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Original Article

Background: Endothelial progenitor cells (EPCs) are present in circulation and contribute to vasculogenesis 
in adults. The aim of the present study was to determine the number of circulating EPCs in patients with 
optic neuritis (ON).
Materials and Methods: Fifty patients with ON were diagnosed by expert neurologist and optometrist at the 
Feiz Hospital, Isfahan, Iran (2012–2013). Blood samples were collected from ON patients in the first attack. 
The number of EPCs was measured by flow cytometry through the assessment of CD34+ and CD309+ in 
patients and healthy individuals.
Results: With using flow cytometry, CD34+  and CD309+  cells detected in peripheral blood cells of 
patients (n = 50) with ON, and healthy individuals (n = 30). Patients with ON had (mean = 66.71 ± 17.82) 
CD34+ and CD309+ cells compared with healthy controls (mean = 28.72 ± 22.46). In addition, there was 
no significant difference in CD309+ cells in both groups.
Conclusion: This study showed elevated CD34+ and CD309+ cells in the early stage of the disease. Regarded 
to EPC increment in neural repair, it expected the EPC level be increased in these patients, but no detectable 
differences were observed among both markers in healthy and patient with first attack.
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Abstract

INTRODUCTION

Optic neuritis  (ON) is an inflammation of the 
optic nerve.[1] Classically there is a triad of clinical 
features‑reduced vision, eye pain, and impaired color 
vision.[1,2] Where multiple sclerosis (MS) is common, 
acute demyelization of the optic nerve is a common 
cause of ON in some parts. However, there are many 
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other possible causes which must not be overlooked, as 
they may require different and urgent management.[3,4]

Endothelial cells have a critical role in development 
and maintenance of blood vessels after injury. Low 
endothelial progenitor cells  (EPCs) number has also 
been reported in patients with cerebrovascular disease.[5] 
Astrocytes interaction with endothelial cells maintain 
the blood‑brain barrier (BBB), which normally restricts 
the entrance of immune system effectors unless localized 
or distant events disturb the BBB, thus allowing access 
of cellular or soluble immune effectors.[5] Since optic 
nerve, as an area of the central nervous system (CNS), 
is more permissive, as evidenced by immunostaining 
for markers of intact BBB,[5,6] tissues of the optic 
nerve might be more sensitive to aquaporin‑4 (AQP4) 
dysfunction mediated by anti‑AQP4 antibodies.[5] While 
ON can be caused following other disease development, 
MS is the most likely reason in a young, otherwise 
healthy individual.[6,7]

The rate of circulating EPC have not been studied 
commonly in patients with ON, and the results were 
strife. Functional changes in cerebral endothelial 
cells (CECs) cause BBB disruption and correlate with 
a vascular system and MS risk.[8‑10] In vitro studies 
show that, at least in the earlier stages of MS, strong 
interactions have been shown between the CECs, 
CD8+  T‑lymphocytes, macrophages, chemokines, 
activated CD4+  T‑lymphocytes, and cytokines. The 
impairment in CECs function allows entrance of 
inflammatory cells to BBB, which arouse constant of 
cascade of Th1 cytokine toward CNS environment.[9,10]

The circulating EPCs which release from bone 
marrow may possibly sustain the major increase of 
neoangiogenesis in the bone marrow.[11‑13] The aim of 
the study was to evaluate the number of circulating 
EPCs in patients with first ON attack compare to 
healthy individuals, if any; the relationship could be 
among number of EPCs and severity of the ON disease.

MATERIALS AND METHODS

Fifty patients were included with ON, diagnosed by 
expert neurologist and optometrist, referred to the 
Feiz Hospital, Isfahan, Iran (July 2012–June 2013) 
The protocol for this study was approved by the 
Institutional Review Board of the Feiz Hospital. Study 
design, data collection, analysis, and reporting were 
performed independently by a study committee. Blood 
samples were collected from ON patients with the 
first attack, MS patients with a history of ON attack 
and healthy individuals (mean ages: 26 ± 5). Together 
with the collection of demographic data, a sample of 
venous blood was drawn to assess a complete blood 

count with differential; circulating CD34+ as a marker 
for hematopoietic stem cells (HSCs) and circulating 
EPC marker or CD309 cells count. The white blood 
cell  (WBC) count was corrected for the number of 
circulating erythroblasts.

Flow cytometry analysis
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 
ethylenediamine tetraacetic 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. A volume of 1 ml of lysis solution 
was added (5 min, at room temperature). Then, samples 
were centrifuged, and pellets were resuspended  (in 
300 μl of phosphate buffered saline). Cells  (2 × 105) 
were acquired by a fluorescence‑activated cell 
sorting (FACS) calibur flow cytometer, and analyzed. 
Results were expressed as 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+ positive 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); Lysis solution  (Dako, 
Glostrup, Denmark); Fetal calf serum (HyClone, Logan, 
UT); Cell Quest software, Stain buffer (BD Biosciences, 
San Diego, CA); Fc‑blocking agent (Miltenyi Biotech); 
CD34‑FITC, CD309‑PE (Miltenyi Biotech).

Data analysis
Data are expressed as mean  ±  standard deviation. 
Results were analyzed statistically, using the 
Independent sample t‑test. Values of P < 0.001 were 
taken as significant.

RESULTS

The hematologic and clinical characteristics of total 
50 patients with ON were studied. The median absolute 
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percentage of circulating CD34+ as a marker for HSCs 
in the overall population of ON patients was 18 ± 9.96. 
Against in the healthy was 26.31 ± 14.33% (P < 0.001). 
Additionally, WBC count was noticeably high in patients 
with ON in compare with control groups. Moreover, level 
of circulating EPC marker or CD309 (18.70 ± 36.47%) 
was not substantially higher in patients with first attack 
of ON than in control subjects (28.72 ± 15.53). Although, 
a level of circulating CD309+ EPCs (17.8 ± 9.5%) was 
observed in MS patients with history of ON attack 
but there was no significant difference in patients 
comparison to the healthy  [Figure 1 compared these 
markers in both groups].

DISCUSSION

At sites of endothelial cell damage, recruitment and 
integration of EPCs which derived bone marrow has 
been shown to re modulate endothelialization.[13,14] 
Regard to rare number of EPC in the peripheral blood 
of healthy individuals, decrement or increment in 
these can be used in neovasculogenesis and vascular 
injury.[15,16] Quantitative lesion numbers may be served 
up as substitute markers of ON severity.

To assess the number of circulating EPCs, the 
percentage of CD309+ cells was evaluated. We found 
increasing EPC counts in our patients with first ON 
attach compared with control group, but there was not 
significant compared with healthy individuals. Based 
on previous literature,[17,18] which stated high level of 
circulating EPC in some neurological disorder may 
improve neurorepair,[19] in our study, EPC increment 
in ON patient was not significant, and it is unclear if 
elevated EPCs have good outcome for these patients.

In this study in patients with the first event of ON, 
as a result of the level of circulating EPCs, several 

clinically striking implications were observed. In these 
patients, levels of circulating EPCs was significantly 
higher in patients with onset of ON in compare with 
control subjects and MS patients with a history of ON 
attack but was not significant.

Recent studies have shown which rapidly increasing 
level of migratory circulation of EPC following acute 
ischemic stroke, acute coronary syndrome, and 
traumatic vascular injury are seen.[17‑22] Similarity 
our results demonstrated that level of circulating 
EPCs increased rapidly in the onset of ON. Previous 
studies claim that mobilization of EPCs from bone 
marrow to circulation is a rapid response to BBB and 
tissue injury.[23‑25] On the other hand, the findings from 
recent observational studies[26] demonstrated that the 
number of circulating EPCs was significantly lower 
with cerebrovascular disease than in control subjects, 
but it was not significantly lower with acute stroke 
disease. In addition, serial changes of circulating level 
of EPCs were demonstrated in patients after acute 
Ischemic Stroke and coronary artery disease.[27‑29]

It suggested with regard to difference in the time 
interval for blood sampling between the present 
and the recent studies in acute response of EPC 
mobilization from bone marrow to tissue injury into 
consideration. In addition, the different number 
and migratory activity of circulating EPCs has been 
reported to depend on with risk factors for, ischemic 
attack  (IA), coronary artery disease[30‑33] and ON 
attack, as well. Another study is reported which 
circulating EPC number to be somewhat lower in 
coronary artery diseases. Increased circulating EPCs 
have been reported in diverse conditions associated 
with vascular injury, including vascular trauma, 
cardiovascular risk, exercise‑induced ischemia, aortic 
aneurysm repair, and myocardial infarction. This is 
the first study that demonstrates evidence of a high 
number of circulating EPCs in the peripheral blood of 
patients with first ON attack.

CONCLUSION

These finding indicated that EPCs circulate in 
peripheral blood of ON patients at an early phase of 
disease was increased numbers. In literature studies 
have been shown increase in circulating EPC after 
ischemic attack be associated with a positive result.[34] 
So it seems to increase of EPC in MS as vascular 
disease[8] relates to a good outcome. The data showed 
in spite of various risk factors that could affect EPC 
levels in the neurodegenerative disease and also 
in ON patients. This study proffers a number of 
new standpoints in the pathogenesis of the disease. 
Yet, it is not clear if circulating EPCs have a role in 

Figure 1: Cells analysis from the healthy controls and optic neuritis 
patients. The number of CD34+  CD309+  cells/ml compared in both 
groups. Results are expressed as mean  ±  standard deviation; 
*P ≤ 0.05
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neoangiogenesis and/or whether neoangiogenesis 
influence the disease progression.
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