeptide present within a sample. For
example, a cell sample can be obtained and stained with
anti-CD64 antibodies such that the number of cells express-
ing CD64 is determined or such that the amount of CD64
expressed by CD64* cells is determined. In this case, the
level of an IFN-y-responsive polypeptide present within a
sample is determined by evaluating the number of cells
expressing the IFN-y-responsive polypeptide. In other
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words, comparing the number of IFN-y-responsive polypep-
tide-expressing cells (e.g., percent of cells positive) within
samples can be used to determine whether or not a particular
sample contains an elevated level of an IFN-y-responsive
polypeptide.

[0065] 3. Kits

[0066] The invention also provides Kits that can be used to
measure the level of an I[FN-y-activated transcription factor,
the level of an IFN-y-responsive mRNA, or the level of an
IFN-y-responsive polypeptide. Such kits can include two or
more antibodies such that at least two different polypeptides
(e.g., STAT-1, CD64, IP-10, and CD161) can be detected.
Alternatively, such kits can contain at least two pairs of
oligonucleotide primers such that at least two different target
sequences can be amplified during an amplification reaction.
Typically, the target sequence is a sequence present with an
IFN-y-responsive mRNA. The kits provided herein also can
contain (1) a reference chart that indicates a reference level,
(2) a positive control sample, and (3) a negative control
sample. The positive control sample can be a sample that
contains a known amount of a particular IFN-y-responsive
polypeptide, while the negative control sample can be a
sample that lacks that particular IFN-y-responsive polypep-
tide. The Kits can be configured in any type of design (e.g.,
microtiter plate design) and can be made of any type of
material (e.g., plastic).

[0067] 4. Clonally Expanded T cells

[0068] The invention also provides substantially pure
populations of CD28! T cells. The term “substantially pure
population of CD28™" T cells” as used herein refers to a
collection of CD28™" T cells that are separated from other
types of cells (e.g., B cells, macrophages, and CD28* T
cells) such that the CD28™™ T cells represent at least about
85 percent (e.g., at least about 90, 95, 99, or 100 percent) of
all the cells of that collection. Each CD28™" T cell within
a substantially pure population can have a T-cell receptor
that is present on a CD28""! T cell expanded in an unstable
angina patient. In addition, the CD28™" T cells can be CD4
T cells or CD8 T cells and can express IFN-y, perforin,
and/or CD161.

[0069] Any method can be used to obtain a substantially
pure population of CD28*! T cells. For example, a cell
sample can be obtained and stained with antibodies that
identify T cells as well as CD28" T cells (e.g., anti-CD3,
anti-CD4, anti-CD8, and anti-CD28 antibodies). Once
stained, the cell sample can be sorted to isolate a T cell
population that lacks CD28 expression. In addition, any
method can be used to obtain a substantially pure population
of CD28™! T cells where the CD28™! T cells have T-cell
receptors that are present on CD28™"" T cells expanded in an
unstable angina patient. For example, individual T cell
clones obtained from an unstable angina patient can be
screened to identify their particular T cell receptor
sequences. Once obtained, the T cell receptor sequences can
be compared to the T cell receptor sequences of clonally
expanded CD28"*! T cells from an unstable angina patient.

[0070] Substantially pure populations of CD28*!! T cells
having T-cell receptors that are present on CD28™! T cells
expanded in an unstable angina patient can be used to
determine whether or not an antigen is an unstable angina
antigen. An unstable angina antigen is any antigen that
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stimulates the clonal expansion of CD28"! T cells in an
unstable angina patient. Unstable angina antigens can be,
without limitation, self polypeptides, bacterial polypeptides,
viral polypeptides, fungal polypeptides, glycosylated
polypeptides, lipids, and carbohydrates. An unstable angina
antigen can be identified by (1) contacting a substantially
pure population of CD28™! T cells having T cell receptors
that are present on CD28™™! T cells expanded in an unstable
angina patient with antigen presenting cells (e.g., B cells,
macrophages, dendritic cells) that were incubated with a
potential antigen, and (2) determining whether or not that
antigen stimulated any of the CD28™"!! T cells. Antigens that
stimulate the CD28™' T cells are considered unstable
angina antigens. Any method can be used to detect CD28™*
T cell stimulation. For example, proliferation or cytokine
production can be measured to assess CD28™! T cell
stimulation.

[0071] The substantially pure populations of CD28™! T
cells provided herein can be used to identify compounds that
inhibigmnCDZSnUll T cell activation. For example, activated
CD28 T cells can be contacted with a test compound. After
contact, the CD28™!! T cells can be evaluated to determine
whether or not the test compound reduced or eliminated
CD28 T cell activation. Alternatively, unactivated CD28
T cells can be treated with a test compound. After or during
treatment with the test compound, the unactivated CD28™"!!
T cells can be mixed with APC that were incubated with an
unstable angina antigen (¢.g., polypeptide preparation from
unstable plaque tissue). After contact with the APC, the
unactivated CD28™ T cells can be evaluated to determine
whether or not the test compound reduced or prevented the
stimulation that is typically observed after contact with an
APC presenting an unstable angina antigen.

[0072] 5. Assisting Professionals

[0073] The methods and materials provided herein can be
used to assist medical and research professionals in deter-
mining (1) whether or not a mammal contains at least one
unstable plaque and/or (2) whether or not the mammal has
an increased risk for developing an unstable plaque. In the
case of a mammal with an angina condition, the methods and
materials provided herein can be used to assist medical and
research professionals in determining whether or not the
angina condition is stable or unstable. Examples of medical
professionals include, without limitation, doctors, nurses,
laboratory technologists, and pharmacists. Examples of
research professionals include, without limitation, scientists,
technicians, and students. A professional can be assisted by
(1) determining the level of an IFN-y-activated transcription
factor, the level of an IFN-y-responsive mRNA, or an
IFN-y-responsive polypeptide in a sample, and (2) commu-
nicating information about one or more of those levels to
that professional.

[0074] Typically, the communicated information will be
the level of an IFN-y-activated transcription factor, the level
of an IFN-y-responsive mRNA, or an IFN-y-responsive
polypeptide detected in a sample. The information, however,
can be about whether or not a particular level is elevated. For
example, a laboratory determining the level of an IFN-y-
responsive polypeptide can communicate information to a
professional by simply telling the professional that the level
of that IFN-y-responsive polypeptide is greater than normal.

[0075] Any method can be used to communicate informa-
tion to a professional. For example, the information can be
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given directly or indirectly to the professional. In addition,
any type of communication can be used to communicate the
information. For example, mail, e-mail, telephone, and
face-to-face interactions can be used. The information also
can be communicated to a professional by making that
information electronically available to the professional. For
example, the information can be communicated to a profes-
sional by placing the information on a computer database
such that the professional can access the information.

[0076] The invention will be further described in the
following examples, which do not limit the scope of the
invention described in the claims.

EXAMPLES
Example 1

IP-10 mRNA Levels are Elevated in UA Patients

[0077] IP-10 mRNA levels in peripheral blood mono-
nuclear cells (PBMC) from stable angina (SA) patients,
unstable angina (UA) patients, and healthy age-matched
controls were measured. The SA patients had no acute
events or worsening of symptoms during the prior six
months. In addition, the SA patients had no angina episodes
the week prior to analysis. The UA patients had, during 48
hours prior to analysis, either at least two episodes of angina
at rest or one episode lasting more than 20 minutes. In
addition, the UA patients had an ST segment shift diagnostic
for myocardial ischemia during the angina episode or epi-
sodes. Further, the UA patients had no elevation in serum
creatinine kinase levels on admission and during the first 24
hours of hospitalization. Patients with acute or chronic
inflammatory diseases as well as patients having had myo-
cardial infarction, angioplasty, or heart failure within the
previous six months were excluded.

[0078] RT-PCR was used to measure IP-10 mRNA levels
from PBMC freshly harvested from SA patients, UA
patients, and healthy controls. Briefly, blood samples were
drawn upon hospital admission. Once the PBMC were
collected, total RNA was extracted from about 5x10° PBMC
using a TriZol kit (Life Technologies, Grand Island, N.Y.).
To amplify IP-10-specific sequences corresponding to [P-10
mRNA, IP-10 primers were designed. The sequence of the
forward primer was as follows: 5'-GGAACCTCCAGTCT-
CAGCACC-3'(SEQ ID NO: 2). The sequence of the reverse
primer was as follows: 5-CAGCCTCTGTGTGGTC-
CATCC-3'(SEQ ID NO: 3). The IP-10 sequence is provided
at GenBank accession number NM_001565. PBMC
(5x10°) stimulated for 90 minutes with TFN-y(100 U/mL,
500 U/mL, or 1000 U/mL) were used as a positive control
for the IP-10 RT-PCR reactions. (-actin-specific primers
were used as a general control for the amplication reactions.
The sequence of the forward f-actin-specific primer was as
follows: 5-ATCATGTITGAGACCTTCAACACCCC-
3'(SEQ ID NO: 4). The sequence of the reverse [-actin-
specific primer was as follows: 5'-CAGGAGGAGCAAT-
GATCTTGAT-3'(SEQ ID NO: 5). The f3-actin sequence is
provided at GenBank accession number M10277 or
NM__001101. Each amplification reaction had 22 cycles and
was performed using an annealing temperature of 64° C.

[0079] A strong amplification product corresponding to
IP-10 was detected in samples from 18 of the 22 UA patients
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and 3 of the 20 SA patients (P<0.001; Fisher Exact Test). No
IP-10-specific amplification products were detected in
samples from healthy controls. IP-10-specific amplification
products, however, were detected from PBMC cultured with
1000 U/mL of IFN-y. The intensity of the amplification
products from the PBMC cultured with 1000 U/mL. of IFN-y
was equivalent to that observed for the samples freshly
isolated from UA patients. Thus, the level of [P-10 mRNA
detected in PBMC collected from angina patients can be
used to distinguish unstable angina from stable angina.

[0080] Eight of 27 UA patients had elevated troponin
levels (22.0 ng/mL), indicating that these eight UA patients
have myonecrosis. A comparison of the IP-10 mRNA levels
from these ecight UA patients with the IP-10 mRNA levels
from the 19 troponin-negative UA patients did not show any
difference. Thus, myonecrosis does not appear to be a major
determinant in inducing IP-10 expression.

Example 2

CDo64 Expression Levels are Elevated in
Circulating Monocytes from UA Patients

[0081] The level of CD64 expression in monocytes from
SA patients, UA patients, and age-matched controls were
compared. PBMC from blood samples were enriched for
monocytes using a negative selection procedure designed to
avoid artificial activation of monocytes. Briefly, each sample
was enriched for monocytes using the No-Touch Monocyte
Isolation Kit (Miltenyi Biotec, Auburn, Calif.) with a col-
umn exposed to a magnetic field (VarioMACS, Miltenyi
Biotec).

[0082] Once obtained, each monocyte-enriched sample
was stained with FITC-conjugated anti-CD64 monoclonal
antibodies (BeckmanCoulter, Miami, Fla.) as well as PE-
conjugated anti-CD14 monoclonal antibodies (Becton Dick-
inson). The anti-CD14 antibodies were used to identify
CD14* monocytes while the anti-CD64 antibodies were
used to assess the level of CD64 expression by CD14" cells.
The stained cells were analyzed on a FACSCalibur® flow
cytometer (Becton Dickinson), and the level of CD64
expression quantified.

[0083] The level of CD64 expression by CD14* cells from
SA patients (median fluorescence intensity 71.8) was indis-
tinguishable from the level of CD64 expression by CD14*
cells from healthy age-matched controls (median fluores-
cence intensity 67.4; FIG. 1). In contrast, the level of CD64
expression by CD14* cells from UA patients (median fluo-
rescence intensity 105.1) was significantly higher than the
level of CD64 expression observed in CD14* cells from
either SA patients (P=0.003) or healthy age-matched con-
trols (P=0.008; One-way ANOVA,; FIG. 1).

[0084] These results demonstrate that circulating mono-
cytes from UA patients are activated and express an elevated
level of CD64 expression that is detectable, indicating that
the level of CD64 expression can be used to distinguish UA
patients from SA patients and healthy controls.

Example 3

Monocytes from UA Patients are Hyper-responsive
to IFN-y

[0085] PBMC samples isolated from SA patients, UA
patients, and healthy age-matched controls were enriched
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for monocytes as described in Example 2. Once enriched,
each sample was tested to determine the level of IFN-y
responsiveness exhibited by the monocytes. Briefly, about
1x10 cells from each sample were incubated at 37° C. with
or without 200 U/mL of IFN-y (BioSource International,
Camarillo, Calif.), the optimal IFN-y concentration deter-
mined using titration experiments. After incubation, the
level of CD64 expression was assessed as described in
Example 2.

[0086] IFN-yinduced CD64 expression rapidly with maxi-
mal surface expression levels being detected after about 12
to 18 hours of incubation with IFN-y. After an 18 hour
incubation with IFN-y, monocyte-enriched samples from SA
patients and healthy age-matched controls were found to
contain monocytes that exhibited a prompt increase in CD64
surface expression. The median fluorescence intensity
observed for monocytes from SA patients increased to 99.9,
while the median fluorescence intensity observed for mono-
cytes from healthy age-matched controls increased to 112.5
(FIG. 2). These fluorescence levels are equivalent to the
levels detected in untreated monocytes obtained from UA
patients (FIG. 1). After an 18 hour incubation with IFN-y,
monocyte-enriched samples from UA patients also were
found to contain monocytes that exhibited a prompt increase
in CD64 surface expression. In fact, the level of CD64
expression was found to increase more than a factor of two
after IFN-y treatment (median fluorescence intensity 266.6;
FIG. 2). The differences in IFN-y-induced CD64 expression
were highly significant between samples from UA patients
and SA patients (P=0.003) as well as between samples from
UA patients and healthy age-matched controls (P<0.001).

[0087] These results indicate that monocytes obtained
from UA patients are not maximally stimulated at the time
of isolation. These results also indicate that monocytes from
UA patients received an initial in vivo IFN-y induction of
CD64 gene transcription that led to enhanced responsiveness
of the CD64 promoter to re-exposure to in vitro IFN-y. In
fact, baseline CD64 levels were found to be strongly pre-
dictive of the increased surface expression of CD64 induced
by in vitro [FN-y treatment (FIG. 3). Thus, UA patients have
monocytes with an elevated baseline level of CD64 expres-
sion as well as monocytes with an enhanced responsiveness
to IFN-y treatment when compared to monocytes from SA
patients or healthy controls.

[0088] Eight of 27 UA patients had elevated troponin
levels (22.0 ng/mL), indicating that these eight UA patients
have myonecrosis. A comparison of the level of CD64
expression by monocytes from these eight UA patients with
the level of CD64 expression by monocytes from the 19
troponin-negative UA patients did not show any difference.
Thus, myonecrosis does not appear to be a major determi-
nant in inducing CD64 expression.

Example 4

STAT-1 is Found in the Nuclei of Monocytes from
UA Patients

[0089] PBMC and monocyte-enriched samples from SA
patients, UA patients, and healthy age-matched controls
were prepared as described in Example 2. A high salt
extraction protocol was used to obtain nuclear extracts from
about 1x107 cells from the PBMC samples or from about
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1x10° cells from the monocyte-enriched samples. Once
isolated, each nuclear extract was analyzed using an elec-
trophoretic mobility shift assay as described elsewhere
(Vallejo et al., J. Biol. Chem., 273:8119-8129 (1998)).
Briefly, an aliquot (about 5 ug protein) of each nuclear
extract was added to 15 ul. of binding buffer, 1.5 mg of
poly(dI-dC) (Sigma Chemical Co, St Louis, Mo.), and 1.5
mg of a double-stranded oligonucleotide probe containing a
sis-inducible element (SIE oligonucleotide; 5-CGC-
CATTTCCCGTAAATC-3'; SEQ ID NO: 1). A nonspecific
oligonucleotide probe (1.5 mg) was used as a control. This
nonspecific oligonucleotide had the following sequence:
5'-TCGAAGTACTCAATTGCTCGAGATCGATAG-
ATCTGAATTCAGTACTCC-3'(SEQ ID NO: 6). Each
probe was radiolabeled with [y->*P]JATP (NEN, Boston,
Mass.) using a standard end-labeling reaction. Once
annealed, the probes were added to the appropriate reactions
at a final concentration of 40 fmol/mL. After adding the
probes, each reaction was incubated at room temperature for
30 minutes. Protein-DNA complexes were resolved on 6
persent non-denaturing polyacrylamide gels and detected by
autoradiography. A nuclear extract prepared from 1x107
PBMC incubated for 30 minutes with 500 U/mL IFN-y was
used as a positive control.

[0090] Radioactive SIE probes from reactions containing
nuclear extracts prepared using PBMC from SA patients
exhibited the same gel electrophoretic mobility as radioac-
tive SIE probes that were not incubated with nuclear
extracts. Radioactive SIE probes from reactions containing
nuclear extracts prepared using PBMC from UA patients,
however, exhibited reduced gel electrophoretic mobility.
Specifically, nuclear extracts from 9 of 12 UA patients were
found to reduce the gel electrophoretic mobility of the SIE
probe, while none the nuclear extracts from the 11 SA
patients analyzed were found to reduce the gel electro-
phoretic mobility of the SIE probe (FIG. 4). No gel shift was
observed for the radioactive nonspecific probe when incu-
bated with the nuclear extracts. In addition, the gel shift
observed for the reactions containing nuclear extracts pre-
pared using cells from UA patients was similar to that
observed for the positive control (SIE probe incubated with
a nuclear extract prepared from PBMC treated with IFN-y).

[0091] To confirm that the gel shift observed for reactions
containing nuclear extracts prepared using PBMC from UA
patients was the result of activated STAT-1 interacting with
the radioactive SIE probe, a super shift assay was per-
formed. Briefly, 1 ug of a STAT-1a-specific antibody (Trans-
duction Laboratories, Lexington, Ky.) or irrelevant mouse
IgG1 antibody (Sigma) was added to reaction mixtures
containing the radioactive SIE probe and nuclear extract.
Once added, each reaction mixture was adjusted to 25 ul.
and incubated on ice for 30 minutes.

[0092] The addition of the STAT-1a-specific antibody to
the reactions containing nuclear extracts that (1) were pre-
pared using PBMC from UA patients and (2) found to reduce
the gel electrophoretic mobility of the SIE probe resulted in
a further reduction in the gel electrophoretic mobility of the
SIE probe (FIG. 5). The observed shift in band migration
was almost complete indicating that the complexes consisted
mostly, if not entirely, of STAT-1ac homodimers complexed
with the SIE probe.

[0093] To identify the cell population that contained the
activated STAT-1 responsible for the observed gel shift,
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monocyte-enriched samples were prepared from the PBMC
samples and analyzed. Nuclear extracts prepared from
monocyte-enriched samples yielded results identical to
those obtained using nuclear extracts prepared from the
unseparated PBMC samples.

[0094] These results demonstrate that UA patients have
circulating monocytes that were previously exposed to and
activated by IFN-y in vivo. These results also demonstrate
that the presence or absence of STAT-1 in nuclear extracts
can be used to distinguish UA patients from SA patients and
healthy controls.

Example 6

CD4*CD28" T cells are Expanded Clonally in UA
Patients

[0095] A FACSVantage® flow cytometer was used to sort
CD4+*CD28™!! and CD4*CD28™! T cells from PBMC
samples obtained from 20 UA patients. After obtaining the
CD4+*CD28"* and CD4*CD28* T cells from each sample,
total RNA was extracted. Briefly, a Trizol kit (Life Tech-
nologies, Grand Island, N.Y.) was used to isolate total RNA
from 1x10° CD4*CD28* cells or from 1x10° CD4*CD28*
cells. Once obtained, the total RNA was used in amplifica-
tion reactions with a BC-specific primer as well as primers
specific for BV2, BV3, BV5S2, BV6, BV7, BVS, BV13S§1,
BV14, BV17, and BV18 as described elsewhere (Waase et
al., Arthritis Rheum. 39:904-913 (1996) and Choi et al.,
Proc. Nat’l. Acad. Sci. USA 86:8941-8945 (1989)). The BV
families analyzed cover about 50 percent of a person’s total
TCR repertoire. A primer extension assay with T4 kinase
was used to end-label the BC primer.

[0096] After conducting RT-PCR, the amplification prod-
ucts were separated on a 5 percent denaturing polyacryla-
mide gel. Band intensities were analyzed to determine
whether the distribution was Gaussian or skewed by domi-
nant bands. A Gaussian distribution indicates that the T cell
population is polyclonal, while the presence of dominant
bands indicates that that subset of the T cell population was
clonally expanded. Typically, bands with intensities greater
than the sum of two adjacent bands and accounting for at
least about 30 percent of the total observed amplification
product are predictive of clonality. Observed dominant
bands were directly sequenced by automated sequencing
(ABI Prism® Sequence Detection System, Perkin Elmer
Applied Biosystems, Foster City, Calif.).

[0097] The distribution of amplification products from the
reactions containing total RNA from CD4*CD28* T cells
followed a Gaussian distribution. In contrast, the distribution
of amplification products from the reactions containing total
RNA from CD4*CD28™"" T cells frequently deviated from
a Gaussian distribution (FIG. 6).

[0098] Seventy-two dominant bands amplified from the
total RNA of CD4*CD28™! T cells from UA patients were
sequenced. Fifty-nine of the 72 dominant bands yielded
unequivocal sequences that confirmed the presence of clonal
T cell populations. Specifically, an average of three T cell
clones was observed for each UA patient (range 0-11). Since
the primer sets used cover about 50 percent of the CD4* T
cell repertoire, it is estimated that an UA patient has an
average of six clonally expanded CD4* T cells. In addition,
individual T cell clones were found to have varying degrees
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of expansion ranging from slightly expanded (accounting for
about 0.5 percent of the T cell repertoire) to greatly
expanded (accounting for as mush as five percent of the T
cell repertoire). It is noted that one UA patient lacked clonal
TCR sequences and also had a lower frequency of Ccbh4'
CD28"! T cells. A comparison of clinical parameters
between UA patients with low and high numbers of T cell
clonotypes demonstrated no features correlating with the
extent of oligoclonality. These results indicate that UA
patients have clonally expanded CD4*CD28! T cells.

Example 7

Clonally Expanded CD4*CD28™" T cells are
Stable in UA Patients

[0099] Five UA patients were analyzed as described in
Example 6. Six months after this analysis, peripheral blood
CD4*CD28™ ! T cells were obtained from those five patients
and reanalyzed. Clonal dominance by selected T cells in the
CD4*CD28"! T-cell compartment was found to be main-
tained for the majority (16 of 18) of expanded clonotypes
(FIG. 7). The clonal identity of these clonotypes was
confirmed by sequencing.

Example 8

Analysis of the Clonally Expanded T cell in UA
Patients

[0100] The sequences of the 59 amplified products
sequenced in Example 6 were analyzed to determine the
usage of TCR-BV and TCR-BJ gene segments between UA
patients (FIG. 8). The distribution of BV gene segments
from clonally expanded T cells was different from that of
unselected T cell populations with the most common BV
element (BV3S1/S2) accounting for about 24 percent of all
expanded clonotypes. The expected percentage for this
element in a sample obtained from a healthy person selected
at random is 5 percent. In addition, BV14S1 and BV8S1/S2
segments were frequently detected among the UA patients,
while BV17 and BV6S2/S3 segments were detected in only
a small proportion of clonal T cells.

[0101] Non-random use of TCR gene segments was even
more pronounced for BJ genes. More than 35 percent of the
amplified sequences contained a rearranged BJ2S1 gene
segment, while more than 22 percent of the amplified
sequences contained a rearranged BJ2S7 gene segment.
More than 15 percent of the amplified sequences contained
a rearranged BJ2S3 gene segment. BJ2S2 and BJ2S5 gene
segments were not detected, and BJ gene segments of the
BJ1 family were detected infrequently. The BV3S81/S2-
BJ2S1 TCR gene segment combination was detected in
about 11 percent of the sequence compared to an expected
one percent frequency in a random T cell population. These
results indicate that the observed clonal expansion of CcD4'
CD28™" T cells in UA patients could be triggered by a
common antigen or common set of antigens.

[0102] The junctional N-D-N region at the interface of
TCR-BYV and -BJ gene segments directly contacts the anti-
genic peptide. The nucleotide and amino acid sequences at
this junctional region for the different expanded clonotypes
were compared. Receptor homology was defined as the
sharing of at least about 60 percent of the amino acid
sequence. Of the 59 sequences analyzed, similarities were
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observed in ten sequences from samples obtained from
seven UA patients (Table 1). One UA patient was found to
have two clonotypes and another found to have three clono-
types that expressed N-D-N sequences very similar to those
sequences identified in a third UA patient. The group of
related TCR sequences included three receptors having the
overrepresented BV3S1/S2-BJ2S1 rearrangement. All the
sequences with shared amino acid sequence homology dis-
played heterogeneity at the nucleotide level.

TABLE 1

Amino acid sequence homologies of TCR p-chains from expanded
clonotypes derived from different patients with UA.

Donor Bv N-D-N BJ

BE 351/S2 CASS . ¢l[G G T Y EQFF 251
tta gga ggg goc acc tat

LM 351/S2 CASS P TIG 6 T Y EQFF 251
ccc acc ggg geg acc tat

RM 351/S2 CASS DQYF 283
L D
tta ggg geg gec gac tat

SwW 351/S2 CASS s T EQFF 251
agc gge ggg ggc acc tat

M 751 CASS T E EQYF 257

cge gaa gga acg gaa ggg tec tat
UA 751 CASS |R E Gl G |G S Yl EQYF 257
Cge gaa ggg ggg ggg tec tat

BL 8S51/S2 CASS S S R G D Y EQYF 257
agc agc agg gec gac tat

UA 8S1/S2 CASS T H EQFF 2S1
agcagtagg ggg acc cat

UA 14S1 CASS FIG 2 s v EQYF 257

ttc ggg gee tec tat
WE 1451 CASS Y[ A s v EQYF 257

tac ggt gcc tcctat

Example 9

Clonally Expanded CD4*CD28™*" T cells are
Present in Unstable Plaques

[0103] A PBMC sample was obtained from a patient that
had a fatal myocardial infarction in the territory of the right
coronary artery (RCA). In addition, coronary artery speci-
mens were obtained from the left anterior descending (LAD)
and the RCA of this patient. The arterial fragments were
confirmed to contain stable and unstable plaques by histol-
ogy. In addition, a sample with a fissured plaque was
obtained from a patient undergoing atherectomy. The culprit
(unstable plaques) and nonculprit (stable plaques) lesions
were examined to determine whether clonally expanded
CD4'CD28™' T cells were present within the lesions.
Briefly, total RNA was extracted from the unstable plaque
samples and from the stable plaque samples. Once obtained,
the total RNA was used in amplification reactions with a BC
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anti-sense primer (5-CTGTGCACCTCCTTCCCATTC-3'
SEQ ID NO: 7) and BV specific primers as well as a nested
set of BC primers (5-GTGGGAGATCTCTGCTTCTG-3'
SEQ ID NO: 8 and 5-TTCTGATGGCTCAAACAC-3' SEQ
ID NO: 9). The amplification products were sequenced.

[0104] Analysis of the PBMC obtained from the patient
having had a fatal myocardial infarction revealed that cbh4'
CD28"! T cells were highly expanded and included five
clonal TCR sequences (Table 2). Analysis of the plaque
tissue revealed that no tissue-infiltrating T cells were
detected in the coronary artery tissue from a stable plaque.
Tissue-infiltrating T cells, however, were detected in the
arterial wall segment of the lesion that caused the fatal
myocardial infarction (FIG. 9). Two (a2 BV3™ clone and a
BVS8* clone) of the five sequences identified in the periph-
eral blood were detected in the unstable plaque tissue. In
fact, those two clones were dominant clones in the culprit
tissue. In addition, a clonal BV14* TCR sequence was found
in the culprit tissue sample. This clonal BV14* sequence,
however, was distinct from the sequence of the expanded
BV14* clones detected in the periphery. BV2* T cells
displayed polyclonal receptors in the tissue. Analysis of the
samples from the second patient revealed similar findings. In
fact, unstable plaque tissue was found to contain two clonal
T cell populations that had receptor sequences correspond-
ing to sequences found in peripheral CD4*CD28™! T cells
(Table 3).

TABLE 2
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CD40 monoclonal antibody or a control IgG antibody. After
72 hours, the level of proliferation was measured. The
presence of 5 ug/mL of anti-CD40 antibody partially inhib-
ited T-cell proliferation when compared to cells exposed to
the control IgG antibody (FIG. 10). This result indicates that
the CD40 molecule expressed by CD4 'CD28™!" T cells can
provide a stimulatory signal. This result also indicates that
inhibitors of the CD40-CD40L interaction (¢.g., anti-CD4Q
antibodies) can be used to reduce the stimulation of CD4"

CD28™! T cells. Since CD40L is expressed by vascular
endothelial cells, smooth muscle cells, and macrophages in
atherosclerotic plaques, inhibitors of the CD40-CD40L
interaction can be used to reduce the stimulation of tissue-
infiltrating CD4*CD28™"" T cells in plaques. Inhibiting the
CD40-CD40L interaction can reduce the ability of Ch4'

CD28™! T cells to lyse target cells and to induce apoptosis,

which can lead to cap thinning and can favor plaque dis-
ruption.

Example 11

CDA47 is a Costimulatory Molecule for
CD4'CD28™" T cells

[0107] CD4*CD28™! T cells were exposed a suboptimal
concentration of anti-CD3 antibodies (100 ng/mL of OKT3)
and either crosslinked anti-CD47 antibody (mAb 2E11) or
varying concentrations of platelet-derived thrombospon-

Accumulation of selected CD4*CD28™! T-cell clones in the unstable plaque of

a patient who died from an acute myocardial infarction.

Peripheral blood

Coronary artery tissue

CD4*CD28* T cells CD4*CD28"™™ T cells LAD RCA
BV2S2 Polyclonal DPAGGAD BI2S3 nd polyclonal
BV351/S2 Polyclonal SPAGTYN  BJI2S1 nd SPAGTYN BIJ2S1
BV8S1/S2 Polyclonal SLGTTGN  BJ1S3 nd SLGTTGN BJ1S3
BV14S1 Polyclonal LRDRES BJ1S2 nd PTSED BJ2S1
RQGTY  BJ2S1/S3

LAD = left anterior descending coronary artery; RCA = right coronary artery; nd = not
detected. Bold T-cell receptor sequences are from those clones that were expanded in the

periphery as well as in the unstable plaque.

[0105]

TABLE 3

T-cell receptor sequences detected in the unstable plaque obtained from
a patient having had atherectomy.

Peripheral blood

CD4*CD28"T cells  CD4*CD28™™ T cells Unstable plaque

BV3 ASSYNS BJ1S6
BV18 PRQDT BJ1S1

BV3 ASSYNS BJ1S6
BV18 PRQDT BJ1S1

polyclonal
polyclonal

Example 10
CD40 is a Costimulatory Molecule for
CD4'CD28™" T cells

[0106] CD4*CD28™!" T cells were exposed to anti-CD3
antibodies immobilized on monocytes and either an anti-

din-1 (TSP-1). Alectin (PHA) was used as a positive control.
After 72 hours of exposure, the level of proliferation was
measured. Anti-CD47 antibody coated to plates boosted the
level of proliferation observed for CD4*CD28™" T cells
treated with a suboptimal concentration of anti-CD3 anti-
bodies. Likewise, TSP-1 boosted, in a dose-dependent fash-
ion, the level of proliferation observed for CD4*CD28™! T
cells treated with a suboptimal concentration of anti-CD3
antibodies (FIG. 11). The addition of soluble anti-CD47
antibody to CD4*CD28"!! T cells treated with 90 pg/mL of
TSP-1 and a suboptimal concentration of anti-CD3 antibod-
ies blocked the level of proliferation induced by the TSP-1,
suggesting that thromnbospondin delivers a costimulatory
signal by binding to CD47. These results indicate that
CD4'CD28™!" T cells can be stimulated by CD47 interac-
tions. These results also indicate that blocking CD47 inter-
actions can inhibit CD4*CD28™" T cell stimulation.
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Example 12

CD161 is a Marker for Activated CD4*CD28™' T
cells

[0108] Candidate gene profiling and differential display
PCR were used to identify perform and CD161 as molecules
that are specifically expressed on CD4*CD28"*! T cells but
not CD4*CD28™" T cells. Flow cytometric studies revealed
that perform is expressed by all CD4*CD28™" T cells
whether activated or not. Normal CD4 T cells do not express
perforin. In contrast, only a fraction of peripheral Ccbh4'
CD28™" T cells express CD161, a C-type lectin molecule,
in vivo. In addition, CD161 expression was not observed in
vitro in resting CD4*CD28™" T cells or CD4*CD28* T
cells. Treating CD4*CD28™! T cells with I1.-12 induced
CD161 expression, while treating CD4*CD28* T cells with
IL-12 did not (FIG. 12). These results indicate that CD161
can be used as a marker for activated CD4*CD28™"" T cells.

[0109] To evaluate CD161 expression in vivo, inflamed
tissue was obtained from an arthritis patient having a high
frequency of peripheral CD47CD28™! T cells. This tissue
was stained with anti-CD4 and anti-CD161 antibodies. CD4
was visualized with secondary antibodies and Vector Red
alkaline phosphatase. CD161 was visualized with secondary
antibodies and horseradish peroxidase. After staining, a
substantial fraction of CD4+ T cells was found to express
CD161. Staining serial sections confirmed that the cells
expressing CD161 also expressed perforin.

Example 13

Identifying Antigens that Activate CD4*CD28™" T
cells

[0110] Comparing TCR B-chain sequences from the dif-
ferent T cell clones identified in samples obtained from UA
patients revealed that certain TCR BV-BJ combinations are
preferentially used and that the junctional regions of the
TCR sequences have a high degree of sequence homology.
These findings indicate a common antigen or common set of
antigens could be stimulating CD4*CD28™!! T cells in
different UA patients. Such antigens could be microbial
antigens indicating that the expansion of CD4*CD28™" T
cells could result from a chronic persistent infection present
in UA patients.

[0111] The following procedures are used to isolate anti-
gens that activate CD4*CD28™"!! T cells in UA patients. The
HLA-DRB1 alleles in UA patients who have died from
myocardial infarction are characterized using PCR-based
typing (One Lamda, Canoga Park, Calif.). After character-
izing the HLA-DRB1 alleles, antigen presenting cells (e.g.,
GM-CSF/IL-4 cultured dendritic cells) expressing the
appropriate HLA-DRB1 alleles are obtained. Appropriate
HLA-DRB 1 alleles are those alleles that are present in the
UA patients. Briefly, dendritic cells are obtained from buffy
coats of HLA-DRB1-matched donors by T-cell depletion
and culturing in IL-4/GM-CSF-containing medium. Once
obtained, the antigen presenting cells are transfected with
mixtures of clones obtained from differential display PCR or
an expression library made using subtractive suppression
hybridization. For the subtractive suppression hybridization
approach, a selective library is made by obtaining expressed
nucleic acid sequences from stable plaques and subtracting
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that nucleic acid from expressed nucleic acid sequences
obtained from unstable plaques using the PCR Select DNA
subtraction kit from Clontech. Briefly, poly(A) RNA is
extracted from stable and unstable plaques. Double-stranded
cDNA is synthesized, blunted with T4 polymerase, and
digested with Rsa I (Roche Molecular Biochemicals-Boe-
hringer Mannheim, Indianapolis, Ind.). cDNA derived from
the unstable plaque is divided into two equal parts, each of
which is ligated to a different adapter (tester cDNA). Sub-
sequently, the tester cDNA is hybridized with the driver PCR
from the stable plaque that has not been ligated to an adapter.
Unhybridized ¢cDNA is then amplified in a nested PCR
approach. Alternatively, expressed nucleic acid sequences
from skin fibroblasts are subtracted from expressed nucleic
acid sequences obtained from unstable plaques using the
PCR Select DNA subtraction kit from Clontech. The expres-
sion library can be made using tissue obtained from the same
patient from which the expanded CD4*CD28™" T cell
clones to be tested were obtained.

[0112] After transfection, the antigen presenting cells are
incubated with CD4*CD28™"" T-cell clones isolated from
UA patients. Briefly, clonally expanded CD4*CD28™! T
cells are obtained from PBMC samples obtained from UA
patients having had fatal myocardial infarction. Once
obtained, the CD4*CD28™! T cells are activated with
immobilized anti-CD3 and cloned by limiting dilution clon-
ing on irradiated EBV blast feeder cells in IL-2-containing
medium as described elsewhere (Goronzy et al., J. Clin.
Invest. 94:2068-76 (1994)). Each expanded CD4*CD28™' T
cell clone is analyzed to determine its TCR [-chain
sequence.

[0113] After incubating the antigen presenting cells with
the CD4*CD28™"! T-cell clones, the CD4*CD28™! Tcell
clones are analyzed to determine whether or not the antigen
presenting cells stimulated cytokine secretion. The antigen
presenting cells that stimulate a CD4*CD28"*! T-cell clone
are identified as described elsewhere (Brichard et al.,J. Exp.
Med. 178:489-95 (1993)) using IFN-y ELISA kits as a
readout system. Once identified, the antigen presenting cells
that stimulate a CD4*CD28™" T-cell clone are evaluated to
determine the nucleic acid sequence of the antigenic
polypeptide.

[0114] An algorithm is used to identify immunogenic
peptides within the polypeptide identified as stimulating a
CD4'CD28™*" Twcell clone. Candidate peptides are then
synthesized and tested in functional assays using the T-cell
clones.

OTHER EMBODIMENTS

[0115] It is to be understood that while the invention has
been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by
the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following
claims.

What is claimed is:

1. A method for determining whether or not a mammal has
an unstable plaque, said method comprising determining
whether or not a sample from said mammal contains an
elevated level of a polypeptide, wherein said polypeptide is
encoded by DNA responsive to an interferon-y-activated
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transcription factor, and wherein said level indicates that
said mammal contains said unstable plaque.

2. The method of claim 1, wherein said mammal is a
human.

3. The method of claim 1, wherein said sample is a blood
sample.

4. The method of claim 1, wherein said sample comprises
mononuclear cells.

5. The method of claim 1, wherein said polypeptide is
CDo4.

6. The method of claim 1, wherein said polypeptide is
IP-10.

7. The method of claim 1, wherein said interferon-y-
activated transcription factor is STAT-1.

8. A method of assisting a person in determining whether
or not a mammal has an unstable plaque, said method
comprising:

a) determining the level of a polypeptide in a sample from
said mammal, wherein said polypeptide is encoded by
DNA responsive to an interferon-y-activated transcrip-
tion factor, and

b) communicating information about said level to said
person, wherein an elevated level of said polypeptide in
said sample indicates that said mammal contains said
unstable plaque.

9. The method of claim 8, wherein said person is a

medical professional.

10. The method of claim 9, wherein said medical profes-
sional is selected from the group consisting of a doctor, a
nurse practitioner, a scientist, and a technician.

11. The method of claim &, wherein said communication
comprises sending said information directly to said person.
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12. The method of claim 8, wherein said communication
comprises sending said information indirectly to said per-
son.

13. The method of claim 8, wherein said communication
comprises making said information electronically available
to said person.

14. The method of claim 8, wherein said polypeptide is
CDo64.

15. The method of claim 8, wherein said polypeptide is
IP-10.

16. The method of claim 8, wherein said interferon-y-
activated transcription factor is STAT-1.

17. A method for determining whether or not a mammal
is at risk for developing an unstable plaque, said method
comprising determining whether or not a sample from said
mammal contains an elevated level of a polypeptide,
wherein said polypeptide is encoded by DNA responsive to
an interferon-y-activated transcription factor, and wherein
said level indicates that said mammal is at risk for devel-
oping said unstable plaque.

18. A method of assisting a person in determining whether
or not a mammal is at risk for developing an unstable plaque,
said method comprising:

a) determining the level of a polypeptide in a sample from
said mammal, wherein said polypeptide is encoded by
DNA responsive to an interferon-y-activated transcrip-
tion factor, and

b) communicating information about said level to said
person, wherein an elevated level of said polypeptide in
said sample indicates that said mammal is at risk for
developing said unstable plaque.
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