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Abstract

Pathobiological role of advanced glycation
endproductsvia MAPK dependent pathway

in the diabetic vasculopathy

Tae Soo Kang

Department of Medicine
The Graduate School, Yonsei University

(Directed by professor Hyuck Moon Kwon)

Advanced glycation endproducts (AGEs) enhance tiaunoinflammatory
reaction in diabetic vasculopathy through recepfardA\GE (RAGE). Recently,
AGEs have been reported to play a role in neoidtiimanation and increase
the rate of in-stent restenosis (ISR) in the digbebronary artery disease
patients treated with stents. However, the potentides and pathogenic
mechanisms of AGE in vascular smooth muscle cé8N\Z) proliferation and
ISR remain unclear. We sought to determine the Atted pathobiological
mechanism of diabetic vasculopathy. Serum levela®Es were analyzed by

fluorescent intensity method in the diabetic PQlgrds. High AGEs level was



independent risk factors for ISR by multivariatalgsis. The RAGE expression
in human atheroma was assessed by immunohistodingnitat aortic smooth
muscle cell (RA0SMC) culture was done with AGEamstiation. Western
blotting was performed to assess the activatiomibbgen-associated protein
kinase(MAPK) system in the cultured VSMC. AGEs sfiated VSMC
proliferation and were associated with increasessphorylation of ERK, JUN,
and p38 by time and dose dependent manner. The EBERation by AGEs
was decreased by RNA interference for RAGE, indhgathat AGEs activated
ERKs via RAGE. AGEs may play a key role in VSMC [feshtion and
increase ISR in patients with diabetes melitus. ivation of VSMC
proliferation by MAPK system and increased formatimf ROS may be the

possible mechanism of AGEs induced diabetic vagatlty

Key words: AGEs, MAPK, restenosis, diabetic vasculopathy.
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[.INTRODUCTION

The factors underlying accelerated atheroscleiinsiabetes extend beyond
dyslipidemia, hypertension and obesity. Even afmrection of these typical
risk factors and rigorous control of hyperglycentabetic patients continue to
experience increased atherosclerotic vascular skseso called diabetic
vasculopath§®. As a consequence of increased coronary arteeasts (CAD)
in diabetic patients, the frequency of percutanemmrsnary intervention (PCI)
is increased nowadays but, restenosis after PChirena significant limitation
affecting about over 30% of patients treated with I diabete$ It is assumed
to be the result of neointimal formation characedi by migration and
proliferation of vascular smooth muscle cells; heare the pathogenic

mechanisms leading to the exaggerated restenosidiaietes are poorly



understoot

AGEs, resulting from nonenzymatic glycation anddaiion of proteins or
lipids, accumulate continuously on long-lived véssall in diabetes and have
been linked to the development of diabetic comfilica’. Recent studies have
demonstrated that AGEs and its receptor/ligandact®n plays a key role in
neointimal formation after vascular injury irrespee of diabetes status and
these findings suggest a novel target to minimieeintimal hyperplasiz.
Activation of RAGE results in both removal of irexgibly glycosylated
molecules, and activation of cell function, inchgli secretion of various
cytokined®. AGE stimulate the secretion of tumor necrosisdiag (TNF-v),
transforming growth factds- (TGF{) may activate mitogen-activated protein
kinase (MAPK) and nuclear facteB (NF-«B)-dependent pathways and
subsequently induce the proinflammatory mediatordowever, the role of
AGEs in the signaling pathways of vascular smootisate cell (VSMC)
proliferation remains to be elucidated.

We hypothesized that AGEs may be associated wikh its diabetic PCI
patients and AGE induced increased VSMC proliferatimaybe the
pathobiologic mechanism. AGE is associated withivation of the MAPK

system, an important signaling pathway associatiél MGMC proliferation.



Furthermore, we also investigated the associatatwden AGEs and formation

of ROS.

[I. MATERIALSAND METHODS

1. Seroepidemiologic study and measurement of AGEs

A consecutive series of diabetic patients (n=2@8)o had symptomatic
coronary artery disease treated with stenting andergone the follow-up
angiography were enrolled in this study. All patsewere treated with balloon
expandable, slotted tube or modular designed batelrstents. A daily dose of
aspirin and clopidogrel was administered for foweWs after the PCI. At the 6
months follow-up angiography, ISR was defined a®9%5in stent stenosis
measured by QCA analysis.

Blood samples were collected at the time of ahitioronary angiography
and were transferred to tubes without EDTA. Aftenttifuge, serum samples
were mixed with 480 pL of trichloroacetic acid (®.thol/L) in microcentrifuge
tubes, and 100 pL of chloroform was added. Thensdavels of AGEs were

determined by fluorescent intensity method using flaorescence



spectrophotometer (F-2000 Hitachi Ltd., Tokyo, Jgpat an emission
wavelength of 440 nm with an excitation wavelengtt870 nm. The samples
were run in triplicate and peak height mode wagl dse signal measurements.
The intra and inter-assay coefficients of variaionAGEs determination were
7.9% and 10.8%, respectivElyWe tentatively classified these patients using

the ROC analysis (Figure 1).

1.00 * Sensitivity : 0.619
Cutoff value=170.2 U/ml * Specificity : 0.659
75 * ROC area : 0.669
Sensitivity *Cl (95%) :0.589-0.729
.50 p < 0.001
.25
0.00
0.00 25 .50 .75 1.00
1 - Specificity

Figure 1. Receiver operating characteristics (RG@@Yye of the serum levels of AGEs
for the in-stent restenosis (ISR). ROC area was%).85% CI 0.589 to 0.729; p < 0.001.
The cutoff point for levels of AGEs was 170.2 U/nfsensitivity=0.619,

specificity=0.659).



Patients with the level of AGEs > 170 U/ml weressiéied as the high-AGEs
group, those with< 170 U/ml as the low-AGEs group. By this classitica,
the high- and low-AGEs groups consisted of 85 p#i€115 lesions) and 118

patients (148 lesions), respectively.

2. Tissue preparation and immunochemistry in human atheroma
specimens.

Human carotid endarterectomy specimens (n=9) wbtaired from diabetic
patients undergone carotid endarterectomy. Eactimpa was fixed with 10%
buffered formalin and embedded in paraffin. Immustthemistry was
performed using polyclonal monospecific antibodiesRAGE (Santa Cruz
Biotech. CA, USA). Peroxidase-conjugated goat eaithit IgG (Sigma.
St.louis. Mo. USA)) was used to visualize the steprimary antibody binding

to the antigen.

3. Isolation and culture of rat aortic smooth muscle cellstRAo0SMC) and
preparation of AGEs
RAOSMCs were isolated as previously described The aorta was

enzymatically isolated from the thoracic aortasr6-8 weeks-old Spraque-



Dawley rats. The aorta was transferred into a iglésbe containing 5 ml of the
enzyme dissociation mixture and was incubated fohr& at 37C. The
suspension was centrifuged (1500 rpm for 10 minyl dne pellet was
resuspended in DMEM with 10% fetal bovine serum SFB Cells were
cultured over several passages (up to 15). RAoSM¢€& wultured in DMEM
supplemented with 10% FCS, 100 IU/ml penicillin0f@/ml streptomysin in
75-cnt flasks at 37 in a humidified atmosphere of 90% air and 10% CO2
(Forma Scientific. FL. USA)RA0SMCs culture with different concentration
(1.0, 10, 100, 100Qg/mL) of AGEs stimulation. AGE—bovine serum albumin
(AGE-BSA) was prepared by incubating BSA (WAKO, Yok Japan) in

phosphate-buffered saline with 0.7 mol/L glucosetfononths at 37°C.

4. M easurement of cell proliferation

Cell proliferation was measured by PreMix WST-1 |Qloliferation Assay
System (TAKARA Biomedicals. Tokyo. Japan). This teys enables the
measurement of cell proliferation with colorimetassay, and bases on the
cleavage of slightly red tetrazolium salt (WST-3) maitochondrial succinate-
tetrazolium reductase in viable cells. As the iasein enzymes activity leads

to an increase of the production of formazan dye,quantity of formazan dye



is related directly to the number of metabolicallstive cells in the medium.
Cells (5-7x16) were seeded into wells of a 96-well culture pkmtel incubated
with AGE for the times indicated. WST-1 cell preliation reagent was added
directly to the supernatant and incubated a€ 3fbr 3hrs. The absorbancy of

the solubilized dark red formazan product was theermined at 450nm.

5. Immunoblot analysis

Confluent RA0SMCs were cultured for 48 hrs in sefuse DMEM and were
pre-treated with AGE (0-1Q@/ml) for 1 day at 37 . After treatment with
different concentration of AGE, cells were rinsadide-cold PBS and treated
with lysis buffer (1% Triton X-100, 0.1% mercaptoahol, 1 mM EDTA, 1 mM
EGTA, 50 mM Tris-HCI (pH 7.0), 1 mM PMSF) for 20 mon ice. Cell lysates
were collected into microcentrifuge tubes, vortexaad centrifuged at 12,000
rpm for 20 min. Protein concentration was measimetie supernatant using a
DC protein assay reagent according to the manuftsuinstructions and
equalized for all samples. Reduced samples: @0were subjected to SDS—
PAGE (NUPAGE™ 4-12% Bis-Tris gel) and then electosferred to
nitrocellulose membrane. For detection of phosplated ERK-1/2, membranes

were incubated with antibody directed against aspho-specific ERK-1/2



followed by incubation with goat anti-rabbit IgG rgogated to horseradish

peroxidase. ECL detection method was employed fiorcdevelopment

6. RNA interference

For function-blocking experiments, we used sma#rfering RNA molecules
(siRNA) targeted at RAGE mRNA. A 21-nt sequence giRNA was derived
from the rat RAGE (GenBank accession no. Gl: 81t#ained from Ambion,
Inc. (TX, USA): small interfering RNA against RAGHsense, 5'-
GCUAGAAUGGAAACUGAACTT-3’; antisense, 5-GUUCAGUUUCE
UUCUAGCTT-3). Smooth muscle cells were transfectaith si-RAGE
duplexes by using siPORT NeoFX (Ambion Inc. TX. USAriefly, RNA
duplex (10nmol of final concentration) was inculdaia serum-free DMEM
containing 15 pl of siPORT NeoFX for 10 min. Themmex was added to the
empty 60mm culture plate and then overlay smoothaeucell suspension (1 x
10° cells per plate) onto the culture plate wells eorihg transfection
complexes and the transfected cells were incubatedormal cell culture

conditions until ready for assay.

7. Immunocytochemistry

_10_



Cells were grown on 4-well plastic dishes (Soni¢Sale, Nalge Nunc,
Rochester, NY, USA). Following incubation, The sellere washed twice with
PBS and then fixed with 4% paraformaldehyde in @I5PBS for 30 min at
room temperature. The cells were washed again WABS and then
permeabilized for 30 min in PBS containing 0.2%otri The cells were then
blocked in PBS containing 10% goat serum and thenobated for 1 hr with
rabbit polyclonal HA antibody. The cells were rethved three times for 10 min
with PBS and incubated with FITC-conjugated godi-mabbit antibody as the
secondary antibody for 1 hr. Photographs of cedisataken under fluorescence
by immunofluorescence microscopy (Olympus, MelyilldY, USA). All
images were made by using an excitation filter wndeflected light
fluorescence microscopy and transferred to a coenpwquipped with
MetaMorph software ver. 4.6 (Universal Imaging Cddpraux, LA, USA). All
images were made by using an excitation filter wndeflected light
fluorescence microscopy and transferred to a coenpwquipped with

MetaMorph software ver. 4.6 (Universal Imaging Céferaux, LA, USA).

8. Measurement of intracellular reactive oxygen species generation

RASMCs were labeled with "2 7-dichlorodihydrofluorescein diacetate

_11_



(H2DCFDA; Molecular Probe, CA, USA) The probe H2DCFDA (5M) enters
the cell and the acetate group on H2DCFDA is cldawe cellular esterases,
trapping the nonfluorescent, Z’-dichlorofluorescin (DCF) inside. Subsequent
oxidation by reactive oxygen species yields therffgcent product DCF. The
dye, when exposed to an excitation wavelength 6f @&, emits light at 535
nm only when it has been oxidized. Labeled RASM@senexamined using a
luminescence spectrophotometer for oxidized dyee Ghiescent cells were

treated with AGE for 3 h before labeling with H2DIOA.

9. Statistical analysis

Statistical analyses were performed with SPSS so#wSPSS, Chicago,
lllinois, USA). To avoid arbitrary cutoff point ahe serum AGEs level for
prediction of ISR, we performed the receiver opagatharacteristics (ROC)
analysis. Comparison of the continuous variabldgsvéen the subgroups was
performed by the Students t-test. Multivariate gsial (logistic regression) was
performed to determine the parameters that predigiographic ISR. All the

tests were two-tailed, and a p < 0.05 was considasesignificant.

_12_



[ll. RESULTS

1. Level of ssrum AGEsand ISR

The serum levels of AGEs in 203 patients measuretis study ranged from
48.5 U/ml to 283.3 U/ml (151.1+56.5 U/ml, meant+SDhe baseline clinical
characteristics of the high and low serum AGE gsowere found to be well

matched with regard to various parameters other tiia duration of diabetes

_13_



Level of AGEs (Uml

<170 >170
(n=118) (n¥85 p

Age (yrs) 50.3+8.6 60.1 £8.9 0.870
Male 88 (75) 60 (71) 0.431
Hypertension 41 (35) 32 (38) 0.462
Smoker 47 (40) 33 (39) 0.673
BMI 254+£29 259+3.2 0.321
Duration of DM (yrs) 4.7 +4.2 9.4+58 0.001
HbA1C (%) 78+15 83+1.7 0.044
Hypercholesterolemia 43 (36) 33 (39) 0.310
Low HDL-cholesterol 43 (36) 32 (38) 0.496
Hypertriglyceridemia 32 (27) 25 (29) 0.452
Acute Coronary Syndrome 62 (53) 50 (59) 0.174
Multivessel Disease 98 (66) 82 (71) 0.380
Target Vessel

LAD 71 (48) 56 (49) 0.713

RCA 43 (29) 27 (23) 0.321

LCX 34 (23) 32 (28) 0.231
B2 or C target lesion 100 (68) 79 (69) 0.846
Stent Length (mm) 19.8+5.8 20.3+5.6 0.561
Pre-PCI MLD (mm) 0.8+04 0.7+05 0.365

Table 1. Baseline Clinical Characteristics of thali2tic PatientsValues are n (%) or
meantSD, AGEs=advanced glycation endproducts; Blddybmass index;
DM=diabetes mellitus; HbA&Ehemoglobin A%; HDL=high density lipoprotein.

LAD=left anterior descending coronary artery; LCEftlcircumflex artery; MLD=

_14_



minimal luminal diameter; PCl=percutaneous coronatgrvention; RCA=right

coronary artery.

The serum levels of AGEs showed a significant datien with HbA1C
(r=0.523, p=0.001) and the duration of diabete®.4%5, p<0.01). The QCA
data obtained at the baseline and immediately afierprocedure were not
significantly different between two groups. ROC lges indicated that the
serum level of AGEs had adequate accuracy for nk&teint restenosis. The
optimal cutoff point of AGEs was 170.2 U/ml. ROGarwas 0.659; 95% CI
0.589 to 0.729; p < 0.001 (sensitivity=0.619, sfieity=0.659) The six months
follow-up angiographic findings showed that the rallelSR rate was 28.9%
and the values in the high-AGEs (>170 U/ml) grougrev40.1%, whereas the

values in the low-AGEs<{ 170 U/ml) group were 19.6%. The difference in

respect of the ISR rate between two groups wasstitatly significant (p

<0.001) (Figure 2).
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p < 0.001

ISR
Rate (%)

40/

30

20

10

> 170 =170
Serum levels of AGEs (U/ml)

Figure 2. The 6months follow-up angiographic firgrshowed that the overall ISR rate
was 28.9% and the values in the high-AGEs (>1701Ugmoup were 40.1%, whereas
the values in the low-AGEs<(170 U/ml) group were 19.6%. The difference in exdp

of the ISR rate between two groups was statisjicagnificant.

2. Multivariate Analysis

The multivariate analysis of the risk factors f&RI has demonstrated that a
high level of serum AGEs (> 170 U/ml) is an indegemt risk factor for the
development of angiographic restenosis. (Odds,r&tie59; 95% CI, 1.431-
4.940; p=0.002) (Figure 3). Small vessel calibes{MLD < 3.0 mm) and a

long lesion (implanted stent length 24 mm) were found to be significantly

_16_



associated with angiographic ISR.

Risk Factors OR (95% C.1.) OR 95% C.I.  P-value
Age >55 yrs 4 0.544 0.422-1576 0.454
Female —_ 0.564 0.274-1.162 0.120
Hypertension — 0.602 0.305-1.185 0.142
Smoking 1.868  0.964-3.622 0.064
BMI (< 25) _ 1336 0.726-2.456  0.352

HbA1C >8% — 0.919  0.493-1.710 0.789

LDL-chol >160 mg/di
HDL~-chol < 35 mg/d

1.728  0.940-3.179  0.078
1.701  0.923-3.135 0.089

1

S

1

1
ST

1

Multivessel — 1.096 0.569-2.111  0.784

_’_
—._

Triglyceride — 1.431  0.792-2.123 0.134

ACS 1.644 0.877-3.084 0.121

Complex lesion — 1.133 0.590-2.178 0.707

Post MLD (<3.0mm) — 2.346  1.249-4.406 0.008*

AGE >170 U/ml } 2.659 1.431-4.940 0.002*

Long stent (=24 mm) ; 2.496 1.283-4.853 0.007*
0.0 1.0 3.0 5.0

Figure 3. The multivariate analysis of the risktfais for ISR has demonstrated that a
high level of serum AGEs is an independent riskidiador the development of
angiographic restenosis. (OR, 2.659; 95% CI, 143%0; p=0.002). Small vessel
caliber and a long lesion were found to be sigaifity associated with angiographic
ISR. (Adopted from our previously published datal3\ indicates acute coronary
syndrome; BMI, body mass index; LDL, low densitgdprotein; HDL, high density

lipoprotein; MLD, minimal luminal diameter.
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3. Expression of RAGE in human atheroma

Carotid atheroma specimens showed a thickeneddndissociated to an area
of necrotic core and lipid-laden atheroma in abesa RAGE was stained as
dark brown within atheromatous plaques. RAGE sthicgls were distributed
mainly in the base of atherosclerotic plaque, & rfedio-intimal junction area

and its immunoreactivity was colocalized with madrage, mononuclear cells,

and smooth muscle cells. (Figure 4).
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Figure 4. Immunohistochemistry of RAGE in humanotiar atheroma. RAGE was
stained as dark brown within atheromatous plagl®AGE stained cells were
distributed mainly in the base of atheroscleroteqpe, in the medio-intimal junction
area and its immunoreactivity was colocalized wildicrophage, mononuclear cells, and

smooth muscle cells (arrows).

4, Proliferative effect of AGEsin cultured RAoSMC

Compared with controls AGEs stimulation group shdvigcreased smooth
muscle proliferation. RAoSMC proliferation was irased until AGEs
concentration 1Q@y/ml suggest AGEs increase cell proliferation by

concentration dependent manner (Figure 5).
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Figure 5. Compared with control AGEs stimulatioroyp showed increased smooth
muscle proliferation until AGEs concentration 10@¢/ml by concentration dependent

manner.

5. Effects of AGEs on phosphorylation of MAPKsin RAoSMC

Western blot analysis of p-ERK, p-JUN, p-p38 weszf@grmed in cultured
RAoSMC with or without AGE stimulation. Comparedtlwicontrol group,
VSMC cultured with 50mg/mL concentration AGE stimtibn revealed
increased phosphorylation of MAPK system. Actiwifyp-ERK and p-p38 was

markedly increased in AGE stimulated group comgawith p-JUN (Figure 6).
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Figure 6. Western blot analysis of p-ERK, p-JUNP3B were performed in cultured
RASMC with or without AGE stimulation. Compared kicontrol group, VSMC
cultured with 50mg/mL concentration AGE stimulationevealed increased
phosphorylation of MAPK system. Activity of p-ERKn@ p-P38 was markedly

increased in AGE stimulated group comparing withN.

6. Effects of AGEs on phosphorylation of ERK in cultured RAoSMC
Activity of p-ERK was increased in AGEs stimulatignoup compared with

control group. AGEs stimulates phosphorylation dRKEin concentration

dependent manner (Figure 7A).
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Figure 7A. Activity of p-ERK was increased in AGEEmulation group compared with
control group. AGEs stimulates phosphorylation &KEin concentration dependent

manner.

To determine how AGEs affect ERK activity in varsotime points up to 12 h
after treatment with 10Qg/ml in 0.5% serum-treated RA0OSMCs. As shown in
Figure 7B, phosphorylation of ERK was increasedliie prolonged exposure

with the AGEs.
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Figure 7B. Phosphorylation of ERK was increasedhwie prolonged exposure with the

AGEs.

To further confirm whether the phosphorylation oRKS was specific
response for AGEs treatment, siRNA for RAGE waated and activation level
of ERKs was estimated. Expression of RAGE protaimwsed reduction of 90%
by RNA interference and was detected by Westerh dmhalysis. The ERKs
activation increased by AGEs was decreased by Rit&ference for RAGE,

indicating that AGEs activated ERKs via RAGE (FigdiC).
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Figure 7C. Inhibition of RAGE expression by siRNArf RAGE attenuated
phosphorylation of ERKs by AGE. RASMCs were transfn with siRNA to a final
concentration of 10nM or vehicle and stimulated ASE for 3 h. Each signal was
detected by immunoblot analysis using anti-ERK kaody and was quantified by

densitometrical analysis.

7. Effects of AGEs on theformation of intracellular ROS
Confocal microscopy of intracellular DCF revealedicreased DCF
fluorescence with AGE stimulation concentrationefegently suggesting AGEs

increased intracellular ROS (Figure 8).
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Figure 8. Confocal microscopy of intracellular DCfevealed increased DCF
fluorescence with AGE stimulation concentration elmgently suggesting AGEs

increased intracellular ROS.

V. DISCUSSION

One of the challenges in cardiovascular medicinethis reducing the
complications in patients after PCI, especially tbose who with diabetes
mellitus, who are particularly prone to ISR. AltlgtulSR have much decreased
with the use of in the drug eluting stent (DES)ergty, but DES itself has other
unexpected complications. It is well known thatteessis and overall

consequent adverse cardiac events are more freiquaiabetics compared with
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non-diabetics who underwent PCI even with the DESs finding may reflect
differences in the nature of restenosis in thisyteton compared with that in
nondiabetic subjects undergoing comparable inte¢imes Although, a few
studies have identified the clinical and angiogragitedictors of restenosis in
diabetes patients, all the factors relating to phabability of restenosis after
stent deployment in this high-risk patients subgrare not knowfl. Our
studies have demonstrated that the ratio of angpbge ISR was significantly
elevated in the high serum AGEs gr6upWe also demonstrated basal
immunoreactivities of RAGE in human atheroma.

In the setting of hyperglycemia in diabetes, loegrt exposure of free amino
groups on polypeptides or lipids to higher levelgylnicose eventuates in the
formation of advanced-glycation end proddCtAGEs are increased at sites of
atherosclerotic lesions, especially in diab&¥sIncreased expression of AGEs
has also been found in settings like renal faihmd amyloidosis, indicating the
biology of AGEs extends beyond diabetes. The aalleffects of AGEs are
largely mediated by their specific engagement dif sigface receptor RAGE.
Studies have demonstrated RAGE expression at aleerievels in a range of
cells, including endothelial and smooth musclescelhd mononuclear cells,

RAGE expression increases and receptor upregulagolsustained when
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particular pathological processes intern/8fie

Several recent experimental studies showed thatsAcaB actively participate
in neointimal formation after arterial injuries. @het al demonstrated that there
was significantly increased accumulation of AGEs d arincreased
immunoreactivities of RAGE and S100/calgranulinganotid artery of diabetic
rats in response to balloon injury compared witht tof nondiabetic rats.
Blockade of the RAGE/ligand interaction significgntiecreased the S100-
stimulated vascular smooth muscle cell (VSMC) esdition in vitro and
suppressed neointimal formation, and increasednalmarea in both Zucker
diabetic and nondiabetic ratsThese findings indicate that RAGE/ligand
interaction plays a key role in neointimal formatiafter PCI, especially in
diabetics and suggest the plausibility of RAGE kémte as a therapeutic target
in vascular injury, both in euglycemia and diabetes

An increasing body of literature has begun to éatg the pathobiological
mechanisms underlying the RAGE/ligand interact®@Es has been shown to
induce significant dose-dependent SMC migr&fionand RAGE/ligand
interaction upregulates the production of varioyokines and growth factors
such as TN and PDGE. SMC migration by AGE was significantly

inhibited by an antibody against transforming ghovidctor (TGFf), and
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TGF{ secreted into the culture medium from AGE-stimedat/SMCs was 7-
fold higher than that of control, suggesting a pti& role for RAGE/ ligand
interaction in TGFB release after vascular injdfy In addition, binding of
RAGE to its ligand leads to activation of key cstjnaling pathways, such as
p44/p42 (erkl/erk2), p21ras, MAP kinases, ®B;-cdc42/rac, and JAK/Stat,
thereby reprogramming cellular properfigd Balloon injury activates the
MAPK pathway in diabetics, and hyperinsulinemiaiwadtion of the MAPK
pathway has been shown to be of importance in ¥aggerated neointimal
hyperplasia after balloon injury in diabetic anigial Blockade of RAGE/
ligand interaction decreases MAPK activity in coitdh SMCs in a
concentration-dependent marfier

In our study, we demonstrated VSMC proliferation A$Es stimulation and
these increased VSMC proliferation was due to tioeeiased phosphorylation
of ERK and p38, which are very important in MAPKsaling pathway. AGEs
stimulated VSMC proliferation and MAPKs phosphation by time and
concentration dependent manner. Serologic studydiabetic PCI patients
revealed high serum levels of AGEs which was inddpaet risk factor for ISR
were significantly correlated with HbA1C and timeurdtion of diabetes.

Considering the in vitro and serologic study resuit can be explained that
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restenosis and increased atherosclerosis of thetiigpatients are related the
high serum levels of AGEs, which represented tiggethdent exposure of poor
glycemic control.

Recent study revealed that AGEs and RAGE intemactioggers the

intracellular reactive oxygen species (ROS). AdddaNADPH oxidase is a
central target of RAGE and that ROS generated ly thechanism may
significantly impact on cellular propertf€s Our study also revealed

concentration dependent increment of intracellBl@S by AGEs stimulation.

V. CONCLUSION

In conclusion, our data suggest a central role AGEs as a key factor
promoting VSMC proliferation and neointimal hypexpla after stent
deployment in diabetic patients. These observatisitisgive a way to the
potentially novel target for limiting the developnteand progression of

neointimal hyperplasia by AGEs.
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Abstract (In Korean)
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