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Abstract

AIM: To compare the predictive power of different en-
dothelial progenitor cell (EPC) phenotypic markers for
future cardiovascular events.

METHODS: Peripheral blood was collected from 76
consecutive patients with acute coronary syndromes
(ACS) who underwent percutaneous coronary interven-
tion in our institute. The various EPC phenotypes of pe-
ripheral blood mononuclear cells were CD34+CD133+,
CD34+KDR+, and CD 133+KDR+. The outcome end-
point included cardiovascular mortality, recurrent ACS,
and hospitalization for decompensated heart failure dur-
ing a 24-mo follow-up period.
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RESULTS: CD34+CD133+ cells (P = 0.034), but not
CD34+KDR+ (P = 0.35) or CD 133+KDR+ cells (P =
0.19), were found to predict recurrent ACS. We found
no correlation between EPCs measured by any of the
three phenotypic combinations of accepted CD markers
and the total combination of these separate outcomes.

CONCLUSION: The EPC CD34+CD133+ phenotype,
but not the CD34+KDR+ or the CD 133+KDR+ phe-
notypes, is predictive of future adverse cardiovascular
outcomes.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Endothelial progenitor cells (EPCs) ate a scarce popula-
tion of bone-derived cells that can play an important role
in neoanglogenesis after tissue ischemia has occurred'”.
EPCs are positive for CD34 or the more immature mark-
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er protein CD133. Recent studies have shown that expres-
sion of the CD34 surface antigen is shared by EPCs, he-
matopoietic progenitor cells, as well as mature endothelial
cells”.

As they mature, EPCs lose the CD133 marker and
acquire vascular endothelial growth factor (VEGF) recep-
tor-2, also known as KDR™". Circulating numbers of
EPCs correlate negatively with risk factors for athero-
sclerosis and with disorders associated with vascular dys-
function””. In acute coronary syndrome (ACS) patients,
there appears to be a trend toward an elevated number of
EPCs, suggesting that these cells are possibly mobilized in
an attempt to participate in vessel repair after severe isch-
emia"'?,

While there is strong evidence to link a reduced num-
ber of EPCs to cardiovascular risk factors or disorders,
the relationship between levels of EPCs and cardiovas-
cular outcomes is not clear. A recently published large
prospective observational study in patients with stable
coronary artery disease (CAD) confirmed by angiography
showed that a low number of circulating CD34+KDR+
EPCs is associated with a significantly higher risk of death
from cardiovascular disease, a first major cardiovascular
event, revascularization and hospitalization in compari-
son to patients with high EPC numbers. However, no
significant association was detected between EPC levels
and acute myocardial infarction (MI) and death from any
cause!”!

Similarly, Schmidt-Lucke ez al"" found, in a mixed
population of patients with CAD and healthy individu-
als, that reduced numbers of EPCs, also characterized
by fluorescence-activated cell sorting (FACS) analysis as
CD34+KDR+ EPCs, were a significant independent
predictor of adverse cardiovascular events over a median
follow-up period of 10 mo.

Although attractive, a major obstacle in incorporat-
ing FACS analysis of EPCs as a practical biomarker in
cardiovascular risk assessment is the lack of fully corrobo-
rated and mutually comparative methods for character-
izing the putative EPCs'*"?. Thus, different investigators
employ different FACS marker combinations for as-
sessment of EPCs: CD34+KDR+""" CD34+133+!"
or CD34+CD133+KDR+". Both KDR- and CD133-
positive cells were shown to differentiate into endothelial
cells and were thus suggested as identifying membrane
antigensléj.

The putrpose of this study was to compare the predic-
tive power of different EPC populations with regard to
future adverse cardiovascular events in patients with ACS
undergoing coronary angiography.

MATERIALS AND METHODS

Study subjects

We studied a total of 76 consecutive patients with ACS (33
patients had ST-elevation MI, 43 had non-ST-elevation
MI), who underwent coronary angiography in our institu-
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Characteristics n=176
Demographic data
Male/female 53 (70)/23 (30)
Median age (range, yr) 69 (42-86)
Current smoker 35 (46)
Comorbidities
Hypertension 48 (63)
Diabetes mellitus 20 (26)
Hyperlipidemia 39 (51)
Peripheral vascular disease 4(5.3)
CVA/TIA 5(6.3)
Drug treatment
Statin 71 (93.4)
Beta blocker 71 (93.4)
ACEI/ARB 75 (99)
Spironolactone 40 (69)
Diuretics 9(12)
CCBs 5 (6.6)
Nitrates 12 (16)

CVA: Cardiovascular accident; TIA: Transient ischemic attack; ACEI:
Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor
blocker; CCB: Calcium channel blocker.

tion. There were 53 males and 23 females, aged 42-86 years
(median, 68 years). Table 1 summarizes the demographic
and clinical characteristics of the patient population. The
institutional ethics committee approved the study and in-
formed consent was obtained from all patients.

Preparation of blood samples

Blood samples were drawn immediately after insertion
of a femoral sheath. Peripheral blood mononuclear cells
(PBMNCs) were isolated from 30 mL of freshly drawn
heparinized blood using Isopaque-Ficoll (Amersham Bio-
sciences, Buckinghamshire, United Kingdom) gradient
centrifugation.

Flow cytometry evaluation

The number of circulating EPC was assessed by FACS
analysis by staining 5 million cells for three-color FACS
analysis employing the following monoclonal antibod-
ies: fluorescein isothiocyanate-anti-CD34 (IQ products),
allophycocyanin-anti VEGF-receptor 2 (KDR, R&D sys-
tems) and phycoerythrin-anti-CD133 (R&D systems). The
various EPC phenotypes assessed were CD34+CD133+,
CD34+KDR+, and CD 133+KDR+.

Follow-up

Information on vital status, reinfarction, recurrent percu-
taneous coronary intervention, and cardiovascular events
was collected using hospital records and telephone inter-
views. Telephone follow-up each 6 mo was performed
for a maximum period of 40 mo. The outcomes censored
were either a recurrent ACS event (MI or unstable angina)
or mortality, and hospitalization due to acute decompen-
sated heart failure.
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Total Recurrent ADHF Any

mortality UA/MI MACE
CD34+CD133+=0(n=7) 1(143) 7(100) 1(143) 7 (100)
CD34+CD133+>0 (n=69) 6(87) 43 (623) 12(174) 47 (68.1)
CD34+KDR+=0(n=57)  6(105) 40(702) 11(19.3) 43 (754)
CD34+KDR+>0(n=17)  1(53) 10(526) 2(105) 11 (57.9)
CDI33+KDR+=0 (n=57) 6 (105) 41(71.9) 12(211) 44 (77.2)
CDI33+KDR+>0(n=19) 1(53) 9(474) 1(53) 10(52.6)

UA: Unstable angina; MI: Myocardial infarction; ADHF: Acute decompen-
sated heart failure; MACE: Major adverse cardiac event.

Statistical analysis

All data were summarized and displayed as mean and
standard deviation for the continuous vatiables and as the
number of patients and percentage in each group for cat-
egorical variables.

Because of the relatively small number of patients and
outcome events, and the relatively long follow-up period,
the comparison of the rate of events for each outcome
between the groups according to EPC phenotype com-
bination categories was performed by log-rank statistics
with the Kaplan-Meier estimate.

For a sample of 80 patients, in order to detect a sur-
vival difference from 70% to 90% with o = 0.05 at the
end of the study, we calculated a power (1 - ) of 60%.

In order to evaluate the performance of classifica-
tion schemes of the different variables and to compare
the classification of the different outcome measures, we
used a receiver operated characteristic curve analysis. We
calculated the area under the curve to compare the classi-
fiers and the asymptotic statistical significance to reject the
hypothesis that the curve is similar to the reference line,
which is a random classifier.

All above analyses were considered significant at P <
0.05 (two-tailed). The SPSS statistical package was used to
perform all statistical evaluations (SSPS Inc., Chicago, 1L,
USA).

RESULTS

Table 2 shows various EPC combinations stratified by the
events censored [total major adverse cardiac event (MACE)
or secondary outcomes]. Since the relative EPC numbers
were small (0%-0.1% of PBMNCs) and in most cases
equal to zero, we chose a binary method of value report,
whereby EPCs were categorized as either 0 if non-mea-
surable or 1 if greater than zero. The correlations between
the various EPC phenotypes and MACE-free or ACS-free
survival are shown in Figures 1-3. We found that recurrent
ACS was predicted significantly by the CD34+CD133+
combination (P = 0.034; Figures 2 and 3), but not by the
CD34+KDR+ (P = 0.35) or by the CD133+KDR+ (P =
0.19) combinations (Figure 1). However, this positive cor-
relation was found to be relatively weak (area under curve

=0.65).
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Figure 1 Kaplan-Meier survival chart for the outcome of total major adverse
cardiac event stratified by positive (dashed line) and negative (solid line)
fluorescence-activated cell sorting analysis. A: CD34+CD133+ cells; B:
CD34+KDR+; C: CD133+KDR+. MACE: Major adverse cardiac event.

We did not find any significant correlation between the
various EPC combinations and total MACE (Figute 3).

DISCUSSION

The factors regulating EPC numbers in acute MI include
VEGF" interleukin-8"" and stromal cell-derived fac-
tor-1°". However, one of the major limitations in study-
ing EPCs is the lack of unifying phenotypic markers
that are employed by different investigators. Indeed, the
surface marker profile changes during the process of
mobilization and maturation. For example, CD34-133+
progenitors differentiate into CD34+133+ EPCs that
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Figure 2 Kaplan-Meier event free survival for the secondary endpoint of
acute coronary syndrome (recurrent myocardial infarction or unstable
angina) stratified by patients with positive fluorescence-activated cell sort-
ing analysis (dashed line) vs patients with negative fluorescence-activated
cell sorting analysis (solid line). A: CD34+CD133+ cells; B: CD34+KDR+; C:
CD133+KDR+. ACS: Acute coronary syndrome.

possess more pronounced angiogenic propertiesm]. This
leads to confounding results and an inability to perform
cross-sectional comparative analyses between different
studies.

There are two reports in which circulating EPC were
shown to predict outcome in patients with ACS!™M,
However, both studies were performed in different popu-
lations of patients and both used a single phenotype in
FACS analysis (CD34+KDR+ cells). We have previously
shown that different methods used to assess EPC in hu-
mans are not correlated”. Thus, it is of interest to assess

144

TR
Reishideng”

WJC | www.wjgnet.com 302

1.0 - Z

Source of the curve

08 — CD34+133+
rrrrrrr CD34+KDR+
o6F Sl CD133+KDR+

Reference line
0.4

Sensitivity

0.2

P
/

0.0 < ‘

1 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3 Receiver operating characteristics curve analysis for the endpoint
of acute coronary syndrome (recurrent myocardial infarction or unstable
angina) as a function of the various endothelial progenitor cell populations.
Only CD34+133+ correlated significantly with this outcome (P = 0.034); the P-value
for CD34+KDR+ was 0.35 and for CD133+KDR+ was 0.19).

the relative outcome predictive power of different pheno-
typic combinations in patients with ACS.

Herein, we failed to detect a significant association
between EPCs measured by any of three phenotypic
combinations of accepted CD markers and total MACE
according to the log-rank statistics with the Kaplan-
Meier method. In line with previous studies"", how-
ever, we found that a lower number of EPCs (defined as
CD34+CD133+) was predictive of recurrent ACS in the
population we studied. However, CD34+KDR+ EPCs
tested in the aforementioned studies were not found to
associate with recurrent ACS or MACE in our study. The
apparent discrepancy between our study, showing that
CD34+CD133+ but not CD34+KDR+, exhibited a pre-
dictive value on outcome in ACS patients could be partial-
ly attributed to the negligible number of CD34+KDR+
EPCs in blood samples and the relatively small number of
patients. Furthermore, EPC numbers assessed by FACS
analysis are extremely low and therefore interobserver
variability in assessing their quantity is considerable. We
thus chose to differentiate ACS subjects as those having
detectable and non-detectable numbers of EPCs. We be-
lieve that this approach partially overcomes the inherent
need for subjective gating in the FACS analysis that may
influence the results and limits potential error stemming
from the fact that the numbers of CD34+CD133+ EPCs
were considerably higher than those of CD34+KDR+
and CD 133+KDR+.

Why would CD34+CD1334+ EPCs be more reflec-
tive of a recurrent ACS event than other markers? A low
number of EPCs may be associated with a compromised
ability to form new blood vessels and restore endothelial
integrity by vasculogenesis. An intact vasculogenic pro-
cess may be required to preserve endothelial function and
thus prevent plaque rupture with subsequent progtression
towards ACS. In recent years, it has become apparent that
the most important mechanism by which EPCs promote
angiogenesis and vasculogenesis is by paracrine secretion
of proangiogenic cytokines. As EPCs become committed
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to the endothelial lineage, they lose CD133 and acquire
KDR and this transition is associated with phenotypic
properties more closely related to a mature endothe-
lium but a reduced paracrine capacity. The early EPCs
(CD34+CD133+) thetrefore are probably more potent in
elaborating a panel of proangiogenic and vasculogenic cy-
tokines as compared to the more mature EPCs. According
to this hypothesis, early EPCs are more powerful in their
ability to preserve endothelial integrity and thus prevent
stent thrombosis and plaque rupture both of which result
in recurrent ACS. Indeed, our findings support the notion
that a reduced number of eatly rather than mature EPCs
is predictive of recurrent ACS.

In summary, we have found that in the setting of ACS,
circulating CD34+CD133+ EPCs are potentially prog-
nostic of cardiovascular outcome. Further studies in larger
numbers of patients are needed in order to establish the
feasibility of using certain EPC populations as potential
biomarkers of cardiovascular events. Confirmation of the
CD34+CD133+ phenotype combination as a significant
adverse biomarker in ACS would then engender further
research into the putative mechanism, and is likely to
enhance our understanding of the role of this ambigu-
ous population of hematopoietic progenitor cells in post-
ischemic vasculogenesis.

COMMENTS

Background

Precise phenotypic definition of endothelial progenitor cells (EPCs) is currently
controversial and relates to different maturation stages of these cells. Scattered
reports in the literature found an association between low levels of EPCs as de-
fined by CD34 and KDR membrane antigen markers and adverse cardiovascu-
lar events, but the applicability of these findings to other phenotypic definitions
of these cells is unknown.

Research frontiers

To compare the predictive power of different EPC populations with regard to
future adverse cardiovascular events in patients with acute coronary syndrome
(ACS) undergoing coronary angiography.

Innovations and breakthroughs

Given the controversy pertaining to the precise EPC phenotype definition, we
sought to evaluate the cardiovascular outcome predictive value of several ac-
cepted antigen marker combinations of EPCs in light of the only CD34+KDR+
phenotypic combination that had been examined previously.

Applications

By demonstrating differences among the various EPC phenotypic combinations
in cardiovascular outcome predictive ability, the study could improve current
understanding of the biology of these cells.

Terminology

EPCs are a scarce population of progenitor cells derived from the bone marrow
that play an important role in vascular regeneration after ischemia. They have
been characterized by the presence of different combinations of certain mem-
brane antigen markers, including CD34, CD133 and KDR.

Peer review

The topic is new, and could be of interest to readers. The study is well described,
methods are accurately reported, and results clearly showed. However, clinical
implications of these findings and the opportunities for developing new possible
diagnostic and therapeutic options might be better deepened in the discussion
section.
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