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ABSTRAK

Latar belakang: Meningkatnya jumlah sel progenitor 
endotel (CD31+) merupakan salah satu faktor penting dalam 
mempertahankan homeostasis vaskular. Latihan fisik secara 
efektif akan meningkatkan jumlah sel progenitor endotel 
(CD31+) di darah tepi. Penelitian ini bertujuan untuk mengetahui 
pengaruh durasi latihan fisik aerobik akut intensitas sedang 
terhadap persentase sel CD31+ di darah tepi subyek dewasa 
muda sehat tidak terlatih.

Metode: Penelitian ini adalah penelitian eksperimental. 
Sukarelawan sehat tidak terlatih (n=20) melakukan uji sepeda 
statis intensitas sedang (64–74% DNM) dengan durasi 10 menit 
atau 30 menit. Pengambilan darah dilakukan sebelum dan 10 
menit setelah melakukan uji sepeda statis. Persentase sel CD31+ 
di darah tepi dianalisis dengan menggunakan flow cytometry.  
Analisis statistik dengan menggunakan uji t.

Hasil: Tidak terdapat perbedaan bermakna pada rerata 
persentase sel CD31+ sebelum dan setelah latihan selama 
10 menit dan 30 menit (p>0,05). Terdapat perbedaan 
peningkatan sel CD31+ di darah tepi antara kelompok latihan 
10 menit dan 30 menit. Pada kelompok latihan 10 menit, 50% 
subyek mengalami peningkatan. Sedangkan pada durasi 
latihan 30 menit, 80% subyek mengalami peningkatan. 

Kesimpulan: Persentase sel CD31+ di darah tepi sebelum dan 
setelah latihan selama 10 menit tidak berbeda bila dibandingkan 
dengan 30 menit. Namun, analisis data menunjukkan sebagian 
besar subyek (80%) mengalami peningkatan pada persentase 
sel CD31+ di darah tepi setelah latihan selama 30 menit.

ABSTRACT

Background: The increasing number of circulating CD31+ 
endothelial progenitor cells is one of the important factors for 
maintaining vascular homeostasis. Exercise will effectively 
increase the number of circulating CD31+ endothelial 
progenitor cells. This study aims to determine the effect of 
moderate-intensity acute aerobic exercise duration on the 
percentage of circulating CD31+ cells in untrained healthy 
young adult subjects.

Methods: This study was an experimental study. Untrained 
healthy volunteers (n=20) performed ergocycle at moderate-
intensity (64–74% maximum heart rate) for 10 minutes or 30 
minutes. Immediately before and 10 minutes after exercise, 
venous blood samples were drawn. The percentage of CD31+ 
cells in peripheral blood was analyzed using flow cytometry. 
Data was statistically analyzed using student t-test.

Results: There were no significant differences in the mean 
percentage of circulating CD31+ cells before and after 
exercise for 10 minutes and 30 minutes (p>0.05). However, 
there was a different trend in the percentage of circulating 
CD31+ cells after exercise for 10 minutes and 30 minutes. In 
the 10 minutes duration, 50% of subjects showed increase. 
Whereas in the 30 minutes duration, 80% of subjects showed 
increase. 

Conclusion: The percentage of circulating CD31+ cells 
before and after exercise for 10 minutes was not different 
compared to 30 minutes. However, data analysis shows that 
majority of subjects (80%) had increased in the percentage 
of circulating CD31+ cells after 30 minutes exercise.
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Cardiovascular diseases has become a global 
health problem. Based on the report by WHO, in 
2015 the number of deaths from cardiovascular 
diseases will increase to 20 million, about 30% of 
all deaths in the world.1 The WHO has estimated 
that if the major risk factors were eliminated, at 
least 80% of cardiovascular disease would be 
prevented.2 Therefore, promotion and preventive 
efforts should continue to be encouraged, 
prioritized, and reach all socioeconomic groups.

Endothelial dysfunction is associated with most 
forms of cardiovascular diseases.3 There are two 
mechanisms to replace the damaged endothelium. 
First, through the migration and proliferation 
of adjacent mature endothelial cells. Second, 
through alternative mechanism by endothelial 
progenitor cells. These cells are derived from 
bone marrow, circulate in the peripheral 
blood, and can differentiate into mature cells 
with endothelial characteristics.4 Endothelial 
progenitor cells contribute in maintaining 
vascular homeostasis through endothelial 
regeneration and neovascularization.5 Until now, 
there are no specific markers that could be used 
to identify human endothelial progenitor cells. 
Many researchers have identified circulating 
endothelial progenitor cells with flowcytometry 
using a single surface marker such as cluster of 
differentiation 34 (CD34), cluster of differentiation 
133 (CD133), vascular endothelial growth factor 
receptor-2 (VEGFR-2) or various combinations of 
surface markers. One of the many surface markers 
that can be used for identifying endothelial 
progenitor cells is cluster of differentiation 31 
(CD31).6 Based on a research conducted by Kim 
et al7, endothelial progenitor cells were almost 
exclusively confined to the CD31+ cell fraction, and 
culture of CD31+cells under defined conditions 
gave rise to endothelial cells.7 Recent studies 
provide evidence that exercise-either performed 
as a single session or training program-induced 
improvement in endothelial function. This 
is mainly due to mobilization of endothelial 
progenitor cells to peripheral circulation. Thus, 
exercise is an important method to promote 
cardiovascular health. Increased number of 
endothelial progenitor cells after exercise is 
probably caused by acute mobilization process 
of endothelial progenitor cells contained in 
bone marrow or due to shear stress that induces 
the release of endothelial progenitor cells into 
circulation.8,9

Given the important role of exercise for 
cardiovascular health, in 2007 the American 
College of Sports Medicine (ACSM) and the 
American Heart Association (AHA) recommend 
that all healthy adults need to do moderate-
intensity aerobic exercise for a minimum of 
30 minutes (or can be accumulated toward 
the 30 minutes minimum by performing bouts 
each lasting 10 minutes) five days per week.10 

However limited time available and low physical 
fitness often prevents a person to fulfill these 
recommendations, particularly in terms of 
duration. Therefore, accuracy in choosing the 
optimal duration of exercise becomes very 
important. Some studies related to the effect of 
exercise duration on the number of circulating 
endothelial progenitor cells in healthy individuals 
have been done with various results.8,11. The 
aim of this study is to investigate the effect of 
moderate-intensity acute aerobic exercise on the 
percentage of circulating CD31+ cells in untrained 
healthy individuals.

METHODS

Study subjects
Twenty healthy volunteers selected for this study 
were 20-22 years old male who never did regular 
physical activity [untrained, their maximum 
oxygen consumption (VO2max) correspond to this 
level of physical activity] and not on any medication 
known to interfere with the cardiovascular 
system. Subjects do not smoke or consume 
alcohol. Physical examination excluded apparent 
pathologies. Subjects were divided randomly into 
two groups: first group (10 subjects) performed 
ergocycle with moderate-intensity (64–74% 
maximum heart rate) for 10 minutes, and second 
group (10 subjects) performed ergocycle with 
moderate-intensity (64–74% maximum heart 
rate) for 30 minutes. The study protocol has been 
approved by the Research Ethics Commitee of the 
Faculty of Medicine, Universitas Indonesia (No. 
824/UN2.F1/ETIK/2014). All subjects gave their 
written informed consent before participation.

Study design
This was an experimental study with self-
control design (before and after). The study was 
conducted in the Faculty of Medicine, Universitas 
Indonesia from December 2014 until February 
2015. Experiments started in the morning (08:00 
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A.M). Subjects did not perform any strenous 
activities for at least 24 hours and were advised to 
have breakfast at least two hours before testing.

Determination of maximum oxygen 
consumption (VO2max)
Astrand six minute cycle test was conducted to 
validate that all subjects are untrained. Astrand 
protocol was performed on leg-cycling ergometer 
(Monark, Swedia) for six minutes.10 Suggested 
work rates for unconditioned males are 300 or 
600 kg.m.min-1 (50 or 100 Watts). Pedal rate set 
at 50 rpm (use metronome). The goal is to obtain 
heart rate between 125 and 170 bpm. Heart rate 
during the fifth and sixth minutes of the test were 
measured. If these heart rates differ by more than 
±5 bpm, the test is continued until steady-state 
heart rate is achieved. To estimate VO2max using 
this protocol, we use the nomogram. Once the 
VO2max has been determined, we multiply the 
VO2max value by the appropriate correction factor 
(based on age). Subject is called untrained if the 
value of VO2max is less than 45 mL/kg/min.12 

Single exercise bout
Exercise protocols were applied based on the 
ACSM and AHA recommendations for apparently 
healthy adults with minimal physical activity 
(64–74% maximum heart rate for 10 minutes or 
30 minutes).10 Single exercise bout was performed 
on leg-cycling ergometer (Monark, Swedia). Pedal 
rate set at 50 rpm (use metronome). Before the 
single exercise bout, subjects were seated in the 
upright position for at least 10 minutes before the 
baseline blood sample was drawn from antecubital 
vein. Subjects performed 10 minutes or 30 minutes 
ergocycle maintaining 64–74% of maximum heart 
rate (220-age) as aerobic exercise. Finally, 10 
minutes after cessation of the cycling test, the post 
exercise blood sample was taken.

Flowcytometry
Venous blood was collected in Ethylene Diamine 
Tetra Acetic (EDTA) acid tubes and processed 
immediately. Anticoagulated blood was mixed 
with Roswell Park Memorial Institute (RPMI) 
medium at a ratio of 1:1, and the mixed sample 
was then layered on to Histopaque (Sigma-
Aldrich, USA). Gradient centrifugation technique 
was performed to isolate mononuclear cells 
(MNCs). Flow cytometry analysis was performed 
with fluorescence activated cell sorting-calibur 
(FACS-Calibur) instrument (BD Biosciences, 

USA) and analyzed with CellQuestTM software 
(BD Biosciences, USA). One hundred microliters 
isolated MNCs were incubated with 10 µl 
Phycoerythrine (PE-) labeled Anti-human CD31 
(BD Pharmingen, USA) at room temperature in 
the lab cabinet for 20 minutes. The lymphocyte 
population gate was adjusted to forward scatter 
(FCS) and side scatter (SSC) profiles of isolated 
MNCs (Figure 1). PE isotype matched antibody 
(BD Pharmingen, USA) was used to set the cut 
off point for CD31+ cells in the lymphocyte sub-
population. A total of 1x104 events were analyzed. 
The result was displayed as percentage of cells 
positive for CD31.

Statistical analysis
The dependent and independent variables in 
this study were percentage of circulating CD31+ 
cells and exercise duration (10 and 30 minutes). 
All data analyses were performed using SPSS for 
Windows version 15.0 (SPSS Inc. Chicago, USA). 
Results are presented as mean ±SD. Data were 
examined for normal distribution using Saphiro 
Wilk test of normality. Comparisons among 

 

 

 

Subject Subject 

Figure 1. Flowcytometry analysis of CD31+ cells in periph-
eral blood. Mononuclear cells isolated from peripheral blood 
were gated in a forward-scatter (FSC)/side-scatter (SSC) 
plot: the cell population corresponding to small lymphocytes 
was gated and analyzed for background flourescence after 
labeling with isotype-matched control phyco erythrin (PE) 
mouse immunoglobulin G1 (second panel from left). (B) 
Flowcytometry analysis of CD31+ cells in one subject
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groups of study measures were done by student 
t-test (paired and unpaired). Probability values of 
p<0.05 were considered significant.

RESULTS

Characteristics of the subjects are summarized 
in table 1. Subjects in this study were healthy 
young adults, aged between 20–22 years old, has 
a normal body composition [mean body mass 
index (BMI) less than 25 kg.m-2, mean waist 
circumference less than 99 cm] and untrained. 
The average value of VO2max in all subjects is less 
than 38 mL/kg/min. This result showed that all 
subjects in this study are untrained. Percentage of 
circulating CD31+ cells before and after exercise 
in both groups (10 minutes vs 30 minutes) were 
assessed using student t test and are presented 
in table 2 and figure 2. Table 2 shows a decrease 
in the mean percentage of circulating CD31+ cells 
after 10 minutes exercise compared with before. 
While after 30 minutes of exercise, there is an 
increase in mean percentage of circulating CD31+ 
cells compared with before exercise.
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Figure 2. The mean percentage of circulating CD31+ cells be-
fore and after exercise for 10 minutes and 30 minutes
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Figure 3. Pie diagram showing the percentage of subjects 
who experienced the increase and the decrease in the per-
centage of circulating CD31+ cells after exercise for 10 min-
utes and 30 minutes

Variable (n=20) Value
Age (years) 21 (20–22)*
BMI (kg.m-2) 22.61 (19.26–24.71)*
Waist circumference (cm) 78.39±7.09
Resting heart rate (beats.min-1) 70.75±10.36
Blood pressure (mmHg)

Sistole 115.50±6.62
Diastole 68.10±5.46

VO2max (mL/kg/min) 33.13±4.40

*Data distribution is not normal (p<0.05)

Table 1. Characteristics of study subjects

CD31+ (%) p

Before 
exercise

After 
exercise

(before vs 
after exercise)

Exercise for 10 
minutes

66.89±10.17 65.67±10.05 0.094

Exercise for 30 
minutes

59.81±8.69 60.88±9.40 0.154

p (10 minutes vs 
30 minutes)

0.111 0.286

Table 2. Percentage of circulating CD31+ cells before and af-
ter exercise for 10 minutes and 30 minutes

The different trend between effect of 10 minutes 
compared with 30 minutes exercise on percentage 
of CD31+ endothelial progenitor cells is described 
further in figure 3. After 10 minutes exercise, 
50% of subjects (five subjects) showed increase 
(0.3%–0.8% of the value before exercise) and 
50% of subjects (five subjects) showed decrease 
(1.7%–4.8% of the value before exercise) in the 
percentage of circulating CD31+ cells after exercise. 
However, the increment showed a relatively small 
number. After 30 minutes exercise, 80% of subjects 
(eight subjects) showed increase (0.1%–4.2% of 
the value before the exercise) and 20% of subjects 
(two subjects) showed decrease (1.3%–2.7% of 
the value before exercise) in the percentage of 
circulating CD31+ cells after exercise. 

DISCUSSION

CD31 is a surface marker found on  mature 
endothelial progenitor cells.6,13 Other cells in the 
peripheral blood that express CD31 surface marker 
are monocytes, granulocytes and platelets.7 Flow 
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cytometry analysis of CD31+ cells in this study 
was performed in the lymphocyte sub-population  
from isolated MNCs. The gating strategy was 
specifically selected to sub-population of MNCs 
from peripheral blood with the highest probability 
of identifying endothelial progenitor cells. 

Our results showed higher percentage of circulating 
CD31+ cells than previous studies. This could be 
caused by different gating strategy in flow cytometry 
analysis. We used only CD31 staining to identify 
endothelial progenitor cells, whereas phenotypic 
of circulating endothelial progenitor cells are based 
on coexpression of endothelial and hematopoietic 
antigens such as cluster of differentiation 34/
vascular endothelial growth factor receptor-2/
cluster of differentiation 31/vascular endothelial-
cadherin (CD34/VEGFR-2/CD31/VE-cadherin). 
Therefore this becomes a limitation of this study.

These results are consistent with study conducted 
by Laufs et al14, who demonstrated that moderate-
intensity aerobic exercise for 10 minutes in 
healthy young adults did not increase the number 
of circulating endothelial progenitor cells.14  In 
the study conducted by Laufs et al14 there is an 
increase in the average number of endothelial 
progenitor cells that are different from the results 
of this study (the increase varies, 50% of subjects 
experienced an increase with a value below 1% 
and 50% of subjects experienced a decrease). 
This could be due to differences in exercise 
protocol and marker used to identify a population 
of endothelial progenitor cells.

On the other hand, these results are in contrast to 
studies conducted by Laufs et al14 and Cubbon et 
al,15 who demonstrated that moderate-intensity 
aerobic exercise for 30 minutes in healthy young 
adults can significantly increase the number 
of circulating endothelial progenitor cells.14,15 

This could be due to differences in the type of 
exercise, intensity of exercise, marker(s) used for 
identification of endothelial progenitor cells, and 
genetic or characteristics of the subject.

The type of aerobic exercise in a study by Laufs et 
al14 was running. According to ACSM, running is 
a kind of strenuous physical activity and causes 
an increase in heart rate higher than cycling. It 
will affect the physiological adaptation process of 
vascular system to exercise because this process 
is specific to the type of exercise performed.10

Exercise intensity used in Laufs et al14 and 
Cubbon et al15 studies are much higher than this 
study, which is about 68% VO2max or equal to 
80% maximum heart rate.16  We assume that the 
intensity of exercise used in our study may not be 
enough to generate similar response as the study 
by Laufs et al14 and Cubbon et al.15                

In Laufs et al14 and Cubbon et al15 studies, they 
used a combination of markers such as CD34+ /
VEGFR-2+/CD133+/CD177+/CD45- to identify 
immature endothelial progenitor cells. Whereas in 
this study, we used CD31 single marker. Immature 
endothelial progenitor cells will differentiate into 
mature endothelial progenitor cells marked by 
expression of CD31.13 In this study, differences in 
the pattern of change in the percentage of CD31+ 
cells after exercise for 30 minutes compared to 
10 minutes may be due to migration of immature 
endothelial progenitor cells from the bone 
marrow into peripheral blood and maturation 
process in the circulation.

Genetic background e.g race also showed 
differences in percentage of circulating endothelial 
progenitor cells after exercise. Asians according to 
a study by Cubbon et al15 showed slight increase 
in percentage of endothelial progenitor cells after 
exercise when compared with Europeans.15 This is in 
line with the result from this study. Other differences 
in subject characteristics which influence the 
outcome of this study when compared with Laufs et 
al14 study was the level of training in study subjects. 
Trained subjects as in Laufs et al14 study are known 
to have higher endothelial progenitor cells basal 
values which may significantly affect percentage 
increment after exercise.  This study used untrained 
subjects therefore had lower basal values as well as 
insignificant increment were obtained.9

However, from the results of this study, we can see 
there is a pattern of an increase in the percentage 
of circulating CD31+ cells after 30 minutes exercise. 
Changes in the percentage of CD31+ cells after 
exercise for 30 minutes on each subject varied. 
Where 80% of subjects (eight subjects) showed 
increase (0.1%–4.2% of the value before the 
exercise) and 20% of subjects (two subjects) 
showed decrease (1.3%–2.7% of the value before 
exercise) in the percentage of circulating CD31+ cells 
after exercise. Variations of this value is probably 
due to endothelial nitric oxide synthase (eNOS) 
enzyme polymorphism. eNOS enzyme influence 
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mobilization of immature endothelial progenitor 
cells from the bone marrow or in other words a 
normal vascular adaptation in basal condition. 
Individuals with eNOS polymorphism would 
demonstrate less vascular adaptation at the time 
of exercise, hence the variation occurs.17 Further 
investigation is needed to confirm our finding.

The mechanism by which exercise induces 
increase in the number or percentage of circulating 
endothelial progenitor cells is through mobilization 
from the bone marrow. Two determining factors 
by which exercise mobilize higher or lower 
magnitude of endothelial progenitor cells are 
exercise intensity and duration. Exercise with 
moderate or high-intensity (lasting less than one 
hour) cause a lower magnitude increase in the 
number of circulating endothelial progenitor cells, 
and their main mechanism of mobilization seems 
related to nitric oxide bioavailability. Increased 
bioavailability of nitric oxide (NO) will cause 
the activation of metalloproteinase nine and the 
release of soluble kit ligand, that would lead to 
mobilization of endothelial progenitor cells from 
bone marrow to circulation. On the other hand, 
long or ultralong duration exercise can generate 
mobilization response with a higher number and 
has a longer lasting effect and this is closely related 
to plasma VEGF levels, the most effective mobilizer 
for endothelial progenitor cells.11,18

In conclusion, the percentage of circulating CD31+ 
cells before and after exercise for 10 minutes was 
not different compared to 30 minutes. Although 
not statistically significant, there is a pattern 
of an increase in the percentage of circulating 
CD31+ cells after 30 minutes exercise. Majority of 
subjects (80%) had increased in the percentage of 
circulating CD31+ cells after 30 minutes exercise. 
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