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(57) ABSTRACT

Diagnostic tests for characterizing an individual’s risk of
developing or having a cardiovascular disease. In one
embodiment the present diagnostic test comprises determin-
ing the level of myeloperoxidase (MPO) activity in a bodily
sample obtained from the individual or test subject. In another
embodiment, the diagnostic test comprises determining the
level of MPO mass in a bodily sample obtained from the test
subject. In another embodiment, the diagnostic test comprises
determining the level of one or more select MPO-generated
oxidation products in a bodily sample obtained from the test
subject. The select MPO-generated oxidation products are
dityrosine, nitrotyrosine, methionine sulphoxide or an MPO-
generated lipid peroxidation products. Levels of MPO activ-
ity, MPO mass, or the select MPO-generated oxidation prod-
uct in bodily samples from the test subject are then compared
to a predetermined value that is derived from measurements
of MPO activity, MPO mass, or the select MPO-generated
oxidation product in comparable bodily samples obtained
from the general population or a select population of human
subjects. Such comparison characterizes the test subject’s
risk of developing CVD.
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MYELOPEROXIDASE, A RISK INDICATOR
FOR CARDIOVASCULAR DISEASE

[0001] This application claims priority to U.S. Provisional
Application 60/259,340 filed Jan. 2, 2001 and U.S. Provi-
sional Application 60/283,432 filed May 12, 2001, both of
which are incorporated herein in their entirety.

[0002] The work described in this application was sup-
ported, at least in part, by Grant No. RO1 HL.62526-01 from
the National Institutes of Health. The United States govern-
ment has certain rights in this invention.

BACKGROUND

[0003] The present invention relates to the field of cardio-
vascular disease. More specifically, it relates to a diagnostic
test which can be used to determine whether an individual or
test subject is at a lower risk or higher risk of developing or
having cardiovascular disease than other individuals in a
given population of human subjects.

[0004] Cardiovascular disease (CVD) is the general term
for heart and blood vessel diseases, including atherosclerosis,
coronary heart disease, cerebrovascular disease, and periph-
eral vascular disease. Cardiovascular disorders are acute
manifestations of CVD and include myocardial infarction,
stroke, angina pectoris, transient ischemic attacks, and con-
gestive heart failure. CVD accounts for one in every two
deaths in the United States and is the number one killer
disease. Thus, prevention of cardiovascular disease is an area
of major public health importance.

[0005] A low fat diet and exercise are recommended to
prevent CVD. In addition, a number of drugs may be pre-
scribed by medical professionals to those persons who are
known to be at risk for developing CVD. These include lipid
lowering agents which reduce blood levels of cholesterol and
trigylcerides. Medications to normalize blood pressure are
used in hypertensive patients. Medications which prevent
activation of platelets, such as aspirin, may also be prescribed
for patients at risk for developing CVD. More aggressive
therapy, such as administration of multiple medications, may
be used in those individuals who are at high risk. Since CVD
therapies may have adverse side effects, it is desirable to have
diagnostic tests for identifying those individuals who are at
risk, particularly those individuals who are at high risk, of
developing CVD.

[0006] Currently, several risk factors are used by members
of the medical profession to assess an individual’s risk of
developing CVD and to identify individuals at high risk.
Major risk factors for cardiovascular disease include hyper-
tension, family history of premature CVD, smoking, high
total cholesterol, low HDL cholesterol, and diabetes. The
major risk factors for CVD are additive, and are typically used
together by physicians in a risk prediction algorithm to target
those individuals who are most likely to benefit from treat-
ment for CVD. These algorithms achieve a high sensitivity
and specificity for predicting 15% risk of CVD within 10
years. However, the ability of the present algorithms to pre-
dict a higher probability of developing CVD is limited.
Among those individuals with none of the current risk factors,
the 10-year risk for developing CVD is still about 2%. In
addition, a large number of cardiovascular disorders occur in
individuals with apparently low to moderate risk profiles, as
determined using currently known risk factors. Thus, there is
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a need to expand the present cardiovascular risk alogrithm to
identify a larger spectrum of individuals at risk for or affected
with CVD.

[0007] The mechanism of atherosclerosis is not well under-
stood. Over the past decade a wealth of clinical, pathological,
biochemical and genetic data support the notion that athero-
sclerosis is a chronic inflammatory disorder. Acute phase
reactants (e.g. C-reactive protein, complement proteins), sen-
sitive but non-specific markers of inflammation, are enriched
in fatty streaks and later stages of atherosclerotic lesions. In a
recent prospective clinical trial, base-line plasma levels of
C-reactive protein independently predicted risk of first-time
myocardial infarction and stroke in apparently healthy indi-
viduals. U.S. Pat. No. 6,040,147 describes methods which use
C-reactive protein, cytokines, and cellular adhesion mol-
ecules to characterize an individual’s risk of developing a
cardiovascular disorder. Although useful, these markers may
be found in the blood of individuals with inflammation due to
causes other than CVD, and thus, these markers are not highly
specific.

[0008] Accordingly, the need still exits for additional diag-
nostic tests for characterizing an individuals risk of develop-
ing or of having cardiovascular disease. Diagnostic tests
which employ risk factors that are independent of traditional
CVDrisk factors such as LDL levels are especially desirable.

SUMMARY OF THE INVENTION

[0009] The present invention provides new diagnostic tests
for characterizing an individual’s risk of developing or having
cardiovascular disease. The present tests are especially useful
for identifying those individuals who are in need of highly
aggressive CVD therapies as well as those individuals who
require no therapies targeted at preventing CVD. The present
diagnostic tests are based on the discovery that patients with
coronary artery disease (CAD) have significantly greater lev-
els of leukocyte and blood myeloperoxidase (MPO) levels
than patients without angiographically significant CAD. It
has also been discovered that leukocyte-MPO levels in CAD
and non-CAD patients are independent of age, sex, diabetes,
hypertension, smoking (ever or current), WBC count, L.DL-
C, trigylcerides, and Framingham Global Risk Score. Thus,
the present diagnostic tests, which involve assessing levels of
MPO activity, MPO mass, or levels of select MPO-generated
oxidation products in a blood sample or derivative thereof
from a test subject, provide additive predictive value beyond
that seen with clinical and diagnostic risk factors currently
employed by physicians.

[0010] Inone aspect, the present diagnostic test comprises
determining the level of MPO activity in a bodily sample
obtained from the individual or test subject. The bodily
sample is blood or a derivative thereof, including but not
limited to, leukocytes, neutrophils, monocytes, serum, or
plasma. The level of MPO activity in the bodily sample from
the test subject is then compared to a predetermined value that
is derived from measurements of MPO activity in comparable
bodily samples obtained from the general population or a
select population of human subjects. Such comparison char-
acterizes the test subject’s risk of developing CVD. For
example, test subjects whose blood levels of MPO activity are
higher than the predetermined value are at greater risk of
developing or having CVD than individuals whose blood
MPO activity levels are at or lower than the predetermined
value. Moreover, the extent of the difference between the test
subjects MPO activity levels and predetermined value is also
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useful for characterizing the extent of the risk and thereby,
determining which individuals would most greatly benefit
from certain therapies.

[0011] In another aspect, the diagnostic test comprises
determining the level of MPO mass in a bodily sample
obtained from the test subject. The bodily sample is blood or
a derivative thereof, including but not limited to, leukocytes,
neutrophils, monocytes, serum, or plasma. Levels of MPO
mass in bodily samples from the test subject are then com-
pared to a predetermined value that is derived from measure-
ments of MPO mass in comparable bodily samples obtained
from healthy controls. Such comparison characterizes the test
subject’s risk of developing CVD.

[0012] In another aspect, the diagnostic test comprises
determining the level of one or more select MPO-generated
oxidation products in a bodily sample obtained from the test
subject. The select MPO-generated oxidation products are
dityrosine, nitrotyrosine, methionine sulphoxide, and MPO-
generated lipid peroxidation products. Preferred MPO lipid
peroxidation products are hydroxy-eicosatetraenoic acids
(HETEs); hydroxy-octadecadienoic acids (HODEjs);
F2Isoprostanes; the glutaric and nonanedioic monoesters of
2-lysoPC (G-PC and ND-PC, respectively); the 9-hydroxy-
10-dodecenedioic acid and 5-hydroxy-8-oxo-6-octenedioic
acid esters of 2-lysoPC (HDdiA-PC and HOdiA-PC, respec-
tively); the 9-hydroxy-12-ox0-10-dodecenoic acid and 5-hy-
droxy-8-0x0-6-octenoic acid esters of 2-lysoPC (HODA-PC
and HOOA-PC, respectively); the 9-keto-12-0x0-10-dode-
cenoic acid and 5-keto-8-oxo-6-octenoic acid esters of
2-lysoPC (KODA-PC and KOOA-PC, respectively); the
9-keto-10-dodecendioic acid and 5-keto-6-octendioic acid
esters of 2-lysoPC (KDdiA-PC and KOdiA-PC, respec-
tively); the 5-oxovaleric acid and 9-oxononanoic acid esters
ot 2-1ysoPC (OV-PC and ON-PC, respectively); S-cholesten-
Sa, 6a-epoxy-3p-ol (cholesterol a-epoxide); S-cholesten-
5P, 6p-epoxy-3p-ol (cholesterol f-epoxide); S-cholesten-3f3,
7p-diol (7-OH-cholesterol); 5-cholesten-3f3, 25-diol (25-OH
cholesterol); 5-cholesten-3[-o0l-78-hydroperoxide (7-OOH
cholesterol); and cholestan-33, Sa, 6p-triol (triol). The bodily
sample is blood, urine or a blood derivative, including but not
limited to, leukocytes, neutrophils, monocytes, serum, or
plasma. Levels of the selected MPO-generated oxidation
products in bodily samples from the test subject are then
compared to a predetermined value that is derived from mea-
surements of the selected MPO-generated oxidation products
in comparable bodily samples obtained from healthy con-
trols. Such comparison characterizes the test subject’s risk of
developing CVD.

[0013] For those individuals who have already experienced
an acute adverse cardiovascular event such as a myocardial
infarction or ischemic stroke, the present diagnostic tests are
also useful for assessing such individual’s risk of having a
recurrent event. Thus, the present invention also provides a
method for monitoring over time the status of CVD in a
subject. The method comprises determining the levels of one
or more of the present risk factors, including MPO activity,
MPO mass, select MPO-generated oxidation products, and
combinations thereof, in a bodily sample taken from the sub-
jectat an initial time and in a corresponding bodily fluid taken
from the subject at a subsequent time. An increase in the
levels of the present risk factors from the bodily fluid taken at
the subsequent time as compared to the initial time indicates
that a subject’s risk of having a future cardiovascular event/
disorder has increased. A decrease in the levels of the present
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risk factors from the bodily fluid taken at the subsequent time
as compared to the initial time indicates that that the subject’s
risk of having a cardiovascular event has decreased.

[0014] In another aspect, the present invention provides a
method for evaluating therapy in a subject suspected of hav-
ing or having cardiovascular disease. The method comprises
determining the levels of one or more of the present risk
factors, including MPO activity, MPO mass, select MPO-
generated oxidation products, and combinations thereof, in a
bodily sample taken from the subject prior to therapy and a
corresponding bodily fluid taken from the subject during or
following therapy. A decrease in the level of the selected risk
factor in the sample taken after or during therapy as compared
to the level of the selected risk factor in the sample taken
before therapy is indicative of a positive effect of the therapy
on cardiovascular disease in the treated subject.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1. A kinetic model for myeloperoxidase.
[0016] FIG. 2. A schematic representation of certain
myeloperoxidase generated reactive intermediates and some
MPO-generated oxidation products.

[0017] FIG. 3. The chemical structure of dityrosine and
nitrotyrosine.
[0018] FIG. 4. Lipid Peroxidation in Plasma with Neutro-

phils from Healthy Subjects and MPO Deficient Subjects.
Neutrophils (1x10%ml) isolated from normal and MPO-de-
ficient individuals were incubated at 37° C. in HBSS supple-
mented with DTPA (100 uM, pH 7.0) and fresh human
plasma (50% v/v). Cells were activated by addition of phorbol
myristate acetate (PMA, 200 nM) and incubated for 2 h
(Complete System). The content of 9-H(P)ODE and 9-H(P)
ETE formed within endogenous plasma lipids were then
determined by LC/ESI/MS/MS. Where indicated, human
MPO (30 nM) was added to reaction mixtures. Data represent
the mean+SD of triplicate determinations. Each bar within a
cluster for a given condition represents results obtained from
independent experiments performed with neutrophil prepa-
rations from a distinct donor. PMN(MPO+), neutrophils iso-
lated from normal subjects; PMN(MPO-), neutrophils iso-
lated from MPO-deficient subjects.

[0019] FIG. 5. Characterization of neutrophil-dependent
initiation of lipid peroxidation of endogenous plasma lipids.
Neutrophils (1x10%/ml)isolated from normal subjects (PMN)
were incubated at 37° C. in HBSS supplemented with DTPA
(100 uM, pH 7.0) and fresh human plasma (50% v/v). Cells
were activated by addition of phorbol myristate acetate
(PMA, 200 nM) and then incubated for 2 h (Complete Sys-
tem). The content of 9-H(P)ODE and 9-H(P)ETE formed
within endogenous plasma lipids were then determined by
LC/ESI/MS/MS. Additions or deletions to the Complete Sys-
tem were as indicated. The final concentrations of additions to
the Complete System were 30 nM human MPO, 1 mM NaNj,
300 nM catalase (Cat), 300 nM heat inactivated-catalase (hi-
Cat), 100 uM methionine (Met), 100 uM ascorbate and 10
ng/ml superoxide dismutase (SOD). Data represent the
mean+SD of three independent experiments.

[0020] FIG. 6. Characterization of MPO-dependent initia-
tion of lipid peroxidation of endogenous plasma lipids. Fresh
human plasma (50%, v/v) was incubated with isolated human
MPO (30 nM) at 37° C. in HBSS supplemented with DTPA
(100 uM, pH 7.0) and a H,0,-generating system comprised
of glucose/glucose oxidase (G/GO) for 12 h (Complete Sys-
tem). Under this condition, a continuous flux of H,O, is
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formed at 10 uM/hr. The content of 9-H(P)ODE and 9-H(P)
ETE formed within endogenous plasma lipids were then
determined by LC/ESI/MS/MS. Additions or deletions to the
Complete System were as indicated. The final concentrations
of additions to the Complete System were 1 mM NaNj;, 300
nM catalase (Cat), 300 nM heat-inactivated catalase (hiCat),
200 nM SOD, 100 pM methionine (Met), and 100 uM ascor-
bate. Data represent the mean+SD of three independent
experiments.

[0021] FIG. 7. Oxidized phosphatidyl choline species gen-
erated by MPO oxidation of LDL are enriched in atheroscle-
rotic lesions. The contents of the indicated oxidized PC spe-
cies were determined in native LDL and LDL oxidized by the
MPO-H,0,—NO, system (NO,-LDL) using LC/ESI/MS/
MS. Data represent the mean+S.D. of triplicate determina-
tions of a representative experiment performed two times.
The content of PAPC in LDL and NO,-LDL preparations
were 0.122+0.07 and 0.008+0.001 pmol/mg apoprotein,
respectively. The content of PLPC in LDL and NO,-LDL
preparations were 0.88+0.05 and 0.35+0.05 pmol/mg apo-
protein, respectively. The thoracic aorta from Watanabe Heri-
table Hyperlipidemic Rabbits was isolated, rinsed in Argon
sparged PBS supplemented with 100 uM BHT and 100 uM
DTPA, submerged in the same buffer, covered in argon, flash-
frozen in liquid nitrogen and then stored at —80° C. until
analysis. Aortae relatively free of lipid lesions were obtained
from WHHL rabbits age 10-12 weeks, while aortae with
confluent lesions were recovered from WHHL rabbits >6
months old. Individual frozen aortae were pulverized with
stainless steel mortar and pestle under liquid nitrogen, the
powder transferred to glass screw capped test tubes equipped
with PTFE-lined caps, and then lipids were extracted by the
method of Bligh and Dyer under Argon in the presence of
BHT. Three aortae were analyzed in each group. Quantifica-
tion of lipids was then performed by LC/ESI/MS/MS. Data
are expressed as mean+S.D.

[0022] FIG. 8. Content of select MPO-generated oxidized
lipids in atherosclerotic plague material of human patients
and normal aortic intima of heart transplant donors.

[0023] FIG. 9. The content of MPO in isolated leukocytes
(Leukocyte-MPO) and per ml of blood (Blood-MPO) were
determined in 333 subjects (158 with known coronary artery
disease and 175 without angiographically significant CAD)
as described under “Methods.” Box-whisker plots of MPO
levels vs. CAD status are shown. Boxes encompass the 25 to
75% percentiles. Lines within boxes represent median values.
Bars represent the 2.5% and 97.5” percentiles. ANC, absolute
neutrophil count; CAD, coronary artery disease; PMN, poly-
morphonuclear leukocyte.

[0024] FIG. 10. Model 1—Odds ratios adjusted for risk
factors significant following univariate adjustment: age, gen-
der, hypertension, smoking history, HDLc, WBC quartile and
MPO quartile. Model 2—Odds ratios adjusted for Framing-
ham Global Risk assessment, WBC and MPO quartile.
Closed circles, unadjusted odd ratios. Closed triangles,
Model 1. Closed squares, Model 2.

[0025] FIG. 11. Cytogram of WBC from an individual
whose MPO level per neutrophil is below the average in a
population (left panel), and an individual whose MPO level
per neutrophil is above average in a population (right panel).

DETAILED DESCRIPTION OF THE INVENTION

[0026] All references cited herein are specifically incorpo-
rated herein by reference.
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[0027] The present invention provides diagnostic tests for
characterizing an individual’s risk for developing or having
CVD. Inone aspect, the method comprises obtaining the level
of MPO activity in a bodily sample obtained from the indi-
vidual. In another aspect, the method comprises obtaining the
level of MPO mass in a bodily sample from the individual. In
another aspect, the method comprises obtaining the level of
one or more select MPO-generated oxidation products in a
bodily sample from the individual or test subject. Such MPO-
generated oxidation products are selected from the group
consisting of dityrosine, nitrotyrosine, methionine sulphox-
ide and a lipid peroxidation product. In yet another aspect, the
method comprises obtaining the level of MPO activity, or
MPO mass, or both, and the level of one or more select
MPO-generated oxidation products in a bodily sample
obtained from the individual.

[0028] The level of MPO activity or MPO mass or select
MPO-generated oxidation product in the individual’s bodily
sample is then compared to a predetermined value to provide
arisk value which characterizes the individual’s risk of devel-
oping or having CVD.

[0029] The present invention also relates to kits that com-
prise assays for MPO activity or mass, or the select MPO-
generated oxidation product. Such assays have appropriate
sensitivity with respect to predetermined values selected on
the basis of the present diagnostic tests. The present kits differ
from those presently commercially available for MPO by
including, for example, different cut-offs, different sensitivi-
ties at particular cut-offs, as well as instructions or other
printed material for characterizing risk based upon the out-
come of the assay.

Preparation of Bodily Sample

[0030] Whole blood is obtained from the individual or test
subject using standard clinical procedures. Plasma is
obtained from whole blood samples by centrifugation of anti-
coagulated blood. Such process provides a buffy coat of white
cell components and a supernatant of the plasma.

[0031] Serum is collected by centrifugation of whole blood
samples that have been collected in tubes that are free of
anti-coagulant. The blood is permitted to clot prior to cen-
trifugation. The yellowish-reddish fluid that is obtained by
centrifugation is the serum.

[0032] Leukocytes can be isolated from whole blood
samples by any of various techniques including buoyant den-
sity centrifugation as described in the examples below.
[0033] Myeloperoxidase and Myeloperoxidase-Generated
Oxidation Products

[0034] MPO (donor: hydrogen peroxide, oxidoreductase,
EC 1.11.1.7) is a tetrameric, heavily glycosylated, basic (PI.
10) heme protein of approximately 150 kDa. It is comprised
of two identical disulfide-linked protomers, each of which
possesses a protoporphyrin-containing 59-64 kDa heavy sub-
unit and a 14 kDa light subunit (Nauseef, W. M, et al., Blood
67:1504-1507; 1986.)

[0035] MPO is abundant in neutrophils and monocytes,
accounting for 5%, and 1 to 2%, respectively, of the dry
weight of these cells (Nauseef, W. M, et al., Blood 67:1504-
1507; 1986, (Hurst, J. K. In: Everse J.; Everse K.; Grisham M.
B., eds. Peroxidases in chemistry and biology 1st ed. Boca
Raton: CRC Press; 1991:37-62.) The heme protein is stored
in primary azurophilic granules of leukocytes and secreted
into both the extracellular milieu and the phagolysosomal
compartment following phagocyte activation by a variety of
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agonists (Klebanoff, S. I, et al. The neutrophil: functions and
clinical disorders. Amsterdam: Elsevier Scientific Publishing
Co.; 1978.) Immunohistochemical methods have demon-
strated that MPO is present in human atheroscloerotic lesions.
However, MPO has not yet been shown to be present at
increased levels in blood samples from individuals with ath-
erosclerosis.

[0036] A recently proposed working kinetic model for
MPO is shown in FIG. 1. MPO is a complex heme protein
which possesses multiple intermediate states, each of which
are influenced by the availability of reduced oxygen species
such as O,~ and H,O,, and nitric oxide (NO, nitrogen mon-
oxide) (Abu-Soud, H. M., et al., J. Biol. Chem. 275:5425-
5430; 2000). At ground state, MPO exists in the ferric (Fe
(II1)) form. Upon addition of H,O,, the heme group of MPO
is oxidized two e~ equivalents forming a reactive ferryl =
cation radical intermediate termed Compound 1. In the pres-
ence ofhalides such as CI7, Br~, and I, and the psuedohalide
thiocyanate (SCN™), Compound I is readily reduced in a
single two €~ step, regenerating MPO-Fe(IlI) and the corre-
sponding hypohalous acid (HOX). At plasma levels ofhalides
and thiocyanate (100 mM C17, 100 mM Br~ 50 mM SCN-,
100 nM I~ chloride is a preferred substrate and hypochlorous
acid (HOCI), a potent chlorinating oxidant, is formed (Foote,
C. S., et al; Nature 301:715-726; 1983, Weiss, S. ., et al. J.
Clin. Invest. 70:598-607; 1982).

[0037] Compound I can also oxidize numerous organic
substrates while the heme undergoes two sequential one e~
reduction steps, generating compound II and MPO-Fe(IIl),
respectively (FIG. 1). Low molecular weight compounds pri-
marily serve as substrates for MPO, generating diffusible
oxidants and free radical species which can then convey the
oxidizing potential of the heme to distant targets. In addition
to halides and SCN~, some of the naturally occurring sub-
strates for MPO include nitrite (NO,7) (van der Vliet, A., et
al., J Biol. Chem. 272:7617-7625; 1997), tyrosine (van der
Vliet, A, et al., J. Biol. Chem. 272:7617-7625; 1997), ascor-
bate (Marquez, L. A., et al., J. Biol. Chem. 265:5666-5670;
1990), urate (Maehly, H. C. Methods Enzymol. 2:798-801;
1955), catecholamines (Metodiewa, D., et al., Eur J. Bio-
chem. 193:445-448; 1990), estrogens (Klebanoff, S. J. J. Exp.
Med 145:983-998; 1977), and serotonin (Svensson, B. E.
Chem. Biol. Interact. 70:305-321; 1989). MPO-Fe(IlI) can
also be reduced to an inactive ferrous form, MPO-Fe(Il)
(Hurst, J. K. In: Everse J.; Everse K.; Grisham M. B., eds.
Peroxidases in chemistry and biology 1st ed. Boca Raton:
CRC Press; 1991:37-62, (Kettle, A. I., et al., Redox. Rep.
3:3-15; 1997). MPO-Fe(IlT) and MPO-Fe(1l) bind to O,
and O,, respectively, forming a ferrous dioxy intermediate,
compound III (MPO-Fe(II)—0,) (FIG. 1). Spectral studies
demonstrate that addition of H,O, to Compound III ulti-
mately forms compound II. Thus, compound III may indi-
rectly promote one e~ peroxidation reactions.

[0038] Recent studies identify a role for NO, a relatively
long-lived free radical generated by nitric oxide synthase
(NOS), in modulating MPO peroxidase activity (Abu-Soud,
H. M, etal.,J. Biol. Chem. 275:5425-5430; 2000). MPO and
the inducible isoform of NOS are colocalized in the primary
granule of leukocytes. During phagocyte activation, such as
during ingestion of bacteria, MPO and NOS are secreted into
the phagolysosome and extracellular compartments, and
nitration of bacterial proteins is observed (Evans, T. J., et al.,
Proc. Natl. Acad. Sci. USA 93:9553-9558; 1996). Rapid
kinetics studies demonstrate that at low levels of NO, the
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initial rate of MPO-catalyzed peroxidation of substrates is
enhanced. The mechanism is through acceleration of the rate-
limiting step in MPO catalysis, reduction of compound I to
MPO-Fe(1Il) (FIG. 1) (Abu-Soud, H. M., etal., J. Biol. Chem.
275:5425-5430; 2000, Abu-Soud, H. M., et al. Nitric oxide is
aphysiological substrate for mammalian animal peroxidases.
Submitted; 2000). At higher levels of NO, reversible inhibi-
tion of MPO occurs through formation of a spectroscopically
distinguishable nitrosyl complex, MPO-Fe(III)-NO (Abu-
Soud, H. M., et al., J. Biol. Chem. 275:5425-5430, 2000). NO
also can serve as a substrate for MPO compound I, resulting
in its reduction to Compound II (Abu-Soud, H. M., et al.
Nitric oxide is a physiological substrate for mammalian ani-
mal peroxidases. Submitted; 2000). Furthermore, in the pres-
ence of NO, the overall turnover rate of MPO through the
peroxidase cycle is enhanced nearly 1000-fold (Abu-Soud,
H. M., et al. Nitric oxide is a physiological substrate for
mammalian animal peroxidases. Submitted; 2000). Finally,
NO also reversibly binds to MPO-Fe(Il) forming the corre-
sponding MPO-Fe(II)-NO intermediate, which is in equilib-
rium with MPO-Fe(II) and MPO-Fe(III)-NO (FIG. 1) (Abu-
Soud, H. M., et al., J. Biol. Chem. 275:5425-5430; 2000,
Abu-Soud, H. M., et al. Nitric oxide is a physiological sub-
strate for mammalian animal peroxidases. Submitted; 2000).
[0039] As described above, MPO can utilize a variety of
cosubstrates with H,O, to generate reactive oxidants as inter-
mediates. Many stable end-products generated by these spe-
cies have been characterized and shown to be enriched in
proteins, lipids, and LDL recovered from human atheroscle-
rotic lesions (Chisolm, G. M., et al., Proc. Natl. Acad. Sci.
USA 91:11452-11456; 1994, Hazell, L. J., et al, J. Clin.
Invest. 97:1535-1544; 1996, Hazen, S. L., et al., J Clin.
Invest. 99:2075-2081; 1997, Leeuwenburgh, C., et al, J. Biol.
Chem. 272:1433-1436; 1997, Leeuwenburgh, C., et al., J.
Biol. Chem. 272:3520-3526; 1997). FIG. 2 summarizes some
of the reactive intermediates and products formed by MPO,
any of which are known to be enriched in vascular lesions.
[0040] Methods of Determining MPO Activity

[0041] Myeloperoxidase activity may be determined by
any of a variety of standard methods known in the art. One
such method is a colorimetric-based assay where a chro-
mophore that serves as a substrate for the peroxidase gener-
ates a product with a characteristic wavelength which may be
followed by any of various spectroscopic methods including
UV-visible or fluorescence detection. Additional details of
colorimetric based assays can be found in Kettle, A. J. and
Winterbourn, C. C. (1994) Methods in Enzymology. 233:
502-512; and Klebanoff, S. J., Waltersdorph, A. N. and
Rosen, H. (1984) Methods in Enzymology. 105: 399-403,
both of which are incorporated herein by reference. An article
by Gerber, Claudia, E. et al, entitled “Phagocytic Activity and
Oxidative Burst of Granulocytes in Persons with Myeloper-
oxidase Deficiency” published in 1996 in Eur. J. Clin. Chem
Clin Biochem 34:901-908, describes a method for isolation
for polymorphonuclear leukocytes (i.e. neutrophils) and mea-
surement of myeloperoxidase activity with a colorometric
assay, which involves oxidation of the chromgen 4-chloro-1-
naphthol.

[0042] Peroxidase activity may be determined by in situ
peroxidase staining in MPO containing cells with flow
cytometry-based methods. Such methods allow for high
through-put screening for peroxidase activity determinations
in leukocytes and subpopulations of leukocytes. An example
is the cytochemical peroxidase staining used for generating
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white blood cell count and differentials with hematology
analyzers based upon peroxidase staining methods. For
example, the Advia 120 hematology system by Bayer ana-
lyzes whole blood by flow cytometry and performs peroxi-
dase staining of white blood cells to obtain a total white blood
cell count (CBC) and to differentiate amongst the various
white blood cell groups.

[0043] With these methods, whole blood enters the instru-
ment and red blood cells are lysed in a lysis chamber. The
remaining white blood cells are then fixed and stained in situ
for peroxidase activity. The stained cells are channeled into
the flow cytometer for characterization based upon the inten-
sity of peroxidase staining and the overall size of the cell,
which is reflected in the amount of light scatter of a given cell.
These two parameters are plotted on the x and y axis, respec-
tively, by conventional flow cytometry software, and clusters
of individual cell populations are readily discernible. These
include, but are not limited, to neutrophils, monocytes and
eosinophils, the three major leukocyte populations contain-
ing visible peroxidase staining.

[0044] Duringthe course of these analyses, leukocytes such
as monocytes, neutrophils, eosinophils and lymphocytes are
identified by the intensity of peroxidase staining and their
overall size. Information about the overall peroxidase activity
staining within specific cell populations is thus inherent in the
position of individual cell clusters (e.g. neutrophil, monocyte,
eosinophil clusters) and peroxidase levels within specific cell
populations may be determined. Peroxidase activity/staining
in this detection method is compared to a peroxidase stain
reference or calibrant. Individuals with higher levels of per-
oxidase activity per leukocyte are identified by having a cell
population whose location on the cytogram indicates higher
levels of peroxidase (i.e., average peroxidase activity per
leukocyte) or by demonstrating a sub-population of cells
within a cell cluster (e.g. neutrophil, monocyte, eosinophil
clusters) which contain higher levels of peroxidase activity
either on average or in a higher subgroup, such as the higher
tertile or quartile.

Methods of Determining MPO Mass

[0045] The mass of myeloperoxidase in a given sample is
readily determined by an immunological method, e.g.
ELISA. Commercial kits for MPO quantification by ELISA
are available.

[0046] MPO mass in a sample can also be determined indi-
rectly by in situ peroxidase staining of the bodily sample.
Methods which analyze leukocyte peroxidase staining can be
performed on whole blood, such as those with hematology
analyzers which function based upon in situ peroxidase stain-
ing. Previous studies by other investigators have demon-
strated that the overall intensity of staining is proportional to
peroxidase mass (e.g. Claudia E. Gerber, Selim Kuci, Mat-
thias Zipfel, Ditrich Niethammer and Gernot Bruchfelt,
“Phagocytic activity and phagocytic activity and oxidative
burst of granulocytes in persons with myeloperoxidase defi-
ciency” European Journal of Clinical Chemistry and Clinic
Biochemistry (1996) 34: 901-908).

[0047] Flow cytometry through a hematology analyzer is a
high through-put technique for quantifying the parameters
used in determining MPO activity or mass levels or numbers
of cells containing elevated levels of MPO activity or mass.
The advantage of using such a technique is its ease of use and
speed. The Advia 120 can perform 120 complete cell blood
count and differentials in one hour and utilizes only a few
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microliters of blood at a time. All the data necessary for
determination of the peroxidase activity is held within the
flow cytometry cell clusters used to ultimately calculate the
total white blood cell count and differential. With minor
adjustments to software of this apparatus, the readout can be
modified to include multiple different indices of overall per-
oxidase activity. For example, individuals whose neutrophil
clusters contain an overall increase in the average peroxidase
activity (i.e. increased mean peroxidase index) will be at
increased risk for development of cardiovascular disease. In
addition to simply determining the mean peroxidase activity
for a given cell type, individuals at increased risk of develop-
ing CVD can be identified by examining the overall distribu-
tion of peroxidase activity within a given cell cluster (mean+
mode, etc). It is expected that by looking at the population of
peroxidase activity per leukocyte, individuals who possess
leukocytes with a higher proportion of cells containing a high
peroxidase activity in a subset of cells (for example, the upper
quartile, or the upper tertile) may be at particularly high risk.

Levels of MPO Activity and MPO Mass

[0048] The level of MPO activity or MPO mass in the body
fluid can be determined by measuring the MPO activity or
MPO mass in the body fluid and normalizing this value to
obtain the MPO activity or mass per ml of blood, per ml of
serum, per ml of plasma, per leukocyte (e.g. neutrophil or
monocyte), per weight, e.g. mg of total blood protein, per
weight of leukocyte protein (e.g. per weight of neutrophil or
monocyte protein). Alternatively, the level of MPO activity or
MPO mass in the body fluid can be a representative value
which is based on MPO activity in the test subjects blood or
blood derivatives. For example the level of MPO activity can
be the percentage or the actual number of the test subject’s
neutrophils or monocytes that contain elevated levels of MPO
activity or MPO mass. Examples of other representative val-
ues include, but are not limited to, arbitrary units for a param-
eter that can be obtained from a flow cytometry based cyto-
gram, such as the position of the neutrophil cluster on the X
and Y axes, or the angle of the major axis of the neutrophil
cluster relative to the X and Y axes.

Myeloperoxidase-Generated Oxidation Products

Role of MPO in the Generation of HETEs and HODEs and
Oxidized Cholesterol Esters

[0049] A role for MPO in the oxidation of LDL and the
initiation of lipid peroxidation has recently been questioned
by several investigators. Noguchi and colleagues examined
the capacity of leukocytes isolated from wild-type and MPO
knockout mice to promote oxidation of LDL in model sys-
tems ex vivo and observed only modest differences in the
parameters of lipid oxidation monitored. (Noguchi N, et al. J.
Biochem. (Tokyo) 2000; 127:971-976). It has also recently
been suggested that MPO-catalyzed oxidation of LDL is
inhibited, rather than promoted, by the presence of NO,,
particularly when focusing upon protein oxidation products.
(Carr A C, etal, J. Biol. Chem. 2001; 276:1822-1828). More-
over, an antioxidant rather than a pro-oxidant function for
MPO-generated tyrosine oxidation products and LDL oxida-
tion has been proposed. (Santanam N., et al. J. Clin. Invest
1995; 95:2594-2600, Exner M. et al., FEBS Lett. 2001; 490:
28-31). It has also been suggested by some investigators that
HOCI generated by MPO can promote oxidation of lipopro-
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tein lipids and formation of hydroperoxides (Panasenko O
M., Biofactors 1997; 6:181-190), whereas other studies have
not supported these observations. (Schmitt D, et al., Biochem.
1999; 38:16904-16915, Hazen S L, et al., Circ. Res. 1999;
85:950-958). Finally, recent studies have noted species dif-
ferences between murine and human leukocytes with respect
to MPO and generation of reactive oxidant species. (Xie Q W,
et al., Biological oxidants: generation and injurious conse-
quences. San Diego, Calif., USA, Academic Press, 1992,
Rausch P G, et al., Blood 1975; 46:913-919, Nauseef W M.,
J. Clin. Invest 2001; 107:401-403, Brennan M L, et al. J. Clin.
Invest 2001; 107:419-430).

[0050] To determine the role of MPO in promoting lipid
oxidation in plasma, we incubated activated neutrophils from
healthy subjects and subjects with a myeloperoxidase defi-
ciency with whole plasma (50%, v/v) and physiological levels
of C1~ (100 mM final). Phagocytes were activated with PMA
and the formation of specific oxidation products of linoleic
and arachidonic acids, respectively, was determined by
LC/ESI/MS/MS.

MPO and Lipoprotein Isolation

[0051] MPO (donor: hydrogen peroxide, oxidoreductase,
EC 1.11.1.7) was isolated and characterized as described.
(Heinecke J W, et al., J. Biol. Chem. 1993; 268:4069-4077,
Wu W, et al., Biochemistry 1999; 38:3538-3548). Purity of
isolated MPO was established by demonstrating a R/Z=0.85
(ALs0/Asgo)s SDS PAGE analysis with Coomassie Blue stain-
ing, and in-gel tetramethylbenzidine peroxidase staining to
confirm no eosinophil peroxidase contamination. (Wu W, et
al., Biochemistry 1999; 38:3538-3548). Purified MPO was
stored in 50% glycerol at -20° C. Enzyme concentration was
determined spectrophotometrically (€,5,=170,000 M~*cm~
1). (Odajima T, et al. Biochim. Biophys. Acta. 1970; 71-77).
LDL was isolated from fresh plasma by sequential ultracen-
trifugation as a 1.019<d<1.063 g/ml fraction with dialysis
performed in sealed jars under argon atmosphere. (Hatch F T.
Adv. Lipid Res. 1968; 6:1-68). Final preparations were kept
in 50 mM sodium phosphate (pH 7.0), 100 uM DTPA and
stored under N, until use. LDL concentrations are expressed
per mg of LDL protein.

Human Neutrophil Preparations

[0052] Human neutrophils were isolated from whole blood
obtained from normal and MPO-deficient subjects, as
described. (Hazen S L, et al., J. Biol. Chem. 1996; 271:1861-
1867). Neutrophils preparations were suspended in HBSS
(Mg**-, Ca**-, phenol- and bicarbonate-free, pH 7.0) and
used immediately for experiments.

Lipid Peroxidation Reaction

[0053] Isolated human neutrophils (10%ml) were incu-
bated at37° C. with either 50% (v/v) normal human plasma or
isolated human LDL (0.2 mg/ml) under air in HBSS supple-
mented with 100 uM DTPA. Neutrophils were activated by
adding 200 nM phorbol myristate acetate (PMA) and main-
tained in suspension by gentle mixing every 5 min. After 2 h,
reactions were stopped by immersion in ice/water bath, cen-
trifugation at 4° C. and immediate addition of 50 uM buty-
lated hydroxytoluene (BHT) and 300 nM catalase to the
supernatant. Lipid peroxidation products in the supernatant
were then rapidly assayed as described below.
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[0054] Reactions with isolated MPO were typically per-
formed at 37° C. in sodium phosphate butfer 20 mM, pH 7.0)
supplemented with 100 uM DTPA using 30 nM MPO, 1 mM
glucose (G), 20 ng/ml glucose oxidase (GO). Under this
condition, a constant flux of H,0, (0.18 uM/min) was gener-
ated by the glucose/glucose oxidase (G/GO) system. Unless
otherwise stated, reactions were terminated by immersion in
ice/water bath and addition of both 50 uM BHT and 300 nM
catalase to the reaction mixture.

Lipid Extraction and Sample Preparation

[0055] Lipids were extracted and prepared for mass spec-
trometry analysis under argon or nitrogen atmosphere at all
steps. First, hydroperoxides in the reaction mixture were
reduced to their corresponding hydroxides by adding SnCl,
(1 mM final). A known amount of deuterated internal stan-
dard, 12(S)-hydroxy-5,8,10,14-eicosatetraenoic-5,6,8,9,11,
12,14,15-d8 acid (12-HETE-d8; Cayman Chemical Com-
pany, Ann Arbor, Mich.) was added to the sample, and then
plasma lipids were extracted by adding a mixture of 1 M
acetic acid/2-isopropanol/hexane (2/20/30, v/v/v) ataratio of
5 ml organic solvent mix:1 ml plasma. Following vortexing of
the mixture and centrifugation, lipids were extracted into the
hexane layer. Plasma was re-extracted by addition of an equal
volume of hexane, followed by vortexing and centrifugation.
Cholestery] ester hydroperoxides (CE-H(P)ODEs) were ana-
lyzed as their stable SnCl,-reduced hydroxide forms by dry-
ing of the combined hexane extracts under N,, reconstituting
samples with 200 ul 2-isopropanol/acetonitrile/water (44/54/
2,v/v/v) and storage at —80° C. under argon until analysis. For
the assay of free fatty acids and their oxidation products, total
lipids (phospholipids, cholesterol esters, triglycerides) were
dried under N,, re-suspended in 1.5 ml 2-isopropanol and
then fatty acids were released by base hydrolysis with 1.5 ml
1M NaOH at 60° C. for 30 min under argon. The hydrolyzed
samples were acidified to pH 3.0 with 2M HCl and fatty acids
were extracted twice with 5 ml hexane. The combined hexane
layers were dried under N,, resuspended in 100 pl methanol
and stored under argon at —80° C. until analysis by LC/ESI/
MS/MS), as described below.

HPLC Fractionation of Plasma Filtrate

[0056] In order to study the role played by low molecular
weight compounds in plasma as substrates for MPO in pro-
motion of lipid peroxidation, whole plasma from normal
healthy donors was filtered through a 10 kDa MWt cut off
filter (Centriprep YM-10, Millipore-Corporation Bedford,
Mass. USA) by centrifugation. The filtrate of plasma was
used either directly or following fractionation by HPLC.
Reverse phase HPLC fractionation of was performed using a
Beckman C-18 column (4.6x250 mm, 5 um ODS; Beckman
Instruments, Inc. Fullerton, Calif.). The separation of low
molecular weight compounds in plasma filtrate (0.5 ml) was
carried out at the flow rate 1.0 ml/min with the following
gradient: 100% mobile phase A (water containing 0.1% acetic
acid) over 10 min, then linear gradient to 100% mobile phase
B (methanol containing 0.1% acetic acid) over 10 min, fol-
lowed by 100% mobile phase B over 5 min. Effluent was
collected as 1 ml fractions, dried under N, and then resus-
pended in buffer (0.1 ml) for analysis. Fractionation of
plasma filtrate (0.5 ml) by strong anion exchange HPLC
(SAX-HPLC) was performed on a SPHERIS HPLC column
(4.6x250 mm, 5 um SAX; Phase Separations Inc. Norwalk
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Conn.). The separation of low molecular weight compounds
in plasma filtrate was carried out at the flow rate 0.9 ml/min
under isocratic conditions using 45 mM ammonium acetate
buffer (pH 4.0) as mobile phase. Effluent was collected as 1.0
ml fractions, dried under N,, and then resuspended in buffer
(0.1 ml) for analysis.

[0057] a) Mass Spectrometry

[0058] LC/ESI/MS/MS was employed to quantify free
radical-dependent oxidation products of arachidonic acid
(9-hydroxy-5,7,11,14-eicosatetraenoic acid and 9-hydroper-
oxy-5,7,11,14-eicosatetraenoic acid (9-H(P)ETE)), and
linoleic acid (9-hydroxy-10,12-octadecadienoic acid and
9-hydroperoxy-10,12-octadecadienoic acid (9-H(P)ODE)).
Immediately prior to analysis, one volume of H,O was added
to five volumes methanol-suspended sample, which was then
passed through a 0.22 um filter (Millipore Corporation, Bed-
ford, Mass.). Sample (20 pl) was injected onto a Prodigy C-18
column (1x250 mm, 5 pm ODS, 100 A; Phenomenex, Rancho
Palos Verdes, Calif.) at a flow rate of 50 pl/min. The separa-
tion was performed under isocratic conditions using 95%
methanol in water as the mobile phase. In each analysis, the
entirety of the HPL.C column effluent was introduced onto a
Quattro II triple quandrupole MS (Micromass, Inc.). Analy-
ses were performed using electrospray ionization in negative-
ion mode with multiple reaction monitoring (MRM) of parent
and characteristic daughter ions specific for the isomers
monitored. The transitions monitored were mass-to-charge
ratio (m/z) 295 171 for 9-HODE; m/z 319 151 for 9-HETE;
m/z 327 184 for 12-HETE-dS8. N, was used as the curtain gas
in the electrospray interface. The internal standard 12-HETE-
d8 was used to calculate extraction efficiencies (which were
>80% for all analyses). External calibration curves con-
structed with authentic standards were used to quantify
9-HETE and 9-HODE.

[0059] b) RP-HPLC Quantification of CE-H(P)ODEs
[0060] Sample (100 pul) reconstituted in methanol (without
base hydrolysis) were injected onto a Beckman C-18 column
(4.6x250 mm, 5 pm ODS; Beckman Instruments, Inc., Ful-
lerton, Calif.). Lipids were separated using an isocratic sol-
vent system comprised of 2-isopropanol/acetonitrile/water
(44/54/2, v/viv) at a flow rate of 1.5 ml/min. CE-H(P)ODEs
were quantified as their stable hydroxide forms by UV detec-
tion at 234 nm using CE-9-HODE (Cayman Chemical Com-
pany, Ann Arbor, Mich.) for generation of an external cali-
bration curve.

Results

[0061] Normal neutrophils generated significant levels of
9-H(P)ODE and 9-(H)PETE in plasma following cell activa-
tion by PMA (FIG. 4). In stark contrast, MPO-deficient neu-
trophils failed to generate significant levels of lipid peroxida-
tion products following stimulation with PMA, despite their

enhanced capacity to produce O," . Addition of catalytic
amounts of MPO restored the capacity of MPO-deficient
neutrophils to initiate peroxidation of endogenous plasma
lipids (FIG. 4).

[0062] Addition of catalase, but not heat inactivated cata-
lase, to cell mixtures resulted in the near complete ablation of
lipid peroxidation in plasma, strongly suggesting a critical
role for H,O, in the cell-dependent reaction (FIG. 5). Incu-
bation of reaction mixtures with superoxide dismutase (SOD)
failed to attenuate oxidation of plasma lipids (FIG. 5). In
contrast, addition of heme poisons (e.g. azide, cyanide) and
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the water-soluble antioxidant ascorbate resulted in complete
inhibition of neutrophil-depended peroxidation of plasma
lipids. Finally, addition of HOCI scavengers such as dithio-
threitol and the thioether methionine, failed to attenuate neu-
trophil-dependent peroxidation of endogenous plasma lipids,
assessed by quantification of 9-H(P)ODE and 9-H(P)ETE
(FIG. 5).

[0063] Results thus far presented strongly suggest that neu-
trophils employ the MPO-H,O, system to generate reactive
species distinct from chlorinating intermediates as the pri-
mary oxidants for initiation of lipid peroxidation in plasma.
To confirm a physiological role for MPO, we next added
purified human MPO and a H,O,-generating system (glu-
cose/glucose oxidase, G/GO) to plasma and monitored for-
mation of specific oxidation products by LC/ESI/MS/MS
analysis. Formation of 9-H(P)ODE and 9-H(P)ETE occurred
readily and had an absolute requirement for the presence of
both MPO and the H,0,-generating system (FIG. 6). Lipid
oxidation was again inhibited by catalase, azide or ascorbate,
but was not affected by addition of SOD or methionine (FIG.
6). Collectively, these results strongly support a pivotal role
for the MPO-H,0, system of leukocytes as a primary mecha-
nism for initiating lipid peroxidation in complex biological
tissues and fluids such as plasma.

MPO Oxidation of LDL and the Presence of the
Resultant Oxidation Products in Atherosclerotic
Lesions

General Procedures.

[0064] Human myeloperoxidase (donor: hydrogen perox-
ide, oxidoreductase, EC 1.11.1.7) and LDL were isolated and
quantified as described (Podrez, E. A, et al., 1999, J. Clin.
Invest. 103:1547). All buffers were treated with Chelex-100
resin (Bio-Rad, Hercules, Calif.) and supplemented with
diethylenetriaminepentaacetic acid (DTPA) to remove trace
levels of transition metal ions that might catalyze LDL oxi-
dation during incubations. LDL was labeled with Na[**°T] to
a specific activity between 100 and 250 dpm/ng protein, as
described (Hoppe, G., et al., 1994, J. Clin. Invest. 94, 1506-
12). Extraction of cellular lipids and thin-layer chromatogra-
phy separation of radiolabeled cholesterol esters and free
cholesterol were performed as described (Podrez, E. A, et al.,
1999, J. Clin. Invest. 103:1547). Incorporation of ['*CJoleate
into cholesteryl esters by cells following incubation with the
indicated lipoproteins (50 npg/ml), were determined as
described (Podrez, E. A, et al., 1999, J. Clin. Invest. 103:
1547). Rabbit thoracic aortae were isolated from WHHL
Rabbits, rinsed in argon-sparged PBS supplemented with 100
UM butylated hydroxytoluene (BHT) and 100 uM DTPA,
submerged in the same buffer, covered in argon and flash
frozen in liquid nitrogen and then stored at —80° C. until
analysis. Aortae relatively free of lipid lesions were obtained
from WHHL rabbits age 10-12 weeks, while aortae full of
lesions were recovered from WHHL rabbits greater than 6
months old.

Lipoprotein Modification.

[0065] LDL modified by MPO-generated nitrating inter-
mediates (NO,-LDL) was formed by incubating LDL (0.2 mg
protein/ml) at 37° C. in 50 mM sodium phosphate, pH 7.0,
100 uM DTPA, 30 nM MPO, 100 pg/ml glucose, 20 ng/ml
glucose oxidase and 0.5 mM NaNO, for 8 h unless otherwise
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specified. Under these conditions, a constant flux of H,O, (10
uM/hr) is generated by the glucose/glucose oxidase system,
as determined by the oxidation of Fe(Il) and formation of
Fe(Ill)-thiocyanate complex (van der Vliet, A., et al., 1997, J.
Biol. Chem., 272:7617). Oxidation reactions were terminated
by addition of 40 pM BHT and 300 nM catalase to the reac-
tion mixture. LDL acetylation was performed as described
earlier (Podrez, E. A, et al., 1999, J. Clin. Invest. 103:1547).

Phospholipid Separation and Mass Spectrometric Analysis.

[0066] Lipids were maintained under inert atmosphere (ar-
gon or nitrogen) at all times. Lipids from either oxidized
PAPC or PLPC vesicles, or from NO,-LDL, were extracted
three times sequentially by the method of Bligh and Dyer
[Bligh, 1959 #52] immediately after adding an equal volume
of saturated NaCl solution (to enhance lipid extraction). The
combined chloroform extracts were evaporated under nitro-
gen, and lipids were then resuspended in methanol (at
approximately 200 pg/0.1 mL), filtered through an Acrodisc
CR PTFE filter and applied on a reverse-phase column (LLuna
C18, 25010 mm, 5 pum, Phenomenex, Torrence, Calif.,
USA). Lipids were resolved at a flow rate of 3 mL/min using
a ternary (acetonitrile/methanol/H,O) gradient generated by
a Waters 600 E Multisolvent delivery system HPLC (Waters,
Milford, Mass., USA), and monitored using an evaporative
light scattering detector (Sedex 55, Sedere, Alfortville,
France).

[0067] Further fractionation and isolation of bioactive lip-
ids was performed on combined lipid extracts from three
separations that were dried under N, resuspended in chloro-
form (300 ul) supplemented with BHT and maintained under
argon atmosphere. An aliquot of the fraction (%4rds) was
removed, evaporated under nitrogen and resuspended in
HPLC buffer (methanol/water; 85/15; v/v) immediately prior
to injection on reverse phase HPL.C column.

[0068] Mass spectrometric analyses were performed on a
Quatro 1I triple-quadrupole mass spectrometer (Micromass,
Inc., Altrincham, U.K.) equipped with an electrospray ion-
ization (ESI) probe and interfaced with an HP 1100 HPL.C
(Hewlett-Packard, Wilmington, Del.). Lipids (both free and
following derivatization) were resolved on a Luna C18 250x
4.6 mm, 5 um column (Phenomenex, Torrance, Calif.) at a
flow rate of 0.8 ml/min. A discontinuous gradient (Gradient
II) was used by mixing solvent A (methanol (MeOH):H,O,
85:15, v:v) with solvent B (MeOH), as follows: isocratic
elution with solvent A from 0-7 min; increasing to 88% sol-
vent B from 7-10 min; increasing to 91% solvent B from
10-34 min; and then increasing to 94% solvent B from 34-52
min). The column effluent was split such that 45 pul/min was
introduced to the mass spectrometer and 755 pl/min was
collected and analyzed for biological activity. In some cases,
biological activity was also determined using the same gra-
dient following injection of authentic standards. Mass spec-
trometric analyses were performed on-line using electrospray
ionization tandem mass spectrometry (ES/MS/MS) in the
positive ion mode with multiple reaction monitoring (MRM)
mode (cone potential 60 eV/collision energy 20-25 eV). The
MRM transitions used to detect the oxidized phosphopholip-
ids present in each fraction were the mass to charge ratio
(m/z) for the molecular cation [MH]* and the daughter ion
m/z 184, the phosphocholine group (i.e. [MH]|*—m/z 184).
Oxime derivatives of phospholipids were monitored at m/z
[MH+29]"—m/z 184.
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[0069] Quantification of the various oxidized PC species
was performed using LC/ESI/MS/MS in positive ion mode
using MRM. Formic acid (0.1%) was included in the mobile
phases. Distinct oxidized phospholipid species were identi-
fied by using m/z for protonated parent—daughter transitions
specific for each individual phospholipid and their retention
times, as illustrated in FIGS. 2 and 3. OV-PC and ND-PC
were quantified similarly but by also monitoring at the m/z for
the transition between the hemiacetal formed with methanol
for each analyte and the loss of polar head group (m/z 184).
[0070] Lipids were initially extracted three times by the
method of Bligh and Dyer (Bligh, E. G., et al., 1959, Cana-
dian Journal of Biochemical Physiology, 37, 911-917) from
lipoproteins or tissues in the presence of BHT. The combined
extracts were rapidly dried under nitrogen, resuspended in
methanol:H,O (98:2, v:v), and then neutral lipids in the lipid
extracts were removed by passage through a 18C minicolumn
(Supelclean L.C-18 SPE tubes, 3 ml; Supelco Inc., Bellefonte,
Pa.). A known amount of dimyristyl phosphatidyl choline
(DMPC) was added to the polar lipid fraction as an internal
standard, and the lipids were dried under nitrogen and stored
under an argon atmosphere at —80° C. until analysis within 24
h. Calibration curves were constructed with a fixed amount of
DMPC and varying mol % of each synthetic oxidized PC
species and used to correct for the differences in ionization
response factors observed amongst the different lipids. In
additional preliminary studies the quantification methods
employed were independently validated for each analyte by
demonstrating identical results to those obtained by the
method of standard additions

Results

[0071] Quantification of various specific oxidated PC spe-
cies by LC/ESI/MS/MS analysis in native and oxidized forms
of LDL revealed substantial increases in the content of oxi-
dated phosphatidyl choline species (FIG. 7a, data for native
LDL, NO,-LDL shown). Regardless of what time point of
oxidation was examined, HODA-PC and HOOA-PC were
major products of LDL oxidation by MPO. The combined
mol % (relative to remaining unoxidized phospholipids) and
ND-PC) detected in NO,-LDL (FIG. 7a) correspond to ~1.2
mol %. Of these, the combined content of the 8 oxidated PC
species quantified in NO,LDL preparation (FIG. 7a) corre-
spond to 0.73 mol %.

[0072] To determine if oxidated PC species are formed in
vivo, thoracic aortae with and without extensive atheroscle-
rotic lesions were isolated from Watanabe heritable hyper-
lipidemic (WHHL) rabbits and the levels of multiple distinct
specific oxidized phospholipids were determined using
LC/ESI/MS/MS analyses. Significant increases in the content
of each of the oxidated PCs derived from oxPAPC (HOOA.-
PC, KOOA-PC, HOdiA-PC, KOdiA-PC) and oxPLPC
(HODA-PC, KODA-PC, HDdiA-PC and KDdiA-PC) were
noted in the diseased vessels (FI1G. 75). Interestingly, while
the levels of oxidated PC species derived from PLPC were
lower than that observed for the more highly oxidized ON-PC
and ND-PC, levels of oxidated PC species derived from
PAPC were comparable to that observed for OV-PC and G-PC
(FIG. 7a).

Presence of HETEs, HODEs, F2 Isoprostanes and Oxidated
PC Species in Atherscloerotic Lesions of Human Subjects

[0073] The Angiogard is an emboli-protection device
recently invented for use during percutaneous vascular inter-
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ventions. It is deployed distal to the target lesion prior to
balloon inflation for angioplasty. It serves as a temporary
umbrella, catching extruded lipid-rich plaque material
through an inert sieve-like mesh. The pores of the mesh are
large and microscopy confirms that they do not obstruct flow
of'blood cells or platelets, but rather capture large lipid glob-
ules. The material captured in the Angiogard at the time of
intervention was analyzed to determine the lipid species in the
plaque material. FIG. 8 shows the levels of multiple distinct
lipid oxidation products quantified by LC/ESI/MS/MS meth-
ods in plaque material recovered from the Angiogard. For
comparison, we also assessed the levels of the same oxidized
lipids in normal aortic intima recovered at the time of organ
harvest from heart transplant donors. Dramatic increases in
F,-Isoprostanes and each of the HETEs monitored were
observed. Analysis of plaque material captured in the Angiog-
ard also confirmed detection of multiple distinct oxPC spe-
cies (data not shown).

Methods  of  Determining  Levels of  Select

Myeloperoxidase-Generated Oxidation Products

A. Dityrosine and Nitrotyrosine

[0074] Dityrosine and nitrotyrosine levels in the bodily
sample can be determined using monoclonal antibodies that
are reactive with such tyrosine species. For example, anti-
nitrotyrosine antibodies may be made and labeled using stan-
dard procedures and then employed in immunoassays to
detect the presence of free or peptide-bound nitrotyrosine in
the sample. Suitable immunoassays include, by way of
example, radioimmunoassays, both solid and liquid phase,
fluorescence-linked assays or enzyme-linked immunosor-
bent assays. Preferably, the immunoassays are also used to
quantify the amount of the tyrosine species that is present in
the sample.

[0075] Monoclonal antibodies raised against the dityrosine
and nitrotyrosine species are produced according to estab-
lished procedures. Generally, the dityrosine or nitrotyrosine
residue, which is known as a hapten, is first conjugated to a
carrier protein and used to immunize a host animal. Prefer-
ably, the dityrosine and nitrotyrosine residue is inserted into
synthetic peptides with different surrounding sequence and
then coupled to carrier proteins. By rotating the sequence
surrounding the dityrosine and nitrotyrosine species within
the peptide coupled to the carrier, antibodies to only the
dityrosine and nitrotyrosine species, regardless of the sur-
rounding sequence context, are generated. Similar strategies
have been successtully employed with a variety of other low
molecular weight amino acid analogues.

[0076] Suitable host animals, include, but are not limited to,
rabbits, mice, rats, goats, and guinea pigs. Various adjuvants
may be used to increase the immunological response in the
hostanimal. The adjuvant used depends, at least in part, on the
host species. To increase the likelihood that monoclonal anti-
bodies specific to the dityrosine and nitrotyrosine are pro-
duced, the peptide containing the respective dityrosine and
nitrotyrosine species may be conjugated to a carrier protein
which is present in the animal immunized. For example,
guinea pig albumin is commonly used as a carrier for immu-
nizations in guinea pigs. Such animals produce heterogenous
populations of antibody molecules, which are referred to as
polyclonal antibodies and which may be derived from the sera
of the immunized animals.
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[0077] Monoclonal antibodies, which are homogenous
populations of an antibody that binds to a particular antigen,
are obtained from continuous cells lines. Conventional tech-
niques for producing monoclonal antibodies are the hybri-
doma technique of Kohler and Millstein (Nature 356:495-497
(1975)) and the human B-cell hybridoma technique of Kosbor
et al (Immunology Today 4:72 (1983)). Such antibodies may
be ofany immunoglobulin class including IgG, IgM, IgE, Iga,
IgD and any class thereof. Procedures for preparing antibod-
ies against modified amino acids, such as for example, 3-ni-
trotyrosine are described inYe, Y. Z., M. Strong, Z. Q. Huang,
and J. S. Beckman. 1996. Antibodies that recognize nitroty-
rosine. Methods Enzymol. 269:201-209.

[0078] In general, techniques for direct measurement of
protein bound dityrosine and nitrotyrosine species from
bodily fluids involves removal of protein and lipids to provide
afluid extract containing free amino acid residues. The tissues
and bodily fluids are stored, preferably in buffered, chelated
and antioxidant-protected solutions, preferably at —80° C. as
described above. The frozen tissue, and bodily fluids are then
thawed, homogenized and extracted, preferably with a single
phase mixture of methanol:diethylether:water as described
above to remove lipids and salts. Heavy isotope labeled inter-
nal standards are added to the pellet, which, preferably, is
dried under vacuum, hydrolyzed, and then the amino acid
hydrolysate resuspended, preferably in a water:methanol
mixture, passed over a mini solid-phase C18 extraction col-
umn, derivatized and analyzed by stable isotope dilution gas
chromatography-mass spectrometry as above. Values of free
dityrosine and nitrotyrosine species in the bodily sample can
be normalized to protein content, or an amino acid such as
tyrosine as described above.

[0079] In a highly preferred procedure, protein is delipi-
dated and desalted using two sequential extractions with a
single phase mixture of H,O/methanol/H,O-saturated
diethyl ether (1:3:8 v/v/v). Oxidized tyrosine standards (2
umol each) and universal labeled tyrosine (2 nmol) are added
to protein pellets. Proteins are hydrolyzed by incubating the
desalted protein pellet with degassed 6N HCl supplemented
with 1% phenol for 24 h under argon atmosphere. Amino acid
hydrolysates are resuspended in chelex treated water and
applied to mini solid-phase C18 extraction columns (Supel-
clean LC-C18SPE minicolumn; 3 ml; Supelco, Inc., Belle-
fonte, Pa.) pre-equilibrated with 0.1% trifluoroacetic acid.
Following sequential washes with 2 ml of 0.1% trifluoroace-
tic acid, oxidized tyrosines and tyrosine are eluted with 2 ml
30% methanol in 0.1% trifluoroacetic acid, dried under
vacuum and then analyzed by mass spectrometry.

[0080] Tandem mass spectrometry is performed using elec-
trospray ionization and detection with an ion trap mass spec-
trometer (LCQ Deca, ThermoFinigann, San Jose, Calif.)
interfaced with a Thermo SP4000 high performance liquid
chromatograph (HPLC). Samples are suspended in equilibra-
tion solvent (H,O with 0.1% formic acid) and injected onto a
Ultrasphere C18 column (Phenominex, 5 um, 2.0 mmx150
mm). L-Tyrosine and its oxidation products are eluted at a
flow rate of 200 pl/min using a linear gradient generated
against 0.1% formic acid in methanol, pH 2.5 as the second
mobile phase. Analytes are monitored in positive ion mode
with full scan product ion MS/MS at unit resolution.
Response is optimized with a spray voltage setting of 5 KV
and a spray current of 80 pA. The heated capillary voltage is
set at 10 V and the temperature to 350° C. Nitrogen is used
both as sheath and auxillary gas, at a flow rate of 70 and 30
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arbitrary units, respectively. The analyte abundance is evalu-
ated by measuring the chromatographic peak areas of
selected product ions extracted from the full scan total ion
chromatograms, according to the corresponding ion trap
product ion spectra. The ions monitored for each analyte are:
3-nitro[**Cg]tyrosine (mass-to-charge-ratio (m/z) 227, 181
and 210), 3-nitro['*C,tyrosine (m/z 233, 187 and 216), 3-ni-
tro[**C, "’ N, Jtyrosine (m/z 237, 190 and 219), [2C]tyrosine
(m/z 182, 136 and 165), ['*C,'°N| Jtyrosine (m/z 192, 145
and 174). Tyrosine and nitrotyrosine are base-line resolved
under the HPLC conditions employed, permitting program-
ming of the LCQ Deca for analysis over 0-7 min for detection
of tyrosine isotopomers, and from 7 min on for detection of
3-nitrotyrosine isotopomers.

[0081] Free nitrotyorsine and dityrosine are similarly mea-
sured in samples, but tissue or bodily fluid is first passed
through a low molecular weight cut off filter and the low
molecular weight components analyzed by LC/ECS/MS/MS.
Values of free and protein-bound dityrsoine and nitrotyrosine
species in the bodily sample can be normalized to protein
content, or an amicon acid such as the precursor tyrosine, as
described below.

B. Lipid Oxidation Products

[0082] Lipid oxidation products can be measured by HPL.C
with UV detection or HPL.C with on line mass spectrometry.
Other analytical methods including GC/MS and immunocy-
tochemical methods may also be used. F2Isoprostanes are
measurable by various mass spectrometry techniques as
known in the art.

[0083] Methods of extracting and quantifying the MPO-
generated lipid oxidation products hydroxy-eicosatetraenoic
acids (HETEs), hydroxy-octadecadienoic acids (HODEs),
F2Isoprostanes; the 5-oxovaleric acid esters of 2-lysoPC
(OV-PC); 5-cholesten-5a, 6a-epoxy-3p-ol (cholesterol
a-epoxide); S-cholesten-5p, 6f-epoxy-3p-ol (cholesterol
p-epoxide); S-cholesten-33,7p-diol  (7-OH-cholesterol);
5-cholesten-3f3, 25-diol (25-OH cholesterol 5-cholesten-3f3-
0l-7p-hydroperoxide (7-OOH cholesterol); and cholestan-
3B, 5a., 6p-triol (triol). are described in Schmitt, et al. (1999)
Biochemistry, Vol. 38, 16904-16915, which is specifically
incorporated herein by reference. For determination of 9-H
(PYODE, 9-H(P)ETE and F,-isoprostanes, hydroperoxides in
reaction mixtures are reduced to their corresponding hydrox-
ides during extraction utilizing a modified Dole procedure in
which the reducing agent, triphenylphosphine, is present
(Savenkova, M. L., et al. (1994) J. Biol. Chem. 269, 20394-
20400). These conditions also inhibit artifactual formation of
isoprostanes and oxidized lipids. Lipids are dried under N,
resuspended in isopropanol (2 ml) and then fatty acids
released by base hydrolysis with 1 N sodium hydroxide (2 ml)
at room temperature under N, for 90 min. The samples are
acidified (pH 3.0) with 2N HCI, known amounts of internal
standards are added and free fatty acids are extracted twice
with hexane (5 ml). The content of 9-H(P)ODEs, 9-H(P)
ETEs and F,-isoprostanes are then determined by LC/MS/
MS analysis as outlined below.

[0084] 1-palmitoyl-2 oxovaleryl-sn-glycero-3-phosphati-
dyl choline (PoxvPC) is extracted by the same modified Dole
procedure used for 9-H(P)ODE, 9-H(P)ETE and F, isopros-
tane analyses as above, but omitting addition ofthe reductant,
triphenylphosphine. Lipids are dried under N,, resuspended
in methanol and stored under argon at —70° C. until subse-
quent LC/MS analysis as outline below. Sterol oxidation
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products are extracted by adding 4 M NaCl (150 pl) and
acetonitrile (500 pl). Samples are vortexed, centrifuged, and
the upper organic phase removed. Extracts are dried under
N,, resuspended in methanol, and stored under argon at -70°
C. until analysis by HPLC with on-line mass spectrometric
analysis.

[0085] Mass spectrometric analyses are performed on a
Quatro II triple quadruple mass spectrometer interfaced with
an HP 1100 HPLC. F,-isoprostanes are quantified by stable
isotope dilution mass spectrometry using on-line reverse
phase HPLC tandem mass spectrometry (LC/MS/MS) with
8-epi-[*H,]PGF,,, as standard as described by Mallat (Mallat,
Z.,etal. (1999) J. Clin. Invest. 103, 421-427). For 9-HODE
and 9-HETE analyses, lipid extracts generated following base
hydrolysis of reduced lipids (above) are dried under N, and
reconstituted in methanol. An aliquot of the mixture is then
injected on an Ultrasphere ODS C18 column equilibrated and
run under isocratic conditions employing methanol:H,O,
(85:15, v/v) as solvent. Column eluent is split (930 ul/min to
UV detector and 70 pl/min to mass detector) and analyzed by
the mass spectrometer. LC/MS/MS analysis of 9-HODE,
9-HETE and F,-isoprostanes in column effluents is per-
formed using electrospray ionization mass spectrometry
(ESI-MS) in the negative-ion mode with multiple reaction
monitoring (MRM) and monitoring the transitions m/z
295171 for 9-HODE; m/z 319—151 for 9-HETE; nv/z
353—309 for F,-isoprostanes; and m/z 357—>313 for [*H,]
PGF,,,.

[0086] Quantification of POxvPC is performed on lipid
extracts utilizing HPL.C with on-line ESI-MS analysis in the
positive ion mode and selected ion monitoring at m/z 782 and
m/z 594, respectively. An aliquot of lipid extract reconstituted
in methanol (above) is mixed 0.1% formic acid in methanol
(mobile phase B) and loaded onto a Columbus C18 column
(1x250 mm, 5 um, P. J. Cobert, St. Louis, Mo.) pre-equili-
brated in 70% mobile phase B, 30% mobile phase A (0.1%
formic acid in water) at a flow rate of 30 pl/min. Following a
3 min wash period at 70% mobile phase B, the column is
developed with a linear gradient to 100% mobile phase B,
followed by isocratic elution with 100% mobile phase B.
External calibration curves constructed with authentic POx-
vPC are used for quantification. 7-OH cholesterol, 7-keto
cholesterol, and 7-OOH cholesterol are resolved on an Ultra-
sphere ODS C18 column. The elution gradient consisted of
91:9, acetonitrile:water+0.1% formate (v:v), and the column
washed between runs with acetonitrile+0.1% formate. Col-
umn effluent is split (900 pl/min to UV detector and 100
wl/min to mass detector) and ionized by atmospheric pressure
chemical ionization (APCI) in the positive-ion mode with
selected ion monitoring. Identification of 7-OH cholesterol is
performed by demonstrating co-migration of ions with m/z
385.3 (M-H,0)" and m/z 367.3 (M-2H,0)" with the same
retention time as authentic standard. The integrated area of
the ion current for the peak monitored at m/z 367.3 is used for
quantification. Identification of 7-OOH cholesterol is per-
formed by demonstrating co-migration of ions withm/z401.3
M-H,0)", m/z 3833 (M-2H,0)" and m/z 3673
(M-H,0,)* with the same retention time as authentic stan-
dard. The integrated area of the ion current for the peak
monitored at m/z 401.3 is used for quantification. Identifica-
tion of 7-keto cholesterol is performed by demonstrating
co-migration of ions with m/z 401.3 (M+H)" and m/z 383.3
(M-H,O)* with the same retention time as authentic stan-
dard. The integrated area of the ion current for the peak
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monitored at m/z 401.3 is used for quantification. External
calibration curves constructed with authentic 7-OH choles-
terol, 7-O0H cholesterol and 7-keto cholesterol are used for
quantification following preliminary APCI LC/MS experi-
ments demonstrating identical results to those obtained by the
method of standard additions. The retention times for 25-OH
cholesterol, 5,6 .- and f-epoxides, and triol are determined
by LC/MS analysis of authentic standards.

Predetermined Value

[0087] The level of MPO mass, MPO activity, or select
MPO-generated oxidation product in the bodily sample
obtained from the test subject is compared to a predetermined
value. The predetermined value is based upon the levels of
MPO activity, MPO mass, or select MPO-generated oxida-
tion product in comparable samples obtained from the gen-
eral population or from a select population of human subjects.
For example, the select population may be comprised of
apparently healthy subjects. “Apparently healthy”, as used
herein, means individuals who have not previously had any
signs or symptoms indicating the presence of atherosclerosis,
such as angina pectoris, history of an acute adverse cardio-
vascular event such as a myocardial infarction or stroke,
evidence of atherosclerosis by diagnostic imaging methods
including, but not limited to coronary angiography. Appar-
ently healthy individuals also do not otherwise exhibit symp-
toms of disease. In other words, such individuals, if examined
by a medical professional, would be characterized as healthy
and free of symptoms of disease.

[0088] The predetermined value is related to the value used
to characterize the level of MPO activity or MPO mass in the
bodily sample obtained from the test subject. Thus, if the level
of MPO activity is an absolute value such as the units of MPO
activity per leukocyte or per ml of blood, the predetermined
value is also based upon the units of MPO activity per leuko-
cyte or per ml of blood in individuals in the general population
oraselect population of human subjects. Similarly, if the level
of MPO activity or MPO mass is a representative value such
as an arbitrary unit obtained from a cytogram, the predeter-
mined value is also based on the representative value.
[0089] The predetermined value can take a variety of forms.
The predetermined value can be a single cut-off value, such as
a median or mean. The predetermined value can be estab-
lished based upon comparative groups such as where the risk
in one defined group is double the risk in another defined
group. The predetermined can be a range, for example, where
the general population is divided equally (or unequally) into
groups, such as a low risk group, a medium risk group and a
high-risk group, or into quadrants, the lowest quadrant being
individuals with the lowest risk the highest quadrant being
individuals with the highest risk.

[0090] The predetermined value can be derived by deter-
mining the level of MPO activity or mass in the general
population. Alternatively, the predetermined value can be
derived by determining the level of MPO activity or mass in a
select population, such as an apparently healthy nonsmoker
population. For example, an apparently healthy, nonsmoker
population may have a different normal range of MPO activ-
ity or MPO mass than will a smoking population or a popu-
lation whose member have had a prior cardiovascular disor-
der. Accordingly, the predetermined values selected may take
into account the category in which an individual falls. Appro-
priate ranges and categories can be selected with no more than
routine experimentation by those of ordinary skill in the art.
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[0091] Predetermined values of MPO activity or MPO
mass, such as for example, mean levels, median levels, or
“cut-off” levels, are established by assaying a large sample of
individuals in the general population or the select population
and using a statistical model such as the predictive value
method for selecting a positivity criterion or receiver operator
characteristic curve that defines optimum specificity (highest
true negative rate) and sensitivity (highest true positive rate)
as described in Knapp, R. G., and Miller, M. C. (1992).
Clinical Epidemiology and Biostatistics. William and
Wilkins, Harual Publishing Co. Malvern, Pa., which is spe-
cifically incorporated herein by reference. A “cutoff” value
can be determined for each risk predictor that is assayed. The
standardized method that was used in Example 1 below
employs the guaiacol oxidation assay as described in Kleban-
off, S. J., Waltersdorph, A. N. and Rosen, H. 1984. “Antimi-
crobial activity of myeloperoxidase”. Methods in Enzymol-
ogy. 105: 399-403).

Comparison of MPO Activity and Mass Levels and Levels of
Select MPO-Generated Oxidation Products in the Bodily
Sample from the Test Subject to the Predetermined Value.
[0092] The levels of each risk predictor, i.e., MPO activity,
MPO mass and select MPO-generated oxidation product, in
the individual’s bodily sample may be compared to a single
predetermined value or to a range of predetermined values. If
the level of the present risk predictor in the test subject’s
bodily sample is greater than the predetermined value or
range of predetermined values, the test subject is at greater
risk of developing or having CVD than individuals with levels
comparable to or below the predetermined value or predeter-
mined range of values. In contrast, if the level of the present
risk predictor in the test subject’s bodily sample is below the
predetermined value or range of predetermined range, the test
subject is at a lower risk of developing or having CVD indi-
viduals with levels comparable to or above the predetermined
value or range of predetermined values. For example, a test
subject who has a higher number of neutrophils or monocytes
or both with elevated levels of MPO activity or MPO mass as
compared to the predetermined value is at high risk of devel-
oping cardiovascular disease, and a test subject who has a
lower number of neutrophils or monocytes or both with
decreased or lower levels of MPO activity or MPO mass as
compared to the predetermined value is at low risk of devel-
oping cardiovascular disease. The extent of the difference
between the test subject’s risk predictor levels and predeter-
mined value is also useful for characterizing the extent of the
risk and thereby, determining which individuals would most
greatly benefit from certain aggressive therapies. In those
cases, wherein the predetermined value ranges are divided
into a plurality of groups, such as the predetermined value
ranges for individuals at high risk, average risk, and low risk,
the comparison involves determining into which group the
test subject’s level of the relevant risk predictor falls.

[0093] The present diagnostic tests are useful for determin-
ing if and when therapeutic agents which are targeted at
preventing CVD should and should not be prescribed for a
patient. For example, individuals with values of MPO activity
(U/mg PMN protein; or U/ml blood) above a certain cutoff
value, or that are in the higher tertile or quartile of a “normal
range,” could be identified as those in need of more aggressive
intervention with lipid lowering agents, life style changes,
etc.

[0094] One of the most attractive findings of increased
MPO as a predictor of risk for CVD is that it represents an
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independent marker to identify individuals with increased
risk for cardiovascular disease. That is, in multivariate analy-
ses vs. other known risk factors for CVD (e.g. lipid levels such
as LDL, HDL,, total cholesterol, triglycerides, as well as fam-
ily history, tobacco use, hypertension, diabetes), elevated lev-
els of MPO activity and mass independently predicted asso-
ciation with CVD. Thus, the present diagnostic tests are
especially useful to identify individuals at increased risk who
might otherwise not have been identified by existing screen-
ing protocols/methods. Moreover, the present risk predictors
can be used in combination with currently used risk predic-
tors, such as blood LDL levels, blood triglyceride levels and
blood C-reactive protein levels, and algorithms based thereon
to more accurately characterize an individual’s risk of devel-
oping or having CVD.

Evaluation of CVD Therapeutic Agents

[0095] The present diagnostic tests are also useful for
evaluating the effect of CVD therapeutic agents on patients
who have been diagnosed as having or as being at risk of
developing CVD. Such therapeutic agents include, but are not
limited to, anti-inflammatory agents, insulin sensitizing
agents, antihypertensive agents, anti-thrombotic agents, anti-
platelet agents, fibrinolytic agents, lipid reducing agents,
direct thrombin inhibitors, ACAT inhibitor, CDTP inhibitor
thioglytizone, and glycoprotein II b/Illa receptor inhibitors.
Such evaluation comprises determining the levels of one or
more of the present risk predictors including MPO activity,
MPO mass, select MPO-generated oxidation products, and
combinations thereof, in a bodily sample taken from the sub-
ject prior to administration of the therapeutic agent and a
corresponding bodily fluid taken from the subject following
administration of the therapeutic agent. A decrease in the
level of the selected risk factor in the sample taken after
administration of the therapeutic as compared to the level of
the selected risk factor in the sample taken before adminis-
tration of the therapeutic agent is indicative of a positive effect
of the therapeutic agent on cardiovascular disease in the
treated subject.

EXAMPLES

[0096] The following examples are for purposes of illustra-
tion only and are not intended to limit the scope of the claims
which are appended hereto.

Example 1

Levels of MPO Activity and MPO Mass in Blood
Samples of Patients with and without Coronary

Artery Disease
Methods
Study Population:
[0097] Based on logistic regression power calculations (as-

suming equal size groups), 326 patients were needed to pro-
vide 80% power (0=0.05) to detect a statistically significant
odds ratio of at least 2.0 for high MPO (upper quartile).
Subjects (n=333) were identified from two practices within
the Cardiology Department of the Cleveland Clinic Founda-
tion. First, a series of 85 consecutive patients were enrolled
from the Preventive Cardiology Clinic. Simultaneously, 125
consecutive patients were enrolled from the catheterization
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laboratory. Based upon CAD prevalence in this series, a need
for 116 additional control subjects was determined. All
patients who did not have significant CAD upon catheteriza-
tion over the preceding 6 months were identified from the
catheterization database, and then 140 were randomly
selected (based upon area code/telephone number) and
invited to participate for MPO measurement. CAD was
defined by a history of documented myocardial infarction,
prior coronary revascularization intervention (CABG or per-
cutaneous coronary intervention), or as the presence of =50%
stenosis in one or more coronary arteries identified during
cardiac catheterization. Exclusion criteria for the CAD group
were an acute coronary event within 3 months preceding
enrolment, end stage renal disease and bone marrow trans-
plantation. The control group consisted of subjects who had
undergone diagnostic coronary angiography that revealed no
evidence of significant CAD. Exclusion criteria for control
subjects were one or more coronary vessels with stenosis
=50%, valvular heart disease, left ventricle dysfunction, end-
stage renal disease, bone marrow transplantation, or evidence
of infection or active inflammatory diseases as revealed by
history and exam. All patients were older than 45 years of age
and afebrile. Clinical history was assessed for diabetes mel-
litus, smoking history past and present, hypertension and
whether any first-degree relatives had CAD (men by the age
of' 50 years and females by the age of 60). Study protocol and
consent forms were approved by the Cleveland Clinic Foun-
dation Institutional Review Board and informed, written con-
sent was obtained from all subjects. Samples were coded to
ensure anonymity and all analyses were performed in a
blinded fashion.

Measurements:

[0098] Blood was drawn following an overnight fast into
EDTA-containing tubes and used to quantify WBC, low den-
sity lipoprotein cholesterol (LDLc), high density lipoprotein
cholesterol (HDLc), total cholesterol (TC) and fasting trig-
lycerides (TG). Neutrophils were isolated by buoyant density
centrifugation (Hazen, S. L., et al., J. Biol. Chem. 271:1861-
1867). Cell preparations were at least 98% homogeneous by
visual inspection. Leukocyte preparations were supple-
mented to 0.2% cetyltrimethylammonium bromide for cellu-
lar lysis, incubated at room temperature for 10 min, snap
frozen in liquid nitrogen and stored at —80° C. until analysis.

[0099] Functional MPO was quantified by peroxidase
activity assay of neutrophil lysates. Briefly, detergent-lysed
cells (10%ml; triplicate samples) were added to 20 mM phos-
phate buffer (pH 7.0) containing 14.4 mM guaiacol, 0.34 mM
H,0,, and 200 uM DTPA and the formation of guaiacol
oxidation product monitored at A, at 25° C. (Klebanoff, S.
1., et al., Methods Enzymol. 105:399-403, Capeillere-Blan-
din, C., Biochem. J. 36(Pt2):395-404).. A millimolar absor-
bance coefficient of 26.6 mM~" cm™! for the diguaiacol oxi-
dation product was used to calculate peroxidase activity
where one unit of MPO activity is defined as the amount that
consumes 1 umol of H,O, per minute at 25° C. MPO activity
reported is normalized either per mg of neutrophil protein
(Leukocyte-MPO) or per ml of blood (Blood-MPO). Blood-
MPO (Units MPO per ml of blood) was estimated by multi-
plying the units of MPO activity per neutrophil times the
absolute neutrophil count (per microliter blood) times 1000.
Protein concentration was determined as described (Mark-
well, M. A, et al., Anal. Biochem. 87:206-210).
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[0100] Levels of Leukocyte-MPO in an individual were
found to be extremely reproducible, demonstrating less than
+7% variations in subjects over time (n=6 males evaluated
once per 1-3 months for =2 year period). The coefficient of
variance for determination of Leukocyte-MPO, as deter-
mined by analysis of samples multiple times consecutively,
was 4.2%. Leukocyte-MPO determination for 10 samples run
on 3 separate days yielded a coefficient of variance of 4.6%.
The coefficient of variance for determination of Blood-MPO
as determined by analysis of samples multiple times consecu-
tively, was 4.2%. Blood-MPO determination for 10 samples
run on 3 separate days yielded a coefficient of variance of
4.8%. MPO mass per neutrophil was determined using an
enzyme linked immunosorbent assay (ELISA). Capture
plates were made by incubating 96-well plates overnight with
polyclonal antibody (Dako, Glostrup, Denmark.) raised
against the heavy chain of human MPO (10 pg/ml in 10 mM
PBS, pH 7.2). Plates were washed and sandwich ELISA
performed on leukocyte lysates using alkaline phosphatase-
labeled antibody to human MPO. MPO mass was calculated
based on standard curves generated with known amounts of
human MPO purified from leukocytes as described (Hazen, S.
L., et al,, J. Biol. Chem. 271:1861-1867). Purity of isolated
MPO was established by demonstrating a RZ of 0.87 (A,;/
A,40), SDS PAGE analysis, and in-gel tetramethylbenzidine
peroxidase staining (Podrez, E. A, et al., J. Clin. Invest 103:
1547-1560). Enzyme concentration was determined spectro-
photometrically utilizing an extinction coefficient of 89,000
M~ cm™'/heme.

Statistical Analysis:

[0101] Presentation characteristics are depicted as either
meansstandard deviation or median (interquartile range) for
continuous measures and number and percent for categorical
measures. Differences between CAD and control subjects
were evaluated with Wilcoxon rank sum or chi-square tests.
MPO levels were divided into quartiles for analyses because
neither Leukocyte-MPO nor Blood-MPO activity follows a
Gaussian distribution. Unadjusted trends for increasing CAD
rates with increasing MPO activity were evaluated with the
Cochran-Armitage trend test. A modified Framingham Glo-
bal Risk score was determined utilizing a documented history
of hypertension rather than the recorded blood pressure at
time of catheterization (Taylor, A. J., et al., Circulation 101:
1243-1248).

[0102] Logistic regression models (SAS System, SAS
Institute, Cary N.C.) were developed to calculate odds ratios
(OR) estimating the relative risk associated with the com-
bined 2"¢ and 3" quartiles of MPO activity and the highest
quartile of MPO activity compared to the lowest quartile.
Adjustments were made for individual traditional CAD risk
factors (age, gender, diabetes, hypertension, smoking (ever or
current), family history, TC, LDLc, HDLc, TG, WBC). Hos-
mer-Lemeshow goodness of fit tests were employed to evalu-
ate appropriate model fit. Associations among continuous
variables were assessed with use of Spearman’s rank-corre-
lation coefficient. Associations among categorical variables
were assessed using Wilcoxon rank sum tests.

Results

Patient Demographics:

[0103] The clinical and biochemical characteristics of sub-
jects that participated in this study are shown in Table 1.
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Subjects with CAD were older, more likely to be male, and
more likely to have a history of diabetes, hypertension and
smoking. CAD subjects also exhibited increased fasting trig-
lyceride levels, increased use of lipid lowering medications
(predominantly statins), aspirin and other cardiovascular
medications. Consistent with other studies, Framingham
Global Risk Score, absolute neutrophil count and WBC were
significantly increased in subjects with CAD (p<0.001 for
each; Table 1).

TABLE 1

Clinical and Biochemical Characteristics of Subjects

¢) Control i) CAD
Characteristics (n=175) (n=158)
Age,y 55 =10 64 = 134%%
Gender (female), % 42 20k
Diabetes®, % 5 234wk
Hypertension?, % 31 S5gxxx
Family history of CAD, % 53 54
History of smoking, % 49 TREAEE
Current smoking®, % 10 9
Any lipid lowering medications, % 27 TOrEE
Statin, % 25 654+
ASA, % 71 84+
ACE Inhibitors, % 18 44xx%
Beta Blockers, % 27 59%%%
Calcium Channel Blockers, % 15 24*

Total cholesterol, mg/dLT
LDL cholesterol, mg/dLT

203 (166-234)
132 (89-144)

203 (174-234)
122 (90-146)

HDL cholesterol, mg/dLT 49 (40-56) 43 (36-49)
Fasting triglycerides, mg/dL* 121 (91-198) 159 (117-240)%**
WBC (x10%/mm?) 74+£3.0 8.4 + 3. 2%%%
ANC (x10%/mm?) 3.8+1.9 5.2 £ 2.6%%%
Framingham Global Risk 55+38 8.0 + 3.0%%*

Stratification of Leukocyte-MPO, Blood-MPO and White
Blood Cell Count Vs. Prevalence of Coronary Artery Disease:

[0104] To test the hypothesis that individuals with higher
levels of MPO have a higher prevalence of CAD, we isolated
neutrophils and measured their MPO content. MPO activity
per mg of neutrophil protein (Leukocyte-MPO) differed sig-
nificantly by CAD status with a median of 13.4 U/mg for
control subjects vs. 18.1 U/mg for CAD patients (p<0.001 for
trend, and for difference; FIG. 1). Stratification of Leukocyte-
MPO levels by quartiles for the entire cohort revealed a posi-
tive correlation with CAD status (p<0.001 for trend) with
individuals in the highest quartile having the highest risk
(OR(CI), 8.8 (4.4-17.5); Table 2). In addition to quantifying
leukocyte MPO content by its catalytic activity (i.e. a func-
tional assay), we independently quantified MPO mass per
neutrophil in a random subset of subjects (n=111) using an
enzyme linked immunosorbent assay. Results observed from
this assay significantly correlated (r=0.95) with the activity
measurements (data not shown). Since rates for CAD in the
second and third quartiles of Leukocyte-MPO appeared com-
parable (Table 2), they were combined for all further analyses
and are referred to as the mid range levels in univariate and
multivariate models. As has been seen in other studies,
Framingham Global Risk Score and WBC were likewise
positively correlated with rates of CAD (Table 2).
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TABLE 2
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Odds Ratio of Coronary Artery Disease Prevalence According to Myeloperoxidase
Levels, White Blood Cell Count and Framingham Global Risk Score

1. 2) Quartile a.

1 2 3 4 for trend
Leukocyte-MPOT
U/mg PMN protein  =11.8 11.9-15.3 15.4-19.8 219.9
CAD Rate 24/91 (26%) 35/76 (46%)  36/83 (43%) 63/83 (76%) p <0.001
Unadjusted OR (CI) 1.0 24 (1.2-4.6%* 2.1 (1.1-4.0)* 8.8 (4.4-17.5yxwx
2. Model 1# OR (CI) 8.5 (3.7-19.7)%wx 20.3 (7.9-52.1)%**
3. Model 27 OR (CI) 4.2 (2.1-8.1)+** 11.9 (5.5-25.5)%*
“ Blood-MPO*
U/PMN x ANC <29 3.0-4.1 4.2-5.7 25.8
CAD Rate 16/91 (18%) 35/83 (42%)  41/79 (52%) 66/80 (83%) p <0.001
Unadjusted OR (CI) 1.0 3.4 (1.7-6.8)%** 5.1 (2.5-10.2)*** 22.1 (10.0-48.7)y***
i. Mo 3.6 (1.8-7.5)%#% 15.1 (6.2-36.7)y%*
ii. Model? 5.3 (2.7-10.5)%** 20.4 (8.9-47.2)+**
iii. WB
x10%/mm? <5.78 5.79-7.32 7.33-9.02 29.03
CAD Rate 24/85 (28%) 46/82 (56%)  38/83 (46%) 50/83 (60%) p <0.001
Unadjusted OR (CI) 1.0 3.2 (1.7-6.2)%* 2.1 (1.1-4.1)* 3.9 (2.0-7.3)%#%
iv. Adjuste 3.0 (1.6-5.7)#* 4.3 (2.1-8.9)+**
v. Fra
Global Risk Score =4 5-7 8-9 =10
CAD Rate 25/86 (29%) 41/114 (36%)  41/63 (65%) 51/70 (73%) p <0.001
Unadjusted OR (CI) 1.0 14 (0.82.5) 45 (2.3-9.1)%* 6.5 (3.2-13.2)%**
Adjusted® OR (CI) 1.8 (1.0-3.3) 7.8 (3.5-17.5y*
[0105] The total content of MPO in blood is dependent on adjustment for smoking. Diabetes, hypertension, smoking,

both MPO levels per leukocyte as well as the total number of
leukocytes. Since neutrophils possess >95% of the MPO con-
tent in blood, we estimated the level of MPO per ml of blood
(Blood-MPO) by multiplying the content of MPO per neu-
trophil times the absolute neutrophil count. Rates of CAD
were positively correlated with Blood-MPO quartiles (p<0.
001 for trend; FIG. 9, Table 2).

Leukocyte-MPO is not Significantly Correlated with Tradi-
tional Coronary Artery Risk Factors:

[0106] Possible correlations between traditional CAD risk
factors and Leukocyte-MPO were next assessed. Leukocyte-
MPO levels were independent of age, gender, diabetes, hyper-
tension, smoking (ever or current), WBC, triglycerides LDLc
and Framingham Global Risk. Weak negative correlations
between Leukocyte-MPO and both total cholesterol (r=-0.
15, p=0.005) and HDLc (r=-0.14, p-0.01) were observed. A
positive association was seen between Leukocyte-MPO and
absolute neutrophil count (r=0.20, p<0.001) and family his-
tory of CAD (median leukocyte-MPO with family his-
tory=15.9 vs. 14.1 without, p=0.05). Similar correlations
were noted for Blood-MPO.

Leukocyte-MPO and Blood-MPO are Strongly Correlated
with Coronary Artery Disease Status Following Adjustments
for Single and Multiple Risk Factors:

[0107] To evaluate whether Leukocyte-MPO and Blood-
MPO independently associate with CAD status, odds ratios
for Leukocyte-MPO and Blood-MPO quartiles were adjusted
for individual traditional CAD risk factors. Odds ratios for
both the middle (2 plus 37) and highest (47), relative to the
lowest (1°"), quartiles of both Leukocyte-MPO and Blood-
MPO remained highly correlated with CAD status following
adjustments for individual traditional CAD risk factors, WBC
and Framingham Global Risk Score (data not shown), with
odds ratios ranged from 8.4 (CI=4.2-16.9, p<0.001) after
adjustment for HDLc to 13.5 (CI=6.3-29.1, p<0.001) after

and to a lesser degree age, HDL.c, Framingham Global Risk
and WBC, also remained significant predictors for CAD sta-
tus following single factor adjustments. Similar results were
observed for Blood-MPO following single factor adjustments
for individual traditional CAD risk factors (data not shown).
[0108] Multivariable regression analyses were then per-
formed using several models (Table 2, FIG. 10). Model 1
examined Leukocyte- and Blood-MPO following simulta-
neous adjustment for each of the single risk factors that were
significantly correlated to CAD in the preceding step (i.e.,
univariate regression). Leukocyte-MPO remained the stron-
gest predictor of CAD status with an adjusted OR of 8.5
(CI=3.7-19.7, mid vs. low quartile) and 20.3 (CI=7.9-52.1,
high vs. low quartile). The adjusted odds ratio for WBC, a
marker that predicts increased risk for CAD (2;3;23-25), was
1.1 (CI=1.02-1.21). A second regression model adjusting for
Framingham Global Risk Score and WBC yielded ORs for
Leukocyte-MPO that were consistent with the large OR
observed in Model 1 (mid vs. low OR=4.2; high vs. low
OR=11.9). The adjusted OR for Framingham Global Risk
Score and WBC were also significant. Blood-MPO likewise
remained a strong predictor of CAD status following multi-
variable adjustments compared to traditional CAD risk fac-
tors, Framingham Global Risk Score and WBC (Table 2)

Example 2

Flow Cytometric Analysis of Blood Samples from
Subjects with and without CAD

[0109] Blood samples from patients whose leukocytes have
above normal or below normal levels of MPO were analyzed
by flow cytometry. Whole blood from each patient was
injected into a hematology analyzer that identifies leukocytes
based upon in situ cytochemical peroxidase staining (the
Advia 120 from Bayer). In the instrument, whole blood is first



US 2016/0238604 Al

lysed and the intact WBCs heated/fixed with formaldehyde.
Peroxidase substrates (hydrogen peroxide and a chro-
mophore) are then incubated with the leukocytes, and the
resultant stained cells examined by flow cytometry (20 sec
overall time between injection of sample and cytogram
obtained). The results are shown in FIG. 11. The clusters of
cells shown in different colors refer to: 1) Purple—neutro-
phils; 2) Green—monocytes; 3) Dark Blue—Lymphocytes;
4)Yellow—eosinophils; 5) Turquoise—large unstained cells;
6) White—RBC Ghosts/noise. Based upon these data, the
total white blood cell count (WBC) and a differential (%
distribution of neutrophils, monocytes, eosinophils and lym-
phocytes) are reported.

[0110] The location of a given cell cluster’s position on the
cytogram is related to its intensity of light absorption (Y
axis—a property that is related to peroxidase activity, and
hence, intensity of staining) and light scatter (X axis—a prop-
erty that is related to both size and granularity/refractive
index, properties linked to peroxidase activity and staining).
[0111] The left panel illustrates the cytogram from an indi-
vidual whose MPO level per neutrophil (aka leukocyte-MPO)
is below the average in a population (e.g. bottom 25%). The
right panel illustrates the location of the cytogram from an
individual whose MPO level per neutrophil (aka leukocyte-
MPO) is above average in a population (e.g. 50-75%%). Note
that the location of the neutrophil cluster on the X andY axes
differ, and in general, higher MPO is shifted to the right. Also,
the tilt of the major axis of the ellipse that comprises the
neutrophil cluster differs. These changes carry information
related to the content of MPO within that cell type.

[0112] Through use of modeling and standards with known
peroxidase content, we can develop standard curves to use
this information to identify the relative level of peroxidase per
leukocyte. The same kind of analysis is possible for mono-
cytes, the other major cell type in blood with MPO. Peroxi-
dase staining in eosinophils is due to eosinophil peroxidase, a
related enzyme to MPO, but a different gene product.

Example 3

Dityrosine Levels in Blood from Human Subjects
with and without CAD

[0113] The levels of protein-bound dityrosine were mea-
sured in blood samples from 112 individuals with CAD and
from 128 apparently healthy control subjects. The levels were
measured by HPLC with on-line fluorescence detection and
were quantified using an external calibration curve generated
with synthetic dityrosine. Results were normalized to the
content of the precursor amino acid, tyrosine, which was
simultaneously quantified by HPL.C with on-line diode array
detection. The results demonstrated that subjects with CAD
had higher levels (50% increased, P<0.001 for comparison of
CAD vs. healthy subjects) of dityrosine in their serum than
that observed in serum from healthy age and sex-matched
subjects.

Example 4

Nitrotyrosine Levels in Blood from Human Subjects
with and without CAD

[0114] The levels of protein-bound 3-nitrotyrosine were
measured in blood samples from the same subjects as
Example 3 where 112 individuals with CAD and 128 appar-
ently healthy control subjects were examined. Nitrotyrosine

Aug. 18,2016

levels were measured by HPLC with on-line electrospray
ionization tandem mass spectrometry (LC/ESI/MS/MS)
using stable isotope dilution techniques. Results were nor-
malized to the content of the precursor amino acid, tyrosine,
which was simultaneously quantified by stable isotope dilu-
tion LC/ESI/MS/MS. The results demonstrated that subjects
with CAD had higher levels (2.8-fold increased, P<0.001 for
comparison of CAD vs. healthy subjects) of nitrotyrosine in
their serum than healthy age and sex-matched subjects.

Example 5

Blood Levels of HETEs, HODESs, and
F2Isoprostanes in Human Subjects with and without
CAD

[0115] The levels of HETEs, HODEs and F2Isoprostanes
were measured in blood samples from the same subjects as
Example 3 where 112 individuals with CAD and 128 appar-
ently healthy control subjects were examined. Lipids were
measured by HPLC with on-line electrospray ionization tan-
dem mass spectrometry (LC/ESI/MS/MS). Results were nor-
malized to the content of the precursor lipid (arachidonic acid
for HETEs and F2Isoprostanes, and linoleic acid for
HODESs), which were simultaneously quantified by LC/ESI/
MS/MS. The results demonstrated that subjects with CAD
had higher levels of each of the oxidation products in their
plasma than healthy age and sex-matched subjects.
F2Isoprostane levels were 80% greater in plasma obtained
from CAD vs. non-CAD subjects, P<0.001; levels of HETEs
and HODEs were 60% greater in CAD vs. non-CAD subjects,
P<0.001).

Example 6

Blood Levels of MPO-Generated Lipid Oxidation
Products in Human Subjects with and without CAD

[0116] The levels of phospholipid oxidation products
shown to be generated by MPO (G-PC and ND-PC, the glu-
taric and nonanedioic monoesters of 2-lysoPC; HDdiA-PC
and HOdiA-PC, the 9-hydroxy-10-dodecenedioic acid and
5-hydroxy-8-oxo-6-octenedioic acid esters of 2-lysoPC;
HODA-PC and HOOA-PC, the 9-hydroxy-12-0x0-10-dode-
cenoic acid and 5-hydroxy-8-ox0-6-octenoic acid esters of
2-lysoPC; KODA-PC and KOOA-PC, the 9-keto-12-0x0-10-
dodecenoic acid and 5-keto-8-oxo-6-octenoic acid esters of
2-lysoPC; KDdiA-PC and KOdiA-PC, the 9-keto-10-dode-
cendioic acid and 5-keto-6-octendioic acid esters of
2-lysoPC; OV-PC and ON-PC, the 5-oxovaleric acid and
9-oxononanoic acid esters of 2-lysoPC; were measured in
blood samples from 25 subjects with CAD and 12 apparently
healthy control subjects. In addition the levels of cholesterol
a-epoxide, S-cholesten-5a,6a-epoxy-3p-ol;  cholesterol
[p-epoxide, 5-cholesten-5f,6@-epoxy-3p-ol; 7-OH-choles-
terol, S-cholesten-3f3,7p-diol; 25-OH cholesterol, 5-choles-
ten-3p,25-diol; 7-O0H cholesterol, 5-cholesten-3f-0l-7(3-
hydroperoxide; triol, cholestan-3p,5c,6@-triol.) were
measured in blood samples from 25 subjects with CAD and
12 apparently healthy control subjects. Lipids were measured
by HPLC with on-line electrospray ionization tandem mass
spectrometry (LC/ESI/MS/MS) using established methods.
Results were normalized to the content of the precursor lipid
(PAPC, 1-hexadecanoyl-2-eicosatetra-5',8',11',14'-enoyl-sn-
glycero-3-phosphocholine; PLPC, 1-hexadecanoyl-2-octa-
decadi-9',12'-enoyl-sn-glycero-3-phosphocholine; or choles-
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terol), which were simultaneously quantified by LC/ESI/MS/
MS. The results demonstrated that subjects with CAD had
higher levels (50% to 4-fold, depending upon the lipid) of
each of the phospholipid oxidation products in their plasma
than healthy age and sex-matched subjects.

1-22. (canceled)

23. A system comprising:

a) a plasma or serum sample from a subject having, or
suspected of having, cardiovascular disease;

b) reagents for detecting the level of myeloperoxidase in
said plasma or serum sample, wherein said reagents
comprise anti-myeloperoxidase (MPO) antibodies; and

¢) a table comprising predetermined values for correlating
said level of MPO in said plasma or serum sample with
the risk of cardiovascular disease (CVD), wherein at
least a portion of said predetermined values define a
plurality of CVD risk groups.

24. The system of claim 23, wherein said plasma or serum

sample is a plasma sample.
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25. The system of claim 23, wherein said plasma or serum
sample is a serum sample.

26. The system of claim 23, wherein said subject has car-
diovascular disease.

27. The system of claim 23, wherein said subject is sus-
pected of having cardiovascular disease.

28. The system of claim 23, wherein each of said CVD risk
groups is defined by a range of values.

29. The system of claim 23, wherein said plurality of CVD
risk groups comprise a high risk group, a medium risk group,
and a low risk group.

30. The system of claim 23, wherein said plurality of CVD
risk groups comprise a low risk quadrant, second and third
mid-range quadrants, and a high risk quadrant.

31. The system of claim 23, wherein said table further
comprises white blood cell counts.

32. The system of claim 23, wherein said predetermined
values in said table were generated from a population of
patients with cardiovascular disease.
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