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Abstract
Background—Plasma and serum levels of myeloperoxidase (MPO), a redox-active hemoprotein
released by polymorphonuclear neutrophils (PMN) upon activation, is now recognized as a powerful
prognostic determinant of myocardial infarction in patients suffering acute coronary syndromes.
However, there is limited information on whether systemic MPO levels are also elevated and of
discriminating value in patients with stable coronary artery disease (CAD) representing different
ethnic groups.

Methods—Plasma levels of MPO and traditional CAD risk factors were quantified in African
American and Caucasian patients (n=557) undergoing elective coronary angiography.

Results—MPO levels did not differ significantly between patients with or without CAD [421 pM
(321, 533) vs. 412 pM (326, 500), p>0.05]. MPO levels were similar across ethnicity and gender,
and correlated positively with CRP and fibrinogen levels (r=0.132, p=0.002 and r=0.106, p=0.011,
respectively).

Conclusion—In conclusion, plasma MPO levels were not elevated in patients with stable CAD,
suggesting that systemic release of MPO is not a characteristic feature of asymptomatic CAD.
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INTRODUCTION
Atherosclerosis in general and coronary artery disease (CAD) in particular is considered to
have an inflammatory component [1,2]. Clinically the presentation of CAD ranges from
asymptomatic patients with stable CAD to patients with chest pain at rest experiencing acute
coronary syndromes. Pathophysiologically, acute coronary disease is not only reflected by
increased plaque vulnerability and elevated platelet activation, but also by recruitment and
activation of leukocytes [3]. Notably, polymorphonuclear neutrophils (PMN), a cell type
previously considered less relevant in coronary disease, were found to undergo site specific
activation and degranulation in patients with unstable CAD and were localized to culprit lesions
[4–6].

One of the principal enzymes released upon PMN activation is myeloperoxidase (MPO), a
highly abundant redox-active hemoprotein [2,7,8]. MPO and its products display a diversity
of pro-inflammatory and pro-atherogenic properties including catalytic consumption of
endothelium-derived nitric oxide, LDL oxidation, modulation of metalloproteinase activities,
and activation of PMN in a cytokine-like manner independent of the catalytic activity [7–10].
The significance of MPO in the development of CAD has been demonstrated in studies showing
association of systemic MPO level and expression of MPO with the prevalence of CAD or
with chronic heart failure [9,11]. Interestingly, MPO serum and plasma levels are markedly
elevated in patients with acute coronary disease, forming a firm mechanistic link between PMN
activation, MPO release, and compromised vascular reactivity [12–16].

Given the diversity of the clinical presentations of patients with coronary disease we sought to
evaluate whether systemic release of MPO is a characteristic feature in patients with stable
CAD in the absence of acute events representing different ethnic groups. In the present study,
we investigated MPO plasma levels in Caucasian and African American patients without acute
coronary syndromes undergoing elective angiography who were participating in the Harlem-
Bassett study undertaken to evaluate novel cardiovascular risk factors across ethnicity [17].
We have previously reported that other CAD risk factors, including metabolic syndrome
components, differ across ethnicity among these high-risk patients [18]. In addition to
characterizing MPO levels and their relation to disease, we explored the relationship between
MPO levels and traditional coronary disease risk factors.

METHODS
Subjects

Subjects were recruited from a patient population scheduled for diagnostic coronary
arteriography either at Harlem Hospital Center in New York City or at the Mary Imogene
Bassett Hospital in Cooperstown, NY. A total of 648 consecutive subjects, 401 men and 247
women, ethnically self-identified as African Americans (n=232), Caucasians (n=344) or Other
(n=72) were recruited from 1993–1997 as described in detail elsewhere [17,19]. In the present
study, results were available for 557 of the 576 African American and Caucasian subjects [211
Caucasian men (C/M), 120 Caucasian women (C/F), 127 African American men (AA/M), and
99 African American women (AA/F)]. Exclusion criteria were: age >70 years, recent (within
6 months) myocardial infarction or thrombolysis, a history of percutaneous transluminal
coronary angioplasty, surgery during the previous six weeks, a known communicable disease
such as hepatitis or AIDS, or current lipid-lowering medication. Information on diabetes
mellitus, hypertension and smoking was obtained by a standardized questionnaire upon entry
into the study. The study was approved by the Institutional Review Boards at Harlem Hospital,
Bassett Healthcare, Columbia University College of Physicians and Surgeons, and the
University of California, Davis, and informed consent was obtained from all participants.
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Angiographic definition of CAD
Coronary angiograms were analyzed by 2 experienced investigators blinded to the patient’s
identity, clinical diagnosis, and MPO levels [20]. A total of 15 pre-defined coronary artery
segments were evaluated in each individual for degree of stenosis. Diagnosis of coronary artery
disease was defined as a luminal narrowing of at least 50% of a vessel diameter in any of the
analyzed 15 coronary artery segments. In patients defined as not having CAD, the majority
(81%) had a maximum stenosis of less than 25%, whereas in 81% of the patients defined as
having CAD, the luminal narrowing was at least 75%. A composite cardiovascular score (0–
75) was calculated based on determination of presence of stenosis on a scale of 0–5 of the 15
predetermined coronary artery segments.

Analytical procedures
Plasma samples with ethylenediaminetetraacetic acid as an anticoagulant were drawn from
every patient after an overnight fast and prior to the angiographic procedure. The blood samples
were centrifuged for 20 min at 1300 g at 4°C, and the supernatant separated and aliquotted into
storage vials. The vials were immediately frozen and stored at −80°C until further analyzed.
All analytical procedures were performed by investigators blinded to the sample identity.
Serum triglycerides, total and HDL cholesterol (HDL-C), LDL cholesterol (LDL-C),
Lipoprotein (a) [Lp(a)], glucose, insulin, high sensitivity C-reactive protein (hs-CRP),
fibrinogen, factor VII were measured by standard techniques as described previously [17].

Plasma MPO quantification
For determination of MPO in plasma samples an ELISA procedure was used. In brief, Maxisorb
96-well microtiter plates (Nalge Nunc International; Rochester, NY, USA) were coated with
100 μl purified monoclonal mouse anti-human MPO (Biomeda, Foster City, CA, USA) diluted
1:499 (final concentration 0.6 μg/ml) in carbonate buffer, pH 9.6 overnight at 4 °C. The plates
were washed three times with washing buffer (0.01 M Tris buffer with 0.05% Tween, pH 7.4),
blocked with 4% BSA in washing buffer for 2 hr at 25 °C, and again washed three times. Plasma
samples diluted 1:4 in PBS containing 0.5% bovine serum albumin (BSA) were added to the
wells (100 μl) and incubated for 2 hr at 25 °C. All samples were measured in duplicates. After
washing 4 times, a purified polyclonal rabbit anti-human MPO antibody (Calbiochem, San
Diego, CA, USA) diluted 1:399 in washing buffer containing 0.5% BSA was added to the wells
(100 μl) and incubated for 2 hr at 25 °C, followed by washing 4 times. Bound rabbit IgG was
detected using an alkaline phosphatase conjugated goat anti-rabbit IgG antibody (Zymed-
Invitrogen, Carlsbad, CA, USA). Initially, serial dilutions of primary and both secondary Ab
were carried out using washing buffer containing 0.5% BSA to determine saturation kinetics.
Concentrations of both antibodies were carefully optimized to give linear signal in the range
of expected values. Plasma dilution was selected based on the best ratio between a background
signal and a signal of plasma spiked with 330 pM/L of MPO. The average recovery was over
20 %. After washing the plates four times, 4-nitrophenyl phosphate (Sigma-Aldrich Corp.; St.
Louis, MO, USA) (1.5 g/l) in diethanolamine buffer (1 M) was added, the plates developed for
20 min and the absorbance read at 405 nm in PowerWavex UV-Vis plate reader (Bio-Tek
Instruments, Winooski, VT, USA). Values were related to a set of purified human MPO
(Calbiochem) standards to quantify the values in picomoles (pM) per liter. The linearity of the
assay was in the range 70-2000 pM MPO in plasma. Average intra-assay variability was 10.4
% and the inter-assay CV was 11.9 %. The obtained over all average of MPO plasma level 416
pM (155 pM and 1064 pM minimum and maximum, respectively) was in good agreement with
MPO levels in peripheral circulation reported in many other studies, including MPO levels
observed by Vita et al. in control subjects and subjects with endothelial dysfunction 298 pM
MPO (154.1 pM and 638.1 pM interquartile range) in serum [21], by Brennan et al. in patients
presenting with chest pain 198 pM MPO (119 pM and 394 pM interquartile range) in plasma
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[13], by Hoy et al. in healthy individuals 5.4 – 141.6 μg/l MPO in serum [22], by Rudolph et
al. in patients with impaired left ventricular function and controls 8.9 – 54 μg/l MPO in plasma
[23], and by Baldus et al. in patients with and without CAD 7.66 – 13.10 μg/l MPO in plasma
[14]. However, MPO levels reported herein were lower compared to levels reported by Baldus
et al. in patients with acute coronary syndrome 287 μg/l (range 1.5 – 1112 μg/l) in plasma
[12].

Statistical Analysis
Data are described as mean ± SD or as median and interquartile range as appropriate. Levels
of MPO, triglycerides, insulin, hs-CRP, fibrinogen and HOMA were log transformed, and
adiponectin levels were square root transformed to achieve normal distributions prior to
statistical analysis. Comparisons of means between groups were made by Student’s t-test.
Univariate relationships were described by Pearson’s correlation coefficients. Multiple logistic
regression was used to assess the association of MPO with the various known and potential
risk factors. Contingency table analysis was performed to assess differences in patients
characteristics across MPO plasma level quartiles. All statistical analyses were done using SAS
software (SAS Institute, Cary, NC). Statistical significance was set at P<0.05.

RESULTS
The demographic and clinical characteristics of the populations studied are summarized in
Table 1. Patients with CAD were significantly older and had significantly higher levels of
clinical and inflammatory markers associated with CAD risk such as the waist/hip ratio,
glucose, HOMA, cholesterol, triglyceride, LDL-C, HDL-C, Factor VII, fibrinogen, and
adiponectin. No significant difference was detected for body mass index (BMI) and insulin
levels between those with and without CAD.

MPO was detectable in plasma samples of all study subjects, and the frequency distribution
was skewed. For all subjects, the median MPO level was 416 pM (323 pM upper and 512 pM
lower quartile). There was no significant difference in the MPO plasma levels between subjects
with and without stable CAD [421 pM (321 pM, 533 pM) vs. 412 pM (326 pM, 500 pM) in
CAD vs controls, respectively p>0.05] (Fig. 1A). We then explored MPO levels across
ethnicity and gender. As shown in Fig. 1B, there was no difference in plasma MPO levels
between the four ethnicity/gender groups; African American and Caucasian men and women.
Table 2 illustrates patients characteristics stratified according plasma MPO quartiles.
Corresponding to other analysis, any significant difference was not observed across MPO
quartiles (Table 2). Further, there was no significant relationship between MPO levels and
CAD, expressed as cardiovascular score, in either Caucasians or African Americans. Thus, our
results suggest that the plasma level of MPO did not identify patients with stable CAD and
was also independent of gender and ethnicity.

Further, we considered whether the plasma MPO level was associated with other markers of
stable CAD. Significant associations were found between MPO levels and the following
markers in univariate analysis: factor VII (r=−0.251, p<0.0001); adiponectin (r=0.115,
p=0.01); glucose (r=0.095, p=0.023); triglyceride (r=−0.186, p<0.0001); cholesterol (r=
−0.081, p=0.05); hs-CRP (r=0.132, p=0.002); fibrinogen (r=0.106, p=0.011). There was no
significant correlation between MPO plasma levels and age, BMI, waist/hip ratio, insulin,
LDL-C, or HDL-C. Interestingly, Factor VII and adiponectin were significant predictors of
MPO levels in a multiple regression model [Factor VII (r=−0.205, p<0.001) and adiponectin
(r=0.119, p=0.021)]. In contrast, multiple regression analysis did not reveal levels of glucose,
triglyceride, cholesterol, hs-CRP, and fibrinogen to be significant predictors of MPO plasma
levels.
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DISCUSSION
In the present study, we have aimed to determine whether MPO plasma levels identify patients
with stable CAD. The principal finding of our study is that plasma MPO levels are not elevated
in patients with stable CAD compared to non-CAD patients, and does not discriminate these
cohorts of patients. CAD remains a heterogeneous disease with a wide range of clinical
presentations and outcomes. Various systemic markers of inflammation have been investigated
and linked to identify patients at risk of CAD and predict future cardiovascular events [1].
Recently, the importance of PMN degranulation of MPO in the coronary circulation is
illustrated by the fact that systemic MPO plasma and serum are markedly elevated and have
emerged as powerful predictors of adverse outcome in patients with acute CAD [12–16]. As
opposed to these studies evaluating circulating MPO in symptomatic and unstable coronary
disease we evaluated MPO levels in asymptomatic individuals: none of the patients, who
underwent elective coronary angiography, were hospitalized because of symptomatic chest
pain at rest, and none had evidence for ongoing myocardial ischemia or necrosis, respectively.
Other studies showed that patients with stable CAD have significantly lower or no evidence
of PMN recruitment and activation, as evidenced by unchanged CD11b expression and MPO
content in PMN [4,6]. Moreover, in patients with resolving unstable angina the decreased MPO
content in PMN returned to levels similar to that in patients with chronic stable angina or
subjects lacking coronary disease [6].

Whereas our data suggest that release of MPO is not a primary event in patients with stable
CAD, it cannot be excluded that assessment of circulating MPO undervalues the extent of MPO
sequestered into the vessel wall. There is now a large body of evidence revealing avid binding
of MPO to heparan-sulfated glycosaminoglycans (GAGs) and subendothelial deposition of
MPO in the vessel wall [8]. Heparinization with concomitant release of vessel-immobilized
MPO revealed increased MPO burden in patients with CAD as compared to non diseased
individuals, suggesting increased sequestration of leukocyte derived-MPO into the vessel wall
[14]. This would also explain decreased MPO content in PMN in both acute and stable CAD
patients compared to controls [5,6,9].

Despite MPO being equally distributed among patients with and without stable CAD, we
observed weak but significant associations between plasma MPO levels and inflammatory
markers known to indicate risk for CAD including CRP and fibrinogen. Similarly, Vita et al
observed that serum MPO levels correlated with cardiovascular risk factors including
hypertension, HDL cholesterol, C-reactive protein, serum triglycerides and smoking [21].
Recently, Meuwese et al. observed that elevated MPO plasma levels significantly predicted
risk of future CAD in over all 3375 apparently healthy individuals [24]. However, the difference
in medians of MPO plasma levels between controls and case subjects was around 10 %. Authors
pointed out that relationship between MPO and CAD in these individuals was weaker than was
reported in patients with acute CAD [24]. Lipid-lowering drugs statins downregulated MPO
systemic levels in patients with acute coronary syndrome [25]. Interestingly, there are emerging
data also linking MPO plasma levels with presence of heart failure [11,16] and left ventricular
dysfunction [23,26]. However, no difference in MPO levels was observed between patients
with and without CAD who had normal left ventricular function [23]. Furthermore, MPO
plasma levels were neither related to intima media thickness, nor to progression of intima media
thickness in 122 familiar hypercholesterolemia patients [27].

We acknowledge some of the limitations of this study. Subjects in our study were recruited
from patients scheduled for coronary angiography and are likely more typical of a high-risk
patient group than the healthy population at large. This may explain the relatively high levels
of CRP and fibrinogen among our subjects. However, none of the patients had a history of
acute coronary symptoms or surgical intervention within 6 months, arguing against any
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secondary increase in inflammatory parameters due to an acute CAD. Although the number of
subjects representing each gender-ethnicity group was limited, the number of subjects, both
Caucasians and African Americans was considerably higher than in some previous multi-ethnic
studies [15]. Further, clinical and laboratory parameters were in agreement with differences
generally observed between healthy African American and Caucasian populations from other
studies [28,29].

In conclusion, the present study reveals that plasma MPO levels do not identify patients with
stable CAD. This is in contrast to determination of systemic MPO levels as emerging powerful
and rapidly detectable markers of unstable CAD [12–16]. Our findings further support the
concept that a robust release of MPO from activated PMN would unmask a state of acute
inflammation in the coronary circulation preceding myocardial injury and this cannot be
extended to stable cardiovascular disease using traditional blood drawing techniques. Further
studies aiming to determine the pathophysiological role of MPO in acute coronary disease and
addressing the pathophysiological heterogeneity of the different clinical presentations of
coronary artery disease are needed.
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Figure 1.
Comparison of MPO plasma levels between patients with and without CAD (A); Comparison
of MPO plasma levels in four gender/ethnicity groups (AA/M - African American men, C/M
- Caucasian men, AA/F - African American women, and C/F - Caucasian women) (B). The
top, bottom, and line through the middle of the box correspond to the 75th percentile (top
quartile), 25th percentile (bottom quartile), and 50th percentile (median) respectively. The
whiskers on the bottom extend from the 10th percentile (bottom decile) and top 90th percentile
(top decile).
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Table 1
Demographic and clinical characteristics of subjects with and without CAD Results are expressed as means ± SD, or
for non-normally distributed variables as median (interquartile range)

no CAD (n=268) CAD (n=289) P

Age (years) 52.3 ± 10.3 58.8 ± 8.6 <0.001
Waist/hip ratio 0.94 ± 0.08 0.96 ± 0.07 0.004
BMI (kg/m2) 29.3 ± 6.5 29.1 ± 5.8 n.s
Insulin (mU/l) 13.7 (8.8–22.9) 15.2 (9.5–26.2) n.s.
Glucose (mM/l) 6.5 ± 2.6 7.4 ± 3.7 0.003
HOMA 0.62 ± 0.44 0.73 ± 0.46 0.011
Cholesterol (mg/dl) 190.0 ± 40.3 204.1 ± 42.6 <0.0001
Triglyceride (mg/dl) 115.5 (85.3–165.0) 143.0 (105.0–211.0) <0.0001
LDL-C (mg/dl) 117.1 ± 34.6 129.3 ± 39.9 <0.0001
HDL-C (mg/dl) 46.1 ± 15.9 41.9 ± 13.8 0.001
Factor VII (%) 100.2 ± 30.6 105.4 ±31.3 <0.05
Fibrinogen (mg/dl) 324.5 (279.8–385.8) 342.0 (291.0–408.8) <0.05
Adiponectin (μg/ml) 9.6 (6.1–14.2) 7.9 (5.0–11.7) <0.0001
hs-CRP (mg/l) 3.1 (1.4–7.5) 3.7 (1.8–11.5) n.s
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Table 2
Patient baseline characteristics across quartiles of MPO plasma levels Categorical data are presented as frequencies
and percentages.

MPO quartile (pM) 155 – 323 324 – 416 417 – 511 512 – 1064

African Americans 76 (13.6) 80 (14.4) 83 (14.9) 92 (16.5)
Caucasians 63 (11.3) 59 (10.6) 56 (10.1) 48 (8.6)
Male 79 (14.2) 96 (17.2) 79 (14.2) 84 (15.1)
Female 60 (10.8) 43 (7.7) 60 (10.8) 56 (10.1)
Cases with CAD 71 (12.7) 79 (14.2) 75 (13.5) 64 (11.5)
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