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Abstract: Elevated levels of advanced glycation endproducts (AGEs) is an important risk factor for atherosclerosis. 
Dysfunction of endothelial progenitor cells (EPCs), which is essential for re-endothelialization and neovasculariza-
tion, is a hallmark of atherosclerosis. However, it remains unclear whether and how AGEs acts on EPCs to promote 
pathogenesis of atherosclerosis. In this study, EPCs were exposed to different concentrations of AGEs. The ex-
pression of NADPH and Rac1 was measured to investigate the involvement of NADPH oxidase pathway. ROS was 
examined to indicate the level of oxidative stress in EPCs. Total JNK and p-JNK were determined by Western blot-
ting. Cell apoptosis was evaluated by both TUNEL staining and flow cytometry. Cell proliferation was measured by 
3H thymidine uptake. The results showed that treatment of EPCs with AGEs increased the levels of ROS in EPCs. 
Mechanistically, AGEs increased the activity of NADPH oxidase and the expression of Rac1, a major component of 
NADPH. Importantly, treatment of EPCs with AGEs activated the JNK signaling pathway, which was closely associ-
ated with cell apoptosis and inhibition of proliferation. Our results suggest that the RAGE activation by AGEs in EPCs 
upregulates intracellular ROS levels, which contributes to increased activity of NADPH oxidase and expression of 
Rac1, thus promoting cellular apoptosis and inhibiting proliferation. Mechanistically, AGEs binding to the receptor 
RAGE in EPCs is associated with hyperactivity of JNK signaling pathway, which is downstream of ROS. Our findings 
suggest that dysregulation of the AGEs/RAGE axis in EPCs may promote atherosclerosis and identify the NADPH/
ROS/JNK signaling axis as a potential target for therapeutic intervention.
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Introduction

Glycation is defined as a process that single 
sugar molecules bond to protein(s) or lipid(s) to 
generate advanced glycation endproducts 
(AGEs). Increased formation of AGEs and bind-
ing to their cell surface receptor, receptor for 
AGEs (RAGE), cause irreversible tissue damag-
es and activate the expression of a variety of 
cytokines. RAGE is expressed in a wide array of 
cell types, such as vascular cells, inflammatory 
cells, glomerular epithelial cells (podocytes), 
neurons of the central and peripheral nervous 
systems. RAGE is usually expressed at low lev-
els in tissues in adult. Whereas, expression of 
RAGE is elevated in pathologies such as cardio-
vascular disease, diabetes and inflammation 
and may play an important role in the progres-
sion of atherosclerosis [1-3]. 

Reactive oxygen species (ROS) are constitutive-
ly generated and converted to nontoxic metabo-
lites under normal physiological conditions [4]. 
Elevated levels of ROS exceeding the capacity 
of cellular antioxidant defense systems result in 
oxidative stress and contribute to the pathology 
of several chronic diseases, including cardio-
vascular dysfunctions, atherosclerosis, diabe-
tes mellitus and reperfusion injury [5-7]. 
Previous studies indicate that ligand-RAGE 
interaction triggers ROS generation and acti-
vates downstream signaling pathways and gene 
expression. The primary mechanism by which 
RAGE generates oxidative stress may via activa-
tion of nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase in artery endothelial 
cells, artery smooth muscle cells and corneal 
epithelial cells [8-10], resulting in cell apoptosis 
[11]. Mechanistically, AGEs activates Mitogen-
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activated protein kinase (MAPK) pathways, a 
family of serine-threonine protein kinases. 
Notably, activation of C-jun N terminal kinase 
(JNK), major subfamilies of MAPK pathways, 
has been shown to result in cell apoptosis and 
dysfunction [12]. However, it is still not fully 
understood how ROS generation by AGEs/
RAGE interaction might promote atheros- 
clerosis.

Endothelial progenitor cells (EPCs) are bone-
marrow-derived stem cells that differentiate 
into endothelial cells. EPCs contribute to tissue 
repair and neovasculature homeostasis via 
both angiogenesis and arteriogenesis, thus 
representing critical subsets of cells for athero-
sclerosis progression and treatment [13, 14]. It 
is well appreciated that these progenitor cells 
are able to repair the injured vessel endotheli-
um and enhance neovascularization of isch-
emic tissues. However, reduced numbers of 
EPCs are associated with endothelial dysfunc-
tion and elevated risk of adverse cardiovascu-
lar events. Although previous data showed that 
AGEs induced apoptosis of EPCs [15, 16], the 
molecular mechanism underlying impairment 
of EPC function in atherosclerosis remains 
largely unknown. 

To address this issue, EPCs were treated with 
different concentrations of AGEs to determine 
the levels of oxidative stress. To investigate 
potential underlying mechanism, we measured 
the activity of RAGE, NADPH oxidase and JNK 
pathways in these EPCs. In addition, cell prolif-
eration and apoptosis were also examined. Our 
findings suggest that AGEs/RAGE interaction 
may activate RAGE-NADPH oxidase to elevate 
ROS levels, which then promote apoptosis and 
inhibit cell proliferation of EPCs via JNK path-
ways to accelerate the process of atheros- 
clerosis. 

Methods

Ethics statement

Animal experiments were approved by the 
Institutional Animal Care and Use Committee of 
the Third Military Medical University (Chongqing, 
China). All the procedures complied with the 
National Institutes of Health Guide for the Care 
and Use of Laboratory Animals (NIH Publication 
No. 85-23, revised 1996).

Animals

Twenty male Sprague-Dawley rats (150-160 g) 
were obtained from the Laboratory Animal 
Center of the Third Military Medical University 
(Chongqing, China). Before experimentation, all 
rats were kept in an animal facility under con-
trolled temperature conditions (21°C) with 
12:12 hours light:dark cycle. Rats were housed 
five per cage and received standard laboratory 
diet and water. After one week of acclimatiza-
tion, rats were anesthetized with ketamine (50 
mg/kg) before being killed by decapitation. 
Following decapitation, bone marrow was care-
fully removed and processed according to the 
desired experiments.

Cell isolation, culture and treatment

Mononuclear cells were isolated from the bone 
marrow by density-gradient centrifugation and 
washed three times with phosphate buffered 
saline (PBS). Cells were seeded into 24-well 
plates at a density of 1 × 106 cells per well and 
cultured in Dulbecco’s modification of Eagle’s 
medium (DMEM) (Hyclone, USA) supplemented 
with 20% fetal calf serum (Hyclone, USA) and 
vascular endothelial growth factor (VEGF) (50 
ng/mL). After four days, non-adherent cells 
were removed and adherent cells were cultured 
for additional seven days as previously des- 
cribed [17]. Cells were incubated with various 
concentrations (0, 100, 200 and 400 µg/ml) of 
AGEs (Jingmei BioTech, China) for 24 hours. 
siRNA transfection was carried out according to 
the manufacturer’s protocol for the RAGE-
siRNA kit (Ambion, USA). The following siRNA 
sequence was used: sense: 5’-CCCAGAAG- 
CUAGAAUGGAAtt-3’; antisense: 5’-UUCCAUU- 
CUAGCUUCUGGGtt-3’ [16].

Cell staining and selection

Cultured cells were first incubated with DiI-
labeled acetylated low-density lipoprotein (LDL) 
(Molecular Probe, Life Technologies, USA) at 
37°C for 12 hours and then fixed with 2% para-
formaldehyde for 10 minutes. The cells were 
then incubated with 10 μg/ml FITC-UEA-I (Ge- 
neTex, Irvine, USA) at 37°C for 1 hour. After 
staining, samples were viewed with laser confo-
cal microscopy. Cells demonstrating double-
positive fluorescence were identified as differ-
entiating EPCs. Two or three independent inve- 
stigators evaluated the number of EPCs per 
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well by counting 15 randomly selected high-
power fields [16].

Measurements of intracellular ROS

To determine intracellular ROS formation, the 
fluorescent intensity of H2DCF-DA (Sigma, USA) 
was measured by flow cytometry analysis fol-
lowing the manufacturer’s protocol [16]. 
Isolated EPCs were collected by centrifugation 
and resuspended in DMEM. H2DCF-DA and 
EPCs were mixed together in the dark at room 
temperature for 15 minutes. The mean fluores-
cence intensity of EPCs for each sample was 
quantified by flow cytometry analysis. EPCs 
mixed with PBS were used as controls.

NADPH oxidase activity assay

NADPH oxidase activity was determined by 
spectrophotometry analysis according to the 
manufacturer’s protocol (Jingmei BioTech, 
China). The activity of NADPH was assessed by 
optical density (OD). When the activity of 
enzymes increases, the optical density is also 
increased. The OD value was measured at 450 
nm. Diphenyliodonium iodide (DPI) (Jingmei 
BioTech, China) was also used as an NADPH 
inhibitor.

Western blot

Total proteins from EPCs were extracted on ice 
with cell lysis buffer (Cell Signaling Technology, 
USA). Twenty μg of proteins were separated by 
10% SDS-PAGE and transferred to a nitrocellu-
lose membrane. The membranes were blocked 
with 2% fat-free milk in PBS at room tempera-
ture for 1 hours and probed with primary anti-
bodies overnight at 4°C (Rabbit anti-rat Rac1 
and p-JNK, Boisynthesis BioTech, USA) in PBS 
containing 0.1% Tween 20 (PBST) and 1% fat-
free milk. Membranes were then washed four 
times in PBST and incubated with goat anti-
rabbit IgG-horseradish peroxidase (Beyotime 
Institute of Biotechnology, China). Signals were 
developed using ECL reagents (Amersham 
Pharmacia Biotech, USA).

Detection of apoptosis

Terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) was used to detect 
apoptosis. EPCs from each sample were 
stained according to the manufacturer’s ins- 

tructions (Roche, Switzerland). Apoptosis was 
also investigated with Annexin V and Propidium 
Iodide Apoptosis Detection Kit (Jingmei Bio- 
Tech, China) coupled with flow cytometry analy-
sis according to the manufacturer’s instru- 
ctions.

Caspase-3 activity assay

Caspase-3 activity was determined using a cas-
pase-3 activity kit (Beyotime, China) according 
to the manufacturer’s protocol, which is based 
on the ability of caspase-3 to change acetyl-
Asp-Glu-Val-Asp p-nitroanilide into the yellow 
formazan product, p-nitroaniline. Caspase-3 
activity was quantified by the spectrophotome-
ter at an absorbance of 405 nm. 

Cyt-C activity assay

Cyt-C was determined by spectrophotometry 
analysis according to the manufacturer’s proto-
col (Boyao, China). The activity of Cyt-C was 
assessed by optical density. When the activity 
of Cyt-C increases, the optical density is also 
increased. The OD value was measured at 450 
nm.

3H thymidine uptake

EPCs were cultured in DMEM with 3H thymidine 
(1 uCi/ml) for 6 hours. Incubations were termi-
nated by removing the culture medium and 
washed with cold PBS three times followed by 
the addition of ice-cold 10% TCA for 20 min-
utes. Next, the cells were washed three times 
with ice-cold water. Then, they were lysed with 
1 ml 0.5 M NaOH for 30 minutes at 37°C. After 
solubilization, 0.5 ml/well aliquot samples were 
removed, transferred to scintillation vials with 
10 ml of scintillation cocktail already added to 
each vial and radioactivity was quantified by 
the liquid scintillation counter.

Statistical analysis

For statistical analysis, all values are expressed 
as mean ± SD. Differences among groups were 
assessed by an independent-sample t-test for 
single comparisons and multiple comparisons 
between groups were assessed by ANOVA. 
Probability values < 0.05 were considered sta-
tistically significant. Data analysis was carried 
out with the Statistical Package for Social 
Sciences (SPSS version 18.0).
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Results

AGEs induced-upregulation of intracellular 
ROS in EPCs is dependent on the receptor 
RAGE

Bone marrow derived mononuclear cells from 
male Sprague-Dawley rats were collected, cul-
tured in DMEM for seven days and stained by 
FITC-UEA-I and DiI-acLDL. FITC-UEA-I and DiI-
acLDL double staining was seen in 83.4 ± 5.8% 

of attached cells, demonstrating that the cul-
tured cells had endothelial cell characteristics. 
Thus, after in vitro culture, the isolated MNCs 
differentiated into EPCs [16].

To examine whether AGEs affects RAGE expres-
sion, EPCs were treated with AGEs at different 
doses, and RAGE protein was detected by 
Western blotting. RAGE protein levels were sig-
nificantly induced by 272% in response to AGEs 
concentrations of 400 µg/ml. Silenced RAGE 
by siRNA can obstruct this effect (Figure 1A). To 
determine the effects of AGEs on ROS produc-
tion in EPCs, the fluorescence intensity of 
H2DCF-DA was quantified using both fluores-

cence microscopy and flow cytometry analysis. 
Normal EPCs showed a low base level of ROS. 
Treatment with AGEs significantly increased the 
generation of ROS in EPCs, whereas silencing 
RAGE prevented AGEs induced ROS formation 
(Figure 1B). Consistent with the fluorescence 
microscopy results, flow cytometry analysis 
also revealed a stepwise increase in ROS 
expression with increasing AGEs concentration 
(n = 5, p < 0.05, Figure 1C).

AGEs/RAGE signaling axis increases the activ-
ity of NADPH oxidase and the expression of 
Rac1 in EPCs

Previous study has demonstrated that AGEs 
may take effects via the RAGE-NADPH oxidase 
pathway. To confirm this, we assessed the 
activity of NADPH oxidase by ELISA. As shown 
in Figure 2A, AGEs treatment significantly 
increased the OD value of NADPH oxidase (n = 
5, P < 0.05), and this increase in OD was appar-
ently abolished by downregulation of RAGE. 
Because the optical density increases as the 
enzyme activity level increases, these results 
suggest that AGEs increase NADPH oxidase in 

Figure 1. Activation of AGEs/RAGE signaling axis upregulates ROS level in EPCs. A. Western blot analysis showed 
that AGEs increased RAGE protein expression and that silencing RAGE by siRNA can obstruct this effect. Signifi-
cances of differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 vs AGEs400. B. The fluorescence 
intensity of ROS was detected by fluorescence microscopy. Normal EPCs showed low ROS production without AGEs. 
Treatment of EPCs with AGEs increased the generation of ROS and blocking RAGE with siRNA weakened this effect 
(×400). C. The fluorescence intensity of ROS was also detected by flow-cytometry analysis. The fluorescence inten-
sity increased with increasing AGEs concentrations and the effect was attenuated by RAGE siRNA. Significances of 
differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 vs AGEs400.
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EPCs. Consistent with the ELISA results, Wes- 
tern blot analysis revealed an increasing in 
Rac1 protein level with AGEs co-cultured 
(Figure 2B).

Upregulation of NADPH oxidase activity is 
essential for AGEs and the receptor RAGE to 
promote ROS generation in EPCs

NADPH oxidase transfers electrons from 
NADPH to molecular oxygen and produces ROS. 

NADPH oxidase may play a critical role in AGEs-
induced ROS in EPCs. To confirm this, we blo- 
ck NADPH oxidase by DPI, a NADPH phar- 
macological inhibitor. As shown in Figure 3, DPI 
reduced AGEs induced activation of ROS  
(n = 5, p < 0.05), similar to block RAGE by 
siRNA. These results indicate that treatment  
of EPCs with AGEs results in ROS genera- 
tion that occurs at least partially through the 
RAGE-NADPH pathway.

AGEs/RAGE axis induces apoptosis of EPCs by 
promoting NADPH oxidase activity

After incubation with AGEs, EPC apoptosis  
was assessed by TUNEL staining, flow cytome-
try analysis, Cyt-C activity assay and caspase 
-3 activity assay. In TUNEL staining, AGEs in- 
creased EPCs apoptosis, and this effect was 
apparently abolished by downregulation of 
RAGE or inhibition of NADPH (Figure 4A). Con- 
sistent with the TUNEL staining results, data 
from flow-cytometry (Figure 4B), Cyt-C activity 
assay (Figure 4C) and caspase-3 activity as- 
say (Figure 4D) also showed the same re- 
sults (n = 5, P < 0.05). Results from the 3H thy- 
midine uptake assay showed that AGEs inhi- 
bited the proliferative activity of EPCs. Do- 
wnregulation of RAGE or inhibition of NADPH 
can block this effect (n = 5, P < 0.05) (Figure 
4E).

Figure 2. Treatment of EPCs with AGEs increased the activity of NADPH oxidase and the protein level of Rac1. A. 
AGEs increased the optical density, indicating that AGEs increased the activity of NADPH oxidase. Blocking RAGE 
prevented this effect. Significances of differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 vs 
AGEs400. B. Rac1 protein levels were assessed by Western blot. AGEs up-regulated Rac1 expression. Blocking 
RAGE prevented this effect. Significances of differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 
vs AGEs400.

Figure 3. NADPH inhibition decrease ROS genera-
tion of EPCs. AGEs increased the optical density 
while co-cultured with DPI prevented this effect simi-
lar to block RAGE by siRNA. Significances of differ-
ences are as indicated: n = 5; *P < 0.05 vs control; 
**P < 0.05 vs AGEs400.
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AGEs stimulation of the receptor RAGE in EPCs 
activates the JNK signaling pathway

JNK signaling is one of the important signaling 
pathways activated by ROS. JNK signaling is a 
major stress response pathway and induces 
cell apoptosis in response to various stressful 
conditions. AGEs induced-cell apoptosis may 
activate JNK signaling. To test this hypothesis, 
we assessed p-JNK by Western blot. AGEs 
treatment significantly increased the protein 
level of p-JNK in EPCs, while siRNA blocking 
RAGE apparently prevented JNK activation 
(Figure 5).

Discussion

In the current study, we established EPCs by in 
vitro culturing bone marrow derived mononu-
clear cells from male Sprague-Dawley rats. We 
found that treatment of EPCs with AGEs signifi-
cantly increased the generation of ROS and the 
activity of NADPH oxidase and inhibited EPCs 
proliferation in a concentration-dependent 
manner. Intriguingly, treatment of EPCs with 
AGEs resulted in activation of the JNK signaling 
pathway and cell apoptosis.

Numerous epidemiological studies suggest 
that diabetes is associated with cardiovascular 

Figure 4. AGEs induces apoptosis and inhibits proliferation of EPCs. (A) In the TUNEL assay, nuclei in apoptosis 
cells appear brown. Co-culturing with AGEs increases apoptosis compared with the control group. Blocking RAGE 
or culturing with DPI prevented this effect. (B) Cells expressing annexin V were counted by flow-cytometry analysis. 
The number of EPCs undergoing apoptosis increased with AGEs, and the effect was attenuated by RAGE silencing 
and NADPH inhibition. Cyt-C activity assay (C) and caspase-3 activity assay (D) also showed the same results. Sig-
nificances of differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 vs AGEs400. (E) Cell proliferation 
was evaluated by 3H thymidine incorporation assay. Co-cultured with AGEs inhibits EPCs proliferation. SiRNA and DPI 
decreased the inhibitory effects of AGEs. Significances of differences are as indicated: n = 5; *P < 0.05 vs control; 
**P < 0.05 vs AGEs400.
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complications and accelerated atherosclerosis 
[18-20]. The proposed acceleration of athero-
sclerosis progression by diabetes has not been 
fully investigated. Furthermore, the underlying 
mechanism associating diabetes with athero-

sclerosis progression cannot simply be ex- 
plained by the traditional cardiovascular risk 
factors. AGEs have been found to rapidly exac-
erbate symptoms in patients with diabetes and 
cardiovascular disease. Accumulation of AGEs 
is a characteristic feature of aging. It was re- 
cently reported that interaction of AGEs with 
their receptor could activate complex signaling 
pathways, causing increased generation of 
ROS [15]. Under normal physiological condi-
tions, ROS are generated and converted to non-
toxic metabolites. Low levels of ROS regulate 
various signal transduction pathways involved 
in cell survival, differentiation and growth. High 
levels of ROS are considered harmful metabolic 
products and have been implicated in the 
pathogenesis of cardiovascular diseases. Wh- 
en the rate of ROS formation exceeds the 
capacity of cellular antioxidative defenses, a 
state of oxidative stress occurs that can lead to 
cell death [21-23]. Thus, deregulation of AGEs 
may promote progression of diabetes and car-
diovascular disease by increasing the genera-
tion of ROS through an unknown underlying 
mechanism.

Diabetes affects the number and function of 
circulating progenitor cells [24-26], and these 
were recently found to be regulated by AGEs 
[27, 28]. Atherosclerosis is a progressive and 
dynamic disease arising from endothelial dys-
function. Progenitor cells circulate in the ves-

Figure 5. AGEs treatment activates the JNK signaling pathway in EPCs. EPCs were cultured for 24 hours with AGEs 
at a dose of 400 µg/mL. Protein levels of p-JNK were assessed by Western blot. The graphs show quantification of p-
JNK as assessed. Significances of differences are as indicated: n = 5; *P < 0.05 vs control; **P < 0.05 vs AGEs400.

Figure 6. The sketch of RAGE-NADPH-JNK pathway. 
AGEs-RAGE interaction induced NADPH oxidase/
Rac1 activation and increased oxidative stress, re-
sulted in the activation of the JNK pathway and ulti-
mately led to EPCs apoptosis and dysfunction. 
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sel, take part in re-endothelialization and neo-
vascularization and restore vessel endothelial 
function. The capacity of EPCs to restore endo-
thelial function may be due to their low ROS lev-
els and reduced sensitivity to ROS-induced cell 
apoptosis. In our study, AGEs, in a concentra-
tion-dependent manner, caused the formation 
of ROS in EPCs. Thus, accumulation of AGEs 
might deteriorate the conditions of diabetes 
and cardiovascular disease by damaging EPCs 
via increased ROS generation.

Accumulating evidence has demonstrated that 
AGEs play an important role in the oxidative 
stress of diverse cell types via the RAGE-NADPH 
oxidase pathway [29, 30]. NADPH oxidase tran- 
sfers electrons from NADPH to molecular oxy-
gen and produces ROS. We attempted to inves-
tigate the influence of AGEs on NADPH oxidase 
in EPCs to understand the underlying mecha-
nisms of intracellular ROS production by AGEs. 
Our results showed that treatment of cultured 
EPCs with AGEs resulted in a concentration-
dependent increase in NADPH oxidase activity. 
Rac1, a member of the Rho family of GTPases, 
is critical for the activation of the NADPH oxi-
dase complex [31]. Rac1 activation is related to 
oxidative stress. Our results also showed that 
AGEs increased Rac1 protein level in cultured 
EPCs. Meanwhile, we found that the activation 
of NADPH oxidase and increase of Rac1 expres-
sion by AGEs could be weakened by silencing 
RAGE with siRNA. This result suggested that 
NADPH oxidase is a downstream target of RAGE 
in the AGEs-induced ROS pathway in rat EPCs. 
Similar to the siRNA knockdown of RAGE, we 
found that DPI prevented the induction of 
NADPH oxidase activity by AGEs. However, both 
RAGE siRNA and DPI only partially inhibited the 
induction of ROS by AGEs. These results indi-
cate that there are additional mechanisms, 
besides NADPH oxidase, by which AGEs and 
RAGE induce intracellular ROS production.

The JNK pathway responds strongly to a variety 
of stress signals including oxidative stress, and 
oxidative stress-induced activation of JNK sig-
naling is an important step in the induction of 
cell apoptosis [32, 33]. ROS are the common 
mediators of intracellular second messengers. 
When the formation of ROS exceeds the capac-
ity of the intracellular antioxidative defense sys-
tem, the JNK pathway is activated and its acti-
vation eventually leads to apoptosis [34, 35]. 
Our results indicate that JNK phosphorylation 
and apoptosis are induced in EPCs cultured 

with AGEs, suggesting that activation of JNK 
signaling pathway may be responsible for the 
AGEs-induced apoptosis.

Our data showed that AGEs could promote 
apoptosis of EPCs and could be attenuated by 
blocking RAGE. EPCs can differentiate into 
mature ECs and restore endothelial function. 
The number of healthy EPCs correlates with 
endothelial function and inversely correlates 
with the concentration of AGEs. Our findings 
suggest that high levels of AGEs may promote 
apoptosis and decrease the number of EPCs, 
leading to endothelial dysfunction. And these 
may accelerate the process of atherosclerosis.

Conclusions

We have demonstrated that AGEs-RAGE inter-
action induced oxidative stress, at least in part 
through activation of NADPH oxidase/Rac1, 
resulted in the activation of JNK pathway and 
ultimately led to apoptosis in EPCs (Figure 6). 
We speculate that AGEs induced excessive 
apoptosis reduces the ability of EPCs to main-
tain and restore epithelial function, contribut-
ing to pathologies associated with atheroscle-
rosis. Our findings may provide novel therapeu- 
tic strategies for the clinical treatment of 
atherosclerosis.
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