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Abstract
Background Pretreatment with high-dose statins given before
percutaneous coronary intervention (PCI) has been shown to
have beneficial effects, in particular by reducing peri-
procedural myocardial infarction. The mechanism of these
lipid-independent beneficial statin effects is unclear. Circulat-
ing endothelial progenitor cells (EPCs) have an important role
in the process of vascular repair, by promoting re-
endothelization following injury. We hypothesized that statins
can limit the extent of endothelial injury induced by PCI and
promote re-endothelization by a positive effect on EPCs. We,
therefore, aimed to examine the effect of high-dose statins
given prior to PCI on EPCs profile.
Methods Included were patients, either statin naïve or treated
chronically with low-dose statins, with stable or unstable an-
gina who underwent PCI. Patients were randomized to receive
either high-dose atorvastatin (80 mg the day before PCI and
40mg 2–4 h before PCI) or low- dose statin. EPCs profile was
examined before PCI and 24 h after it. Circulating EPCs levels
were assessed by flow cytometry as the proportion of periph-
eral mononuclear cells co-expressing VEGFR-2+ CD133+
and VEGFR-2+ CD34+. The capacity of the cells to form

colony forming units (CFUs) was quantified after 7 days of
culture.
Results Twenty three patients (mean age 61.4±7.4 years,
87.0 % men) were included in the study, of which 12 received
high-dose atorvastatin prior to PCI. The mean number of
EPC-CFUs before PCI was higher in patients treated with
high-dose atorvastatin vs. low-dose statins (165.8±58.8 vs.
111.7±38.2 CFUs/plate, respectively, p<0.001). However,
24 h after the PCI, the number of EPC-CFUs was similar
(188.0±85.3 vs. 192.9±66.5 CFUs/plate in patients treated
with high-dose atorvastatin vs. low- dose statins, respectively,
p=0.15). There were no statistical significant differences in
FACS analyses between the 2 groups.
Conclusions The current study showed higher EPC- CFUs
levels in patients treated with high-dose atorvastatin before
PCI and a lower increment in EPC-CFUs after PCI. These
findings could account for the beneficial effects of statins giv-
en prior to PCI, yet further investigation is required.

Keywords Endothelial progenitor cells . Hydroxymethyl
glutaryl coenzymeA reductase inhibitors (Statins) .

Percutaneous coronary intervention

Introduction

The equilibrium between endothelial injury and repair is of
particular importance in cardiovascular disease. Prior studies
indicate that circulating endothelial progenitor cells (EPCs), a
population of bone marrow-derived cells, have an important
role in the process of vascular repair, by promoting re-
endothelization following injury [1–3]. Furthermore, levels
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of EPCs increase following vascular injury and/or tissue is-
chemia, for example after percutaneous coronary intervention
(PCI) [4–7]. A major goal of adjunctive therapy given during
and after PCI is to minimize the extent of vascular injury, and
promote the repair process of the damaged endothelial layer.
Treatment with hydroxymethyl glutaryl coenzyme A reduc-
tase inhibitors (statins) before PCI has been shown to have
beneficial clinical effects, in particular by a reduction in the
risk of myocardial infarction after the procedure [8–11].
Statins appear to have an important role in minimizing
the extent of endothelial injury caused by PCI [12–14],
yet the mechanism of these short-term, lipid-independent,
beneficial statin effects in patients undergoing PCI is
unclear. We hypothesized that the beneficial effects of
high-dose statins given before PCI may be mediated by
EPCs mobilization, and EPCs-related processes which
can limit the extent of endothelial injury induced by the
procedure. We, therefore, aimed to examine the effect of
high-dose statin treatment given before PCI, on the pro-
file of EPCs in patients with coronary artery disease
(CAD) without troponin elevation.

Methods

The HIPOCRATES trial (Effect of High Dose Statin Pretreat-
ment on Endothelial Progenitor Cells after Percutaneous Cor-
onary Intervention) is a single center open-labeled prospective
randomized trial that examined EPCs profile in patients treat-
ed by high-dose statin prior to PCI as compared to low- dose
statin treatment. The study protocol was approved by the Ra-
bin Medical Center Helsinki committee and each patient en-
rolled in the study signed an informed consent prior to enroll-
ment. The study was performed in a pre-defined period from
December 2011 till June 2013.

Patients

The study included statin naïve patients or those treated chron-
ically with low-dose statins (20 mg pravastatin or 20 mg sim-
vastatin) who were planned to undergo coronary angiography
due to stable or unstable angina pectoris. Patients with several
conditions that influence EPCs level and function were ex-
cluded from this study: patients with either ST or non-ST
segment elevation myocardial infarction as the indication for
the procedure as well as other causes of troponin elevation,
history of a myocardial infarction or revascularization in the
past 3 months or current treatment with high-dose statins. In
addition, patients were excluded if they had a history of mus-
cle or liver disease, hemoglobin level<10 g/dl or platelets
count <100,000/l or renal failure (creatinine 2.5 mg/dl).

Patients with malignancy or hematologic disease were also
excluded.

Procedure

Patients were recruited to participate in the study about 24 h
before the planned angiography. Patients were either hospital-
ized or were recruited in an ambulatory cardiology clinic. If
the patient did not undergo PCI following the diagnostic an-
giography (rather he was treated conservatively or referred to
coronary artery bypass graft surgery), he was withdrawn from
the study. After recruitment, the patients were randomized to
receive high-dose statin treatment or low- dose statins (simva-
statin 20 mg). Patients who were already receiving low- dose
statins and were randomized to the low-dose statins group,
continued their current medication. Patients in the high- dose
statin group received 80mg of atorvastatin (one dose) 18–24 h
prior to the angiography and 40 mg of atorvastatin within 2–
4 h before the procedure. The rationale for these doses and
time points was based mainly on the ARMYDA study [8]. In
both groups from the day following the procedure the patients
were treated with long-term atorvastatin 20 mg per day, unless
a different statin (or statin dose) was preferred by the patient’s
attending physician. All patients were pre-treated the day be-
fore the procedure with aspirin 100 mg and a loading dose of
clopidogrel 600 mg (followed by aspirin 100 mg per day and
clopidogrel 75 mg per day). PCI was performed according to
standard criteria and operator’s choices of balloons, stents etc.
Heparin was given during angiography to achieve and main-
tain an activated clotting time of 200–250 s. Glycoprotein IIb/
IIIa inhibitors was used at the operator’s discretion.
Periprocedural Myocardial Infarction was defined as an ele-
vation of cardiac troponin concentrations of X5 of 99th per-
centile URL occurring within 48 h of the procedure, plus
clinical, electrocardiographic, imaging or angiographic
findings.

Blood Sampling

Two blood samples were taken in this study: the first was
taken at baseline, just before angiography (18–24 h following
loading in the high-dose statin group) and the second about
24 h following PCI. Blood was evaluated for EPCs in the
cardiology laboratory in the Felsenstein medical research in-
stitute in Rabin Medical Center.

Evaluation of EPCs

Quantification of Circulating EPCs was performed by mea-
surement of surface markers by flow cytometry (VEGFR-2+
CD34 and VEGFR-2+ CD133). Functional aspects of EPCs
were obtained by measurement of colony forming units
(CFUs).
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EPCs Isolation From Peripheral Blood Mononuclear Cells

Mononuclear cells in peripheral blood (PMNCs) were isolated
by Ficoll density-gradient centrifugation and were washed
with phosphate-buffered saline after red cell lysis. PMNCs
were re-suspended with a supplemented Medium 199
(Invitrogen, Carlsbad, CA, USA) with 20 % fetal calf serum
(Gibco BRL Life Tech, Gaithersburg, MD, USA) and placed
on 6-well plates at a concentration of 5 * 106 cells per well.
These plates were coated with human fibronectin.

Flow Cytometry

Aliquots of PMNCs were incubated together with monoclonal
antibodies against VEGFR-2 (FITC labeled; R&D, Minneap-
olis, USA), CD133 (PE- labeled, Miltenyi Biotech, Auburn,
CA, USA), CD34 (PE-labled, Miltenyi Biotech) and isotype-
identical antibodies which were used as controls. After wash-
ing the incubated cells with phosphate-buffered saline, they
were analyzed by a flow cytometer (FACSCalibur, Becton
Dickinson). Each analysis included 100,000 events, after the
inclusion of CD-45 positive cells and the exclusion of platelets
and debris. Next, gated CD34 or CD133 positive cells were
examined for VEGFR-2 expression. Results are presented as
the percentage of cells co-expressing either VEGFR-2 and
CD133, or VEGFR-2 and CD34.

CFU Quantification

PMNCs were cultured for 5–7 days to obtain EPCs colonies.
EPCs colonies were counted using an inverted microscope
after 7 days of culture. An EPC colonywas defined as a cluster
of at least 100 flat cells surrounding a cluster of rounded cells,
as previously described [11]. A single central cluster without

associated emerging cells was not defined as a colony. In order
to confirm endothelial cell lineage, indirect immunostaining
of randomly selected colonies was performed using antibodies
directed against VEGFR-2, CD31 (Becton Dickinson, NJ,

Fig. 1 Study design

Table 1 Baseline characteristics of study patients

Characteristics- n(%) High dose statin
group (n=12)

Low dose statin
group (n=11)

Age (mean±SD) 61.5±7.1 61.3±8.1

Men 10 (83.3) 10 (90.1)

Prior ischemic heart disease 1(8.3) 2 (18.2)

Diabetes Mellitus 1 (8.3) 3 (27.3)

Hypertension 4 (33.3) 7 (63.6)

Dislipidemia 9 (75.0) 7 (63.6)

Current smoker 4 (33.3) 5 (45.4)

NYHA class I 12 (100.0) 10 (90.1)

Prior treatment with Aspirin 3 (25.0) 5 (45.4)

Prior treatment with Statin 3 (25.0) 5 (45.4)

PCI characteristics

Reason for coronary angiography:

Stable angina 0 1 (9.1)

Unstable angina pectoris 12 (100.0) 10 (90.1)

Radial approach 3 (25.0) 5 (45.4)

2–3 vessel disease 6 (50.0) 4 (36.4)

Total number of stents 14 16

Drug eluting stents 11 (78.6) 8 (50.0)

Periprocedural MI 0 0

Laboratory

Hemoglobin (g/dl) 13.9±1.3 14.1±1.3

Creatinine (mg/dl) 0.9±0.2 0.9±0.1

MI myocardial infarction; NYHA New York heart association; PCI per-
cutaneous coronary intervention
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USA), and Tie-2 (Santa Cruz, Biotechnology, CA, USA). Re-
sults are shown as the mean number of CFUs per well.

Statistical Analysis

Continuous variables are presented as mean±standard devia-
tion. Continuous variables were compared by the Mann–
Whitney U test for non-normally distributed variables. Inter-
and intra- group comparisons were performed by the ANOVA
test for repeatedmeasures. p<0.05was considered statistically
significant.

Results

A total of 48 patients who underwent coronary angiography
were screened and signed an informed consent. Of these, 22
patients did not undergo PCI and they were withdrawn from
further analysis. For 3 patients, blood samples for EPCs anal-
ysis at both time points were not available. Thus, 23 patients
(mean age 61.4±7.4 years, 87.0 % men) were included in the
study, of which 12 received high-dose atorvastatin prior to
PCI and 11 patients had received low- dose statins (Fig. 1).
Most patients had undergone PCI due to unstable angina
pectoris (95.6 %). Eight patients were treated with low-dose

Fig. 2 EPCs mean CFUs levels in study patients before PCI (T=0) and
24 h after PCI (T=24 h)

Fig. 3 CFUs of 3 patients treated
with high- dose atorvastatin
before (T=0) and 24 h after PCI
(T=24 h)
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statins prior to enrollment (34.8 %) and the number of stents
implanted in PCI in both groups was similar. Patient charac-
teristics are depicted in Table 1. There were no statistically
significant inter-group differences in any of the characteristics
between patients who received high- dose statins and those
who received low- dose statins.

The mean number of EPC- CFUs before PCI was 165.8±
58.8 vs. 111.7±38.2 CFUs/plate in patients treated with high-
dose atorvastatin vs. low- dose statins, respectively
(p<0.001). The number of EPC- CFUs after 24 h was 188.0
±85.3 vs. 192.9±66.5 CFUs/plate in patients treated with
high-dose atorvastatin vs. low- dose statins (p=0.15)
(Fig. 2). The mean number of EPCs/plate increased numeri-
cally in both groups 24 h after PCI as compared to baseline
level, yet in patients treated with high- dose statins, the in-
crease was non- significant (1.1 fold, p=0.31) as compared
to a significant 1.7 fold increase in the low- dose statin group
(p=0.002, Fig. 2). The between group difference of the
change in EPC-CFUs before and after PCI was only margin-
ally significant (p=0.055). Examples of EPC- CFUs analyses
are depicted in Figs. 3 and 4.

On flow cytometry analysis with dual staining for EPC
markers VEGFR-2+ CD34+ and VEGFR-2+ CD133+, there

were no significant differences between the percent of positive
cells in the high- dose vs. low- dose statin groups, either be-
fore or 24 h after PCI (Fig. 5). In patients treated with high-
dose statins, there was a trend towards higher relative incre-
ment of EPCs level after PCI as compared to those treated
with low- dose statins, yet this was not statistically significant.

Two patients, 1 in each group, had a slight elevation in
cardiac troponin after the PCI but this did not meet the criteria
of periprocedural myocardial infarction.

Discussion

The current study attempted to seek a mechanism for the ap-
parently beneficial effects of high- dose statins given prior to
PCI. Although the study was small in size, we found a higher
EPC- CFUs levels in patients pre-treated with high-dose ator-
vastatin before PCI. However, following PCI the two groups
exhibited similar levels of EPCs.

EPCs have an important role in vascular repair by promot-
ing re-endothelization following injury [1]. The level of circu-
lating EPCs in patients with chronic stable CAD or with car-
diovascular risk factors has been showed to be reduced [3, 4]. In

Fig. 4 CFUs of 3 patients treated
with low- dose statins before
(T=0) and 24 h after PCI
(T=24 h)
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this context, low levels of EPCs are predictive of the occurrence
of cardiovascular events and death from cardiovascular causes
[4]. In contrast to the reduced levels of EPCs in chronic vascular
conditions, levels of EPCs increase following acute vascular
injury and/or tissue ischemia [1, 5, 6]. Prior studies have dem-
onstrated that even a focal and limited endothelial injury, such
as that caused by PCI with stent placement, induces a rapid rise
in the level of circulating EPCs, peaking at 6–12 h after the
procedure [5–7].

An important goal of adjunctive therapy given during and
after PCI is to minimize the extent of vascular injury on one
hand, and promote the repair process of the damaged endo-
thelial layer on the other. In this respect statins may have an
important role. Stable CAD patients who were treated long-
term (4 weeks) with 40 mg of atorvastatin per day, a 3-fold
increase in the level of circulating EPCs and improvement in
their functional properties has been observed [14, 15]. Thus, it
appears that in patients with cardiovascular disease statin
treatment may limit endothelial injury and induce repair. In
general, beyond lipid-lowering effects statins have favorable

Bpleiotropic^ effects which may contribute to atherosclerotic
plaque stabilization [16]. These effects include reduction in
vascular inflammation, decrease in platelet adhesion and acti-
vation as well as thrombus formation, and increase in endo-
thelium derived nitric oxide production [16]. The positive ef-
fects of statins on EPCs may also contribute to plaque stabili-
zation by augmenting endothelial repair following atheroscle-
rotic injury. In the context of PCI, several clinical studies have
demonstrated an important and beneficial role for high-dose
statin therapy given before the procedure [8–10]. These stud-
ies have shown that in statin Bnaïve^ patients with CAD a
single high-dose of atorvastatin 80 mg given within 24 h be-
fore the PCI (followed by 40 mg just prior to the procedure in
the study of Patti et al.) was associated with a reduction in
periprocedural MI rates and other adverse cardiac events. Fur-
thermore, high-dose statin pretreatment given on admission to
statin-naïve patients with ACS who were scheduled for an
early invasive procedure decreased the rate of contrast in-
duced nephropathy and improved short-term clinical outcome
in the PRATO-ACS trial [11]. In addition, even in patients
who receive chronic statin treatment, a Breloading^ dose of
80 mg of atrovastatin given 12 h before PCI followed by
40 mg just before the procedure was associated with a signif-
icant reduction in major adverse cardiac events [8].

In the current study we aimed to evaluate the role of EPCs
as possible mediators of these beneficial effects of high-dose
statins given prior to PCI. It was previously demonstrated that
treatment with high- dose statins causes recruitment of EPCs
to the circulation even without an endothelial injury [14]. In-
deed, in our study, we have also demonstrated that patients
that were pretreated with high- dose of atorvastatin had higher
levels of EPC- CFUs in the circulation prior to PCI. However,
the difference between the groups in EPC-CFUs was elimi-
nated following the procedure. We assume that higher levels
of EPCs colonies prior to the PCI may have positive effects on
the endothelium and might reduce the endothelial injury dur-
ing the subsequent PCI. As demonstrated in former trials, we
have also showed that after the endothelial injury caused by
PCI, EPCs colonies levels increase numerically by both low-
dose and high- dose statin pretreatment. However, the novelty
of our study is that although EPCs levels were higher after
statins pretreatment, the relative increase of EPC- CFUs in
patients who were pretreated with high- dose statins
was significantly lower as compared to the control
group. These results can be explained by the hypothesis
that high- dose statins protect the endothelium from in-
jury, thus the degree of injury and secondary EPC re-
cruitment is lower as compared to patients who were
not pre-treated with high dose statins and had prominent
endothelial injury. It is also possible that the EPCs func-
tion in patients treated with high dose statins, prior to
PCI, reaches a relative Bplato^ and, therefore, after PCI,
less EPCs differentiate to endothelial like cells.

Fig. 5 Level of EPCs by flow cytometry analysis prior to PCI (T=0) and
24 h after PCI (T=24 h) Results are presented as the percentage of cells
co-expressing either VEGFR-2+ CD34+ or VEGFR- 2+ CD133+
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Studies that examined the association between PCI and
EPCs largely examined the behavior of EPC- CFUs and their
findings are consistent with an increase in EPC- CFUs 1.3–
3.0- fold within the first 24 h after PCI [5]. However, only few
studies have used flow cytometry to identify circulating EPC
levels after PCI and these studies demonstrated conflicting
results and not uniformly concordant with EPC- CFUs [5].
Indeed, our study demonstrated a trend towards higher EPCs
surface markers after PCI in patients treated with high- dose
statins, but given the small size of the groups the differences
were not significant. Thus, as previously shown, the correla-
tion between EPCs level in the circulation and their functional
capability is complex and not direct. Our findings, therefore,
need to be validated in a larger trial in order to draw any
decisive conclusions.

Our study has several limitations. First, as mentioned, the
sample size is too small to draw any decisive conclusions
regarding the association between EPCs and statins given pri-
or to PCI. This is a hypothesis generating pilot study that
requires further validation in future studies. Second, baseline
EPC levels before statin treatment, which are influenced by
several patient characteristics, were not available and were not
routinely measured during the study. Therefore, although it is
very likely that the higher EPCs level observed in the high-
statin dose represents a statin-effect, this is only a hypothesis.
It should be emphasized however, that all the blood samples in
the study were taken in a unified technique and in a single
laboratory prior to and after PCI in all patients. The study
cohort was too small to account for any difference in
periprocedural myocardial infarction between the groups. Fi-
nally, CRP levels were not routinely assessed in the trial.

Conclusion

Pretreatment with high-dose statins prior to PCI is associated
with higher levels of EPC- CFUs before the PCI. This differ-
ence is eliminated 24 h following the procedure. These find-
ings could account for the beneficial effects of statins given
prior to PCI but require further research in larger studies.
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