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Abstract  Aim. The purpose of current research was to assess changes in endothelial progenitor cells (EPC) counts 
and angiogenic factors levels during atorvastatin therapy in different doses in patients with ischemic heart disease 
(IHD) as an independent predictor of cardiovascular morbidity and mortality. Methods and Results. The main 
group included 58 patients with IHD during atorvastatin therapy. EPC quantity (CD34+/CD133+/CD309+ 
phenotype) was measured by flow cytometry two times – before treatment and 3 months after. Vascular endothelial 
growth factor (VEGF), C-reactive protein (CRP), monocyte chemoattractant protein-1 (MCP-1), endostatin levels 
and lipid profile were also measured twice. The control group consisted of 15 healthy volunteers with the same 
analyzes performed once. Atorvastatin therapy in IHD patients within three months of treatment caused a significant 
(72% on average) increase of EPC counts (p<0.05). Dependence of EPC gain on statin dose was not reliable 
(p=0.10), but it was higher when initial EPC counts were low (p=0.01). The therapy showed reliable reduction of 
VEGF level (by 11%, p<0.01), CRP – by 26% (p<0.01), total cholesterol (TCh) – by 30% (p<0.01), low density 
lipoprotein (LDL-C) – by 35% (p<0.01), triglycerides (TG) – by 18% (p<0.01), while endostatin, MCP-1 and high 
density lipoprotein (HDL-C) levels did not change. Correlations between the EPC, TCh and LDL-C changes during 
therapy were revealed: higher EPC counts gain was associated with higher TCh (p=-0.37, r<0.01) and LDL-C (p=-
0.41, r<0.01) levels decrease. Conclusion. We found a significant increase of EPC counts in IHD patients when 
treated with atorvastatin for 3 months, without statistically reliable difference depending on dosage. 
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1. Introduction 
Progenitor stem cells are immune system cells that are 

capable to self-renew and differentiate into various cell 
types. These cells have the potential to regenerate 
damaged human tissue [1,2]. Endothelial progenitor cells 
(EPC) represent a heterogeneous cells population, which 
differentiate into endothelial cells [3]. It is considered that 
they are involved in the processes of endothelium 
recovery, new blood vessels formation, inhibiting of 
atherosclerosis [4,5]. EPC are involved in vasculogenesis 
in situ both during embryonic development and in adults 
[6,7,8]. 

In 1997 Asahara et al. demonstrated that certain bone 
marrow cells can be used for vascular endothelial 
reparation and perfusion restoration in the ischemic tissue 
[9]. Since then, the plurality of experimental studies 
proved that EPC impact on ischemic processes. However, 
those promising data were not fully confirmed by further 

clinical trials. Despite low level of circulating EPC is 
considered as independent risk factor for cardiovascular 
disease since it may reflect endothelium reparation 
insufficiency [10], mechanisms of growth factors and EPC 
involvement in damaged tissue recovery and new blood 
vessels formation are not completely understood until now. 
Furthermore, although a plurality of different EPC classes 
were discovered, specific phenotypes among them that are 
capable of differentiating exclusively in endothelial cells, 
and so therapeutically useful, are not well defined [11]. 
All of the hematopoietic stem cells represent CD34 and 
CD133 markers, while EPC surface expresses endothelial 
markers also, such as VEGFR-2 (CD309), CD31, 
endothelial nitric oxide synthase and vascular endothelial 
cadherin [12,13,14]. Endothelial cells may develop from 
less mature progenitors (e.g. CD133+/CD34+/CD309- 
phenotype) as well from more mature phenotypes. Yet 
many authors agree that EPC should be defined as 
different subpopulations of progenitor cells, mainly those 
that co-express these three markers in various combinations: 
CD133+/CD34+, CD133+/CD309+, CD34+/CD309+ or 
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CD133+/CD34+/ CD309+ [15,16,17,18,19]. Due to this 
variety of EPC classes, several kits for different 
phenotypes identifying are currently available. 

Among factors that enhance plasma EPC titer and bring 
them into the damaged area, nitric oxide, estrogens, high 
density lipoprotein (HDL-C), erythropoietin and VEGF 
group are mentioned [20,21]. VEGF has many 
angiogenesis-related effects on endothelial cells: increased 
cell migration and survival, production of plasminogen 
activators and interstitial collagenases [22,23]. 

An important signal for directing EPC mobilization to 
the damage area is stromal chemokine SDF-1. Other 
chemokine, monocyte chemotactic protein-1 (MCP-1), 
increases mononuclear cells influx, and it also stimulates 
arteriogenesis. MCP-1, due to its directional cell 
specificity, plays a pathogenic role in different disorders 
characterized by mononuclear cells infiltration, including 
atherosclerosis and rheumatoid arthritis. Elevated MCP-1 
levels have been connected with myocardial ischemia 
[24,25,26]. 

Factors that inhibit angiogenesis include 
thrombospondin, angiostatin and endostatin. Specifically, 
endostatin inhibits endothelial cell proliferation, 
angiogenesis, and so tumor growth. Though endostatin 
researches are mainly oncologic, investigations of 
endostatin level changes due to ischemia and treatment in 
IHD patients may clarify some mechanisms of coronary 
angiogenesis [27,28,29]. 

Various cardiovascular risk factors that lead to 
dysfunction and apoptosis of mature endothelium, also 
negatively influence the EPC, due to mechanical (e.g. in 
arterial hypertension) or metabolic (diabetes, hyperlipidemias) 
damage of vessel wall [30,31,32]. There is evidence that 
circulating EPC counts and activity are inversely related to 
the presence of various risk factors [15,33]. 

In addition to the therapy with EPC, there is another 
approach that is associated with an attempt to activate own 
EPC proliferation by drug therapy, including statins, 
increasing their survival and activity in the damaged area. 
Some studies have shown that statin therapy leads to 
increase of different EPC phenotypes, reducing the level 
of their apoptosis and increasing the capacity for 
regeneration of ischemic tissue, which are impaired in 
IHD patients [34-40]. Still there is no available data of 
statin dosage influence on EPC gain. For that reason we 
examined the effects of statin therapy in different doses on 
endothelial progenitor cells maintenance and relations of 
resulting changes to angiogenesis factors and lipid profile 
dynamics. Dose-dependence of EPC dynamics was 
analyzed in IHD patients before and after therapy with 
atorvastatin 10 mg or 40 mg per day. We also compared 
quantity of endothelial progenitor cells and angiogenesis 
factors concentrations in healthy volunteers and in patients 
with IHD. 

2. Material and Methods 
The study included 58 patients over 18 years old with 

ischemic heart disease (IHD) and with indications for 
statins assignment (LDL-C≥1.8 mmol/l) [41]. Patients 
with acute coronary syndrome, myocardial infarction less 
than 6 months old, hemodynamically significant heart 

defects, NYHA III-IV class heart failure, infectious 
diseases, increased transaminases levels > 2 upper limits, 
patients after previous (less than 6 months ago) statin 
therapy were excluded. All included patients were treated 
and followed-up on the base of Atherosclerosis Department 
of Russian Cardiology Research Center (RCRC, Moscow, 
Russian Federation) after informed consent signing. Patients 
were randomized into two groups: Group 1 received 
atorvastatin 10 mg daily (n=26), Group 2 – 40 mg (n=32). 
All patients underwent standard clinical laboratory 
(clinical and biochemical blood tests with lipids content) 
and instrumental examinations (ECG, cardiac US, Holter 
ECG monitoring; stress-tests and CAG if necessary), 
VEGF, CRP, MCP-1 and endostatin levels were measured. 
The key analysis was to determine EPC in whole blood, 
performed in laboratory of immunology of RCRC. Cells 
were isolated by magnetic separation. The main criterion 
for EPC selection from white blood cells pool was 
simultaneous expression of markers CD34, CD133 and 
CD309, thus undifferentiated ("young") EPC were 
detected. EPC quantity of CD34+/CD133+/CD309+ 
(VEGFR-2+) phenotype was measured in 10 ml whole 
blood test sample with Miltenyi Biotec GmbH set using 
MACS technology by flow cytometry (Cytomics FC500, 
Beckman Coulter). Additionally 10 ml of whole blood 
was used for CD309 control sample, and 200 µl for 
CD133 control sample. EPCs were detected in the EPC 
sample by staining with the cocktail containing CD34-
FITC, CD133/2(293C3)-PE and CD309 (VEGFR-2/KDR)-
APC for positive staining of EPCs and CD14-PE-Cy5 for 
exclusion of monocytes. Four-color (FITC, PE, APC, PE-
Cy5) flow cytometry was performed in multiple stages: 
debris and platelets excluding, dead cells and monocytes 
excluding, identification of CD34+ cells and CD133 
specificity, identification of CD34+/CD133+/CD309+ 
pool cells. All measurements were performed twice – 
before treatment and after 3 months. The control group 
consisted of 15 healthy volunteers in whom these tests 
were performed once. The second stage of EPC analysis in 
volunteers after placebo therapy was rejected due to its 
high overall costs and low benefit for the main task of the 
research (assessment of EPC level dynamics in IHD 
patients). Clinical characteristics of patients in the main 
group, statin dose subgroups and control group are shown 
in Table 1. In the main group reception frequency of the 
following drugs was analyzed: aspirin, β-blockers, 
calcium antagonists, nitrates, ACE inhibitors and diuretics, 
with no significant differences in all reception frequencies 
in the subgroups (p>0.3). 

2.1. Statistical Analysis 
Due to non-gaussian distributions (by the Shapiro-Wilk 

test) of the majority of data compared, nonparametric 
statistics was used: groups are represented as median with 
interquartile range, correlation analysis was performed 
with Spearman test, medians comparison of independent 
groups – by Mann-Whitney test, dependent groups – by 
Wilcoxon test, qualitative data was analyzed with exact 
Fisher's test. To analyze the influence of two independent 
factors on parameter changes, two-factor ANOVA was 
used (in case of non-gaussian sample distribution – after 
Box-Cox normalization). 
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Table 1. Clinical characteristics of patients in IHD and control (healthy volunteers) groups 

 
IHD (n=58) Control (n=15) p 

Group 1 
(10 mg, n=26) 

Group 2 
(40 mg, n=32) р  

Males 
22 (38%) 10 (67%) ns** 

12 (46%) 10 (31%) ns**  

Age, years 
66 (55-70) 59 (42-66) ns* 

61 (54-69) 67 (60-72) ns*  

Body mass index, kg/m2 
29.0 (26.4-32.0) 23.7 (23.1-24.8) <0.01* 

28.4 (26.0-31.5) 29.4 (26.7-32.3) ns*  

Waist, cm 
97 (92-104) 76 (70-82) <0.01* 

97 (87-107) 97 (92-103) ns*  

Systolic blood pressure, 
mmHg 

130 (120-140) 120 (120-125) ns* 

123 (120-130) 130 (120-143) 0.03*  

Diastolic blood pressure, 
mmHg 

80 (70-80) 70 (65-70) 0.012* 

73 (70-80) 80 (70-90) 0.02*  

Heart rate, 
beats/min 

68 (66-72) 67 (64-70) ns* 

68 (66-70) 70 (66-74) ns*  

Family history 
42 (72%) 1 (7%) <0.01** 

19 (73%) 23 (72%) ns**  

Smoking 
10 (17%) 1 (7%) ns** 

7 (27%) 3 (9%) ns**  

Arterial hypertension 
47 (81%) 0 (0%) <0.01** 

20 (77%) 27 (84%) ns**  

Diabetes mellitus 
6 (10%) 0 (0%) ns** 

1 (4%) 5 (16%) ns**  

Myocardial infarction 
7 (12%) 0 (0%) ns** 

4 (15%) 3 (9%) ns**  

Therapy 

 

Aspirin 26 (100%) 32 (100%) ns** 

β-blockers 16 (62%) 18 (56%) ns** 

Calcium blockers 6 (23%) 4 (13%) ns** 

Nitrates 4 (15%) 3 (9%) ns** 

ACE inhibitors 18 (69%) 18 (56%) ns** 

Diuretics 4 (15%) 3 (9%) ns** 
* – Mann-Whitney test, ** – exact Fisher's tes. 

3. Results 
Comparison of CD34+/CD133+/CD309+ phenotype 

EPC quantity, leukocytes quantity, levels of VEGF, MCP-
1, CRP and endostatin, between IHD groups and control 
group, is shown in Table 2. 

As shown in Table 2, EPC counts are reliably lower in 
IHD patients compared to healthy volunteers. Also in IHD 
group endostatin level and leukocytes counts were 
significantly lower, total cholesterol, LDL-C, VEGF and 
CRP levels were higher than in control group, with no 
significant differences in HDL-C, triglycerides (TGs) and 
MCP-1 levels. All of studied parameters did not differ 
reliably between Group 1 (10 mg of atorvastatin) and 
group 2 (40 mg). 

EPC, VEGF and endostatin levels did not differ in men 
and women. There also were no associations of these 

factors with previous myocardial infarction, coronary 
angioplasty/bypass history or other burdened anamnesis, 
with body mass index. Non-smoking IHD patients had 
reliably higher endostatin level, than smokers – 156.9 
(138.6-176.2) and 140.2 (136.9-151.1) ng/ml, respectively 
(p=0.043). Also smoking IHD patients had increased EPC 
counts and VEGF levels (p=0.053 and 0.061, respectively). 
Diabetes as a factor for even more reduced EPC counts 
(compared to IHD patients without diabetes mellitus), also 
almost reached the validity criteria (p=0.066). No 
significant relationships were revealed between EPC 
counts and leucocytes counts, levels of TCh, LDL-C, 
HDL-C, triglycerides, VEGF, endostatin, MCP-1 and 
CRP in IHD group before statin therapy and in control 
group. 

After 3 months of atorvastatin therapy EPC counts 
increased from 171 (77-435) to 423 (164-739) pcs in 10 
ml, growth rate was 1.72 (1.24-2.64), which corresponds 
to 72% gain in average. In group 1 EPC counts increased 
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from 234 (114-434) to 466 (170-709), in group 2 – from 
142 (70-443) to 382 (137-742) (Figure 1). Effects of 

atorvastatin therapy on all of studied parameters in both 
groups are summed in Table 3. 

Table 2. Comparison of the studied parameters in IHD groups and control group 

Parameter 
IHD (whole group, n=58) Control (n=15) p* 

Group 1 
(10 mg, n=26) 

Group2 
(40 mg, n=32) p*  

EPC, pcs in 10 ml 
171 (77-435) 938 (412-1778) <0.01 

234 (114-434) 142 (70-443) 0.33  

Leukocytes, 
mln/ml 

6.4 (5.6-7.2) 7.6 (6.5-8.1) 0.013 

6.4 (5.9-7.1) 6.3 (5.6-7.5) 0.81  

TCh, mmol/l 
6.77 (6.35-7.56) 4.68 (4.03-4.86) <0.01 

6.55 (6.10-6.98) 6.95 (6.42-7.84) 0.07  

TCh>5.2 mmol/l 57 (98%) 0 (0%) <0.01 

LDL-C, 
mmol/l 

4.45 (4.26-5.19) 2.60 (1.90-2.97) <0.01 

4.34 (3.96-4.63) 4.59 (4.14-5.28) 0.09  

HDL-C, 
mmol/l 

1.31 (1.10-1.66) 1.15 (0.91-1.38) 0.08 

1.20 (1.09-1.66) 1.37 (1.11-1.66) 0.67  

TGs, 
mmol/l 

1.67 (1.25-2.43) 1.46 (0.98-1.97) 0.49 

1.38 (1.11-2.16) 1.86 (1.36-2.64) 0.10  

VEGF, 
pg/ml 

383.7 (244.8-454.7) 259.5 (144.9-310.3) 0.016 

375.3 (244.8-462.3) 388.4 (253.6-448.4) 0.94  

Endostatin, ng/ml 
154.6 (138.1-170.0) 182.1 (154.5-187.6) 0.012 

150.9 (139.1-160.8) 156.4 (137.5-179.3) 0.32  

MCP-1, pg/ml 
211.6 (175.0-275.8) 200.7 (168.9-251.2) 0.57 

219.9 (175.0-278.0) 209.6 (175.0-247.1) 0.65  

CRP, mg/dl 
0.27 (0.14-0.47) 0.13 (0.03-0.25) 0.017 

0.22 (0.10-0.39) 0.31 (0.18-0.49) 0.07  
* – Mann-Whitney test. IHD, ischemic heart disease; EPC, endothelial progenitor cells; TCh, total cholesterol; LDL-C, low density lipoprotein; HDL-C, 
high density lipoprotein; TG, triglycerides; VEGF, vascular endothelial growth factor; CRP, C-reactive protein; MCP-1, monocyte chemotactic protein-
1. 

 
Figure 1. Changes in EPC counts in IHD patients after 10 mg or 40 mg atorvastatin therapy. EPC, endothelial progenitor cells; IHD, ischemic heart 
disease 

As shown in Table 3, TCh, LDL-C, TGs, VEGF and 
CRP levels decreased reliably in both groups. It must be 
noted that none of those effects were dose-dependent, with 

an exception that TCh and LDL-C levels expectedly 
decreased more in group 2. For instance, EPC counts 
gained in both groups with unreliable difference between 
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groups (p=0.1). So we tried to reveal other factors that 
could influence EPC growth rate. In particular, we 
analyzed the dependence of TCh, LDL-C and EPC 
changes on the initial values of these parameters. Groups 1 
and 2 were split into two equal subgroups according to 

baseline values of TCh, LDL-C and EPC – below the 
median and above the median, and then two-factor 
ANOVA was performed to those four subgroups. The 
results are shown in Table 4. 

Table 3. Effects of atorvastatin therapy on studied parameters 
 IHD (n=58) Group 1 (10 mg, n=26) Group 2 (40 mg, n=32) 1-2 

 k1 p2 k1 p2 k1 p2 p3 

EPC 1.72 (1.24-2.64) <0.01 1.35 (1.14-2.33) <0.01 1.98 (1.38-3.50) <0.01 0.10 

Leukocytes 0.99 (0.92-1.07) 0.68 1.00 (0.94-1.06) 0.89 0.99 (0.89-1.08) 0.56 0.69 

TCh 0.70 (0.65-0.78) <0.01 0.78 (0.70-0.85) <0.01 0.66 (0.61-0.71) <0.01 <0.01 

LDL-C 0.65 (0.55-0.75) <0.01 0.72 (0.66-0.85) <0.01 0.58 (0.53-0.66) <0.01 <0.01 

HDL-C 0.99 (0.91-1.06) 0.31 1.03 (0.94-1.06) 0.85 0.98 (0.88-1.04) 0.15 0.19 

TGs 0.82 (0.62-0.96) <0.01 0.84 (0.74-1.00) <0.01 0.76 (0.56-0.92) <0.01 0.14 

VEGF 0.89 (0.80-1.01) <0.01 0.89 (0.83-0.96) <0.01 0.88 (0.78-1.03) 0.016 0.99 

Endostatin 0.97 (0.90-1.06) 0.22 1.00 (0.92-1.09) 0.97 0.96 (0.86-1.03) 0.11 0.28 

MCP-1 0.99 (0.89-1.10) 0.42 0.97 (0.87-1.08) 0.32 1.01 (0.91-1.10) 0.81 0.45 

CRP 0.74 (0.53-1.00) <0.01 0.84 (0.61-1.00) 0.057 0.72 (0.50-0.95) <0.01 0.31 
1 k – change coefficient (e.g. 1.72 means increase by 72%, 0.63 – decrease by 37% etc.). 2 Wilcoxon test 3 Mann-Whitney test (comparison of k between 
groups 1 and 2). IHD, ischemic heart disease; EPC, endothelial progenitor cells; TCh, total cholesterol; LDL-C, low density lipoprotein; HDL-C, high 
density lipoprotein; TG, triglycerides; VEGF, vascular endothelial growth factor; CRP, C-reactive protein; MCP-1, monocyte chemotactic protein-1 

Table 4. Effect of statin dose and baseline EPC, TCh and LDL-C levels on their dynamics  

Hypothesis: 
dynamics of the parameter 

depends on 

Parameter 

TCh LDL-C EPC 

p Result p Result p Result 

Baseline parameter level 0.99 False 0.43 False 0.01 True  

Statin dosage <0.01 True <0.01 True 0.38 False 
EPC, endothelial progenitor cells; TCh, total cholesterol; LDL-C, low density lipoprotein. 

As shown in Table 4, baseline TCh and LDL-C levels 
did not influence their decrease rate. At the same time 
EPC gain rate did not depend on statin dose, but did 
depend on their baseline counts: the lower were baseline 
EPC counts, the higher was their gain rate due to therapy. 
Those results allowed us to perform correlation analysis of 
the relationship between the EPC gain and TCh/LDL-C 
decrease, as well as HDL-C/TGs dynamics. EPC gain was 
inversely proportional to the LDL-C/TCh level increase 
(i.e. directly proportional to their level decrease), the 
results shown in Table 5. 

Table 5. The relationships between EPC gain rate (kEPC) and lipid 
profile dynamics during atorvastatin therapy 

 
IHD (n=58) Group 1 (10 

mg, n=26) 
Group 2 (40 
mg, n=32) 

r p r p r p 

TCh -0.37 <0.01 -0.52 <0.01 -0.21 0.26 

LDL-C -0.41 <0.01 -0.44 0.03 -0.26 0.15 

HDL-C 0.00 1.00 0.06 0.78 -0.03 0.87 

TGs 0.00 0.98 -0.09 0.67 0.09 0.63 
r – Spearman’s rank correlation coefficient; p – significance level for r. 
EPC, endothelial progenitor cells; IHD, ischemic heart disease; TCh, 
total cholesterol; LDL-C, low density lipoprotein; HDL-C, high density 
lipoprotein; TG, triglycerides. 

4. Discussion 
The mechanisms underlying statin effects on increase 

of different EPC phenotypes are not fully understood. 

Nevertheless, some clinical studies already attempt to use 
it. For instance, ARMIDA study demonstrated positive 
effects of intensive statin therapy before percutaneous 
coronary intervention [42]. As a further step, HIPOCRATES 
study investigates high-dose statin therapy effect on stent 
endothelialization [43]. The authors emphasize that the 
positive pleiotropic effects of statins, not connected 
directly with lipid levels lowering, but still improving 
revascularization outcomes, are not fully understood. The 
authors suggested that higher EPC counts are able to 
reverse endothelium damage, which occurs during stent 
implantation. 

It remained unclear whether stimulating statin effects 
on EPC are dose-dependent. This aspect was our main aim 
of investigation. Beside this, our study showed significant 
differences of a number of parameters in IHD patients 
compared to healthy volunteers. EPC counts in IHD 
patients were on average four times lower (p<0.01), 
VEGF level by 52% higher (p<0.01), endostatin level by 
13% lower (p<0.05), compared to the control group. 3-
month atorvastatin treatment led to EPC counts gain on 
average by 72% (p<0.05). EPC gain rate did not depend 
on statin dose (p=0.38), but it was higher when baseline 
EPC counts were low (p=0.01). Besides expected decrease 
of TCh/LDL-C levels during the therapy, there was 11% 
decrease of VEGF level (p<0.05), endostatin level has not 
changed significantly (p=0.22). There was a relationship 
between the dynamics of EPC, TCh and LDL-C during 
therapy: higher EPC gain rate corresponded to greater 
reduction of TCh (r = -0.37, p<0.01) and LDL-C (r = -0.41, 
p<0.01). 
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Discussing the obtained results, importance of EPC 
measurement method must be noted, as various sets of 
expressed cell markers lead to determination of the same 
cells at different stages of development. The kit we used 
allowed us to identify a rather rare phenotype of "young" 
EPC, but it required enhancement of cytometry sensitivity, 
which led to a large spread of EPC counts both in main 
group and in control group: results from 100 to 2000 cells 
per 10 ml of blood were received. This variation may be a 
cause of statistically insignificant results in groups that in 
other circumstances might reveal significant differences 
and dependences. For instance, EPC gain rate dose-
independence had Mann-Whitney confidence level (p) 
equal to 0.10, elevated EPC counts in the smokers 
subgroup – 0.053, reduced EPC counts in diabetes 
subgroup – 0.066. Smoking IHD patients showed elevated 
EPC counts and VEGF level, and decreased endostatin 
level. These results are contrary to some published data 
and require further study. Such an increase of pro-
angiogenic factors may perhaps be a temporary 
involvement of reserves of the organism, which occurs in 
response to smoking as a vascular system damaging factor. 

The most important result of our study is that the 
dependence of EPC gain rate on atorvastatin dose was 
unreliable. This to some extent corresponds to the results 
of clinical trials (TNT, IDEAL), which claimed that the 
clinical benefit of higher doses of statins to moderate 
doses is on the verge of reliability [44,45]. On the other 
hand, in a study by Antonio et al., dedicated to different 
doses of statin therapy in patients with myocardial 
infarction within 3 months, a higher EPC counts gain in 
the intensive statin therapy group was detected [46]. This 
result can be explained by another patient contingent, as 
well as another cell phenotype in that study. Our results 
confirmed a study by Pesaro et.al, where patients with 
stable coronary artery disease did not show further EPC 
count growth when increasing simvastatin dose from 20 to 
80 mg or addition of ezetimibe [47]. 

The main clinical result of our work may be a 
suggestion that pleiotropic statin effects are activated even 
at low doses of statins. This confirms the known fact that 
intensity of lipid-lowering therapy must be guided only by 
the target level of LDL-C. More specific clinical 
applications of received information about the effects of 
different doses of statins on EPCs requires further study. 

Conflict of Interest 
None declared. 

References 
[1] van Os R., Kamminga L.M., de Haan G. Stem cell assays: 

something old, something new, something borrowed. Stem Cells. 
2004. 22(7): 1181-1190. 

[2] Xu Q. Stem cells and transplant arteriosclerosis. Circ Res. 2008. 
102(9): 1011-1024. 

[3] Xu Q. The impact of progenitor cells in atherosclerosis. Nat Clin 
Pract Cardiovasc Med. 2006. 3(2): 94-101. 

[4] Hirschi K.K., Ingram D.A., Yoder M.C. Assessing identity, 
phenotype, and fate of endothelial progenitor cells. Arterioscler 
Thromb Vasc Biol. 2008. 28(9): 1584-1595. 

[5] Zampetaki A., Kirton J.P., Xu Q. Vascular repair by endothelial 
progenitor cells. Cardiovasc Res. 2008. 78(3): 413-421. 

[6] Tepper O.M., Capla J.M., Galiano R.D., Ceradini D.J., Callaghan 
M.J., Kleinman M.E., Gurtner G.C. Adult vasculogenesis occurs 
through in situ recruitment, proliferation, and tubulization of 
circulating bone marrow-derived cells. Blood. 2005. 105(3): 1068-
1077. 

[7] Reyes M., Dudek A., Jahagirdar B., Koodie L., Marker P.H., 
Verfaillie C.M. Origin of endothelial progenitors in human 
postnatal bone marrow. J Clin Invest. 2002. 109(3): 337-346. 
PMCID: 150857. 

[8] Takahashi T., Kalka C., Masuda H., Chen D., Silver M., Kearney 
M., Magner M., Isner J.M., Asahara T. Ischemia- and cytokine-
induced mobilization of bone marrow-derived endothelial 
progenitor cells for neovascularization. Nat Med. 1999. 5(4): 434-
438. 

[9] Asahara T., Murohara T., Sullivan A., Silver M., van der Zee R., 
Li T., Witzenbichler B., Schatteman G., Isner J.M. Isolation of 
putative progenitor endothelial cells for angiogenesis. Science. 
1997. 275(5302): 964-967. 

[10] Schmidt-Lucke C., Rossig L., Fichtlscherer S., Vasa M., Britten 
M., Kamper U., Dimmeler S., Zeiher A.M. 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(22): 2981-
2987. 

[11] Werner N., Nickenig G. Influence of cardiovascular risk factors on 
endothelial progenitor cells: limitations for therapy? Arterioscler 
Thromb Vasc Biol. 2006. 26(2): 257-266. 

[12] Yoder M.C. Defining human endothelial progenitor cells. J 
Thromb Haemost. 2009. 7 Suppl 1: 49-52. 

[13] Gallacher L., Murdoch B., Wu D.M., Karanu F.N., Keeney M., 
Bhatia M. Isolation and characterization of human CD34(-)Lin(-) 
and CD34(+)Lin(-) hematopoietic stem cells using cell surface 
markers AC133 and CD7. Blood. 2000. 95(9): 2813-2820. 

[14] Hill J.M., Zalos G., Halcox J.P., Schenke W.H., Waclawiw M.A., 
Quyyumi A.A., Finkel T. Circulating endothelial progenitor cells, 
vascular function, and cardiovascular risk. N Engl J Med. 2003. 
348(7): 593-600. 

[15] Schmeisser A., Garlichs C.D., Zhang H., Eskafi S., Graffy C., 
Ludwig J., Strasser R.H., Daniel W.G. Monocytes coexpress 
endothelial and macrophagocytic lineage markers and form cord-
like structures in Matrigel under angiogenic conditions. 
Cardiovasc Res. 2001. 49(3): 671-680. 

[16] Fujiyama S., Amano K., Uehira K., Yoshida M., Nishiwaki Y., 
Nozawa Y., Jin D., Takai S., Miyazaki M., Egashira K., Imada T., 
Iwasaka T., Matsubara H. Bone marrow monocyte lineage cells 
adhere on injured endothelium in a monocyte chemoattractant 
protein-1-dependent manner and accelerate reendothelialization as 
endothelial progenitor cells. Circ Res. 2003. 93(10): 980-989. 

[17] Krause D.S., Fackler M.J., Civin C.I., May W.S. CD34: structure, 
biology, and clinical utility. Blood. 1996. 87(1): 1-13. 

[18] Shalaby F., Ho J., Stanford W.L., Fischer K.D., Schuh A.C., 
Schwartz L., Bernstein A., Rossant J. A requirement for Flk1 in 
primitive and definitive hematopoiesis and vasculogenesis. Cell. 
1997. 89(6): 981-990. 

[19] Friedrich E.B., Walenta K., Scharlau J., Nickenig G., Werner N. 
CD34-/CD133+/VEGFR-2+ endothelial progenitor cell 
subpopulation with potent vasoregenerative capacities. Circ Res. 
2006. 98(3): e20-25. 

[20] Aicher A., Heeschen C., Mildner-Rihm C., Urbich C., Ihling C., 
Technau-Ihling K., Zeiher A.M., Dimmeler S. Essential role of 
endothelial nitric oxide synthase for mobilization of stem and 
progenitor cells. Nat Med. 2003. 9(11): 1370-1376. 

[21] Zhang Q., Yin H., Liu P., Zhang H., She M. Essential role of HDL 
on endothelial progenitor cell proliferation with PI3K/Akt/cyclin 
D1 as the signal pathway. Exp Biol Med (Maywood). 2010. 
235(9): 1082-1092. 

[22] Poltorak Z., Cohen T., Sivan R., Kandelis Y., Spira G., Vlodavsky 
I., Keshet E., Neufeld G. VEGF145, a secreted vascular 
endothelial growth factor isoform that binds to extracellular matrix. 
J Biol Chem. 1997. 272(11): 7151-7158. 

[23] Rissanen T.T., Markkanen J.E., Gruchala M., Heikura T., Puranen 
A., Kettunen M.I., Kholova I., Kauppinen R.A., Achen M.G., 
Stacker S.A., Alitalo K., Yla-Herttuala S. VEGF-D is the strongest 
angiogenic and lymphangiogenic effector among VEGFs 
delivered into skeletal muscle via adenoviruses. Circ Res. 2003. 
92(10): 1098-1106. 

[24] Lin J., Kakkar V., Lu X. Impact of MCP-1 in atherosclerosis. Curr 
Pharm Des. 2014. 20(28): 4580-4588. 



 American Journal of Clinical Medicine Research 76 

 

[25] Cavalera M., Frangogiannis N.G. Targeting the chemokines in 
cardiac repair. Curr Pharm Des. 2014. 20(12): 1971-1979. 

[26] Yadav A., Saini V., Arora S. MCP-1: chemoattractant with a role 
beyond immunity: a review. Clin Chim Acta. 2010. 411(21-22): 
1570-1579. 

[27] Hanahan D., Folkman J. Patterns and emerging mechanisms of the 
angiogenic switch during tumorigenesis. Cell. 1996. 86(3): 353-
364. 

[28] Rehn M., Pihlajaniemi T. Alpha 1(XVIII), a collagen chain with 
frequent interruptions in the collagenous sequence, a distinct tissue 
distribution, and homology with type XV collagen. Proc Natl 
Acad Sci U S A. 1994. 91(10): 4234-4238. PMCID: 43759. 

[29] Fu Y., Wu X., Han Q., Liang Y., He Y., Luo Y. Sulfate stabilizes 
the folding intermediate more than the native structure of 
endostatin. Arch Biochem Biophys. 2008. 471(2): 232-239. 

[30] Rohde E., Malischnik C., Thaler D., Maierhofer T., Linkesch W., 
Lanzer G., Guelly C., Strunk D. Blood monocytes mimic 
endothelial progenitor cells. Stem Cells. 2006. 24(2): 357-367. 

[31] Ruda M.M., Aref'eva T.I., Tripoten M.I., Balakhonova T.V., 
Parfenova E.V., Karpov Iu A. [Circulating endothelial progenitor 
cells and vascular endothelial dysfunction]. Ross Fiziol Zh Im I M 
Sechenova. 2009. 95(6): 545-562. 

[32] Sergienko I.V., Masenko V.P., Semenova A.E., Gabrusenko S.A., 
Naumov V.G., Belenkov Y.N. The impact of revascularization on 
the dynamics of angiogenic factors in patients with coronary heart 
disease. Kardiologia. 2009. 12: 4-10. 

[33] Petit I., Jin D., Rafii S. The SDF-1-CXCR4 signaling pathway: a 
molecular hub modulating neo-angiogenesis. Trends Immunol. 
2007. 28(7): 299-307. PMCID: 2952492. 

[34] Henrich D., Seebach C., Wilhelm K., Marzi I. High dosage of 
simvastatin reduces TNF-alpha-induced apoptosis of endothelial 
progenitor cells but fails to prevent apoptosis induced by IL-1beta 
in vitro. J Surg Res. 2007. 142(1): 13-19. 

[35] Vasa M., Fichtlscherer S., Adler K., Aicher A., Martin H., Zeiher 
A.M., Dimmeler S. Increase in circulating endothelial progenitor 
cells by statin therapy in patients with stable coronary artery 
disease. Circulation. 2001. 103(24): 2885-2890. 

[36] Mangialardi G., Monopoli A., Ongini E., Spinetti G., Fortunato O., 
Emanueli C., Madeddu P. Nitric oxide-donating statin improves 
multiple functions of circulating angiogenic cells. Br J Pharmacol. 
2011. 164(2b): 570-583. PMCID: 3188894. 

[37] Psaltis P.J., Simari R.D. Vascular Wall Progenitor Cells in Health 
and Disease. Circ Res. 2015. 116(8): 1392-1412. 

[38] Ye H., He F., Fei X., Lou Y., Wang S., Yang R., Hu Y., Chen X. 
High-dose atorvastatin reloading before percutaneous coronary 
intervention increased circulating endothelial progenitor cells and 
reduced inflammatory cytokine expression during the 

perioperative period. J Cardiovasc Pharmacol Ther. 2014. 19(3): 
290-295. 

[39] Banerjee S., Abu Fadel M., Sarode R., Terada L., Moritz T., Luo 
P., Hastings J., Brilakis E.S., Reda D. Plaque regression and 
progenitor cell mobilization with intensive lipid elimination 
regimen (PREMIER) trial design. J Clin Apher. 2014. 29(2): 97-
106. 

[40] Hibbert B., Simard T., Ramirez F.D., Pourdjabbar A., Raizman 
J.E., Maze R., Wilson K.R., Hawken S., O'Brien E.R. The effect 
of statins on circulating endothelial progenitor cells in humans: a 
systematic review. J Cardiovasc Pharmacol. 2013. 62(5): 491-496. 

[41] Clem J.R., Strain J.D., Farver D.K. Individualized initiation of 
statin therapy determined by baseline LDL-C: Are you more likely 
to achieve goal LDL-C? Risk Manag Healthc Policy. 2010. 3: 1-
11. PMCID: 3270916. 

[42] Di Sciascio G., Patti G., Pasceri V., Gaspardone A., Colonna G., 
Montinaro A. Efficacy of atorvastatin reload in patients on chronic 
statin therapy undergoing percutaneous coronary intervention: 
results of the ARMYDA-RECAPTURE (Atorvastatin for 
Reduction of Myocardial Damage During Angioplasty) 
Randomized Trial. J Am Coll Cardiol. 2009. 54(6): 558-565. 

[43] Eisen A., Leshem-Lev D., Yavin H., Orvin K., Mager A., 
Rechavia E., Bental T., Dadush O., Battler A., Kornowski R., Lev 
E.I. Effect of High Dose Statin Pretreatment on Endothelial 
Progenitor Cells After Percutaneous Coronary Intervention 
(HIPOCRATES Study). Cardiovasc Drugs Ther. 2015. 

[44] Waters D.D., Guyton J.R., Herrington D.M., McGowan M.P., 
Wenger N.K., Shear C. Treating to New Targets (TNT) Study: 
does lowering low-density lipoprotein cholesterol levels below 
currently recommended guidelines yield incremental clinical 
benefit? Am J Cardiol. 2004. 93(2): 154-158. 

[45] Pedersen T.R., Faergeman O., Kastelein J.J., Olsson A.G., 
Tikkanen M.J., Holme I., Larsen M.L., Bendiksen F.S., Lindahl C., 
Szarek M., Tsai J. High-dose atorvastatin vs usual-dose 
simvastatin for secondary prevention after myocardial infarction: 
the IDEAL study: a randomized controlled trial. JAMA. 2005. 
294(19): 2437-2445. 

[46] Antonio N., Fernandes R., Soares A., Soares F., Lopes A., 
Carvalheiro T., Paiva A., Pego G.M., Providencia L.A., Goncalves 
L., Ribeiro C.F. Impact of prior chronic statin therapy and high-
intensity statin therapy at discharge on circulating endothelial 
progenitor cell levels in patients with acute myocardial infarction: 
a prospective observational study. Eur J Clin Pharmacol. 2014. 
70(10): 1181-1193. 

[47] Pesaro A.E., Serrano C.V., Jr., Katz M., Marti L., Fernandes J.L., 
Parra P.R., Campos A.H. Increasing doses of simvastatin versus 
combined ezetimibe/simvastatin: effect on circulating endothelial 
progenitor cells. J Cardiovasc Pharmacol Ther. 2013. 18(5): 447-
452. 

 


