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bstract

Metabolic syndrome (MS) induces an increase in oxidative stress and may be an important contributory factor for coronary artery disease
CAD). Telomere shortening of endothelial progenitor cells (EPCs) may be the key factor in endothelial cell senescence. The rate of telomere
hortening is highly dependent on cellular oxidative damage. This study analyzed the relationship between telomere shortening and oxidative
NA damage in EPCs obtained from CAD patients with MS and without MS. We analyzed circulating EPCs in peripheral blood obtained

rom 57 patients with CAD (acute myocardial infarction [AMI], n = 26; stable angina pectoris [AP], n = 31) and 21 age-matched healthy
ubjects (control). Telomere length and telomerase activity were significantly lower in CAD patients than in controls, and were lower in AMI
atients than in AP patients. Oxidative DNA damage was higher in CAD patients compared with controls, and oxidative DNA damage in AMI
atients was also higher than in AP patients. There was a negative correlation between telomere length and oxidative DNA damage. Telomere
ength and telomerase activity were lower in CAD patients with MS than in those without MS. Oxidative DNA damage in CAD patients with
S was higher than in those without MS. In our in vitro study, oxidative treatments induced telomere shortening and decrease in telomerase
ctivity of EPCs. These results suggest that EPC telomere shortening via increased oxidative DNA damage may play an important role in the
athogenesis of CAD. In addition, MS may be related to increased oxidative DNA damage and EPC telomere shortening.

2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Metabolic syndrome (MS) is a cluster of insulin resistance,
mpaired glucose tolerance, dyslipidemia, obesity, and ele-
ated blood pressure that has reached epidemic proportions

n industrialized countries [1]. In recent clinical trials, MS
as associated with increased risk of coronary artery disease

CAD) [2]. Oxidative stress plays a critical role in the patho-

Abbreviations: AMI, acute myocardial infarction; AP, angina pectoris;
AD, coronary artery disease; PBMCs, peripheral blood mononuclear cells;
G, triglycerides.
∗ Corresponding author. Tel.: +81 19 651 5111; fax: +81 19 651 0401.

E-mail address: m satoh@imu.ncvc.go.jp (M. Satoh).
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enesis of CAD in patients with MS [3]. Oxidative stress
as been implicated in the development of atherosclerosis
hrough a variety of mechanisms, especially those leading to
ndothelial dysfunction [4,5]. Oxidative stress also induces
amage or apoptosis of endothelial cells [6].

Recent studies have identified that normal adults have
small number of circulating endothelial progenitor cells

EPCs) in the peripheral blood [7]. It has also been reported
hat patients at risk for CAD have a decreased number of cir-
ulating EPCs with impaired activity [8]. EPCs are regarded

s having a key role in the maintenance of vascular integrity
nd the replacement of apoptotic or damaged endothelial cells
n response to various cardiovascular risk factors, such as MS
9,10]. Cell division is associated with telomere shortening,

mailto:m_satoh@imu.ncvc.go.jp
dx.doi.org/10.1016/j.atherosclerosis.2007.09.040
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eading to senescence once telomere length reaches a crit-
cal threshold [11]. Telomeres are composed of noncoding
ouble-stranded repeats of G-rich tandem DNA sequence
TAGGG extending over 6–15 kb at the end of eukaryotic
hromosomes and are necessary for both successful DNA
eplication and chromosomal integrity [12]. Telomere short-
ning is modulated by the rate of cell turnover and oxidative
tress [13]. In this study our aim was to determine whether
xidative stress is related to EPC telomere shortening in CAD
atients with MS.

. Materials and methods

.1. Study population

Peripheral blood samples were obtained from 57 consec-
tive patients with CAD (26 patients with acute myocardial
nfarction [AMI] and 31 patients with stable angina pectoris
AP]). All patients with AMI were admitted within 12 h of
nset of AMI. The diagnosis of AMI was made on the basis of
he presence of prolonged chest pain, typical electrographic
hanges, and increased concentrations of serum cardiac
nzymes. AP according to the exclusion parameters described
or AMI and meeting the following criteria: history of typ-
cal chest pain on effort, lasting unchanged for more than

months and not associated with rest angina; documented
xercise-induced myocardial ischemia; and angiographically
roven CAD. Patients were excluded from the study if they
ad clinical signs of acute infection, severe renal failure
r rheumatoid disease, or if they were suspected of having
malignant or primary wasting disorder. Peripheral blood

amples were immediately taken from AMI patients at the
ime of admission and before percutaneous coronary inter-
ention (PCI) procedure. Peripheral blood samples were
lso taken from AP patients before PCI procedure. As a
ontrol, peripheral blood samples were obtained from 21
ge- and sex-healthy subjects without any evidence of CAD
y history and physical examination. Metabolic syndrome
as defined as the presence of at least three out of five

isk determinants according to the modified NCEP ATP-
II report (a waist circumference ≥85/90 cm in men/women,
asting triglycerides [TG] >150 mg/dL, low HDL-cholesterol
HDL-C] [men <40 mg/dL, women <50 mg/dL], systolic
lood pressure >130 mm Hg and/or diastolic blood pressure
85 mm Hg, and fasting blood glucose level >100 mg/dL)
14,15]. Approval was obtained from the ethical committee of
he Iwate Medical University School of Medicine (H17-73),
nd written informed consent was obtained from all subjects.

.2. Quantification of circulating EPCs
Peripheral blood mononuclear cells (PBMCs) were iso-
ated from heparinized blood samples obtained from all
ubjects by Ficoll–Paque density gradient centrifugation
nd lymphocyte separation solution (Nacalai Tesque Inc.).
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BMCs were resuspended at a final concentration of
× 106 cells/mL in RPMI1640 (Sigma). PBMCs were incu-
ated with 10 �L of FITC-conjugated anti-human CD34 m
onoclonal antibody (mAb) (Becton Dickinson) and 10 �L

f PE-conjugated anti-human KDR mAb (R&D system), fol-
owed by incubation at 4 ◦C for 30 min. After incubation, cells
ere fixed with 1% paraformaldehyde. Isotype immunoglob-
lin IgG antibody was used as a control (Becton Dickinson).
he number of CD34 and KDR-double positive cells among
× 106 cells were counted using a FACScan analyzer (Bec-

on Dickinson).

.3. Cell culture enrichment of EPCs

PBMCs (8 × 106) were plated on fibronectin-coated
ulture dishes (Sigma) and maintained in endothelial
asal medium-2 (EBM-2; Clonetics, Guelph, Canada)
upplemented with EGM-2-MV-SingleQuots (Clonetics)
ontaining 5% fetal bovine serum, 50 ng/mL human vas-
ular endothelial growth factor (VEGF), 50 ng/mL human
nsulin-like growth factor 1, and 50 ng/mL human epider-

al growth factor. To exclude contamination with mature
irculating endothelial cells, we carefully removed the cul-
ure supernatant 8 h after initial seeding and placed it into
ew fibronectin-coated culture dishes. After 4 days of cul-
ure, nonadherent cells were removed by washing, new

edium was applied, and the culture was maintained through
ay 4. Adherent cells of endothelial lineage were identi-
ed by the concurrent binding of FITC-conjugated Ulex
uropeaus agglutinin I (UEA-1, Sigma) and the uptake
f 1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanime
DiI)-labeled acetylated low-density lipoprotein (acLDL,

olecular Probes). Adherent cells were visualized with
n inverted fluorescent microscope, and adherent cells that
tained for both FITC-UEA-1 and DiI-acLDL were consid-
red to be EPCs. Two independent investigators evaluated
he number of EPCs per mm2 by counting dual-staining cells
n 15 randomly selected high power fields using an inverted
uorescent microscope (Olympus, Tokyo, Japan).

.4. Determination of human telomere length by
ow-FISH

Telomere lengths of freshly isolated PBMCs and cultured
PCs were measured using a Dako Telomere peptide nucleic
cid kit/FITC for flow cytometry (Dako Cytomation, Ely,
.K.). Relative telomere length (RTL) was determined by

omparing isolated EPCs with a control cell line (1301;
ubline of the Epstein–Barr virus genome negative T-cell
eukemia line CCRF-CEM) [16]. A total of 5 × 105 cells were
esuspended in 300 �L of hybridization solution containing
0% formamide either with no probe (unstained control) or

ith FITC-conjugated telomere PNA probe. These cells were
eated for 10 min at 82 ◦C for DNA denaturation. Hybridiza-
ion was performed overnight at room temperature in the
ark. After washing, cells were resuspended in 0.5 mL of
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AKO DNA staining solution and incubated at 4 ◦C for 2 h
n the dark. Each sample was then analyzed by FACScan
nalyzer (Becton Dickinson) using logarithmic scale FL1-

for probe fluorescence and linear scale FL3-H for DNA
taining. Statistical data on these cells were then used to
alculate the RTL of the sample cells compared with the
ontrol cells, according to the manufacturer’s instruction,
TL (%) = (mean FL1-H EPCs with probe − mean FL1-H
PCs without probe) × DNA index control cells (=2) × DNA

ndex EPCs (=1) × 100/(mean FL1-H control cells with
robe − mean FL1-H control cells without probe).

.5. Oxidative DNA damage

A Biotrin OxyDNA test kit (Biotrin, Dublin, Ireland) was
sed to evaluate oxidative DNA damage in EPCs, follow-
ng the manufacturer’s recommendations. The assay is an
n vitro fluorescent protein-binding method used to detect
xidative DNA in fixed permeabilized cells. The probe is
pecific for 8-oxoguanine (as part of the oxidized nucleotide
-oxoguanosine), which is formed during free radical damage
o DNA and is a sensitive and specific indicator of oxidative
NA damage [17]. Briefly, 1 × 106 EPCs were incubated

mmediately with 1% paraformaldehyde for 15 min on ice,
ashed once with PBS, and resuspended in 70% ethanol. The

ells were incubated for 1 h at 37 ◦C with 50 �L of Biotrin
locking buffer, washed twice and then incubated for 1 h at
oom temperature in the dark with 100 �L of FITC-labeled 8-
xoguanine probe. The cells were analyzed by flow cytometry
nd the mean fluorescent intensity (MFI) of 8-oxoguanine
as recorded.

.6. Telomeric repeat amplification protocol (TRAP)
ssay

For quantitative analysis of telomerase activity, a TRAP
ssay was performed using a quantitative telomerase detec-
ion kit (Allied Biotech. Ijamsville, MD, USA) according
o the manufacturer’s protocol [18]. This involved amplifi-
ation of the telomerase reaction product by real-time PCR
ABI PRISM 7700 sequence detector, PE Biosystem, Foster
ity, CA, USA). Telomerase activity in the samples was cal-
ulated based on the threshold cycle. Quantitative real-time
CR was performed using serial dilutions of positive control

emplate (Allied Biotech.) to generate a standard curve. All
amples were run in triplicate, and the lysis buffer was used
s a negative control.

.7. Cell culture with oxidant treatments

Stock solutions of tert-butyl hydroperoxide (t-BHP,
igma) and l-buthinonie-[S,R]-sulphoximune (BSO, Sigma)

ere freshly made in water and diluted in medium imme-
iately before addition to the cultures. To induce oxidative
tress, cultured EPCs from 10 healthy subjects (mean
ge = 63.2 ± 11.2, male/female = 8/2) were grown in EBM-
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lacking ascorbic acid and exposed at each passage to
.1 �M t-BHP or 10 �M BSO or PBS. These compounds
ere added to the culture medium 48 h after seeding and then

very 2 days at the time of feeding. They were incubated
n fibronectin-coated culture dishes (Sigma) for 14 days at
7 ◦C in 5% CO2. Two independent cultures were carried out
or each condition (t-BHP, BSO or PBS) from distinct sin-
le donor EPCs. The number of population doublings (PD)
as calculated using the formula PD = (log10[number of cells
arvested] − log10[number of cells seeded])/log 2. Cell via-
ility was >85% in all experiments as assessed by trypan blue
xclusion of EPCs (Gibco BRL). Endotoxin concentrations
ere tested in all media and buffers used in this study and
ere <10 pg/mL (Limulus amoebocyte lysate test).

.8. Statistical analysis

All values are presented as mean ± S.D. Kolmogorov–
mirnov analysis was performed to assess data distribution.
npaired t-test was performed for normally distributed data,

nd nonparametric Mann–Whitney test was performed when
his was not appropriate. Comparisons between three groups
AMI, AP and controls) were analyzed by ANOVA for nor-
ally distributed variables and by the Kruskal–Wallis test

or non-normally distributed variables. Multivariate linear
egression analysis was used to correlate EPC telomere length
ith cardiovascular risk factors. Pearson’s correlation coef-
cients were used to examine the relationship between RTL
nd oxidative DNA damage. A value of P < 0.05 was consid-
red statistically significant.

. Results

.1. Baseline and clinical characteristics

Baseline and clinical characteristics of the study popula-
ions are shown in Table 1. There was no significant difference
etween AMI patients and AP patients in baseline and clinical
haracteristics (Table 1). Fifteen patients with AMI (57.6%)
nd 16 patients with AP (51.6%) had MS at the time of
dmission. There were no cases of MS among the controls.

.2. Number of EPCs

The number of circulating CD34/KDR double-positive
ells was higher in AMI patients than in AP patients and
ontrols (36.0 ± 22.9 vs. 20.3 ± 5.5 vs. 18.6 ± 10.8 per 106

vents, P < 0.01) (Fig. 1A). After 8 days in culture, isolated
BMCs that exhibited a spindle-shaped endothelial cell-like
orphology, adherence, and positive staining for both acety-

ated LDL uptake and UEA1 binding were characterized as

ndothelial lineage cells (Fig. 1B–D). An increased num-
er of dil-acLDL/UEA1 double-positive cells were counted
n patients with AMI compared with AP patients and con-
rols (98.5 ± 37.3 cells/mm2 vs. 79.5 ± 21.5 cells/mm2 vs.
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Table 1
Baseline and clinical characteristics of study populations

CAD Controls (n = 21)

AMI (n = 26) AP (n = 31)

Age (years) 64.1 ± 11.4 65.5 ± 13.1 64.7 ± 9.4
Male, n (%) 19 (73.1) 24 (77.4) 16 (76.2)
Waist circumference (cm) 86.9 ± 6.7 90.2 ± 9.1 79.3 ± 5.5
Body mass index (kg/m2) 24.3 ± 3.1 24.9 ± 2.7 21.3 ± 2.5
Systolic BP (mm Hg) 124 ± 16 131 ± 19 123 ± 13
Diastolic BP (mm Hg) 71 ± 8 74 ± 13 65 ± 7
Smokers (%) 9 (34.6) 11 (35.5) 1 (4.8)*

Components of MS (%)
High waist circumference 17 (65.4) 21 (67.7) 5 (23.8)*
High triglycerides 12 (46.2) 15 (48.4) 3 (14.3)*
Low HDL cholesterol 13 (50.0) 16 (51.6) 5 (23.8)*
High blood pressure 19 (73.1) 23 (74.2) 4 (19.0)*
High fasting blood glucose 13 (50.0) 16 (51.6) 3 (14.3)*

Fasting blood glucose (mg/dL) 118 ± 22 115 ± 24 97 ± 10*
LDL cholesterol (mg/dL) 114 ± 29 104 ± 42 89 ± 22*
HDL cholesterol (mg/dL) 47 ± 12 50 ± 13 61 ± 18*
Triglycerides (mg/mL) 133 ± 88 152 ± 97 112 ± 65*
h

L olester
*

6
t
a

3
t

c

P
A
d
E
5

F
i

s-CRP (mg/L) 32.5 ± 44.6

DL: low-density lipoprotein-cholesterol, HDL: high-density lipoprotein-ch
P < 0.05 vs. AMI or AP patients.

8.4 ± 23.7 cells/mm2, P < 0.01) (Fig. 1E). The number of
hese cells was no significant differences between AP patients
nd controls (all P > 0.05) (Fig. 1A and E).

.3. Telomere length, oxidative DNA damage and

elomerase activity in EPCs

RTL of EPCs was significantly shorter in CAD patients
ompared with controls (56.2 ± 14.3% vs. 80.3 ± 13.2%,

i

c
(

ig. 1. Number of circulating CD34/KDR-positive cells in CAD and controls (A). E
mages showed dil-acLDL/UEA1 double-positive EPCs (D). Number of dil-acLDL
16.9 ± 19.3 1.2 ± 0.9*

ol, hsCRP: high sensitive C-reactive protein and MS: metabolic syndrome.

< 0.01). RTL of EPCs was shorter in AMI patients than in
P patients (46.8 ± 10.0% vs. 64.0 ± 11.8%, P < 0.01). RTL
id not differ between freshly isolated PBMCs and cultured
PCs in individual groups (RTL in PBMCs: CAD patients,
5.7 ± 13.9%; controls, 79.6 ± 14.5%, all P > 0.05 vs. RTL

n EPCs).

8-Hydroxyl deoxyguanosine MFI of EPCs was signifi-
antly higher in patients with CAD compared with controls
393.6 ± 154.3 vs. 186.7 ± 52.3, P < 0.01). 8-Hydroxyl

PCs were shown to uptake acetylated LDL (B) and bind UEA-1 (C). Merged
/UEA1 double-positive cells in CAD patients and controls (E). *P < 0.05.
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Fig. 2. Correlation between RTL and 8-hydroxyl deoxyguanosine MFI in
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3.5. In vitro study with oxidative treatments

F
*

AD patients and controls. AMI patients: r = −0.43, P = 0.03. AP patients:
= −0.43, P = 0.02. Controls: r = −0.65, P < 0.01.

eoxyguanosine MFI was also higher in AMI patients than
n AP patients (510.7 ± 106.0 vs. 294.9 ± 113.2, P < 0.01).
TL was weakly negatively correlated with 8-hydroxyl
eoxyguanosine MFI in all groups (AMI: r = −0.43, P = 0.03;
P: r = −0.43, P = 0.02; controls: r = −0.65, P < 0.01)

Fig. 2).
Telomerase activity of EPCs was significantly lower

n CAD patients than in healthy subjects (34.4 ± 9.8 vs.
5.3 ± 10.5, P < 0.01). Telomerase activity of EPCs was also

ower in AMI patients than in AP patients (29.6 ± 11.2 vs.
9.1 ± 9.9, P < 0.05). i

ig. 3. Comparison of EPC counts (A and B), RTL (C) and 8-hydroxyl deoxygu
P < 0.05.
s 198 (2008) 347–353 351

.4. Relationship between clinical data, RTL and
xidative DNA damage

Ageing was weakly negatively correlated with RTL
n EPCs obtained from all subjects (r = −0.24, P = 0.04).
TL was not statistically correlated with LDL cholesterol

AMI: r = −0.27, P = 0.25; AP: r = −0.35, P = 0.17; controls:
= −0.18, P = 0.39), fasting blood glucose (AMI: r = 0.20,
= 0.40; AP: r = 0.02, P = 0.95; controls: r = 0.18, P = 0.58)

r hsCRP (AMI: r = 0.16, P = 0.51; AP: r = −0.30, P = 0.25;
ontrols: r = 0.11, P = 0.47).

When CAD patients were divided into two subgroups
ccording to the presence or absence of MS, the number
f EPCs was significantly higher in CAD patients with MS
han in those without MS (Fig. 3A and B). RTL of EPCs
as shorter in CAD patients with MS than in those without
S (Fig. 3C). In addition, 8-hydroxyl deoxyguanosine MFI

f EPCs was higher in CAD patients with MS than in those
ithout MS (Fig. 3D). Telomerase activity of EPCs was lower

n CAD patients with MS than in those without MS (AMI:
5.2 ± 12.1 vs. 32.5 ± 8.9; AP: 35.3 ± 11.4 vs. 43.9 ± 8.9;
ll P < 0.05). By multivariate analysis, EPC oxidative DNA
amage and the presence of MS remained the only signifi-
ant independent predictors of telomere shortening of EPCs
n CAD patients (Table 2).
To explore the role of oxidative stress in telomere shorten-
ng and telomerase activity in EPCs, we used cultured EPCs

anosine MFI (D) between CAD patients with MS and those without MS.
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Table 2
Multivariate analysis between cardiovascular risk factors, oxidative DNA
damage and telomere shortening in EPCs in CAD patients

β t P value

Age 0.26 1.99 0.53
Sex −3.40 −0.87 0.39
Smoking 0.84 0.26 0.80
Metabolic syndrome −7.87 −1.76 0.04
Oxidative DNA damage −0.07 −6.13 <0.001
S
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ignificance (ANOVA) <0.0001

xidative DNA damage was presented as 8-hydroxyl deoxyguanosine MFI
n EPCs.

reated with t-BHP or BSO obtained from healthy subjects.
PCs cultured without oxidative stress ceased to replicate
fter 14 days, reaching 30 cumulative PD (CPD). Parallel cul-
ures treated with t-BHP or BSO after 14 days reached 25 and
4 CPD, respectively. The t-BHP or BSO-stimulated EPCs
emonstrated telomere shortening compared with unstimu-
ated EPCs (percent change of RTL with t-BHP and BSO
s. PBS: 58.2 ± 18.4 and 60.3 ± 20.1 vs. 91.3 ± 6.5, respec-
ively, P < 0.01). In addition the t-BHP or BSO stimulations
iminished telomerase activity (percent change of telom-
rase activity with t-BHP and BSO vs. PBS: 44.3 ± 13.6 and
6.5 ± 12.2 vs. 97.3 ± 9.4, respectively, P < 0.01).

. Discussion

The most important findings of the present study are
1) EPC telomere length was significantly shorter in CAD
atients than in age-matched healthy subjects; (2) EPC telom-
re length was negatively correlated with oxidative DNA
amage; (3) telomere shortening and oxidative DNA damage
n EPCs was higher in CAD patients with MS than in those
ithout MS; (4) our in vitro study suggests that oxidative

tress is involved in telomere shortening of EPCs.
The classic risk factors for atherosclerosis induce endothe-

ial injury, and impaired endothelial function predicts the
isks of subsequent cardiovascular events [19]. Endothelial
amage may represent an imbalance between the magni-
ude of injury and the capacity of endothelial cells for repair.
xperimental studies have identified a population of EPCs

hat can be isolated from bone marrow or circulating, blood-
erived, mononuclear cells and may contribute to ongoing
ndothelial repair by incorporating into the sites of neovas-
ularization and homing to sites of endothelial denudation
10,11]. These reports have suggested that the cell senes-
ence of EPCs may affect the progression of atherosclerosis.
n the present study, EPC telomere length was shorter in
AD patients than in age-matched healthy subjects. Telomere

ength was also shorter in AMI patients than in AP patients. To
xclude telomere shortening as a cause of premature senes-

ence in EPCs, we measured RTL in PBMCs from individual
ubjects. RTL did not vary between PBMCs and EPCs, thus
liminating culture-induced telomere erosion as a probable
ause of senescence in EPCs. EPC telomere shortening thus

e
E
s
r

s 198 (2008) 347–353

ndicates a cell population at increased risk of replicative
enescence and apoptosis at cell division [11,12]. An in vivo
tudy has reported that telomeres of coronary endothelial
ells in CAD patients were markedly shortened compared
o non-CAD patients [20]. EPC telomere shortening may
herefore accelerate the rate of cell senescence of coronary
ndothelial cells and may contribute to the pathogenesis of
AD.

Although reduced numbers of circulating EPCs have been
hown to predict future cardiovascular events [8], the present
tudy showed that the number of EPCs was higher in AMI
atients compared with AP patients and controls. Recent
tudy has reported an increased number of EPCs in the early
hase of AMI comparing with AP patients and healthy sub-
ects [21]. Inflammatory cytokines are released from ischemic
issues and may stimulate bone marrow to release EPCs
22]. Indeed, animal model demonstrated that hematopoi-
tic/angiogenic cytokines mobilized EPCs [22,23].

An in vitro study using cultured human endothelial cells
as demonstrated an association between telomere shorten-
ng and chronic oxidative stress [24]. Increased oxidative
tress is a key step in the initiation and progression of
therosclerosis [25]. The present study has shown that oxida-
ive DNA damage in EPCs was increased in CAD patients
ompared to controls. There was an inverse correlation
etween oxidative DNA damage and EPC telomere length
n CAD patients and controls. The present study is therefore
he first to isolate and expand EPCs in vitro from different
ohorts (CAD and healthy subjects) and to relate their telom-
re length to oxidative DNA damage. We have shown that
xidative stress induces telomere shortening and a decrease in
elomerase activity of EPCs. Low dose t-BHP and BSO treat-

ent induces intracellular oxidative stress via the glutathione
edox-cycle but has no cytotoxic or cytostatic effects [25].
rom these observations, oxidative DNA damage in EPCs
ay be one of the triggers for a decrease in telomerase activ-

ty, telomere shortening and cell senescence. Oxidative stress,
hich is mainly superoxide anion (•O2

−), plays a critical
ole in the pathogenesis of MS parameters [3]. In fact, MS is
ssociated with elevated systemic oxidative stress [26]. This
eport also demonstrates the relationship between elevated
xidative stress and progression of atherosclerosis [26]. In
he present study, CAD patients with MS showed shortened
PC telomere length and increased oxidative DNA damage in
PCs compared to those without MS. In concordance with
ur findings, MS patients with CAD have been shown to
ave shorter telomere length in PBMCs than healthy con-
rols [27]. Therefore, MS may induce oxidative stress-related
elomere shortening of EPCs and reduce the capacity for
ndothelial repair, ultimately contributing to the progression
f atherosclerosis.

Interestingly, the present study has shown EPC telom-

re shortening and increased oxidative DNA damage in
PCs in AMI patients compared to AP patients, despite
imilar frequencies of metabolic syndrome. It has been
eported that lipid-laden macrophages, which produce a large
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mount of superoxide anion [28], are significantly more
bundant in atherosclerotic coronary arteries in patients with
MI than in patients with AP, suggesting that superoxide-
roducing macrophages may induce an increased oxidative
tress in AMI patients [29]. This result permits the spec-
lation that telomere shortening and reduced numbers of
PCs in response to oxidative stress may induce endothelial
ell senescence and dysfunction. Damage to the endothelium
ay thus promote an inflammatory process, such as adhe-

ion and transendothelial migration of circulating leukocytes
nd monocytes, and induce coronary plaque growth and rup-
ure. It has therefore been speculated that an imbalance in
he conditions of enhanced endothelial damage and impaired
PC-mediated endothelial cell repair may contribute to the
athogenesis of coronary plaque instability and rupture in
MI patients.
These results suggest that EPC telomere shortening via

xidative DNA damage may play an important role in the
athogenesis of CAD. In addition, MS may be one of the trig-
ers for increased oxidative DNA damage and EPC telomere
hortening in CAD patients.
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