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all cells, for example, CD34 +  cells nonhematopoietic 
stem cells in humans and the endothelial marker 
like vascular endothelial growth factor receptor‑2 
or CD309+.[5] Furthermore, the role of EPCs in the 
maintenance of vascularization following ischemic 
brain after experimental stroke has been established. 
They act not only as the source of EPCs but also as the 
cause of growth and angiogenesis factors[6] and the likely 
increase the activity of matrix metalloproteinase.[7] On 
the other hand, with increased circulating EPCs levels, 
reduced infarct growth, and neurological improvement 
in patients after acute ischemic stroke (IS) is observed.[8,9]

Unlike a stroke, transient ischemic attack  (TIA) is a 
period of focal ischemia, TIA symptoms typically precede 

INTRODUCTION

Endothelial damage and arteriosclerosis include 
the majority of the same basic etiologies of 
cerebrovascular   (CV)  and coronary  ar tery 
disease.[1] Interestingly, it seems that activation of 
migratory endothelial progenitor cells  (EPCs) in 
response to tissue ischemia results in formation of 
collaterals after myocardial ischemia.[2] In addition, the 
major role of EPCs in angiogenesis and regeneration 
of ischemic CV tissue have been established.[3,4] These 
cells are bone marrow‑derived and subsequently 
characterize the expression of the specific marker for 

Background: The role of endothelial progenitor cells (EPCs) in the maintenance of vascularization following ischemic brain after 
experimental stroke has been established. Accordingly, in this study, we evaluated the role of circulating EPCs in transient ischemic 
attack (TIA) patients for future cerebrovascular (CV) events. Materials and Methods: The level of circulating EPCs (staining markers: 
CD34, CD309) were determined using flow cytometry at 24 h after TIA in thirty consecutive patients. The EPCs level was also 
evaluated once in thirty healthy volunteers. Over a period of 12 months, all patients were evaluated by an experienced neurologist 
for recurrent TIA, stroke or death induced by CV disorders. Results: Circulating EPCs increased in patients group following the 
first attack of TIA when compared with controls. By analysis of covariance, cardiovascular event history, hyperlipidemia, and statin 
therapy remained significant independent predictors of EPCs. The mean (standard deviation) duration of follow‑up was 10.5 (3.1) 
months (range, 2–12 months). During follow‑up, a total of three patients died due to CV accident and four patients experienced again 
recurrent TIA. By analyzing data with Cox regression, EPC did not predict the future CV events in TIA patients. Conclusion: Increased 
incidence of future CV events did not occur in those patients with elevated EPCs in the first attack of TIA. The significant predicting 
factors of EPCs were cardiovascular event history, hyperlipidemia, and statin therapy.
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in <1 h, while necrosis has not occurred in brain tissue. Stroke 
is often preceded by TIA attack as a warning sign, making 
it an important predictor of future ischemic incidents.[10] 
However, no study has addressed the role of circulating 
EPCs on outcomes prediction after TIA. Accordingly, in 
this study, we evaluated the role of circulating EPCs in TIA 
patients for prediction of future CV events (TIA).

MATERIALS AND METHODS

Study patients
This cohort study included consecutively admitted patients 
in Al‑Zahra Hospital with acute TIA between November 
2013 and October 2014. Thirty patient with a firstly attack 
of TIA according to TOAST‑criteria[11] were included. Thirty 
controls were matched by age, gender with patients group. 
They were included from population that was referred to 
AL‑Zahra Lab for performing the primary examination 
to employment in a public organization. Participants in 
the control group were healthy people and without any 
risk factors including hypertension, smoking, diabetes, 
cardiovascular event history, family history of cardiovascular, 
hyperlipidemia, and statin therapy at the baseline. Patients 
with a history of the following problems were not included 
in the study as well. Stroke or intracranial hemorrhage, 
surgery or trauma within the preceding 3 months, abnormal 
liver function, hematology disorders, renal insufficiency, 
malignancy, febrile disorders, acute or chronic inflammatory 
disease at study entry, atrial fibrillation, or congestive heart 
failure and consumption of angiotensin‑converting inhibitor 
for hypertension treatment. Past medical history including 
diabetes (fasting blood sugar  ≥126 mg/dL), hypertension 
(blood pressure  ≥140/90  mmHg), hyperlipidemia (total 
cholesterol ≥240 mg/dL orandand triglyceride ≥200)[12] and 
smoking, family history of CV accident in the first degree was 
collected in both two groups. Informed consent form was 
obtained, and medical confidentiality issues were described 
from all study subjects. All of the information was explained 
to patients about taking of blood sampling and next visits 
in every 2 months by neurologist. If they did not refer in 
defined dates, our group followed up by telephone.

Neurological assessment
Over a period of 12 months, all patients were evaluated 
by an experienced neurologist for every recurrent TIA or 
stroke or death induced by CV disorders. Evaluation of 
neurological impairment of stroke patients was based on 
the National Institutes of Health Stroke Scale.[13]

Blood sampling and assessment of circulating endothelial 
progenitor cell level by flow cytometry
Blood samplings were obtained once at 24 h after TIA and 
assessment of circulating EPC level evaluated by flow 
cytometry.

Circulating EPCs were measured by phenotypic analysis 
in unselected peripheral blood cells. Blood samples 
were processed  (2  h) after they were drawn. 50 μl of 
ethylenediaminetetraacetic acid‑anticoagulated blood 
incubated  (30  min, at 4°C) with 20 μl of fluorescein 
isothiocyanate  (FITC)‑conjugated anti‑CD34 and 10 μl of 
phycoerythrin  (PE)‑conjugated anti‑CD309. Appropriate 
isotype controls were used for each staining procedure. 1 ml of 
lysis solution was added (5 min, at room temperature). Then, 
samples were centrifuged, and pellets were resuspended 
(in 300 μl of PBS). Cells (2 × 105) were acquired by a FACS 
caliber flow cytometer and analyzed. Because the number 
of dead/apoptotic cells was negligible, the analysis was 
performed excluding cellular debris in a side scatter/forward 
scatter dot plot. CD34+ cells were electronically gated and 
the percentage of cells coexpressing CD309 was evaluated. 
For each sample, a minimum of 20,000 events was acquired. 
Detection of EPCs by flow cytometry was defined by the 
presence of at least 0.03% nucleated cells coexpressing, 
the three antigens over the background fluorescence. 
Results were expressed as a percentage of CD34 + cells that 
co‑expressed CD309. On the basis of the peripheral blood 
nucleated cell count, we also calculated the absolute number 
of CD34+  CD309+  cells. The expression of cell surface 
antigens was determined by 2‑color immunofluorescence 
staining. Briefly, 2  ×  106  cells were incubated in buffer 
containing 2% bovine serum albumin with 20 µ Fc‑blocking 
agent (10 min, at 25°C). Then, cells were incubated (30 min, at 
4°C) with 20 µl of CD34‑FITC and CD309‑PE (total volume of 
200 µl). The cells were washed twice before re‑suspension in 
400 µl stain buffer. FACS analysis was performed in triplicate 
for each sample.

Materials
The following were purchased from the sources indicated; 
antibodies, Calibur flow cytometer (Becton Dickinson, San 
Jose, CA, USA); Lysis Solution (Dako, Glostrup, Denmark); 
Fetal Calf Serum (HyClone, Logan, UT, USA); Cell Quest 
Software, Stain buffer  (BD Biosciences, San Diego, CA, 
USA); Fc‑blocking agent  (Miltenyi Biotech); CD34‑FITC, 
CD309‑PE (Miltenyi Biotech).

Statistical analysis
Data are expressed as mean standard deviation  (SD). 
Continuous variables were tested for normal distribution 
with the Kolmogorov–Smirnov test. Comparisons between 
groups were analyzed by t‑test  (two‑sided) or ANOVA 
for normally distributed variables. Post hoc tests and 
pairwise multiple comparisons were done with the 
Tukey  ‑  t‑test  (two‑sided). Comparison of categorical 
variables was performed with Chi‑square and Fisher exact 
test. Analysis of covariance used for controlling variables in 
our model. A generalized linear model was performed for 
TIA risk factors on CD34+ CD309 to identify independent 
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determinants of them. Cox proportional hazard ratio (HR) 
was used to estimate the HR and it is 95% CIs for TIA events 
and the association with identified variables. Statistical 
significance was considered at P < 0.05. All statistical analysis 
was performed with  (SPSS version 15, SPSS, Inc., IL, USA). 

RESULTS

The baseline characteristics of the sixty subjects are 
summarized in Table 1. Circulating EPCs (CD34 + CD309) 
obviously increased in patients group following the first 
attack of TIA when compared with controls. Univariate 
analysis revealed that there were not statistically significant 
association between dependent factor  (CD34  +  CD309) 
and independent factors of age, smoking, diabetes, and 
family history (the results are not shown). By analysis of 
covariance variables such as cardiovascular event history, 
hyperlipidemia, and statin therapy remained significant 
independent predictors of CD34  +  CD309. Despite the 
significant effect of hypertension on a dependent factor by 
univariate analysis, there was not significant association, 
but there was statistically modifier effect of hypertension 
and statin therapy on CD34 + CD309 [Table 2].

The mean  (SD) duration of follow‑up was 10.5  (3.1) 
months (range, 2–12 months). During the follow‑up, a total 
of three patients died due to CV accident and four patients 
experienced again recurrent TIA. Table 3 illustrates that the 
HR measured by the Cox proportional hazard regression 
model for risk factors of TIA in thirty patients during 
follow‑up including hyperlipidemia and cardiovascular 
event were 1.8, 1.1, respectively and statin therapy act as 
a protective factor against risk of TIA occurrence  (0.71) 
in which noun of them were not statistically significant. 
Figure 1 illustrated the event‑free survival based on TIA 
patients’ duration of 6 months follow‑up. Three patients did 
not refer to defined dates and after following it became clear 

to us that these subjects had died in this period. Four TIA 
recurrences have been dedicated between patients and did 
not find any correlation between this accident and level of 
EPCs. During follow‑up revealed that increased incidence 
of CV events did not occur in those patients with elevated 
EPCs in the first attack of TIA and determination of EPCs did 
not act as a predictive factor in our population [Figure 1].

DISCUSSION

This study first demonstrated an increased mobilization 
of EPC in patients with the first attack of TIA compared 

Table 1: Patients’ baseline characteristics
TIA patients Control P

n 30 30
Age, year, mean  (SD) 63  (10.5) 62.2  (12) 0.817
CD34+ CD309, mean  (SD) 7.5  (4.3) 2.3  (1.4) <0.001
Hypertension, n  (%) 22  (73.3) 0 <0.001

Smoking, n  (%) 10  (33.3) 0 0.017

Diabetes, n  (%) 6  (20) 0 0.155

CV history, n  (%) 12  (40) 0 0.007
Family history of CV disease history, 
n  (%)

16  (53.3) 1  (3.3) 0.001

Hyperlipidemia, n  (%) 9  (30) 0 0.026

Statin therapy, n  (%) 22  (73.3) 0 <0.001

Cerebrovascular accident*, TIA, n  (%) 4  (13.3) 0 ‑

Death, n (%) 3 (10) 0 ‑
*Occurrence of TIA and death after determination of EPCs following of the first attack of 
TIA TIA = Transient ischemic attack; EPCs = Endothelial progenitor cells; SD = Standard
deviation; CV = Cardiovascular

Table 2: Analysis of covariance between transient 
ischemic attack risk and protective factors and CD34+ 
CD309+ (n=60)

F(1,32) P

Main effects
Group 4.9 0.033
Hypertension  (1) 1.2 0.290
CV event history  (2) 10.9 0.002
Hyperlipidemia  (3) 8.4 0.007
Statin therapy  (4) 4.7 0.038

Modifier effects
(1)*(2) 0.08 0.782
(1)*(4) 14.9 0.001
(2)*(3) 2.7 0.112
(2)*(4) 1.3 0.265

CV = Cardiovascular

Table 3: Risk factor‑adjusted hazard ratios of transient 
ischemic attack event in patients group (n=30)

HR (95% CI) P
Hyperlipidemia 1.8  (0.24-13.7) 0.552
Statin therapy 0.71  (0.06-8.8) 0.788
CV event history 1.1  (0.18-6.9) 0.904
CD34+ CD309+ 0.81 (0.57-1.15) 0.231
CV = Cardiovascular; HR = Hazard ratio; CI = Confidence interval

Figure 1: Event‑free survival based on transient ischemic attack patients (n = 30) 
duration of 6 months
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with healthy individuals. Second, for determination the 
role of confounding factors on EPCs level in TIA patients, 
some variables were considered and was shown that 
cardiovascular event history, hyperlipidemia, and statin 
therapy remained a significant independent predictors of 
CD34 + CD309 level. Third, to our knowledge, this is the first 
study to detect cEPC level, defined as CD34 + CD309 + cells, 
in peripheral blood of TIA patients as a predictive value for 
future attacks. During the follow‑up, it was revealed that 
increased incidence of CV incidents did not occur in those 
patients with elevated EPCs in the first attack of TIA patients 
and determination of EPCs did not act as a predictive factor 
in our population.

One of the most important stimuli for the progression of 
atherosclerotic lesions is endothelial cell injury.[14] In fact, 
impaired endothelial function could act as a prediction 
marker for risk of subsequent cardiovascular[15,16] and CV 
incidents.[3,8]

The CD34 + and CD309 + markers are easily detected using 
flow cytometry. In the study of Taguchi et al., the role of 
circulating CD34  +  cells in maintenance of the cerebral 
circulation in ischemic stress condition has been confirmed. 
In addition, converse correlation between the number of 
circulating CD34 + cells and cerebral infarction has been 
shown.[17]

In previous studies, rapidly rising level of circulating EPCs 
in acute coronary syndrome and traumatic vascular injury 
compared with healthy controls has been presented.[18‑20] 
The experimental results of this study also determined 
a rapid increase in the acute phase of patients with first 
attack of TIA. Similar results were observed in Yip et al.[9] 
following acute phase of IS. Indeed, mobilization of EPCs 
from bone marrow to circulation is a rapid reaction to 
tissue ischemia.[4] In contrast to our report, Ghani et al.[21] 
reported declining number of circulating EPCs without any 
difference between acute and chronic phase in IS patients. 
We could not be sure why our and recent findings[19,20] are 
inconsistent with Ghani et al.’s results.[21] This discrepancy 
could be attributed to serial changes of circulating level of 
EPCs, found in patients after acute IS. Furthermore, this 
diversity could be explained by different time intervals 
for blood sampling in the present study and that of Ghani 
et al.’s. In another study, the authors reported that the level 
of CD34  +  cells increased at 7th  day poststroke and this 
increase continued significantly to the 14th day compared 
to the prestroke baseline, while it returned to the baseline 
levels by day 30.[17] This could clarify the fluctuation level 
of EPCs in similar diseases in different studies. In addition, 
we could not completely rule out the effect of related 
confounding variables, for example, dissimilar method had 
been used in different experimental research works. In the 

research conducted by Ghani et al.,[21] according to utilized 
techniques, cells with a mature endothelial phenotype 
collected that may have an origin other than EPCs.

Although in our study, elevated EPCs in first attack of TIA 
patients did not act as a predictive factor in our population, 
Cuadrado‑Godi et al. showed that basal EPCs associated 
with 6  months new accident events in patients with 
myocardial infarction and stroke.[22] Elevation of EPCs in our 
study has been observed in stroke patients in another study 
when compared with controls, but 30 days after stroke, 
no significant change in EPCs was indicated.[23] In another 
study, the number and migratory activity of circulating 
EPCs were shown to have an inverse correlation with risk 
factors for coronary artery diseases[2] and Framingham risk 
factor score.[21] In Sobrino et al.’s study, the magnitude of 
EPC increments in response to acute IS patients was directly 
correlated to a better functional outcome and a negative 
correlation was shown to exist between EPCs level and 
infarct volume growth.[8]

On the other hand, in patients with recurrent IS, a 
significantly lower level of circulating EPCs was reported 
compared to patients with the first IS.[9] It seems that 
EPCs work as angiogenesis, vasculogenesis factor, 
and improve repairing of endothelial injury following 
ischemic events.[24]

However, we did not find a prognostic effect of EPCs at 
baseline after TIA. Furthermore, the role of risk factors in 
modulation of homing, and differentiation of circulating 
EPCs has been elucidated. Atherosclerosis and age 
synergistically cause the most prominent effect of risk 
factors and induce decreased levels of circulating EPCs.[25] 
Hypercholesterolemia,[26] smoking habit,[2] and diabetes 
are other risk factors for alteration in EPCs level. In 
addition, statin[27] therapy and physical exercise[28] lead to 
beneficial effects in primary and secondary prevention of 
atherosclerosis and subsequently enhance the number and 
function of EPCs.

In addition, in our study, there was statistically modifier 
effect of hypertension and statin therapy on CD34 + CD309. 
However, in Diamant et  al. study such interaction had 
been observed, indeed after statin therapy, the number of 
endothelial microparticles in diabetic and hypertensive 
subjects was declined.[29] Accordingly, this would be 
a further support to our findings, so some variables 
including cardiovascular event history, hyperlipidemia, 
and statin therapy remain significant independent 
predictors of CD34 + CD309 level in TIA patients. However, 
cardiovascular event history and hyperlipidemia act as 
nonsignificant risk factors, but statin therapy proceeds as 
a protective factor for recurrence of TIA.
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Although in our study, monitoring the levels of circulating 
EPCs could not be considered as a surrogate biological 
marker for future accidents in TIA patients, further 
prospective studies are needed to evaluate and identify 
novel therapeutic approaches targeted at enhancing 
circulating EPCs post‑TIA attack.
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