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decreases expression of endothelial nitric oxide
synthase through oxidative stress in human
coronary artery endothelial cells
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Abstract

Background: Advanced glycation end-products (AGEs) are elevated under diabetic conditions and associated with
insulin resistance, endothelial dysfunction and vascular inflammation in humans. It has been demonstrated that AGEs
evoke oxidative and inflammatory reactions in endothelial cells through the interaction with a receptor for AGEs
(RAGE). Here, we aimed to identify the cellular mechanisms by which AGEs exacerbate the endothelial dysfunction in
human coronary artery endothelial cells (HCAECs).

Methods: 30 type 2 diabetic patients with or without coronary artery atherosclerosis were recruited for this study.
Plasma levels of AGE peptides (AGE-p) were analyzed using flow injection assay. Endothelial function was tested by
brachial artery flow-mediated vasodilatation (FMD). Further investigations were performed to determine the effects
and mechanisms of AGEs on endothelial dysfunction in HCAECs.

Results: AGE-p was inversely associated with FMD in diabetic patients with coronary artery atherosclerosis in our
study. After treated with AGEs, HCAECs showed significant reductions of eNOS mRNA and protein levels including
eNOS and phospho-eNOS Ser1177, eNOS mRNA stability, eNOS enzyme activity, and cellular nitric oxide (NO) levels,
whereas superoxide anion production was significantly increased. In addition, AGEs significantly decreased mitochon-
drial membrane potential, ATP content and catalase and superoxyde dismutase (SOD) activities, whereas it increased
NADPH oxidase activity. Treatment of the cells with antioxidants SeMet, SOD mimetic MnTBAP and mitochondrial
inhibitor thenoyltrifluoroacetone (TTFA) effectively blocked these effects induced by AGEs. AGEs also increased phos-
phorylation of the mitogen-activated protein kinases p38 and ERK1/2, whereas the specific inhibitors of p38, ERK1/2,
and TTFA effectively blocked AGEs-induced reactive oxygen species production and eNOS downregulation.

Conclusions: AGEs cause endothelial dysfunction by a mechanism associated with decreased eNOS expression and
increased oxidative stress in HCAECs through activation of p38 and ERK1/2.

Keywords: Advanced glycation end-products, Endothelial nitric oxide synthase, Oxidative stress,
Endothelial dysfunction

Background cardiovascular events. Endothelial dysfunction is a key
Coronary artery atherosclerosis is very common in early event in atherogenesis [1, 2]. Normal endothelial
diabetes mellitus and its presence predicts future cells constitutively express endothelial nitric oxide syn-

thase (eNOS), which plays a critical role in maintaining

the endothelial functions including regulation of vascu-
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NO, synthesized by eNOS, is a major mediator of
endothelium-dependent vasorelaxation [3]. Endothelial
dysfunction has largely been assessed as alterations of
endothelium-dependent vasorelaxation and gene expres-
sion. Many cardiovascular risk factors induce endothelial
dysfunction through impairment of eNOS-NO system,
which likely explains their promotion of atherogenesis.

Recently, researches suggest that AGEs, senescent
macroprotein derivatives formed at an accelerated rate
in diabetes, promotes the development of endothelial
dysfunction in diabetic patient [4, 5]. AGEs can bind to
its receptor RAGE, triggering the production of several
proinflammatory cytokines and chemokines, inducing
oxidative stress via the activation of NF-kB [6]. AGEs
was able to reduce NO production and eNOS expres-
sion under the condition of high glucose [5]. AGEs also
increases ROS production by activation of NADPH oxi-
dase [7, 8]. AGE inhibitor, aminoguanidine, can improve
endothelial function in diabetic animal models [1, 4].
Despite accumulating evidence pointing to a causal role
of AGEs-induced lesion in the pathogenesis of diabetic
vascular disorder, the molecular mechanisms involved in
endothelial dysfunction remains poorly understood.

Here we took advantage of HCAECs as a model to
investigate the effects of AGEs on eNOS-NO system
as well as its related mechanisms including oxidative
stress, and MAPK activation involvement. The relation-
ship between serum levels of AGE-p and flow-mediated
vasodilatation (FMD) in diabetic patients with coronary
artery atherosclerosis were also determined. This study
may provide new insights into the mechanisms of AGEs
interacting with endothelial cells that may contribute to
the vascular lesion formation.

Methods

Cell culture

HCAECs and endothelial growth medium-2 were pur-
chased from Cambrex BioWhittaker (Walkersville, MD).
Cells were cultured at 37 °C in 5% carbon dioxide (CO,)
and detached by incubation with 0.25% trypsin—-EDTA
solution. Passages 5-6 were used in this study. AGEs
were prepared as described previously [9]. Briefly, 5 g of
bovine serum albumin (BSA) was incubated with 9 g of
D-glucose in 100 ml sodium phosphate buffer (PBS) at
37 °C for 90 days, and finally was dialyzed against PBS. As
a control, BSA was incubated in parallel without p-glu-
cose. No endotoxin was detectable in these preparations.

Subjects

15 type 2 diabetic patients (average age 63.6 years range
41-74 years; 11 men, 4 women) with coronary artery ath-
erosclerosis scheduled for percutaneous coronary inter-
vention at Zhongda hospital affiliated with the Southeast
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University were recruited for this study. 15 type 2 diabetic
patients (average age 58.9 years range 43—77 years; 10 men,
5 women) without coronary artery atherosclerosis were
enrolled as control. All patients received insulin injection
to control blood glucose. Serum AGE-p was analyzed using
flow injection assay. The protocol was approved by the Ethic
Committee of the Zhongda Hospital affiliated with the
Southeast University and the methods used in this study
were carried out in accordance with the approved guide-
lines. The informed consent was obtained from all patients.

Measurements of endothelial function

Brachial artery FMD was used to test endothelial func-
tion. Methodology and reproducibility data have been
described previously [10]. Briefly, the brachial artery
above the elbow was scanned in the supine position
by use of high-resolution ultrasound at rest and 1 min
after reactive hyperemia that was induced by 5-min cuff
occlusion of forearm blood flow. The baseline diameter
and maximum FMD diameter were measured from one
media-adventitia interface to the other by commercially-
available edge-detection software. Vasodilatarion was
then calculated as the percent change in diameter over
the baseline value.

Gene expression analysis

Total RNA was isolated from HCAECs with TRIzol rea-
gent (Invitrogen Carlsbad, CA) according to the manu-
facturer’s instructions. 50 ng of RNA were converted to
c¢DNA using the iScript cDNA Synthesis Kit (Bio-Rad,
Hercules, CA). Glyceraldehyde-3-phosphatede hydro-
genase was used as housekeeping gene to account for
variations in mRNA loading. PCR amplification was
performed using SYBR Green PCR master mix (Applied
Biosystems, Foster City, CA) according to the manufac-
turer’s instructions. To assess the mRNA stability or half-
life of eNOS mRNA, HCAECs were treated with 5 pg/ml
actionmycin D with or without AGEs (100 mmol/I).

Antibodies and immunoblotting

Equal amounts of endothelial proteins (6 g) were resolved
using SDS—polyacrylamide gel electrophoresis, and then
transferred onto nitrocellulose membranes according to
standard procedures. Immunoblot analysis was carried
out using antibodies directed against B-actin (Sigma),
eNOS, phospho-eNOS Ser1177 (BD Biosciences, San-
Jose, CA), phospho- and total extracellular signal-regu-
lated kinase (ERK)1/2, c-Jun NH2-terminal kinase (JNK),
and p38 (RD systems, Minneapolis, MN).

eNOS enzyme activity
A fuorometric cell-associated NOS detection system
(Sigma) was used to measure intracellular production
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of nitric oxide (NO) from supplemented L-arginine by a
nonradiometric method.

Nitrite detection

NO levels in HCAECs supernatants were determined by
measuring the levels of nitrite and nitrate, the stable deg-
radation products of NO (Griess reaction NO assay kit;
Calbiochem). Total amount of nitrite in HCAECs was
determined and normalized to total proteins of HCAECs
(pmol/mg protein).

Cellular NO levels and reactive oxygen species (ROS)
production assay

HCAECs were harvested and adjusted to (1 x 10%
ml) cells per each FACS tube. For cellular NO stain-
ing, treated cells were incubated with 4-amino-5-meth-
ylamino-2/,  7’-difluorofluorescein  diacetate = (DAF,
10 pM; Molecular Probes) at 37 °C for 30 min and then
washed. Flow cytometry assay was used to measure the
stained cells. ROS levels were studied with dihydro-
ethidium (DHE, 5 pM; Molecular Probes) staining and
flow cytometric analysis. Samples were analyzed using
FACScan and Cell Quest software (Becton—Dickinson,
Franklin Lakes, NJ). Mitochondrial membrane poten-
tial was determined with 5,5',6,6'-tetrachloro-1,1,3,3'-
tetraethylbenzimidazole-carbocyanide iodine (JC-1,
MitoScreen kit; BD Biosciences) staining and flow cyto-
metric analysis. ATP levels in HCAECs were measured
with an ATPLite kit (Perkin—Elmer, Waltham, MA) per
manufacturer’s instructions. HCAECs were cultured
and treated as previously described on 6 well plates for
24 h. The lysis and substrate solutions were added to each
well. The luminescence was measured by the TopCount
Microplate Scintillation and Luminescence Counter (Per-
kin-Elmer, Waltham, MA).

Cellular glutathione assay

GSH-Glo Glutathione assay (Promega, Madison, WI)
measures a change in the redox state of the cell due to
oxidants, which are downstream metabolites of O, .

Measurement of NAPDH oxidase, CAT and SOD activities
NAPDH oxidase was determined by lucigenin-enhanced
chemiluminescence method (Promega, Madison, WI).
CAT and SOD enzyme activities were measured with
commercial enzyme assay kits (Cay-man Chemical, Ann
Arbor, MI) according to the manufacturer’s protocols.

BioPlex immunoassay

HCAECs were cultured with 100 pg/ml of AGEs for 0,
5, 10, 20, 30, 45, 60, or 90 min. Cell lysate was prepared.
Detection of phospho- and total extracellular signal-
regulated kinase (ERK) 1/2, c-Jun NH2-terminal kinase
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(JNK), and p38 was performed by the BioPlex Luminex
system 2200 (Bio-Rad).

Statistical analysis

Data are reported as mean £ SD of at least triplicate
determinations. Statistical significance (P < 0.05) was
determined by paired Student’s t test (Statview, Abacus
Concepts, Berkeley, CA).

Results

AGE-p was inversely associated with FMD in type 2 diabetic
patients with coronary artery atherosclerosis

To investigate of relationship between AGE-p and
EMD in type 2 diabetic patients with or without coro-
nary artery atherosclerosis, levels of plasma AGE-p and
flow-mediated vasodilatation were tested. As shown in
Table 1, plasma levels of AGE-p were at high level; FMD
was at low level. In contrast, plasma levels of AGE-p
were at low level; FMD was at high level. These result
showed that the levels of plasma AGE-p were inversely
associated with flow-mediated vasodilatation in our sub-
jects (R*> = —0.61, P < 0.05), whereas other cardiometa-
bolic risk factors, including age, fasting plasma glucose,
HbA,C, blood pressure, lipid parameters and body mass
index, were not associated with FMD. In addition, AGE-p
was at high levels in diabetic patients with coronary
artery atherosclerosis, compared with diabetic patients
without coronary artery atherosclerosis (P < 0.05, Fig. 1).
These result showed that AGE-p was the risk factor of
coronary artery atherosclerosis.

Table 1 Clinical characteristics of the subjects

Diabetes Diabetes

with CAD without CAD
Age (years) 502479 583 +099
Sex (number, male/female) 11/4 10/5
Body mass index (kg/mz) 243412 231415
AGE-p (U/ml) 63+£15 5.1 +£09%
Systolic blood pressure (mmHg) 1302 +16.2 1332+ 221
Diastolic blood pressure (mmHg) 8124132 8524102
Total cholesterol (mmol/l) 422+ 054 456 +0.26
HDL cholesterol (mmol/I) 1.08 £0.27 098 +0.19
Triglycerides (mmol/l) 1.96 £ 041 201 £0.19
Fasting glucose(mmol/l) 648 £ 0.7 62403
HbA 1c (%) 64 +£0.76 6.7 £0.26
Serum creatinine (umol/l) 6824+ 179 7124148
Microalbuminuria/urine creatinin 423445 356+£92

“ P <0.05 compared with diabetes with CAD

AGE-p advanced glycation end products-peptides, HDL high-density lipoprotein,
CAD coronary artery atherosclerosis
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AGE-P(U/ml)
Fig. 1 Correlations between plasma level of AGE-p and FMD in type
2 diabetic patients with or without coronary artery disease. AGE-p:
advanced glycation end product peptides (U/ml); FMD: flow-medi-
ated vasodilatation (%)
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AGEs decreases the levels of eNOS and NO expression

12 R in HCAECs
10 . by regression The expression of eNOS and NO was evaluated after
0 HCAECs were treated with AGEs in a concentration- and
9 ’ time-dependent manner. eNOS mRNA and protein lev-
26 els were detected using real-time PCR and Western blot,
E respectively. When cells were treated with AGEs (100 or
! . 200 pg/ml) for 24 h, eNOS mRNA levels were decreased
2 by 31 and 41%, respectively, compared with controls
o (P < 0.05, Fig. 2a). Treatment with BSA (100 pg/ml) alone
0 2 4 6 8 10 12 did not cause any decrease in eNOS mRNA levels, com-

pared with controls in HCAECs (P < 0.05, Fig. 2a).

For time-dependent experiment, cells were cultured
with AGEs (100 pg/ml) for 12, 24 and 48 h. The results
showed that when cells were treated with AGEs for 24
and 48 h, eNOS mRNA levels were decreased by 33 and
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Fig. 2 Effects of AGEs on eNOS mRNA in HCAECs. HCAECs were cultured with different concentrations of AGEs for different periods of time. The
MRNA levels of eNOS and glyceraldehyde-3-phosphatede-hydrogenase (GAPDH) were determined by real-time PCR analysis. a Concentration-
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45%, respectively, compared with controls (P < 0.05,
Fig. 2b). To further determine the specific effect of
AGEs on eNOS expression, HCAECs were treated with
AGEs (100 pg/ml) and anti-RAGE antibody (RAGE,
receptor of AGEs) (50 or 100 pg/ml), or isotype IgG
(100 pg/ml) antibody for 24 h. 100 pg/ml RAGE sig-
nificantly blocked the decrease in eNOS induced by
AGEs (P < 0.05, Fig. 2¢). Isotype antibody as negative
control at the same concentration showed no effect on
the AGEs-induced eNOS mRNA decrease (Fig. 2c). By
using actinomycin D, a direct inhibitor of RNA poly-
merase II, 100 ng/ml AGEs also showed the decrease
in eNOS mRNA stability in HCAECs, compared with
control (P < 0.05, Fig. 2d). The half-life of eNOS mRNA
decreased from >16 h in control cells to <8 h in AGEs-
treated HCAECs.

Western blot showed that HCAECs were treated with
AGEs at 100 and 200 pg/ml, eNOS protein levels were
significantly decreased by 29 and 41%, respectively, com-
pared with controls (P < 0.05, Fig. 3a). P-eNOS Ser1177
phosphorylation in HCAECs treated with AGEs at
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100 pg/ml for 24 h was also decreased by 32% compared
with control (P < 0.05, Additional file 1: Fig. S1).

NOS activities were studied using a NOS detection sys-
tem. In line with the results of real-time PCR and West-
ern blot, after treated with 100 and 200 pg/ml AGEs,
NOS activity was significantly decreased by 25 and
36% respectively, compared with controls in HCAECs
(P < 0.05, Fig. 3b).

Cellular NO levels in HCAECs were also measured
using the fluorescent dye DAF. DAF staining is a unique
method measuring NO production in living cells or solu-
tions [9]. HCAECs were treated with different concentra-
tion of AGEs for 24 h, and then incubated with 10 uM
of DAF for 30 min. Flow cytometry assay was used to
measure the stained cells. AGEs at 100 and 200 pg/ml
decreased the number of NO positive cell by 18 and 31%,
respectively, compared with controls (P < 0.05, Fig. 3c).
Furthermore, nitrite levels derived by NO in the super-
natants of HCAECs were studied by using of Griess assay.
LY-83583, a known superoxide generator, was taken as a
positive control in our experiments. The results showed
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that both basal and bradykinin stimulated levels of NO
in HCAECs were significantly decreased after AGEs
treatment at 100 pg/ml for 24 h. The combination of
specific eNOS inhibitor L-NAME (100 pM) with AGEs
did not cause further reduction in NO levels compared
with AGEs treatment alone in HCAECs. Meanwhile, in
HCAEC:s treated with LY-83583 (3 uM) for 24 h, NO lev-
els showed a decrease, which was similar to that seen in
AGEs-treated cells (P < 0.05, Fig. 3d). These data indicate
that AGEs specifically inhibits eNOS.

AGEs increases ROS production in HCAECs

ROS production in HCAECs was measured using fluo-
rescence dye DHE staining and flow cytometry analysis.
After treatment with AGEs (100 and 200 pg/ml) for 24 h,
ROS production in HCAECs was increased substantially
by 39 and 56%, respectively, compared with controls
(P < 0.05, Fig. 4a). However, BSA (100 pg/ml) did not lead
to any increase in DHE staining. Furthermore, we meas-
ured the effect of AGEs on redox state in HCAECs using
GSH assay. AGEs treatment at 100 pg/ml for 24 h led to
significantly decreased GSH levels compared with con-
trols (P < 0.05, Fig. 4b), indicating oxidative stress.

AGEs decreases mitochondrial membrane potential

in HCAECs

The membrane potential was known to serve as an
indicator of mitochondrial respiratory chain function.
Because mitochondria are not only a major source of
ROS, but also are particularly susceptible to oxidative
damage caused by the action of ROS on lipids, proteins,
and DNA. We next detected the mitochondrial mem-
brane potential in HCAECs using JC-1 staining and flow
cytometry analysis. Cells were seeded on six-well plates
and cultured with or without AGEs (100 pg/ml) for 24 h.
Treatment with AGEs significantly reduced mitochon-
drial membrane potential by 48% compared with con-
trols (P < 0.05, Fig. 4c). Furthermore, 100 pug/ml AGEs
decreased ATP levels in HCAECs by 29% (P < 0.05,
Fig. 4d).

AGEs increases NOX activity, whereas it decreases CAT

and SOD activities in HCAECs

In addition to mitochondrial dysfunction, ROSs can
be generated from other enzymatic sources such as
increased levels and/or activities of NADPH oxidase
(NOX) as well as decreased levels and/or activities of
internal antioxidant enzymes including superoxide dis-
mutase (SOD) and catalase (CAT). In the current study,
we determined NOX activity by chemiluminescence
assay. HCAECs were treated with AGEs (100 pg/ml)
and/or SeMet (20 uM) for 24 h. With the presence of
B-NADPH, the NOX activity in AGEs-treated cells
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showed a 37% increase compared with controls (P < 0.05,
Fig. 5a). O, scavenger MnTBAP or fiavoprotein inhibi-
tor DPI coculture abolished this AGEs-induced increase
of NOX activity, suggesting the specificity of the assay
system for NOX activity. Antioxidant SeMet coculture
also significantly blocked this AGEs-induced change to
the control levels (P < 0.05, Fig. 5a).

The enzyme activities of CAT and SOD were stud-
ied with commercial assay kits. Treatment with AGEs
(100 pg/ml) significantly reduced CAT activities by 23%,
compared with controls (P < 0.05, Fig. 5b). Similarly, SOD
activities were also reduced by 30% (P < 0.05, Fig. 5c).
This indicates that mitochondria contribute to AGEs-
induced ROS production in HCAECs.

Antioxidants SeMet, SOD mimetic MnTBAP

and mitochondrial inhibitor thenoyltrifluoroacetone
(TTFA) block eNOS downregulation induced by AGEs

in HCAECs

To further confirmed oxidative stress is involved in the
reduction in eNOS mRNA induced by AGEs in HCAECs,
antioxidant SeMet, SOD mimetic MnTBAP and TTFA
were used in the next study. HCAECs were cocultured
with AGEs (100 pg/ml) and antioxidant SeMet (20 uM)
for 24 h. Comparing to AGEs treated alone, the addition
of SeMet significantly blocked the eNOS mRNA decrease
caused by AGE in HCAECs (P < 0.05, Fig. 5d). Although
SeMet alone showed no effect on eNOS expression, AGEs-
induced decreases of cellular CAT and SOD activities were
significantly blocked by SeMet (P < 0.05, Fig. 5b, d).

Next we determine the effect of the specific O, scav-
enger MnTBAP on eNOS downregulation induced by
AGEs in HCAEC:, cells were treated with AGEs (100 pg/
ml), MnTBAP (2 uM), or a combination of both for 24 h.
Then real-time PCR and Western blot analysis were used
to determine the levels of both eNOS mRNA and protein,
respectively. MnTBAP effectively blocked AGEs-induced
eNOS mRNA downregulation at both mRNA and pro-
tein levels (P < 0.05, Fig. 5e, f).

To confirm the mitochondrial source of AGEs-induced
ROS, TTFA was used in the next study. HCAECs were
treated with AGEs (100 pg/ml), TTFA (10 uM), or a com-
bination of both for 24 h, ROS production was detected
by GSH assay. AGEs reduced GSH levels, whereas
TTEA effectively blocked the effect of AGEs in HCAECs
(P < 0.05, Fig. 4b). In addition, TTFA (10 uM) also effec-
tively blocked the downregulation of both eNOS mRNA
and protein (P < 0.05, Fig. 4e, f).

AGEs induces MAPK p38 and ERK1/2 activation in HCAECs

It is known that ERK1/2 and p38 pathways are involved
in AGEs-RAGE dependent signaling [10]. In order to
identify whether MAP-kinase pathways is involved.
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TFA (10 uM) for 24 h, and eNOS mRNA levels were determined by real-time PCR analysis. F: Effect of mitochondrial complexll inhibitor TTFA on eNOS
protein levels. HCAECs were treated with AGEs and/or TTFA (10 uM) for 24 h, and eNOS protein levels were determined by Western blot. Full-length
blots are presented. ¥P < 0.05, compare with control, *P < 0.05, compare with AGEs treatment, n = 3. Data are means and SE of multiple experi-
ments (n)

Phosphorylation of MAPKs was investigated with a Bio-
Plex immunoassay. After AGEs treatment (100 pg/ml),
there were an early phosphorylated p38 peak at 5-10 min
and a second peak at 30-45 min. ERK1/2 activation
only showed a single peak at 45 min after the treatment
(Fig. 6a). However, JNK did not show any significant
changes at any time points (Fig. 6a).

To further confirm MAP-kinase pathways involved,
we performed blocking experiments with specific
inhibitors of the ERK1/2 and p38 pathways. p38 inhibi-
tor (SB-239036) or ERK inhibitor (PD-98059) were
used to confirm the functional role of p38 and ERK1/2

activation in the action of AGEs. HCAECs were pre-
treated with SB-239036 (1 pM) or PD-98059 (40 uM)
for 1 h, then cultured with AGEs (100 pg/ml) for 24 h.
The eNOS mRNA and protein levels were detected
using real-time PCR and western blot, respectively.
Pretreatment with SB-239036 effectively blocked the
AGEs-induced eNOS mRNA and protein decrease,
respectively (P < 0.05, n = 3, Fig. 6b, c). In line with
the effects of SB-239036 on eNOS mRNA and protein
induced by AGEs, PD-98059 also effectively blocked
the AGEs-induced eNOS mRNA and protein decrease,
respectively (P < 0.05, Fig. 6b,c).
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In addition, effects of MAPK inhibitors and TTFA
on AGEs-induced oxidative stress were also deter-
mined with DHE staining and flow cytometry analysis.
SB239036, PD98059, and TTFA effectively blocked AGEs
induced increase O,~ production (P < 0.05, Fig. 6e). Thus,
our data indicate AGEs causes a decrease in eNOS activ-
ity that may be mediated by p38 and ERK1/2.

Discussion

In the present study, we found that plasma AGEs level
was inversely correlated with endothelial function in
type 2 diabetic patients with coronary artery atheroscle-
rosis. The findings have extended the previous observa-
tions showing that serum AGEs level was correlated with
endothelial dysfunction in diabetes. Moreover, we also
present evidence that AGEs are able to induce endothe-
lial dysfunction in HCAECs. Specifically, AGEs signifi-
cantly reduce eNOS expression level and NOS activity as

well as NO bioavailability in HCAECs. In addition, AGEs
directly induce oxidative stress and activation of p38 and
ERK MAPKs in HCAECs. This study provides insight
into the biological functions and molecular mechanisms
of AGEs in the vascular system. Consistent with previous
reports [11], we observed increased serum level of AGEs
in diabetes mellitus with coronary artery atherosclerotic
stenosis.

Our previous study demonstrates that AGEs can
increase the expression of its receptor RAGE on human
umbilical vein endothelial cells (HUVECSs) and rat vascu-
lar smooth muscle cells (VSMCs) through which AGEs
could enhance its biologic functions in the vascular sys-
tem. AGEs showed a decrease of eNOS mRNA, protein
levels in HUVECs, and the eNOS enzyme activity was
also decreased.

eNOS plays a critical role in maintaining the endothe-
lial functions. Normal endothelial cells constitutively



Ren et al. Cardiovasc Diabetol (2017) 16:52

Page 9 of 12

a b o.03; f . ) c
I eNOS e sm s s 135k
.5 _ 04 1 —p3s §§ . f B -actin eom—— 12k
SE —a . ERE2 %g 0.02 -
5E 03 | ——w—gx \ % S X 005 1 ’—'—r
= O - >
%5 4 \ £3 £ 004 -
g 4 / g2 o #
# i 02 \ £ g 0011 ]
& EE T 0.03 4
= A o\/ ] <] gz
R [ R 22 ac *
= 7 . ® 0 §0.02 1
g \ W =2
S 0 S 0.01 A
DMSO+ - - - - - =
0 AGEs(100ug/ml) - + - B + - « 0 4
0 5 10 20 30 45 60 9%  SB.239036(1uM) - - + - * *  AGEs(100ug/ml) - + - *
g/ml)
AGEs Treatment (min)  PD-98059(40 Um) . - -+ - + SB239036(1 uM) - - + +
d 5 oI ) e
140
B -actin W——— w— 12kD >
~ @l20
0.06 - 1 26
— # Z g100
T 0051 §§
§ 0.04 o §8°
Q ~
@ 20.03 1 2e%
°& * W i 40
% %0.02 wic
o oc
% 0.01 S 20
x =g
0 A 0
AGEs(100ug/ml) _ . A . AGEs(100ug/ml)  + - : : - -
PDI8059 (40 uM) _ i . . SB239036(1uM) - + . . + .
PD(98059(40 uM) - - + - + +
TTFA(1I0 uM) - - - + - +
Fig. 6 Effects of AGEs on activation of MAPKs in HCAECs. a MAPK p38 and ERK1/2 phosphorylation. Cells were treated with AGEs (100 pg/ml) for
24 h, then phosphorylation of MAPKs [p38, c-Jun NH2-terminal kinase (JNK), and extracellular signal-regulated kinase (ERK) 2] by using Bio-Rad
Bioplex luminex immunoassay. HCAECs were treated with AGEs (100 ug/ml) for different time points. b Effects of MAPK inhibitors on eNOS mRNA
levels. Cells were treated with AGEs (100 pug/ml) in the presence or absence of p38 inhibitor (58239036, 1 uM) or ERK1/2 inhibitor (PD98059, 40 uM)
for 24 h, and eNOS mRNA levels were determined by real-time PCR analysis. ¢ Effect of p38 inhibitor (SB239036) on eNOS protein levels. Cells were
treated with AGEs (100 pg/ml) in the presence or absence of p38 inhibitor (SB239036, 1 uM) for 24 h, and eNOS protein levels were determined by
Western blot. Full-length blots are presented. d Effect of ERK1/2 inhibitor (PD98059) on eNOS protein levels. Cells were treated with AGEs (100 pg/
ml) in the presence or absence of ERK1/2 inhibitor (PD98059, 40 uM) for 24 h, and eNOS protein levels were determined by Western blot. Full-length
blots are presented. e Effects of AGEs (100 pg/ml), MAPK inhibitors, and TTFA on O, ™ production. Cells were treated with AGEs (100 pg/ml) in the
presence or absence of MAPK inhibitors (p38 and ERK2) or TTFA for 24 h. O,~ production was determined by DHE staining and flow cytometric
analysis. *P < 0.05 compared with the control. P < 0.05 compared with AGEs treatment. n = 3. Data are means and SE of multiple experiments (n)

express eNOS, which catalyzes the production of NO
from L-arginine. NO directly mediates vasorelaxation
and many other biological processes [12]. However, many
cardiovascular risk factors induce eNOS dysfunctional or
decrease eNOS expression [13]. These changes of eNOS
not only impair endothelium-dependent vasorelaxa-
tion but also accelerate the atherosclerotic lesion forma-
tion [14]. Growing evidence from preclinical and clinical
studies has implicated that accumulation of advanced
glycation end products, reactive oxygen species overpro-
duction, and endoplasmic reticulum stress may cause the
vascular structure changes through vascular endothe-
lial growth factor A/phosphoinositide 3’ kinase/AKT/
endothelial nitric oxide synthase and in the activation of

antiangiogenic signals [15]. Matsui et al. reported that
AGEs could elicit ROS generation and inflammatory and
thrombogenic reactions in HUVECs [16]. Jo-Watanabe
et al. demonstrates that age-related endothelial glyca-
tive altered phosphorylation of eNOS, and attenuated
endothelial dysfunction through modulation of endothe-
lial nitric oxide synthase phosphorylation [17].

In the present study, we demonstrated a direct effect of
AGEs on cultured HCAECs. AGEs at high plasma con-
centrations in diabetic individuals could repress eNOS
expression and activity in a time- and concentration-
dependent manner, which also confirmed by anti-RAGE
antibody blocking experiment. LY-83583 (O, generat-
ing molecule) was also used as a positive control in this



Ren et al. Cardiovasc Diabetol (2017) 16:52

study to confirm the role of O,” in eNOS expression.
Indeed, treatment with LY-83583 led to a decrease in
NO levels in HCAECs, which was similar to that seen in
AGEs-treated cells. These data demonstrated that one of
mechanisms of AGEs-induced eNOS down-regulation is
the decrease of eNOS mRNA stability in AGEs-treated
human endothelial cells.

Cardiovascular disease is a multifactorial disease. One
of the major reasons is endothelial dysfunction that is
characterized by a decrease in NO bioactivity, with a
concomitant increase in superoxide formation, despite
the observation that eNOS mRNA and protein levels are
maintained or even increased. For example, endothelial
function was impaired whereas eNOS protein expres-
sion was increased in response to hyperglycemia [18, 19]
or advanced age [17, 20]. eNOS overexpression in apoli-
poprotein E knockout mice was reported to accelerate
the development of atherosclerosis [21]. These findings
indicate that alteration of eNOS itself can be a significant
cause for endothelial dysfunction, and sufficient expres-
sion of eNOS protein alone does not guarantee bio-
availability of NO. Madamanchi et al. demonstrated that
ROS was the key mediators for vascular inflammation
and atherogenesis [22]. Human investigations support
the oxidative stress hypothesis of atherogenesis [22, 23].
This is further supported by impaired vascular function
and enhanced atherogenesis in animal models that have
deficiencies in internal antioxidant enzymes [24]. In the
present study, we found that AGEs induces a significant
increase of O,~ in HCAECs, which could be one of the
mechanisms for AGEs-induced eNOS dysfunction.

To explore where increased O, originated from in
AGEs-treated cells, we verified that the decrease of mito-
chondrial membrane potential could cause the increase
of O, in AGEs-treated cells. In the meantime, this result
suggests that AGEs may induce mitochondrial dysfunc-
tion, which in turn, may be partially responsible for the
increase in O,  production detected in AGEs-treated
cells. Interestingly, treatment with TTFA, a mitochon-
drial inhibitor, effectively blocked AGEs-induced the
increase of O, production and the decrease of eNOS.
Clearly, treatment with AGEs substantially increases
NOX activity, whereas it decreases CAT and SOD activi-
ties. This may impair the internal cellular response to oxi-
dative stress in AGEs treated cells. Thus AGEs-increased
O, production may result from mitochondrial dysfunc-
tion and compromised cellular redox enzymes. Similar
results were obtained from the antioxidants SeMet and
Specific O, scavenger MnTBAP, which blocked AGEs’s
effects on O, production in AGEs-treated cells.

Beside above reason on O, production, xanthine oxi-
dase and lipoxygenases. SOD facilitate the decrease of
O,~ by converting O,~ to of H,O, [25], and then CAT
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[26] and glutathione peroxidase (GPX) [27] coordi-
nate the conversion of H,O, to water. SeMet is the form
reported to be the major component of dietary selenium,
and undergoes an intramolecular transsulfuration reac-
tion to form selenocysteine [28]. It is able to directly
interact with some oxidant molecules or oxidant-generat-
ing ions, which, in turn, increases the activity of internal
antioxidant enzymes GPX and thioredoxin reductase [29,
30]. These two antioxidants effectively blocked AGEs-
induced eNOS downregulation and ROS production.
Thus, our findings provide a suggestion that antioxidant
therapy may be an effective strategy in treating vascular
diseases related to AGEs.

Inflammatory also play an important role in the devel-
opment of vascular damage associated to hyperglycemia
[31, 32]. During inflammation, inducible nitric oxide syn-
thase activation generates an overabundance of NO in
the circulation and induced the cardiovascular dysfunc-
tion. High levels of NO availability without inflamma-
tory stress can promote insulin resistance [33]. Nair M
et al. shown that endoplasmic reticulum stress induced
by glyLDL is possibly involved in eNOS downregulation
[34]. In addition, insulin plays an important role in the
regulation of vascular homeostasis and maintenance of
endothelial function. Insulin signaling might cause acti-
vation of two separate and parallel pathways: PI3K/AKT/
eNOS and Ras/Raf/MAPK pathways [35]. AKT phos-
phorylates eNOS at Ser1177, resulting in increased nitric
oxide production and vasodilation. The MAPK pathway
results in endothelin-1 production and vasoconstriction
and mitogenic effects [19].

MAPKs are important in regulating cell growth, migra-
tion, and differentiation in response to various extracel-
lular stimuli [11]. The pattern of MAPK activation in
response to oxidative stress varies depending on the oxi-
dant strength and cell type. There is increasing evidence
that the engagement of AGEs by RAGE mainly recruits
MAPKs including p44/42 MAPK, p38 MAPK, and Jun
N-terminal kinase (JNK) and a downstream activation of
the transcription factor NF-kappaB for induction of pro-
inflammatory and procoagulatory gene expression [36,
37]. In the study, we demonstrated that p38 and ERKI/2
were activated in response to AGEs stimulation, and
that the p38 inhibitor SB-239063 and the ERKI/2 inhibi-
tor PD-98059 effectively blocked AGEs-induced eNOS
downregulation and ROS production in HCAECs.

Although different clinical studies reported different
serum or plasma levels of AGEs due to different meas-
urement procedures and conditions, human AGEs levels
usually increase in patients with diabetes. Our data dem-
onstrated that compared with healthy individuals, AGEs
levels significantly increased in diabetic patients. In the
current study, we have used a much higher concentration
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(100 or 200 pg/l) for in vitro experiments than those in
human serum or plasma levels. The major reason for this
choice is considering that similar concentrations of AGEs
are used in the previous discoveries of AGEs functions
and underlying mechanisms from in vitro experiments in
endothelial cells [38, 39].

Thus, the data gene rated from the current study is
comparable with those in the previous publications. In
addition, local concentrations of AGEs at the vascular
lesion site may be much higher than those in patients’
serum or plasma.

Conclusions

Our study demonstrates that AGEs, at concentrations
found in diabetes significantly decrease eNOS expression
and NO production through oxidative stress, p38 and
ERK 1/2 MAPK activation in HCAECs. AGEs induced
mitochondrial dysfunction and unbalanced cellular redox
enzymes may be the underlying mechanisms of increased
ROS production. These data, combined with the find-
ing that AGEs expression is increased in human athero-
sclerotic tissues, support the hypothesis that AGEs may
contribute to vascular disease through endothelial dys-
function. Antioxidants SeMet and MnTBAP potentially
hold clinical applications in blocking AGEs-induced
endothelial dysfunction, thereby preventing vascular
disease.

Additional file

Additional file 1: Figure S1. Effects of AGEs on eNOS protein levels and
NOS activity in HCAECs. Western blot analysis. Cells were treated with

100 pg/! AGEs for 24 h. Representative bands of p-eNOS (SER1177) and
B-actin staining and quantitation of band density ratios. Full-length blots
are presented. *P < 0.05 compare with control, n = 3 experiments. Data
are means and SE of multiple experiments (n).

Abbreviations

PI3K: phosphatidylinositol-4,5-bisphosphate 3-kinase; AKT: protein kinase B;
eNOS: endothelial nitric oxide synthase; NO: nitric oxide; MAPK: mitogenac-
tivated protein kinase; ERK1/2: extracellular signal-regulated kinase 1/2; JNK:
jun-amino(N)-terminal kinase; HCAECs: human coronary artery endothelial
cells.

Authors’ contributions

XR conceived the study concept, conducted the analyses and drafted the
manuscript. LR collected clinical samples and analyzed clinical data. HS
performed and analyzed cellular experiments. LC assisted with figures and
experimental design. QW and NL developed the theoretical frameworks,
interpreted data and critically reviewed the manuscript. All authors read and
approved the final manuscript.

Author details

! Department of Geriatrics, Zhongda Hospital, School of Medicine, Southeast
University, No. 87, Dingjiagiao Road, Nanjing 210009, China. 2 Department
of Cardiology, Zhongda Hospital, School of Medicine, Southeast University,
No. 87, Dingjiagiao Road, Nanjing 210009, China. > Department of Phar-
macy, Zhongda Hospital, Southeast University, No. 87, Dingjiagiao Road,
Nanjing 210009, China. * School of Medicine, Southeast University, No. 87,
Dingjiagiao Road, Nanjing 210009, China.

Page 11 of 12

Acknowledgements
The authors thank Lin Zhang and Yuxiang Gong (School of Medicine, South-
east University) for their technique assistance.

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate

The study was approved by the institutional review boards at all field centers
of Academy of science of China, and informed consent was obtained from all
participants.

Funding
This work is supported by research grants from the Natural Science Founda-
tion of China (NSFC) (81170254 and 81300227).

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 23 December 2016 Accepted: 4 April 2017
Published online: 20 April 2017

References

1. Brevetti G, Silvestro A, Schiano V, Chiariello M. Endothelial dysfunction
and cardiovascular risk prediction in peripheral arterial disease: additive
value of flow-mediated dilation to ankle-brachial pressure index. Circula-
tion. 2003;108:2093-8.

2. SuJ, Lucchesi PA, Gonzalez-Villalobos RA, Palen DI, Rezk BM, Suzuki Y,
Boulares HA, Matrougui K. Role of advanced glycation end products with
oxidative stress in resistance artery dysfunction in type 2 diabetic mice.
Arterioscler Thromb Vasc Biol. 2008;28:1432-8.

3. Landmesser U, Homing B, Drexler H. Endothelial function a critical deter-
minant in atherosclerosis? Circulation. 2004;109:1127-33.

4. Stirban A, Negrean M, Stratmann B, Gawlowski T, Horstmann T, Gotting
C, Kleesiek K, Mueller Roesel M, Koschinsky T, Uribarri J, Vlassara H, Tsch-
oepe D. Benfotiamine prevents macro- and microvascular endothelial
dysfunction and oxidative stress following a meal rich in advanced
glycation end products in individuals with type 2 diabetes. Diabetes Care.
2006;29:2064-71.

5. Soro-Paavonen A, Zhang W, Venardos K, Coughlan TM, Harris E. Advanced
glycation end-products induce vascular dysfunction via resistance to
nitric oxide and suppression of endothelial nitric oxide synthase. J Hyper-
tens. 2010;28:780-8.

6. FenglL, ZhuM, Zhang M, Wang R, Tan X, Song J, Ding S, Jia X, Hu S. Pro-
tection of glycyrrhizic acid against AGEs-induced endothelial dysfunction
through inhibiting RAGE/NF-kB pathway activation in human umbilical
vein endothelial cells. J Ethnopharmacol. 2013;148:27-36.

7. Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y,
Yorek MA, Beebe D, Oates PJ, Hammes HP, Giardino I, Brownlee M. Nor-
malizing mitochondrial superoxide production blocks three pathways of
hyperglycaemic damage. Nature. 2000;404:787-90.

8. Zhuang X, Pang X, Zhang W, Wu W, Zhao J, Yang H, Qu W. Effects of zinc
and manganese on advanced glycation end products (AGEs) formation
and AGEs-mediated endothelial cell dysfunction. Life Sci. 2012;90:131-9.

9. Ren X, Shao H,Wei Q, Sun Z, Liu N. Advanced glycation end-products
enhance calcification in vascular smooth muscle cells. J Int Med Res.
2009;37:847-54.

10. Meyer B, Mortl DStrecker K, Hulsmann M, Kulemann V, Neunteufl T,
Pacher R, Berger R. Flow-mediated vasodilation predicts outcome in
patients with chronic heart failure comparison with B-type natriuretic
peptide. J Am Coll Cardiol. 2005;46:1011-8.

11. Yeh CH, Sturgis L, Haidacher J, Zhang XN, Sherwood SJ, Bjercke RJ, Juhasz
O, Crow MT, Tilton RG, Denner L. Requirement for p38 and p44/p42
mitogen-activated protein kinases in RAGE-mediated nuclear factor-
kappa B transcriptional activation and cytokine secretion. Diabetes.
2001;50:1495-504.


http://dx.doi.org/10.1186/s12933-017-0531-9

Ren et al. Cardiovasc Diabetol (2017) 16:52

18.

20.

21

22.

23.

24,

25.

Celec P Hodosy J, Jani P, Janega P, Kiidela M, Kalousova M, Holzerova J,
Parrak V, Hal¢ak L, Zima T, Braun M, Murin J, Sebekové K. Advanced glyca-
tion end products in myocardial reperfusion injury. Heart and vessels.
2012,27(2):208-15.

Forstermann U, Munzel T. Endothelial nitric oxide synthase in vascular
disease: from marvel to menace. Circulation. 2006;113:1708-14.
Kawashima S, Yokoyama M. Dysfunction of endothelial nitric

oxide synthase and atherosclerosis. Arterioscler Thromb Vasc Biol.
2004;24:998-1005.

Howangyin KY, Silvestre JS. Diabetes mellitus and ischemic diseases
molecular mechanisms of vascular repair dysfunction. Arterioscler
Thromb Vasc Biol. 2014;34:1126-35.

Matsui T, Oda E, Higashimoto Y, Yamagishi SI. Glyceraldehyde-derived
pyridinium (GLAP) evokes oxidative stress and inflammatory and throm-
bogenic reactions in endothelial cells via the interaction with RAGE.
Cardiovasc Diabetol. 2015;14:1-10.

Jo-Watanabe A, Ohse T, Nishimatsu H, Takahashi M, lkeda Y, Wada T,
Shirakawa J, Nagai R, Miyata T, Nagano T, Hirata Y, Inagi R, Nangaku M. Gly-
oxalase | reduces glycative and oxidative stress and prevents age-related
endothelial dysfunction through modulation of endothelial nitric oxide
synthase phosphorylation. Aging Cell. 2014;13:519-28.

Sessa WC. eNOS at aglance. J Cell Sci. 2004;117:2427-9.

De Nigris V, Pujadas G, La Sala L, Testa R, Genovese S, Ceriello A. Short-
term high glucose exposure impairs insulin signaling in endothelial cells.
Cardiovasc Diabetol. 2015;14:114-21.

Cosentino F, Hishikawa K, Katusic ZS, Luscher TF. High glucose increases
nitric oxide synthase expression and superoxide anion generation in
human aortic endothelial cells. Circulation. 1997;96:25-8.

Cernadas MR, Sdnchez de Miguel L, Garcia-Durdn M, Gonzalez-Fernandez
F, Millds I, Montén M, Rodrigo J, Rico L, Ferndndez P, de Frutos T, Rod-
riguez-Feo JA, Guerra J, Caramelo C, Casado S, Lopez-Farré. Expression of
constitutive and inducible nitric oxide synthases in the vascular wall of
young and aging rats. Circ Res. 1998;83:279-86.

Ozaki M, Kawashima S, Yamashita T, Hirase T, Namiki M, Inoue N, Hirata K,
Yasui H, Sakurai H, Yoshida Y, Masada M, Yokoyama M. Overexpression of
endothelial nitric oxide synthase accelerates atherosclerotic lesion forma-
tion in apoE-deficient mice. J Clin Invest. 2002;110:331-40.

Madamanchi NR, Hakim ZS, Runge MS. Oxidative stress in atherogenesis
and arterial thrombosis: the disconnect between cellular studies and
clinical outcomes. J Thromb Haemost. 2005;3:254-67.

Azumi H, Inoue N, Ohashi Y, Terashima M, Mori T, Fujita H, Awano K,
Kobayashi K, Maeda K, Hata K, Shinke T, Kobayashi S, Hirata K, Kawashima
S, Itabe H, Hayashi Y, Imajoh-Ohmi S, Itoh H, Yokoyama M. Superoxide
generation in directional coronary atherectomy specimens of patients
with angina pectoris: important role of NAD(P)H oxidase. Arterioscler
Thromb Vasc Biol. 2002;22:1838-44.

Dick GM, Katz PS, Farias M 3rd, Morris M, James J, Knudson JD, Tune JD.
Resistin impairs endothelium-dependent dilation to bradykinin, but not
acetylcholine in the coronary circulation. Am J Physiol Heart Circ Physiol.
2006;291:H2997-3002.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

Page 12 of 12

Giordano FJ. Oxygen oxidative stress hypoxia and heart failure. J Clin
Invest. 2005;115:500-8.

Kirkman HN, Rolfo M, Ferraris AM, Gaetani GF. Mechanisms of protec-
tion of catalase by NADPH Kinetics and stoichiometry. J Biol Chem.
1999;274:13908-14.

de Haan JB, Bladier C, Lotfi Miri M, Taylor J, Hutchinson P, Crack PJ, Hertzog
P, Kola I. Fibroblasts derived from Gpx1 knockout mice display senescent-
like features and are susceptible to H,0,-mediated cell death. Free Radic
Biol Med. 2004;36:53-64.

Allan CB, Lacourciere GM, Stadtman TC. Responsiveness of selenoproteins
to dietary selenium. Annu Rev Nutr. 1999;119:1-16.

Battin EE, Perron NR, Brumaghim JL. The central role of metal coordina-
tion in selenium antioxidant activity. Inorg Chem. 2006;45:499-501.

Peird C, Romacho T, Azcutia V, Villalobos L, Ferndndez E, Bolanos J, Mon-
cada S, Sdnchez-Ferrer C. Inlammation, glucose, and vascular cell dam-
age: the role of the pentose phosphate pathway. Cardiovasc Diabetol.
2016;15:82-97.

Nassi Alberto, Malorgio Francesca, Tedesco Serena, Cignarella Andrea,
Gaion RM. Upregulation of inducible NO synthase by exogenous adeno-
sine in vascular smooth muscle cells activated by inflammatory stimuli in
experimental diabetes. Cardiovasc Diabetol. 2016;15:32-43.

House L, Morris R, Barnes T, Lantier L, Cyphert T, McGuinness O, Otero Y.
Tissue inflammation and nitric oxide-mediated alterations in cardio-
vascular function are major determinants of endotoxin-induced insulin
resistance. Cardiovasc Diabetol. 2015;14:56-72.

Mohanan Nair M, Zhao R, Xie X, Shen GX. Impact of glycated LDL on
endothelial nitric oxide synthase in vascular endothelial cells: involve-
ment of transmembrane signaling and endoplasmic reticulum stress. J
Diabetes Complic. 2016;30(3):391-7.

Turkseven S, Ertuna E, Yetik-Anacak G, Yasa M. Methylglyoxal causes
endothelial dysfunction: the role of endothelial nitric oxide synthase

and AMP-activated protein kinase a. J Basic Clin Physiol Pharmacol.
2014;25(1):109-15.

Bierhaus A, Schiekofer S, Schwaninger M, Andrassy M, Humpert PM, Chen
J,Hong M, Luther T, Henle T, KI6ting I, Morcos M. Diabetes-associated
sustained activation of the transcription factor nuclear factor-kappaB.
Diabetes. 2001;50(12):2792-808.

Ramoutar RR, Brumaghim JL. Effects of inorganic selenium compounds
on oxidative DNA damage. J Inorg Biochem. 2007;101:1028-35.
Pikkarainen S, Tokola H, Kerkela R, Ruskoaho H. GATA transcription factors
in the developing and adult heart. Cardiovasc Res. 2004;63:196-207.

LiY, Zhou Q, Pei C, Liu B, Li M, Fang L, SunY, Li Y, Meng S. Hyperglycemia
and advanced glycation end products regulate miR-126 expression in
endothelial progenitor cells. J Vasc Res. 2016;53(1-2):94-104.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Advanced glycation end-products decreases expression of endothelial nitric oxide synthase through oxidative stress in human coronary artery endothelial cells
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Cell culture
	Subjects
	Measurements of endothelial function
	Gene expression analysis
	Antibodies and immunoblotting
	eNOS enzyme activity
	Nitrite detection
	Cellular NO levels and reactive oxygen species (ROS) production assay
	Cellular glutathione assay
	Measurement of NAPDH oxidase, CAT and SOD activities
	BioPlex immunoassay
	Statistical analysis

	Results
	AGE-p was inversely associated with FMD in type 2 diabetic patients with coronary artery atherosclerosis
	AGEs decreases the levels of eNOS and NO expression in HCAECs
	AGEs increases ROS production in HCAECs
	AGEs decreases mitochondrial membrane potential in HCAECs
	AGEs increases NOX activity, whereas it decreases CAT and SOD activities in HCAECs
	Antioxidants SeMet, SOD mimetic MnTBAP and mitochondrial inhibitor thenoyltrifluoroacetone (TTFA) block eNOS downregulation induced by AGEs in HCAECs
	AGEs induces MAPK p38 and ERK12 activation in HCAECs

	Discussion
	Conclusions
	Authors’ contributions
	References




