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Background: The relationship between circulating level of endothelial progenitor cells (EPCs) and general physical
characteristics in healthy Taiwanese remains unclear. Taiwanese population of all ages participating in a health
screening program in our Health Clinic was studied.
Methods: Circulating EPC levels in blood samples prospectively collected from 100 study subjects once at 8:00
a.m. from antecubital vein were determined. Levels of circulating EPCs (staining markers: CD31/CD34, CD62E/
CD34, and KDR/CD34) were examined by flow cytometry.
Results: The mean circulating level of CD31/CD34, CD62E/CD34, and KDR/CD34 were 1.3 ± 1.0%, 1.2 ± 1.2%
and 1.2 ± 1.0%, respectively. No correlation was noted among circulating level of EPCs and the levels of serum
triglyceride, total cholesterol, high-density or low-density lipoprotein, blood glucose, and creatinine (all p > 0.1).
There was also no association between circulating level of EPCs and systolic or diastolic blood pressure, liver
function, current smoking status, gender, and body mass index (all p > 0.1). However, there was a significant direct
correlation between EPC (CD62E/CD34) level and platelet count (p = 0.044). On the other hand, EPC (KDR/CD34)
level was inversely proportional to white blood cell (WBC) count (p = 0.009) and age (p = 0.031).
Conclusion: In healthy Taiwanese population, circulating level of EPCs was significantly associated with an
increase in platelet count and inversely associated with WBC count and age.
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The circulating human CD34+ stem cells, known as
endothelial progenitor cells (EPCs), are mobilized from
bone marrow into systemic circulation and capable of
endothelial differentiation and neovascularization. 1,2
EPCs are identified by their co-expression of surface
markers of hematopoietic stem cells (CD34+ and CD133+)
and endothelial cells (KDR). 3,4 Experimental studies
have further demonstrated that EPCs express endothelial
phenotype in cell culture and are capable of incorporating into new vessels in animal models of hindlimb ischemia.5,6 Additionally, a body of evidence has shown
that circulating level of EPCs is increased in response to
various stimuli, including systemic disorders.7-9
Risk factors for cardiovascular disease, including
hypertension, diabetes, high low-density lipoprotein
94
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Blood sampling and assessment of circulating
EPC level by flow cytometry using double
staining
The method for determination of the level of EPCs
was based on a recent report.18 Briefly, 10 mL of blood
was drawn from the antecubital vein of the study subjects and collected in a vacutainer containing 3.8% buffered sodium heparin once at 8.00 a.m. Mononuclear
cells (MNCs) were then isolated by density-gradient
centrifugation of Ficoll 400 (Ficoll-Plaque TM plus,
Amersham Biosciences, Sweden). The MNCs were
washed twice with phosphate buffer solution (PBS) and
centrifuged before incubation with 1 mL blocking buffer
for 30 minutes at 4 °C. A cell viability of > 95.0% was
required in each group.
The identity of EPC was defined by the co-expression
of CD34, endothelial cell (EC) lineage-markers [kinase
insert domain-conjugating receptor (KDR), vascular endothelial (VE)-cadherin, CD31, and CD62E]. The EPCs
in peripheral blood were identified by flow cytometry using double staining as depicted in our recent report.19 To
determine the EPC surface markers of CD31/CD34,
CD62E/CD34, and KDR/CD34, MNCs (4 ´ 105) were
incubated for 30 minutes at 4 °C in a dark room with
monoclonal antibodies against kinase insert domain-conjugating receptor (KDR) (Sigma) as well as fluorescein
isothiocyanate (FITC)-conjugated CD34, phycoerythrin
(PE)-conjugated CD31 and CD62E (Becton Dickinson).
The control ligand (IgG-PE conjugate) was used to detect
any nonspecific association and define a threshold for
glycoprotein binding. For analysis of KDR, the MNCs
were further incubated with PE-conjugated anti-mouse
antibody made in goat. After staining, the MNCs were
fixed in 1% paraformaldehyde. Quantitative two-color
flow cytometric analysis was performed using a fluorescence-activated cell sorter (FACSCalibur TM system;
Beckman). Each analysis included 30,000 cells per sample. The assays for EPCs (CD31/CD34, CD62E/CD34
and KDR/CD34) in each sample were performed in
duplicate and the mean levels were reported.
Intra-assay variability based on repeated measurements
of the same blood sample should be low, with a mean coefficient of variance less than 4.0% in normal subjects.

(LDL)-cholesterol concentration, smoking, and physical
inactivity could alter the differentiation, proliferation,
and function of EPCs.10 In addition, these factors contribute to progressive atherosclerosis which ultimately
compromises the levels and function of circulating
EPCs.10 Recently, studies have shown that the circulating level of EPCs not only is associated with cumulative
cardiovascular risks,11-13 but it is also predictive of future
cardiovascular events and the progression of atherosclerosis in patients with coronary artery disease
(CAD).11,13-15 Surprisingly, while the correlations among
circulating level of EPCs, the risk factors of CAD, and
the unfavorable clinical outcomes have been extensively
discussed,15 the link between circulating level of EPCs
and physical parameters in general population has not
been extensively studied.16-19 Moreover, the circulating
level of EPCs in healthy Taiwanese population is currently unclear. Accordingly, this study aimed at investigating possible correlations between circulating level of
EPCs and physical status in terms of general physical
characteristics, biochemical and hematological parameters in healthy Taiwanese subjects.

METHODS
Study population and enrollment criteria
This study included consecutive healthy subjects of
all ages who participated in a health screening program
in the Health Clinic of Kaohsiung Chang Gung Memorial Hospital between September 2008 and December
2008. Informed consent was obtained from each study
subject. The study protocol was approved by the Institutional Review Committee on Human Research at our institute.
Subjects were free from history of cardiovascular
and cerebral-vascular diseases, congestive heart failure,
malignancy, recent surgery or trauma during the preceding 2 months. Patients with a history of febrile disorders,
acute or chronic inflammatory disease during the period
of study, autoimmune diseases with or without immunosuppressive therapy, or blood transfusion within 3
months were also excluded from this study. On the other
hand, subjects with history of smoking, hyperglycemia,
or hypertension with only exercise and diet control but
without medical treatment were included in this study.

Definitions and data collection
Baseline characteristics and laboratory data, includ95
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ing age, gender, body height and weight, body mass index, blood pressure, history of smoking, serum levels of
triglyceride, total cholesterol, low-density lipoprotein,
high-density lipoprotein, fasting blood glucose, aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT), creatinine, and white blood cell (WBC) counts as
well as platelet counts were collected prospectively and
entered into a computer database.

Statistical analysis
Data are expressed as means ± SD. Pearson correlation analysis was utilized for determining correlation between circulating level of EPCs and baseline enrollment
variables. Statistical analysis was performed using SPSS
software version 11.0 (SPSS, Inc., Chicago, IL, USA). A
p value < 0.05 was considered statistically significant.

baseline variables. No significant correlation was noted
among expressions of EPC surface markers (CD31/
CD34, CD62E/CD34 and KDR/CD34) and gender, systolic and diastolic blood pressure, body mass index, and
a history of smoking. Moreover, there were no correlations between the expressions of EPC surface markers
and blood glucose, levels of serum creatinine, total cholesterol, low-density lipoprotein, high-density lipoprotein, triglyceride, AST and ALT. However, an increased
expression of CD62E/CD34 was significantly associated
with an elevated platelet count (p = 0.044). In addition,
the expression of CD31/CD34 was weakly but significantly inversely correlated with age (p = 0.031). Furthermore, the expression of KDR/CD34 was also inversely
correlated with WBC count, although the correlation between them was weak (p = 0.04).

RESULTS

DISCUSSION

Baseline characteristics of study subjects
(Table 1)
Table 1 summarizes the baseline characteristics of
the 100 study subjects, showing a mean age of 56.8 and
a male predominance (65%). One-fourth of the study
subjects had a history of smoking. The means of systolic
blood pressure, diastolic blood pressure, body mass index, white blood cell and platelet counts, levels of fasting blood glucose at 8:00 a.m., serum triglyceride, total
cholesterol, high-density lipoprotein, low-density lipoprotein, creatinine, and AST/ALT were all within normal
range.
Double staining technique was utilized for the identification of circulating level of EPCs in the current
study (Figure 1). Flow cytometric analysis demonstrated
that the fractional expressions of EPC surface markers of
CD31/CD34, KDR/CD34, and CD62E/CD34 were 1.3 ±
1.0%, 1.2 ± 1.0%, and 1.2 ± 1.2%, respectively. Consistency of these findings using double staining to identify
the expressions of three different EPC surface markers
further reinforced the reliability of our results.

The present study, which investigated the circulating
level of EPCs, led to several striking clinical implications. First, the level of circulating EPCs was found to

Table 1. Baseline characteristics of 100 study subjects
Variables
Age (yrs)
Male gender (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Body mass index (kg/m2)
Blood glucose level (gm/dL)*
White blood cell count (´ 103/mL)
Platelet count (´ 104/mL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
High-density lipoprotein-cholesterol (mg/dL)
Low-density lipoprotein-cholesterol (mg/dL)
Creatinine (mg/dL)
History of smoking habit (%)
Aspartate aminotransferase (AST)
Alanine aminotransferase (ALT)
Circulating level of EPCs
CD31/CD34 (%)
KDR/CD34 (%)
CD62E/CD34 (%)

Correlations among baseline variables and
EPC levels (Table 2 and Figure 2)
Table 2 shows the analytical results of the correlation between expression of EPC surface makers and the
Acta Cardiol Sin 2010;26:94-101

% or mean ± SD
056.8 ± 10.8
65.0
136.0 ± 21.7
087.4 ± 11.9
24.8 ± 3.3
102.0 ± 29.2
06.0 ± 1.8
23.8 ± 6.1
194.9 ± 34.7
131.5 ± 78.6
053.1 ± 13.4
116.7 ± 31.1
00.97 ± 0.23
21.4
026.2 ± 10.4
029.2 ± 19.7
01.3 ± 1.0
01.2 ± 1.0
01.2 ± 1.2

* fasting blood glucose (AC sugar) was examined at 8:00 am.
96
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Figure 1. Flow cytometric analysis of endothelial progenitor cell (EPC) characteristics in one normal subject. Analyses of the expressions of EPC
surface markers (double staining) including CD31/CD34, CD62E/CD34, and KDR/CD34 using a fluorescence-activated cell sorter compared with
isotype control. Quadrants set on the basis of fluorescein isothiocyanate and phycoerythrin isotype controls and mononuclear cells without antibody
incubation (middle upper and right upper panels).

Table 2. Correlations among baseline variables and EPC levels
Variable
Age
Male vs. female gender
Systolic blood pressure
Diastolic blood pressure
Body mass index
Blood glucose level
White blood cell count
Platelet count
Serum cholesterol level
Triglyceride
HDL-cholesterol
LDL-cholesterol
Creatinine level
History of with and without smoking
Aspartate aminotransferase (AST)
Alanine aminotransferase (ALT)

CD31/CD34

KDR/CD34

CD62E/CD34

*0.031*
0.474
0.683
0.714
0.411
0.187
0.855
0.474
0.867
0.474
0.253
0.873
0.319
0.358
0.218
0.759

0.474
0.742
0.793
0.925
0.697
0.558
†0.009†
0.209
0.873
0.623
0.217
0.880
0.473
0.458
0.694
0.465

0.114
0.052
0.684
0.324
0.883
0.197
0.130
‡0.044‡
0.932
0.929
0.734
0.814
0.085
0.075
0.052
0.271

HLD, high-density lipoprotein; LDL, low-density lipoprotein.
* r = -0.212; † r = -0.253; ‡ r = +0.198.
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Figure 2. Correlation between circulating level of endothelial progenitor cells and WBC count, platelet count, and age. WBC, white blood cell
count; PLT, platelets.

studies were enrolled for serving either as age- and gender-matched control groups18 for comparing with those
suffering from other diseases or merely as young and
healthy controls. 19 As a result, the findings of these
studies18,19 may not truly indicate the circulating numbers of EPCs in the healthy population. Therefore, further studies with larger sample size are required to establish the clinical significance of the circulating level of
EPCs in the general population. To the best of our
knowledge, our current investigation was the largest cohort study in this aspect. Moreover, one important finding in the present study was that the level of EPCs in the
healthy Taiwanese population was very low, around
1.2% in all CD31/CD34, CD62E/CD34, and KDR/CD34
categories. Our results are consistent with those from a
recent study that also identified a very low circulating
level of EPCs in the Western population.21 Based on the
clinically important finding that circulating number of
EPCs in peripheral blood is associated with the incidence of future cardiovascular events,22 the results of
our study provides a baseline EPC level that may serve
as a reference for the predicting the development of
atherosclerosis and cardiovascular events in healthy Taiwanese population in the near future.

be less than 1.5% in healthy Taiwanese population. This
finding is consistent with that of our recent study18 that
demonstrated a relatively low circulating EPC level of
around 1.5% in normal control subjects without physical
or pathological stimulation. Second, circulating level of
EPCs was found to be inversely correlated with age.
This finding may raise the speculation that endothelial
integrity and the ability of angiogenesis may be progressively impaired in the elderly despite their apparently
normal physical status. Third, the circulating level of
EPCs was found to be directly correlated to platelet
count and negatively correlated to WBC count.

Circulating level of EPCs in general population
Interestingly, while EPCs have been emphasized2-4,9,15
to play an essential role in angiogenesis and the maintenance of endothelial function as well as vascular repair,
the significance of circulating level of EPCs is infrequently reported in the general population, and published studies were small-scaled.19,20 Additionally, the
circulating level of EPCs in healthy Taiwanese population has been seldom investigated 18,19 and the significance of these studies was also hampered by their small
sample size.18,19 Moreover, the study subjects of those
Acta Cardiol Sin 2010;26:94-101
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Inverse correlation between age and
circulating level of EPCs
Another important finding in the present study was
the negative correlation between the circulating level of
EPCs and age. In concert with this finding, one recent
study demonstrated higher circulating EPC levels during
childhood compared with those in adults.21 Other previous studies have also revealed a very low circulating
EPC level in the healthy aged population.12,15 Our findings, therefore, are consistent with those of these studies. 12,15,21 Interestingly, not only has the circulating
number of EPCs been found to be low, their activities
including migration, proliferation, and ability of angiogenesis have also been shown to be impaired in the elderly.23,24 Consistently, advancing age has been reported
to be associated with a decrease in vascular endothelial
function 25,26 which results in impaired recovery from
vascular lesions27 that contributes to the increased cardiovascular risk in the elderly. 21 Furthermore, studies
have previously reported that more that 50% of octogenarian die of cardiovascular disease.28-30 Accordingly,
our findings and those of previous studies could, at least
in part, explain the increased cardiovascular diseaserelated mortality in the elderly.
Contrary to our findings and those from other studies, 1,5,6,17 Chen et al. have recently demonstrated that
there was no age-related change in circulating endothelial progenitor cells in healthy subjects. We suggest that
the discrepancy between our findings and those from
Chen et al. is mainly due to comparatively small sample
size and relatively young study subjects in Chen’s study.

the hematopoietic stem cell population, have been shown
to be derived from bone marrow and released into the
circulation for the maintenance of endothelial function
and vascular integrity.1,22 One previous study31 revealed
that circulating level of EPCs (CD34+) was reversely,
whereas WBC count was directly associated with severity of congestive heart failure. Thus, the ratio of circulating CD34+ EPCs to WBC count was lower in severe
congestive heart failure patients than in normal control
subjects.31 Accordingly, our findings, in addition to comparable with previous findings,31 suggest that not only is
the circulating number of EPCs related to age and CAD
risk factors, but it may also be related to the hematopoietic activity and functional reserve of bone marrow.
Therefore, our findings could, at least in part, explain
the association between an elevated platelet count, an index of hematopoietic activity in bone marrow, and an increase in circulating EPC level. On the other hand, the
significant association between an increased WBC count,
an indicator of inflammatory activity, and a low circulating EPC level remains to be elucidated.

No association between circulating EPC level
and other baseline parameters
Interestingly, the current study did not find significant
correlation between circulating level of EPCs and blood
pressure, body mass index, level of cholesterol, hepatocyte integrity, renal function, and history of smoking.
The findings may be attributable to several factors. First,
the mean values of these baseline variables are within
normal range (Table 1). Additionally, the majority of our
study subjects were actually healthy during their health
screening examinations. Further, only a minority of our
study subjects had CAD risk factors including hypertension, current smoking, hyperglycemia, and hypercholesterolemia. Finally, all of the study subjects did not have
the manifestation of CAD. Therefore, we propose that the
significantly negative correlation between an increased
number of CAD risk factors and a decrease in circulating
EPC level may only appear in patient population with
clinical manifestation of atherosclerotic disease.11,13-15

Association between circulating level of EPCs
and peripheral hematological blood cell counts
Surprisingly, while negative associations between
circulating EPC levels and age and CAD risk factors
have been extensively investigated,10-15,21,23-27 the association between circulating EPC levels and baseline hematological parameters including WBC and platelet count
has never been reported. Another principal finding in the
present study was that circulating EPC level was associated with platelet count and negatively correlated to
WBC count. It is well known that all the peripheral
blood cells, including WBCs and platelets, are derived
from bone marrow and mobilized into the circulation to
play their individual roles. Circulating EPCs, a subset of

LIMITATION
Although the level of circulating EPCs was assessed
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9. Hristov M, Weber C. Endothelial progenitor cells in vascular repair and remodeling. Pharmacol Res 2008;58:148-51.
10. Werner N, Kosiol S, Schiegl T, et al. Circulating endothelial
progenitor cells and cardiovascular outcomes. N Engl J Med
2005;353:999-1007.
11. Lakatta EG. Arterial and cardiac aging: major shareholders in cardiovascular disease enterprises: Part III: cellular and molecular
clues to heart and arterial aging. Circulation 2003;107:490-7.
12. Lee KW, Lip GY, Tayebjee M, et al. Circulating endothelial cells,
von Willebrand factor, interleukin-6, and prognosis in patients
with acute coronary syndromes. Blood 2005;105:526-32.
13. Lambiase PD, Edwards RJ, Anthopoulos P, et al. Circulating
humoral factors and endothelial progenitor cells in patients with differing coronary collateral support. Circulation 2004;109:2986-92.
14. Valgimigli M, Rigolin GM, Fucili AM, et al. CD34+ and endothelial progenitor cells in patients with various degrees of congestive heart failure. Circulation 2004;110:1209-12.
15. Chironi G, Walch L, Pernollet MG, et al. Decreased number of
circulating CD34+KDR+ cells in asymptomatic subjects with preclinical atherosclerosis. Atherosclerosis 2007;191:115-20.
16. Ablin JN, Goldstein Z, Aloush V, et al. Normal levels and function of endothelial progenitor cells in patients with psoriatic arthritis. Rheumatol Int 2009;29:257-62.
17. Rousseau A, Ayoubi F, Deveaux C, et al. Impact of age and
gender interaction on circulating endothelial progenitor cells in
healthy subjects. Fertil Steril 2009;93:843-6.
18. Yip HK, Chang LT, Chang WN, et al. Level and value of circulating endothelial progenitor cells in patients after acute ischemic
stroke. Stroke 2008;39:69-74.
19. Chen MC, Yip HK, Chen CJ, et al. No age-related change in circulating endothelial progenitor cells in healthy subjects. Int Heart
J 2006;47:95-105.
20. Redondo S, Hristov M, Gordillo-Moscoso AA, et al. High-reproducible flow cytometric endothelial progenitor cell determination
in human peripheral blood as CD34+/CD144+/CD3- lymphocyte
sub-population. J Immunol Methods 2008;335:21-7.
21. Jie KE, Goossens MH, van Oostrom O, et al. Circulating endothelial progenitor cell levels are higher during childhood than in
adult life. Atherosclerosis 2009;202:345-7.
22. Schmidt-Lucke C, Rössig L, Fichtlscherer S, et al. Reduced number of circulating endothelial progenitor cells predicts future cardiovascular events: proof of concept for the clinical importance of
endogenous vascular repair. Circulation 2005;111:2981-7.
23. Heiss C, Keymel S, Niesler U, et al. Impaired progenitor cell activity in age-related endothelial dysfunction. J Am Coll Cardiol
2005;45:1441-8.
24. Edelberg JM, Tang L, Hattori K, et al. Young adult bone marrowderived endothelial precursor cells restore aging-impaired cardiac
angiogenic function. Circ Res 2002;90:e89-93.
25. Celermajer DS, Sorensen KE, Spiegelhalter DJ, et al. Aging is
associated with endothelial dysfunction in healthy men years
before the age-related decline in women. J Am Coll Cardiol
1994;24:471-6.

in the study subjects, functional assessments of EPCs including migration, proliferation, and angiogenesis were
not performed in the current study. Therefore, an association between the circulating EPC level and the functional integrity of EPCs cannot be established using data
from this study.

CONCLUSION
The results of the present study demonstrated that
the circulating level of EPCs was negatively correlated
to age and WBC count and directly correlated to platelet
count in the healthy Taiwanese population. The findings
of the current study may serve as an important clinical
baseline reference if the enhancement of circulating EPC
level is considered a therapeutic target that reflects an
enhanced endogenous regenerative capacity in patients
with CAD or other ischemia-related organ dysfunctions
in the near future.
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