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ABSTRACT: Blood endothelial progenitor cells (EPC) and micro-

particles (EMP) have been proposed as markers of endothelial

dysfunction. The aim of this study was to evaluate both EPCs and

EMPs in patients with arterial erectile dysfunction (ED) and metabolic

syndrome (MetS). To accomplish this, 100 patients (ages 45–

60 years) with ED and MetS (Adult Treatment Panel III [ATP III] 1999

criteria) and 17 healthy men (ages 44–57 years) were selected. EPC

(CD45neg/CD34pos/CD144pos) and EMP (CD45neg/CD144pos/

Annexin Vpos) blood concentrations were evaluated by flow

cytometry, before and after administration of tadalafil (20 mg) on

demand for 3 months. Before treatment, EPCs and EMPs were

significantly higher in patients compared with healthy men. EPCs

increased significantly after tadalafil administration, whereas EMPs

did not differ significantly. EPCs correlated positively or negatively

with body mass index and with some cavernous artery indices, both

before and after tadalafil administration. EMPs showed only positive

correlations with body mass index and some cavernous artery

indices, both before and after tadalafil administration. Patients with

arterial ED and MetS have higher EPCs and EMPs compared with

healthy men; hence, these cells may be regarded as markers of

cavernous artery dysfunction. Tadalafil administration increased

EPCs but not EMPs, suggesting that this compound may play a

role in the endothelial repair response.
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P atients with metabolic syndrome (MetS) are more

prone to developing cardiovascular diseases (CVD),

such as coronary artery disease (CAD), cerebrovascular

disease, and peripheral artery disease (PAD; Fadini

et al, 2006). All of these conditions share endothelial

dysfunction, which has a well-established role in the

pathogenesis of both atherosclerosis and plaque insta-

bility (Widlansky et al, 2003; Sugiyama et al, 2004).

Recently, a large body of literature has shown that

arterial erectile dysfunction (ED), a manifestation

of PAD, has a similar pathophysiologic mechanism

(Matfin et al, 2005). Hence, ED is more common in

patients with overt or silent CAD, and it is increasingly

being regarded as an early clinical manifestation of a

generalized CVD (Feldman et al, 2000; Russel et al,

2004; Baumhakel et al, 2006; Gazzaruso et al, 2008).

Therefore, MetS components may also favor the onset

of ED (Gündüz et al, 2004; Demir et al, 2006).

Endothelial dysfunction may be evaluated in many

ways, and recently this has been done by estimating the

number of circulating endothelial precursor cells (EPC)

and endothelial microparticles (EMP). EPCs are sub-

populations of leukocytes that may differentiate into

mature endothelial cells both in vitro and in vivo (Real

et al, 2008). The relevant contribution of these cells in

the processes of re-endothelialization at sites of endo-

thelial injury and neovascularization has also been

confirmed (Asahara et al, 1997; Werner et al, 2003;

Kong et al, 2004; Urbich and Dimmeler, 2004). The

capability of circulating EPCs to repair the capability of

the damaged endothelium suggests that these cells play a

key role in maintaining endothelial homeostasis. As a

result, the number of EPCs may reflect the ‘‘vascular

health’’ of an individual, and it is has been shown to be

an independent predictor of CVD (Güven et al, 2006).

The first EPC phenotype was defined by the presence

of the following antigens in blood cells: CD34, CD133,

and VEGFR2 (or KDR; Asahara et al, 1997). Many

articles have reported statistically significant correla-

tions between the number of cells in this EPC subset in

Correspondence to: Dr Sandro La Vignera, Section of Endocrinology,

Andrology, and Internal Medicine, Department of Internal Medicine

and Systemic Diseases, Catania University, Policlinico ‘‘G. Rodolico’’, S

Sofia 78th St, Bldg 4, Rm 2C82, 95123 Catania, Italy (e-mail:

sandrolavignera@email.it).

Received for publication January 26, 2011; accepted for publication

March 25, 2011.

DOI: 10.2164/jandrol.111.013136

Journal of Andrology, Vol. 33, No. 2, March/April 2012
Copyright E American Society of Andrology

202



the blood with the presence of adverse cardiovascular

outcomes. However, few studies have attempted to

formally compare the functional properties of this EPC
subset in hematopoietic and endothelial clonogenic

assays to gain more insight into the biology of the

phenotype used, namely, to assess the identity of their

clonal progeny that participate in vessel repair (Case et

al, 2007; Hirschi et al, 2008). No clear evidence has been

reported about the existence of specific markers that

allow researchers to prospectively isolate EPCs with a

phenotype superior to the one thus far described
(Hirschi et al, 2008).

Recently, some studies reported that purified blood

CD34pos/CD133pos/KDRpos blood EPCs are highly

enriched in hematopoietic progenitor cell activity and

express the universal hematopoietic cell–surface antigen

CD45. Moreover, these cells are unable to give rise to

endothelial colony-forming cells in vitro. Indeed, CD45

is not expressed in endothelial cells, even at the mRNA

level. Endothelial colony-forming cells were enriched by
368-fold only when CD45neg/CD34pos cells were plated

and not when CD45pos/CD34pos cells were used (Case et

al, 2007; Timmermans et al, 2007). Therefore, the latter

phenotype is a hematopoietic progenitor cell–enriched

cell subpopulation, and thus EPCs are restricted to the

phenotype CD45neg/CD34pos (Case et al, 2007). A closer

look at the biology of these EPCs indicates a progressive

loss of CD133 and CD34 antigens and the expression of
CD31, VE-cadherin (CD144), and Vwf, following their

mobilization into the general circulation (Papayanno-

poulou, 2004; Schatteman et al, 2007). In fact, CD34 is

an adhesion molecule, expressed in hematopoietic stem

cells, vascular progenitors, and certain microvascular

endothelia (Fina et al, 1990). CD144 is a single-chain,

transmembrane protein whose amino acid sequence

indicates its homology with cadherins. It is specifically
expressed in endothelial cells, where it organizes the

adherent junctions, which control permeability and

migration and are partially responsible for inhibiting

growth by contact (Ryu et al, 2009). The concomitant

presence of CD34 and CD144 antigens and the loss of

the panleukocyte CD45 antigen ensure that these cells

are true stem/progenitor cells of an endothelial nature

(Güven et al, 2006; Case et al, 2007; Schatteman et al,
2007; Timmermans et al, 2007). Furthermore, CD144 or

VEGFR-2 mRNAs have not been detected in CD45pos/

CD34pos, but only in all sorted bone marrow CD34pos/

CD45neg cells (Timmermans et al, 2007). Thus, the

CD45neg/CD34pos/CD144pos phenotype defines a more

endothelial committed cell (Case et al, 2007). These

EPCs have been shown to be able to form discrete

colonies of endothelial cells in culture (Güven et al,
2006). On this account, we chose to evaluate this EPC

phenotype.

In addition to EPCs, microparticles of endothelial

origin (EMPs) may be found in the general circulation.

EMPs are membrane fragments that increase in several

pathologic conditions, including atherosclerosis, sepsis,

diabetes mellitus, and during the process of apoptosis

(Shet, 2008). The main characteristics of these elements

are the small dimension (,1.5 mm) and the externaliza-

tion of phosphatidylserine revealed by annexin V

binding (Morel et al, 2008). EMPs are regarded as

markers of cardiovascular dysfunction with a prothrom-

botic role associated with risk factors, such as those that

characterize the MetS (Combes et al, 1999; Freyssinet et

al, 1999; Diamant et al, 2002; Freyssinet, 2003;

Boulanger et al, 2006). The percentage of EMPs is

higher in patients with ED and inversely correlated with

the International Index of Erectile Dysfunction (IIEF-5)

score (Esposito et al, 2007). The presence of diabetes

mellitus seems to be associated with a greater elevation

of EMPs (Esposito et al, 2008). Many studies have

evaluated the correlation between EPCs or EMPs with

the severity of CVD. Only a few have assessed both

biomarkers simultaneously and correlated them with the

arterial condition.

On this basis, the present study was undertaken to

evaluate the number of both EPCs and EMPs in patients

with MetS and ED of arterial origin. This clinical model

seemed to us suitable to gain more insight into the

balance between bone marrow endothelial repair mech-

anism and endothelial dysfunction in the manifestation

of the clinical symptoms. To accomplish this, 100

patients with arterial dysfunction–based ED and MetS,

established by the Adult Treatment Panel (ATP) III

criteria (National Cholesterol Education Program ATP

III, 2002), were selected, and the number of circu-

lating EPCs (CD45neg/CD34pos/CD144pos) and EMPs

(CD45neg/CD144pos/Annexin Vpos) was determined.

Their blood number was reevaluated after treatment

with the phosphodiesterase 5 inhibitor (PDE5i) tadala-

fil, a known stimulator of EPC release (Foresta et al,

2006). A group of men without ED and MetS were

enrolled as controls.

Materials and Methods

Patient Selection

One hundred men with arterial ED and MetS were enrolled

(age, 54.3 6 2.5 years; range, 45–60 years). The diagnosis of

arterial ED was made when all of the following criteria were

fulfilled: 1) IIEF-5 score ,21 (Rosen et al, 1999); 2) cavernosal

artery peak systolic velocity (PSV) ,30 cm/s 10 and 20 minutes

after the intracavernosal injection of alprostadil (20 mg) by

echo color Doppler (Benson et al, 1993); and 3) acceleration

time .110 ms (Speel et al, 2003). The diagnosis of MetS was
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made according to the ATP III criteria (National Choles-

terol Education Program ATP III, 2002). Patients were

excluded if they: 1) had severe hypogonadism (serum total

testosterone levels ,8 nmol/L (,231 ng/dL; Wang et al,

2009); 2) smoked cigarettes, or 3) had veno-occlusive

dysfunction (end diastolic velocity .5 cm/s). They under-

went blood withdrawal (10 mL) for EPC and EMP

measurements by flow cytometry. They were prescribed

tadalafil (Cialis, Lilly ICOS, Florence, Italy) 20 mg on

demand for 3 months (60 mg per week, a total of 720 mg

for 3 months; taken in the morning between 8:00 and 10:00

AM), and afterwards each patient underwent a second IIEF-5

questionnaire administration, dynamic penile echo color

Doppler, and blood withdrawal for routine analysis and

EPC and EMP determination. Patients who took less than

700 mg in 3 months and/or reported not having observed the

scheme of assumption were excluded.

A group (n 5 30) of age-matched (52.7 6 1.1 years; range,

45–60 years) men without ED and MetS were selected as

controls to define the concentrations of EPCs and EMPs in

healthy men.

The protocol was approved by the internal institutional

review board, and an informed written consent was obtained

from each patient.

Assay of EPCs and EMPs

EPC and EMP evaluation was performed in blood following

incubation in erythrocyte lysing solution (Versalyse, Instru-

mentation Laboratory, Milan, Italy) for 1 minute, within 1 to

2 hours after venipuncture. The suspension was then washed

twice with phosphate buffer solution and centrifuged, and the

pellet was rapidly incubated in phosphate buffer solution

containing the appropriate monoclonal antibodies at room

temperature for 20 minutes.

EPC Detection

Phycoerythrin covalently bound to Texas red (ECD)–conjugat-

ed anti-human CD45 (Instrumentation Laboratory, fluorescein

isothiocyanate–conjugated anti-human CD34 (Instrumenta-

tion Laboratory), and r-phycoerythrin–conjugated anti-human

CD144 (Instrumentation Laboratory) were used for EPC flow

cytometry detection.

Each sample was analyzed by flow cytometry (EPICS XL;

Coulter Electronics Instrumentation Laboratory, Milan, Italy)

using the following gating strategy (Figure 1):

N histogram 1 reports the forward vs side scatter dot plot: 3

different cell populations were identified: gate F, lympho-

cytes; gate I, monocytes; and gate J, polymorphonuclear

cells;

N histogram 2 reports CD45pos (gate R1) and CD45neg (gate

R2) cells; and

N histograms 3 (control) and 4 (patient with ED and MetS)

report the CD45neg cells with the dual expression of CD34

and CD144, which were defined EPCs.

EPCs were reported as a percentage of total events.

EMP Detection

ECD anti-human CD45 (Instrumentation Laboratory), r-phyco-

erythrin–conjugated anti-human CD144 (Instrumentation Labo-

ratory), and fluorescein isothiocyanate–conjugated annexin V

(Instrumentation Laboratory) were used for EMP flow detection

by flow cytometry. Particles with ,1.5 mm size were gated on

forward vs side scatter histograms. To exclude microparticles

originating from leukocytes, we considered only events within the

CD45neg gate. CD144pos events expressing phosphatidylserine in

the outer membrane leaflet following annexin V staining were

defined EMPs. They were reported as a percentage of total events.

Appropriate isotype controls were used for each staining

procedure as negative controls to set the appropriate regions.

Flow cytometric analysis was conducted for 600 seconds or

100 000 events, whichever occurred first. The same operator,

blinded with respect to the sample origin (control or patient),

performed all of the tests throughout the study.

Statistical Analysis

Results are shown as median and percentiles. Statistical analysis

was conducted by 1-way analysis of variance (ANOVA)

followed by Duncan’s multiple range test following logarithm

transformation of EPC and EMP data. Correlation analysis was

carried out by Pearson’s test. Statistical analysis was conducted

using SPSS 10.0 for Windows (SPSS Inc, Chicago, Illinois). A P

value lower than .05 was accepted as statistically significant.

Results

The 100 ED patients with MetS enrolled in this study

had an average IIEF-5 score of 13.7 6 0.7 (range, 6–19).

The frequency of MetS signs is reported in Table 1. A

total of 10 patients (33%) had 3 signs of MetS, 15 (50%)

had 4 signs, and 5 (17%) had all 5 signs.

At baseline, patients had a significantly higher

number of EPCs compared with healthy controls (P ,

.05, ANOVA followed by Duncan’s test; Figure 2).

EPCs correlated positively with body mass index, PSV,

acceleration time, and cavernous artery intima-media

thickness (IMT) (Table 2). After tadalafil administra-

tion, EPCs increased significantly compared with

baseline (P , .05, 1-way ANOVA followed by Duncan’s

test; Figure 2). Correlation analysis showed that EPCs

correlated positively with body mass index, end-diastolic

velocity, acceleration time, and IMT, and negatively

with IIEF-5 score, PSV, and resistance (Table 2).

At baseline, patients with ED and MetS had a

significantly higher (P , .05, ANOVA followed by

Duncan’s test) EMP concentration compared to con-

trols (Figure 3). EMPs correlated positively with BMI,

PSV, acceleration time and IMT (Table 2). After

tadalafil administration, circulating EMPs were slightly

higher, but the difference did not reach the statistical
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significance (Figure 3). EMPs correlated positively with

BMI, acceleration time and IMT (Table 2).

A direct significant correlation between EPCs and

EMPs was found at baseline (r 5 0.46; P , .05), and

after tadalafil administration (r 5 0.39; P , .05).

Discussion

This study evaluated the number of circulating EPCs

and EMPs in patients with arterial dysfunction–based

ED and MetS because few data are available in these

patients, whereas studies have been conducted in ED

patients with diabetes mellitus (Baumhakel et al, 2006)

or obesity (Esposito et al, 2009). In addition, these

studies have assessed only one of these markers of

endothelial dysfunction, whereas enough evidence has

now accumulated to suggest that the simultaneous

measurement of both EPCs and EMPs would be more

useful to evaluate their role as biomarkers of CVD and

atherosclerotic complication and progression. In addi-

tion, the measurement of EPCs and EMPs in response

to PDE5i administration has been poorly investigated.

Figure 1. Representative flow cytometric scattergrams showing the gating strategy used in this study. Histogram 1 reports the forward vs side
scatter dot plot: three different cell populations can be identified (gate F, lymphocytes; gate I, monocytes; gate J, polymorphonuclear cells).
Histogram 2 reports the CD45pos (R1) and CD45neg (R2) cells. Histograms 3 and 4 show cells expressing both CD34 and CD144 antigens. A
denser cluster of endothelial progenitor cells (CD45neg/CD34pos/CD144pos) can be observed in a patient with erectile dysfunction and metabolic
syndrome (histogram 4) compared with a healthy control man (histogram 3). The dots represent the flow cytometric events.

Table 1. Number and percentage of patients with arterial
erectile dysfunction and signs of metabolic syndrome

No. of Patients (%)

Waist circumference .102 cm 100 (100)

Cholesterol HDL ,40 mg/dL 73 (73)

Fasting glucose levels $110 mg/dL 68 (68)

Triglycerides $150 mg/dL 67 (67)

Hypertension $130/85 mm Hg 63 (63)

Abbreviation: HDL, high-density lipoprotein.
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We found that patients with arterial ED and MetS

had higher circulating EPCs and EMPs compared with
healthy men, adding further evidence that these param-

eters are markers of endothelial dysfunction markers.

This higher endothelial repair commitment suggests a

severe vascular abnormality in these patients. EMPs are

released as a consequence of endothelial dysfunction,

atherogenesis, and endothelial apoptotic processes. The

significant positive correlation between EPCs and EMPs

at baseline suggests a more severe vascular damage in

these men. In response to tadalafil, the endothelial

repair response appears to be compensatory, because a

significant increase in EPCs was found. The increase of

these more endothelial regenerating EPCs may be able

to rebuild the endothelial monolayer of the corpus

cavernosum with amelioration of erectile function and

Table 2. Correlation between circulating endothelial precursor cells (CD45neg/CD34pos/CD144pos) or endothelial microparticles
(CD45neg/CD144pos/Annexin Vpos) and age, body mass index (BMI), parameters of dynamic penile echo color Doppler or
cavernosal artery intima-media thickness (IMT) in 100 patients with arterial erectile dysfunction and metabolic syndrome before
(baseline) and after tadalafil administration

Parameter Endothelial Progenitor Cells Endothelial Microparticles

At baseline

Age, y r 5 0.26, P 5 NS r 5 0.11, P 5 NS

BMI, kg/m2 r 5 0.65, P , .001 r 5 0.41, P , .05

IIEF-5 score r 5 20.10, P 5 NS r 5 20.06, P 5 NS

Peak systolic velocity, cm/s r 5 0.43, P , .05 r 5 0.39, P , .05

End diastolic velocity, cm/s r 5 20.03, P 5 NS r 5 20.10, P 5 NS

Acceleration time, ms r 5 0.67, P , .001 r 5 0.64, P , .001

Resistance index r 5 20.03, P 5 NS r 5 0.10, P 5 NS

IMT, mm r 5 0.77, P , .001 r 5 0.53, P , .05

After tadalafil administration

Age, y r 5 0.35, P , .06 r 5 0.20, P 5 NS

BMI, kg/m2 r 5 0.81, P , .001 r 5 0.49, P , .01

IIEF-5 score r 5 20.40, P , .05 r 5 20.18, P 5 NS

Peak systolic velocity, cm/s r 5 20.47, P , .01 r 5 20.21, P 5 NS

End diastolic velocity, cm/s r 5 0.38, P , .05 r 5 0.25, P 5 NS

Acceleration time, ms r 5 0.74, P , .001 r 5 0.58, P 5 0.005

Resistance index r 5 20.41, P , .05 r 5 20.27, P 5 NS

IMT, mm r 5 0.71, P , .001 r 5 0.50, P , .01

Abbreviations: IIEF-5, International Index of Erectile Dysfunction; NS, not significant.

Figure 3. Endothelial microparticles (CD45neg/CD144pos/Annexin
Vpos) in healthy men (controls) (n 5 17) and in 100 patients with
erectile dysfunction of arterial origin and metabolic syndrome before
(baseline) and after tadalafil administration. The dots represent
minimum and maximum. *P , 0.05 vs controls.

Figure 2. Endothelial progenitor cells (CD45neg/CD34pos/CD144pos)
in healthy men (controls) (n 5 17) and in 100 patients with erectile
dysfunction of arterial origin and metabolic syndrome before
(baseline) and after tadalafil administration. The dots represent
minimum and maximum.
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protection from the disease progression in these

patients. Although at present this hypothesis remains

speculative, the increased circulating EPC levels follow-
ing tadalafil administration suggest that this treatment

may activate EPCs. Future studies need to evaluate the

response of these cells after tadalafil, comparing the

findings of patients with severe vascular injury to

patients without apparent vascular damage.

In patients with ED, the number of EPCs with the

phenotype CD34pos/CD133pos/KDRpos is reduced, and

this reduction seems to be greater in the presence of
cardiovascular risk factors (cigarette smoke, hyperten-

sion, diabetes mellitus, obesity, and dyslipidemia;

Foresta et al, 2005; Baumhakel et al, 2006; Esposito et

al, 2009). In addition, the reduced number of CD34pos/

CD133pos/KDRpos EPCs is an independent risk factor

for ED in patients with known CAD. These findings

suggest that EPCs may represent a link between

cardiovascular risk factors, endothelial dysfunction,
and ED (Baumhakel et al, 2006). The administration

of PDE5i or androgens has been shown to raise the

number of this type of EPC (Papayannopoulou, 2004;

Foresta et al, 2005, 2006, 2007, 2008; Baumhakel et al,

2006). PDE5i seems to increase blood EPCs by

upregulating MMP-9 through cyclic guanosine mono-

phosphate accumulation (Marcet-Palacios et al, 2003).

The apparent discrepancy between these studies and the
present one may relate to the different immunopheno-

types evaluated. Indeed, more recently, an increased

number of a particular phenotype of EPCs, those

positive to osteocalcin, a marker of circulating osteo-

genic cells, has been reported in patients with ED

(Foresta et al, 2009).

It is now clear that there are distinct EPC subpopu-

lations with different immunophenotype and biologic
properties (Güven et al, 2006). Cells progress from the

stem cell stage to the final mature cell of each single

lineage, through successive progenitor cell stages (In-

gram et al, 2005). Because uniform criteria to identify

these cells are lacking, we followed the proposal outlined

by Case and colleagues (2007). They suggested using the

CD45neg/CD34pos phenotype because these cells form

colonies of mature endothelial cells in a clonogenic in
vitro assay of endothelial cells (Case et al, 2007).

Therefore, these cells probably behave to a greater

extent as true endothelial progenitors (Timmermans et

al, 2007). Accordingly, CD45neg/CD34pos/CD144pos cells

form endothelial cells in culture (Güven et al, 2006).

To our knowledge, this study is among the few

available thus far that have evaluated a more endothe-

lial-committed EPC phenotype in patients with PAD.

The higher number of EPCs we found in patients with
MetS—hence, at increased CVD risks and corpus

cavernosum atherosclerosis—is similar to previous

evidence showing that specific CVDs are associated

with increased circulating EPCs levels (Adams et al,

2004; Massa et al, 2005; Sandri et al, 2005; Güven et al,
2006). In CAD patients, several mechanistic possibilities

have been advanced to explain the increase of EPCs.

This activation may result from a variety of proin-

flammatory cytokines released in patients with coronary

ischemia (Cho et al, 2003; Kong et al, 2004). Moreover,

exercise-induced ischemia is associated with an increased

number of circulating EPCs (Adams et al, 2004; Sandri

et al, 2005). Patients with unstable angina have an
increased number of EPCs compared with patients with

stable angina, and the stabilization of angina in these

patients resulted in a 2-fold decrease in circulating EPCs

(George et al, 2004).

EMPs, defined by the phenotype CD31pos/CD42neg

and CD31pos/CD42pos, are elevated in patients with ED

and diabetes mellitus and independently involved in the
pathogenesis of ED. EMPs inversely correlate with the

IIEF score in both diabetic and nondiabetic patients, and

multivariate analysis corrected for confounding factors

showed that EMPs are the only independent predictor of

the IIEF score (Esposito et al, 2007). In addition, ED

patients with or without diabetes mellitus have signifi-

cantly higher EMPs (CD62pos) than nondiabetic men

without ED. The EMP (CD62pos)/EMP (CD31pos) ratio,
an index of endothelial activation (high ratio) or

apoptosis (low ratio), was lowest in ED diabetic patients.

These findings suggest that the EMP increase in ED

diabetic patients is consistent with increased apoptotic

activity (Esposito et al, 2008). The results of this study

conducted in patients with ED and MetS imply the same

conclusion. These patients share with atherosclerotic

patients a common picture of endothelial damage and
markers of this dysfunction. This is sustained by the

significant correlation between EPCs or EMPs, both

biomarkers of endothelial dysfunction, with indices of

ED severity (PSV, acceleration time, and IMT).

In conclusion, this study showed that patients with

arterial ED and MetS have higher blood concentrations

of EPCs and EMPs compared with healthy men. Thus,
these biomarkers may be considered predictors of the

presence of cavernosal artery disease. ED patients

responded to tadalafil administration with an EPC

increase. The simultaneous evaluation of EPCs and

EMPs may better monitor the biologic balance between

the severity of the vascular wall damage (EMPs) and the

extent of the repair mechanism (EPCs).

References
Adams V, Lenk K, Linke A, Lenz D, Erbs S, Sandri M, Tarnok A,

Gielen S, Emmrich F, Schuler G, Hambrecht R. Increase of

circulating endothelial progenitor cells in patients with coronary

La Vignera et al N EPC and EMP in Patients With ED and MetS 207



artery disease after exercise-induced ischemia. Arterioscler Thromb

Vasc Biol. 2004;24:684–690.

Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T,

Witzenbichler B, Schatteman G, Isner JM. Isolation of putative

progenitor endothelial cells for angiogenesis. Science.

1997;275:964–967.

Baumhakel M, Werner N, Bohm M, Nickening G. Circulating

endothelial progenitor cells correlate with erectile function in

patients with coronary heart disease. Eur Heart J.

2006;27:2184–2188.

Benson CB, Aruny JE, Vickers MA Jr. Correlation of duplex

sonography with arteriography in patients with erectile dysfunc-

tion. Am J Roentgenol. 1993;160:71–73.

Boulanger CM, Amabile N, Tedgui A. Circulating microparticles: a

potential prognostic marker for atherosclerotic vascular disease.

Hypertension. 2006;48:180–186.

Case J, Mead LE, Bessler WK, Prater D, White HA, Saadatzadeh

MR, Bhavsar JR, Yoder MC, Haneline LS, Ingram DA. Human

CD34+ AC133+ VEGFR-2+ cells are not endothelial progenitor

cells but distinct, primitive hematopoietic progenitors. Exp

Hematol. 2007;35:1109–1118.

Cho HJ, Kim HS, Lee MM, Kim DH, Yang HJ, Hur J, Hwang KK,

Oh S, Choi YJ, Chae IH, Oh BH, Choi YS, Walsh K, Park YB.

Mobilized endothelial progenitor cells by granulocyte-macrophage

colony-stimulating factor accelerate reendothelization and reduce

vascular inflammation after intravascular radiation. Circulation.

2003;108:2918–2925.

Combes V, Simon AC, Grau GE, Arnoux D, Camoin L, Sabatier F,

Mutin M, Sanmarco M, Sampol J, Dignat-George F. In vitro

generation of endothelial microparticles and possible prothrombot-

ic activity in patients with lupus anticoagulant. J Clin Invest.

1999;104:93–102.

Demir T, Demir O, Kefi A, Comlekci A, Yesil S, Esen A. Prevalence of

erectile dysfunction in patients with metabolic syndrome. Int J Urol.

2006;13:385–388.

Diamant M, Nieuwland R, Pablo RF, Sturk A, Smit JW, Radder JK.

Elevated numbers of tissue-factor exposing microparticles correlate

with components of the metabolic syndrome in uncomplicated type

2 diabetes mellitus. Circulation. 2002;106:2442–2447.

Esposito K, Ciotola M, Giugliano F, Sardelli L, Giugliano F,

Maiorino MI, Beneduce F, De Sio M, Giugliano D. Phenotypic

assessment of endothelial microparticles in diabetic and nondia-

betic men with erectile dysfunction. J Sex Med. 2008;5:1436–1442.

Esposito K, Ciotola M, Giugliano F, Schisano B, Improta L, Improta

MR, Beneduce F, Rispoli M, De Sio M, Giugliano D. Endothelial

microparticles correlate with erectile dysfunction in diabetic men.

Int J Impot Res. 2007;19:161–166.

Esposito K, Ciotola M, Maiorino MI, Giugliano F, Autorino R, De

Sio M, Jannini E, Lenzi A, Giugliano D. Circulating CD34+
KDR+ endothelial progenitor cells correlate with erectile function

and endothelial function in overweight men. J Sex Med.

2009;6:107–114.

Fadini GP, de Kreutzenberg SV, Coracina A, Baesso I, Agostini C,

Tiengo A, Avogaro A. Circulating CD34+ cells, metabolic

syndrome, and cardiovascular risk. Eur Heart J. 2006;27:2247–

2255.

Feldman HA, Johannes CB, Derby CA, Kleinman KP, Mohr BA,

Araujo AB, McKinlay JB. Erectile dysfunction and coronary risk

factors: prospective results from the Massachusetts male aging

study. Prev Med. 2000;30:328–338.

Fina L, Molgaard HV, Robertson D, Bradley NJ, Monaghan P, Delia

D, Sutherland DR, Baker MA, Greaves MF. Expression of the

CD34 gene in vascular endothelial cells. Blood. 1990;75:2417–

2426.

Foresta C, Caretta N, Lana A, Cabrelle A, Palù G, Ferlin A.
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Güven H, Shepherd RM, Bach RG, Capoccia BJ, Link DC. The

number of endothelial progenitor cell colonies in the blood is

increased in patients with angiographically significant coronary

artery disease. J Am Coll Cardiol. 2006;48:1579–1587.

Hirschi KK, Ingram DA, Yoder MC. Assessing identity, phenotype

and fate of endothelial progenitor cells. Arterioscler Thromb Vasc

Biol. 2008;28:1584–1595.

Ingram DA, Caplice NM, Yoder MC. Unresolved questions, changing

definitions, and novel paradigms for defining endothelial progen-

itor cells. Blood. 2005;106:1525–1531.

Kong D, Melo LG, Gnecchi M, Zhang L, Mostoslavsky G, Liew CC,

Pratt RE, Dzau VJ. Cytokine-induced mobilization of circulating

endothelial progenitor cells enhances repair of injured arteries.

Circulation. 2004;110:2039–2046.

Marcet-Palacios M, Graham K, Cass C, Befus AD, Mayers I,

Radomski MW. Nitric oxide and cyclic GMP increase the

expression of matrix metalloproteinase-9 in vascular smooth

muscle. J Pharmacol Exp Ther. 2003;307:429–436.

Massa M, Rosti V, Ferrario M, Campanelli R, Ramajoli I, Rosso R,

De Ferrari GM, Ferlini M, Goffredo L, Bertoletti A, Klersy C,

Pecci A, Moratti R, Tavazzi L. Increased circulating hematopoietic

and endothelial progenitor cells in the early phase of acute

myocardial infarction. Blood. 2005;105:199–206.

Matfin G, Jawa A, Fonseca VA. Erectile dysfunction: interrelationship

with the metabolic syndrome. Curr Diab Rep. 2005;5:64–69.

Morel A, Ohlmann P, Epailly E, Bakouboula B, Zobairi F, Jesel L,

Meyer N, Chenard MP, Freyssinet JM, Bareiss P, Mazzucotelli JP,

208 Journal of Andrology N March �April 2012



Toti F. Endothelial cell activation contributes to the release of

procoagulant microparticles during cardiac allograft rejection.

J Heart Lung Transplant. 2008;27:38–45.

National Cholesterol Education Program (NCEP) Expert Panel on

Detection, Evaluation, and Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel III), Third Report of the

National Cholesterol Education Program (NCEP) Expert Panel on

Detection, Evaluation, and Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel III) final report. Circulation.

2002;106:3143–3421.

Papayannopoulou T. Current mechanistic scenarios in hematopoietic

stem/progenitor cell mobilization. Blood. 2004;103:1580–1585.

Real C, Caiado F, Dias S. Endothelial progenitors in vascular repair

and angiogenesis: how many are needed and what to do?

Cardiovasc Hematol Disord Drug Targets. 2008;8:185–193.

Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Pena BM.

Development and evaluation of an abridged, 5 item version of

the International Index of Erectile Function (IIEF-5) as a

diagnostic tool for erectile dysfunction. Int J Impot Res.

1999;11:319–326.

Russel ST, Khandheria BK, Nehra A. Erectile dysfunction and

cardiovascular disease. Mayo Clin Proc. 2004;79:782–794.

Ryu JK, Zhang LW, Jin HR, Piao S, Choi MJ, Tuvshintur B,

Tumurbaatar M, Shin SH, Han JY, Kim WJ, Suh JK.

Derangements in endothelial cell-to-cell junctions involved in the

pathogenesis of hypercholesterolemia-induced erectile dysfunction.

J Sex Med. 2009;6:1893–1907.

Sandri M, Adams V, Gielen S, Linke A, Lenk K, Kränkel N, Lenz D,

Erbs S, Scheinert D, Mohr FW, Schuler G, Hambrecht R. Effects of

exercise and ischemia on mobilization and functional activation of

blood-derived progenitor cells in patients with ischemic syndromes:

results of 3 randomized studies. Circulation. 2005;111:3391–3399.

Schatteman GC, Dunnwald M, Jiao C. Biology of bone marrow-

derived endothelial cell precursors. Am J Physiol Heart Circ

Physiol. 2007;292:1–18.

Shet AS. Characterizing blood microparticles: technical aspects and

challenges. Vasc Health Risk Manag. 2008;4:769–774.

Speel TG, van Langen H, Wijkstra H, Meuleman EJ. Penile duplex

pharmaco-ultrasonography revisited: revalidation of the parame-

ters of the cavernous arterial response. J Urol. 2003;169:216–220.

Sugiyama S, Kugiyama K, Aikawa M, Nakamura S, Ogawa H, Libby

P. Hypochlorous acid, a macrophage product, induces endothelial

apoptosis and tissue factor expression: involvement of myeloper-

oxidase-mediated oxidant in plaque erosion and thrombogenesis.

Arterioscler Thromb Vasc Biol. 2004;24:1309–1314.

Timmermans F, Van Hauwermeiren F, De Smedt M, Raedt R,

Plasschaert F, De Buyzere ML, Gillebert TC, Plum J, Vandekerc-

khove B. Endothelial outgrowth cells are not derived from CD133+
cells or CD45+ hematopoietic precursors. Arterioscler Thromb Vasc

Biol. 2007;27:1572–1579.

Urbich C, Dimmeler S. Endothelial progenitor cells: characterization

and role in vascular biology. Circ Res. 2004;95:343–353.

Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, Gooren

LJ, Kaufman JM, Legros JJ, Lunenfeld B, Morales A, Morley JE,

Schulman C, Thompson IM, Weidner W, Wu FC. ISA, ISSAM,

EAU, EAA and ASA recommendations: investigation, treatment

and monitoring of late-onset hypogonadism in males. Int J Impot

Res. 2009;21:1–8.

Werner N, Junk S, Laufs U, Link A, Walenta K, Bohm M, Nickenig

G. Intravenous transfusion of endothelial progenitor cells reduces

neointima formation after vascular injury. Circ Res. 2003;93:17–24.

Widlansky ME, Gokce N, Keaney JF Jr, Vita JA. The clinical

implications of endothelial dysfunction. J Am Coll Cardiol.

2003;42:1149–1160.

La Vignera et al N EPC and EMP in Patients With ED and MetS 209



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


