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 Background: Olmesartan is a type of angiotensin II receptor inhibitor that can reduce the incidence of cardiovascular events. 
However, its role in the function of endothelial progenitor cells in atherosclerosis patients is still unclear. Our 
study aimed to explore the effects and mechanism of olmesartan on endothelial progenitor cell mobilization 
and function in carotid atherosclerosis.

 Material/Methods: Forty carotid atherosclerosis patients were enrolled. Patients were administrated olmesartan 20 mg/day for 
3 months. Flow cytometry was used for counting circulating endothelial progenitor cells; colorimetric method 
was used to measure the serum levels of endothelial nitric oxide synthase and nitric oxide. Cell migration, ad-
hesion, and proliferation capacity, and related signaling pathway were also analyzed. Spearman rank correla-
tion analysis was used to investigate the influence of olmesartan on endothelial progenitor cells and clinical 
characteristics (e.g., sex, age, blood pressure).

 Results: Compared with the control group, the number of circulating endothelial progenitor cells was significantly de-
creased. Olmesartan can increase circulating endothelial progenitor cells number and the serum levels of eNOS 
and NO. Furthermore, it can improve cell migration, adhesion, and proliferation capacities. Spearman rank cor-
relation analysis showed there is no relationship between olmesartan promotion effects on endothelial pro-
genitor cell mobilization and the clinical characteristics (P>0.05). P-eNOS and P-Akt expression can be unregu-
lated by RNH-6270 treatment and blocked by LY294002.

 Conclusions: Olmesartan can effectively promote the endothelial progenitor cells mobilization and improve their func-
tion in patients with carotid atherosclerosis, independent of basic characteristics. This process relies on the 
PI3K/Akt/eNOS signaling pathway.
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Background

Atherosclerosis (AS) is one of the major causes of cardiovascular 
disease. How to effectively inhibit the progress of atheroscle-
rosis is currently a popular research focus [1]. In recent years, 
several studies have revealed that endothelial progenitor cells 
in the peripheral circulation, which represent endogenous en-
dothelial regeneration ability, participated in the arterial endo-
thelial damage repair, and is associated with the development 
of AS [2]. It was found that the number of peripheral blood cir-
culating endothelial progenitor cells in AS patients decreased 
significantly [3], and it was correlated with the degree of car-
diovascular risk events in AS patients [4]. Numerous studies 
showed that endothelial progenitor cells play a critical role in 
the process of endothelial repair. Injecting endothelial progen-
itor cells into an injured artery in a mouse model can induce 
endothelial progenitor cells to home to the ischemic damage 
area to participate in the repair of damaged blood vessels [5]. 
Endothelial progenitor cell depletion will lead to endothelial 
disability. The endothelial process mainly includes the endo-
thelial progenitor cells mobilized in bone marrow, migrating 
to the peripheral blood circulation, and directional homing to 
the injured endothelial area. Then, they repair and integrate 
to the vascular endothelium, resulting in the formation of 
new blood vessels [6]. The number and function of endothe-
lial progenitor cells can both influence the AS process. Thus, 
some scholars proposed treating AS by increasing the number 
and function of endothelial progenitor cells. Currently, drugs 
that can promote endothelial progenitor cell mobilization in-
cluded estrogen, statins, vascular endothelial growth factor 
(VEGF), angiotensin-converting enzyme inhibitors (ACEI), and 
angiotensin receptor blockers (ARB) [7–10]. Olmesartan me-
doxomil, an angiotensin II (Ang II) receptor inhibitor, can spe-
cifically block the ATI receptors of Ang II. Its main active form 
is olmesartan. Olmesartan was found to reduce inflammato-
ry reaction after myocardial infarction and myocardial infarc-
tion area, while increasing microvascular neogenesis [11–13]. 
Therefore, this study aimed to explore the role of olmesartan 
treatment on endothelial progenitor cell mobilization in pe-
ripheral blood in patients with carotid artery atherosclerosis, 
and to clarify its effect on regulating and improving vascular 
endothelial function.

Material and Methods

Research object

Forty carotid atherosclerosis patients were included between 
January 2014 and September 2014 from Yantai Yuhuangding 
Hospital. All patients were diagnosed by carotid ultrasound. 
Patients with diabetes or recent infection history were exclud-
ed. There were a total of 26 males and 14 females with an 

average age of 57±14 years old. The systolic pressure and dia-
stolic pressure of the patients were 156.5±12.6 and 99.3±10.8 
mmHg, respectively. The common carotid artery intima-media 
thickness (IMT) was 1.37±0.24 mm, and the plaque area was 
27.5±8.77 mm2. Olmesartan was given 20 mg daily for 3 con-
secutive months. Another 30 healthy adults for who present-
ed for hospital physical examination were enrolled as the con-
trol group, with 20 males and 10 females and the average age 
was 56±13 years. The systolic pressure and diastolic pressure 
of healthy control were 125.8±10.4 and 86.3±8.76 mmHg, re-
spectively, with 0.62±0.19 mm IMT and 9.64±4.34 mm2 plaque 
area. There were no statistical significance in age and sex be-
tween the 2 groups (P>0.05). All included subjects voluntari-
ly signed informed consent and the study was approved by 
the ethics committee.

Flow cytometry

To obtain mononuclear cells, 10 ml peripheral blood antico-
agulated by heparin was density gradient centrifuged. FITC-
labelled CD34 and PE-labeled CD133 antibody were added to 
100 μl mononuclear cells and reacted for 10 min. Then 0.5% 
fetal bovine serum was added and centrifuged at 1500 rpm 
for 10 min. After discarding supernatant, the cells were resus-
pended in 400 μl 0.5% fetal bovine serum and detected on a 
BD flow cytometry instrument.

Serum eNOS and NO level detection

Four ml of venous blood was taken and centrifuged after 30 
min standing. Colorimetry method was used to detect the 
eNOS and NO level according to the manufacturer’s instruc-
tions. eNOS and NO detection kits were purchased from the 
Nanjing Detection Biological Engineering Institute.

Endothelial progenitor cell separation and function 
analysis

Peripheral blood was density-gradient centrifuged to obtain 
mononuclear cells. The mononuclear cells were incubated 
with 20% M199 medium for 4 days. After being washed with 
PBS, the cells continued incubating 7 days for cell adhesion, 
migration, and proliferation ability detection. The adherent 
cells were digested and cultivated in a 24-well plate. After in-
cubating at 5% CO2 for 1 h, the adhesive cells were counted. 
Adherent cells in 15 random ×200 vision fields were counted. 
We added 2×104 endothelial progenitor cells in 50 μl of me-
dium to the upper chamber of a Boyden chamber device, and 
25 μl medium with VEGF (50 ng/mL) was added to the lower 
chamber. After cultivation for 24 h, the cells on the lower side 
of the membrane were fixed with methanol and stained with 
Giemsa. Three randomly selected fields (400×) were counted. 
MTT method was used to determine cell proliferation capacity. 
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The endothelial progenitor cells were seeded into a 96-well 
plate coated with fibronectin and cultured for 48 h. Then, MTT 
was added for 6 h and the absorbance value was detected at 
562 nm wavelength.

Endothelial progenitor cell culture and Western blot

Three concentrations (0, 0.5, and 1 μM) of olmesartan activa-
tor RNH-6270 or combined 40 μmol/L PI3K inhibitor LY294002 
were used to treat cells for 24 h. The cells were harvested and 
homogenized with lysis buffer. Total protein was separated 
by denaturing 10% SDS – polyacrylamide gel electrophoresis. 
Detection was performed with ECL luminous fluid. The pri-
mary antibodies for P-eNOS and P-Akt were purchased from 
Cell Signaling Technology. Antibody dilutions were 1:1000 for 
P-eNOS and P-Akt. Protein levels were normalized to b-actin 
and changes were determined.

Statistical analysis

Each experiment was repeated at least 3 times. Numerical 
data are presented as means and standard deviation (±SD). 
Differences between means were analyzed using Student’s 
t test, paired t test, or 1-way ANOVA. SNK test was used for 
comparison between groups. Spearman rank correlation anal-
ysis was used for correlation comparison. All statistical anal-
yses were performed using SPSS 13.0 software (Chicago, IL) 
with P<0.05 as statistical significance.

Results

Olmesartan increased circulating endothelial progenitor 
cell mobilization in carotid atherosclerosis patients

Compared with the control group, the number of peripheral 
circulating endothelial progenitor cells in patients with carotid 
atherosclerotic clearly decreased (P<0.05). After being treated 
with olmesartan for 3 months, the peripheral circulating endo-
thelial progenitor cell number increased significantly (P<0.05), 
suggesting olmesartan can promote circulating endothelial 
progenitor cell mobilization in carotid atherosclerosis patients 
(Table 1). Spearman rank correlation analysis showed there is 
no relationship between the olmesartan promotion effects on 
endothelial progenitor cell mobilization and the clinical char-
acteristics including sex, age, systolic pressure, diastolic pres-
sure, IMT, and plaque area (P>0.05).

Olmesartan affected serum eNOS and NO level in carotid 
atherosclerosis patients

Compared with the control group, serum eNOS and NO level 
in patients with carotid atherosclerotic decreased significant-
ly (P<0.05). After being treated with olmesartan for 3 months, 
eNOS and NO levels increased markedly (P<0.05), suggesting 
olmesartan can improve endothelial function in carotid ath-
erosclerosis patients (Table 2).

Group
Endothelial progenitor cell 

number

Control  78.35±5.6

Carotid atherosclerosis group 
(pretreatment)

 48.56±3.67#

Carotid atherosclerosis group 
(posttreatment)

 65.89±3.56*

Table 1. Endothelial progenitor cell number ((x±s)/2×105 cells).

# Compared with the control; * compared with pretreatment; 
P<0.05.

Group eNOS (U/L) NO (µmol/L)

Control  90.52±16.54  98.35±15.62

Carotid 
atherosclerosis group 
(pretreatment)

 53.63±13.82#  48.56±3.67#

Carotid 
atherosclerosis group 
(posttreatment)

 75.81±10.62*  75.89±10.56*

Table 2. Serum eNOS and NO level (x±s).

# Compared with the control; * compared with pretreatment; 
P<0.05.

Group Adhesion Migration Proliferation (OD value)

Control  45.34±7.54  43.35±11.22  0.67±0.12

Carotid atherosclerosis group 
(pretreatment)

 21.65±11.61#  15.51±8.92#  0.34±0.06#

Carotid atherosclerosis group 
(posttreatment)

 36.11±10.12*  35.35±8.38*  0.58±0.08*

Table 3. Endothelial progenitor cell adhesion, migration and proliferation abilities (x±s).

# Compared with the control; * compared with pretreatment; P<0.05.
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The effect of olmesartan on endothelial progenitor cell 
function in carotid atherosclerosis patients

Compared with the control group, the endothelial progenitor 
cell adhesion, migration, and proliferation abilities in patients 
with carotid atherosclerotic decreased significantly (P<0.05). 
After treatment with olmesartan for 3 months, these abilities 
gradually increased (P<0.05), suggesting olmesartan can im-
prove endothelial progenitor cell function in carotid athero-
sclerosis patients (Table 3). Spearman rank correlation anal-
ysis revealed there is no relationship between olmesartan 
improvement on endothelial progenitor cell adhesion, migra-
tion, and proliferation abilities and the clinical characteristics 
including sex, age, systolic pressure, diastolic pressure, IMT, 
and plaque area (P>0.05).

The mechanism of olmesartan in improving endothelial 
progenitor cell function

The result of Western blot analysis showed that 0.5 µM and 1 
µM RNH-6270 can both increase expression level of P-eNOS and 
P-Akt. After being treated with PI3K inhibitor LY294002, P-eNOS 
and P-Akt level decreased significantly (P<0.05) (Figure 1).

Discussion

Our results show that the number of peripheral circulating en-
dothelial progenitor cells in patients with carotid atheroscle-
rosis decreased markedly (Table 1). Further analysis on the 
cell function revealed that the adhesion, migration, and pro-
liferation abilities reduced significantly (Table 3), suggesting 
that the number and function of endothelial progenitor cells 
in atherosclerosis patients were significantly damaged, im-
pacting the affected artery intima repairmen. Serum eNOS 
and NO level were also confirmed to decrease (Table 2), sug-
gesting endothelial dysfunction exists in atherosclerosis pa-
tients. Olmesartan medoxomil, a type of long-term angioten-
sin II receptor inhibitor with good tolerance can specifically 
block the ATI receptors of angiotensin II. Its main active form 
is olmesartan, which has been shown to promote neovascular-
ization after myocardial ischemia. Animal studies have shown 
that angiotensin receptor inhibitor can have an anti-athero-
sclerosis effect independent of its blood pressure-lowering 
effect [14,15]. A 2-year multicenter study in several countries 
and regions (the MORE study) revealed that olmesartan can 
significantly reduce blood pressure of hypertension patients 
and improve IMT and plaque volume (PV), especially for pa-
tients with large PV [16]. It has been suggested that olmes-
artan can improve neovascularization in myocardial ischemia 
[11], improve endothelial dysfunction in patients with various 
cardiovascular disease, promote the endothelium-dependent 
relaxation in hypertension patients [17], improve circulating 

endothelial progenitor cell number in type 2 diabetic patients 
[18], and even improve the vascular morphology of hyperten-
sion patients in stage I (the VIOS study) [19].

However, the impact of olmesartan on endothelial progenitor 
cell mobilization and function in carotid atherosclerotic pa-
tients is still unclear. Endothelial progenitor cells can enhance 
endothelial cell repair in local injury and play an important role 
in maintaining endothelial integrity. Atherosclerosis first oc-
curs as endothelial dysfunction, mainly characterized as en-
dothelial cell loss and decreased eNOS activity [20]. Our study 
showed that 3 months of olmesartan treatment can effective-
ly promote peripheral endothelial progenitor cell mobilization 
in carotid atherosclerosis patients. Further functional analysis 
results showed that in vitro olmesartan treatment promote the 
recovery of endothelial progenitor cells adhesion, migration, 
and proliferation abilities. Serum eNOS and NO levels also in-
creased. The adhesion, migration, and proliferation abilities of 
endothelial progenitor cells can help them directionally home 
to the endothelial injury area, repairing endothelial tissue, and 
integrating to the vascular endothelium for neovascularization. 
An animal experiment also confirmed that the endothelial cells 
derived from endothelial progenitor cells can replace apoptot-
ic endothelial cells [21]. Moreover, Spearman rank correlation 
analysis showed there is no relationship between olmesartan 
promotion effects on endothelial progenitor cell mobilization, 
adhesion, migration, and proliferation abilities and the clinical 

Figure 1.  Olmesartan activates the PI3K/Akt/eNOS signaling 
pathway in endothelial progenitor cells from carotid 
atherosclerosis patients. * Compared with the 1-µM 
RNH-6270 group, P<0.05; # Compared with the 0-µM 
RNH-6270 group, P<0.05.
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characteristics, including sex, age, systolic pressure, diastolic 
pressure, IMT, and plaque area. This indicates that olmesar-
tan can act on endothelial progenitor cell independent of ba-
sic clinical characteristics.

The PI3K/Akt/eNOS signaling pathway was thought to be as-
sociated with endothelial progenitor cell differentiation [22]. 
For example, it was found that high-density lipoprotein (HDL) 
can help endothelial progenitor cells to differentiate to endo-
thelial cells through activating the PI3K/Akt signaling pathway 
[23], and HMG-CoA reductase inhibitor and VEGF can activate 
eNOS to promote endothelial progenitor cell differentiation by 
the PI3K/Akt signaling pathway [24–26]. These studies sug-
gest that the PI3K/Akt signaling pathway plays an important 
role in promoting endothelial progenitor cell proliferation and 
differentiation. Thus, our studies further analyzed the mech-
anism by which olmesartan promotes endothelial progenitor 
cell mobilization and improves their function. After we isolated 

peripheral vascular endothelial progenitor cells from carotid 
atherosclerosis patients treated by olmesartan activator RNH-
6270 or combined PI3K inhibitor, we found that the RNH-6270 
can effectively activate the PI3KK/Akt/eNOS signaling pathway 
with increased Akt and eNOS phosphorylation levels, and they 
were restrained when combined with PI3K inhibitor (Figure 1). 
Our findings suggest that olmesartan may improve endothe-
lial progenitor cell function by activating the PI3KK/Akt/eNOS 
signaling pathway.

Conclusions

This study confirmed that olmesartan treatment can effective-
ly promote peripheral endothelial progenitor cell mobilization 
and improve their function in carotid atherosclerosis patients 
through the PI3KK/Akt/eNOS signaling pathway, providing a 
theoretical basis for clinical applications.
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