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5 EbEPTEU AGEs W47 0%, JET ARSI % LIk
9T, BATKAEHEN, NHE1 A f8 & AGEs T3k
B PRI s o A 44054 - B R A Ay
I, ASSEEG SR FH AN PR )25 1) AGEs 1F 0 ELEAR 1
DRI, DAHERRBE PR I A4 oy At IR 35 g, W%
NHE!1 ¥ 5 PEFH T 71 cariporide A& 75 X A Bl 201 5 Jik
BREERI )5 AGEs 308 M IBY il B A7 $0 i 1E H
FEAERAME TR VSMC B4R T AHSCH L.
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1.1 XTI SN

SD HEPE R B P RS iy i et 3%
X Ff: cariporide( & Hoechst 23 &) W4i%); ZF IfiL i
185 [1(BSA). MTT Flfbt AT NS & F («n
smooth muscle actin, SMA)4 Sigma 24 &) ;=i ; I
SARF AR Ml S LS-50B HYA¢
643 6% FE 11 (Shimadu, Japan); IX-70 %%
% (Olympus, Japan); CO, 4 ffi 17754 (SHEL-LAB,
USA).  AHFFT 340 52 50 180G (1 -6 R 7 355 &
] 5K K Hh R K2 ) 2 AT 1A G S 56 3 I A
R0 1
1.2 AGEs HIfRIMGI &

fic ) 0.2 mol/L % M2 £k 22 #h M (PBS, 7% NaCl
8.00 g'L, KCI 020 gL, NaHPO,-H,0 1.56 g/L,
KH,PO, 0.20 g/L, pH 7.4), %X 5% BSA(10 g/L).
Hil %5 B (90 g/L). T B % (100 000 U/L) 5 #f & %
(100 g/L)7 5T L3k PBS 1, 784025, =il
A 0.22 pm EFkUEAR I, KW 5% 37CHE
WAEOLIE 12 FEEU, MR R 4C UKL
BIORAE . AEHIHT, #4764 1) AGEs-BSA A
FENTRE, N pH 7.4 (WG PBS EHTH, & AT
48 h, HikTE I PBS W 3~4 WK, B ARL A
AR, TR 0.22 pm £ SkIEae It uE.  BURIA R
Al LS-50B B %50 73 et B vH 45, AEBUR Ik
370 nm, &% $FU% 440 nm AERETRIG. LURRE &4
25 AN HIZ BE 1K) BSA VE R AGEs (X} .
1.3 MEFEAMEMEAIEST

K G Bk A B 77 VSMC: B 120~ 180 g
HMEPE SD KR, BRI g i 3= h ik, BY
I mmx1 mm 412388, W FEEFRMMN, IIAS 15%
H4- M7 (1) DMEM R 953k, BT CO, Hi 3RfRr 9%
3FJE, Aimhe s, 2Ol B OREK. H
0.25 %Ra AR AL, RATCR EER T 6 L3557

B R 3 F A 2 RG E BRI, 4 SMA
PUo I AL ZUb 2 P (A IE S VSMC, 405 > 95%
INf, SkERALARRETE, B 4~ 8 AR K R A i i T
TS

1.4 KEISNBKERERGIREEL

¥ 40 HfiEHE SD K RBENL 0 4 41, &4 10
H, 0l OAGEs #ifdl: KR R E kT
S} AGEs 100 mg/kg; @ AGEs 100 mg/kg 4 177 +
cariporide 0.1 mg/kg 797 2; 3 AGEs 100 mg/kg 15
95 + cariporide 10 mg/kg ¥ 7 4l; @ 1% 0 4
TR R KRS A R AR R A B 3R K . 4 S T AT
K EAT IS IRk R0 T ARG, Hrp, 4@ .
@ FAHT 3 KINH cariporide W'Y, R ARG 2
Jils O TAHET 3 KRR ) A 3 R /K B RF 4k
BARJG 2 My ©~ @ A BRI 5 54k 22 R w ik
S AGEs 2 A5 2 JH.

SRS 3% ELLE Z240(30 mg/kg) BRI A LS
TR /MBS SIS Shshlik. 722850 5)
WK Lo fE— “V” BV, miTOudE N 2F Bk
P TERMD KR 2~2.5 com, BRFEE 7K
0.1~0.15ml, ARGy KB IIK, K5
P nldy, B3I BUA SR BB AE R X B
U0 B8 M AR 5. 1007 P RS2 4 i T A B
ITERRAE 14 RIFECAIE, PIARSEE 14 REUH
PG A SR SR 1 em, BE4T HE Befh, 6
B W 340 B ios B 22 204 . W Imagepro6.0
BG5BT RGEIEAT BUR S T I S e b,

1.5 KRIMMEFEmpaiEsEn E

K H [PH] thymidine ¥ A 75480 K BRI 138
ULAN B85 . an Bt T 24 FLEG IR WP E 24 h
Ja It EIEWL IMAAHN 259 J5 4R 5% 24 h, BEAL
A 1 wCi/mlI[*H] thymidine, 4k4ER;J% 6 h, Wt
NN T LT e b, AR, Wi, BT, &
N RIERAR S N Z FOR DA RRAR A4 TN R vt
B e R Ay ek b . DL BRIy EE 3 Ik
LA L.

1.6 RT-PCR fAZXE} PCR

K FH Trizol 32 HUE RNA 5 pl, oligo(dT)1 p,
7 DEPC AbBE/K % 12 pl, 227, 4 000 r/min 5.0
5s, 70CH#E 5min 5 TUK LA H 5 min, FHIIA
SxZE P 4 pl, 10 mmol/L ANTP 2 pl, 40U/ pl
RNase #1711 wl, il DEPC AL H/K F 19 pl &
A, 4000 r/min ZL> 5s, 37C KM 5 min, oK 3
7 5min, MIAWEEREG 1 wl, SRNAAR 20 pl
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A, 4000 r/min E0Ss, ZJE T 42T kN
60 min, 72°C XM 10 min, K _FIRASER N, i
Besg pe ) AT DA AR 82 HE AT PCR 4719 5k—20°C ¥ A7 %
M. gi®a k. B4 E & A 2(MMP-2),
5" GCTGATACTGACACTGGTACTG 3', 5’ CAA-
TCTTTTCTGGGAGCTC 3’ (217 bp); MMP-9,
5' GGATTACCTGTACCGCTATGGTTA 3/, 5' TT-
GGATCCAATAGGTGATGTTATG 3’ (241 bp);
COX-2, 5 TCCAATCGCTGTACAAGCAG 3',
5" TCCCCAAAGATAGCA TCTGC 3’ (230 bp):
T -3- R I U8 (GAPDH), 5' ACCACAGTCC-
ATG CCATCAC 3', 5 TCCACCACCCTGTTGC -
TGTA 3’ (450 bp). Real-time PCR 5|4 73 il 4y -
MMP-2, 5 CCCCATGAAGCCTTGTTTACC 3',
5" TTGTAGG AGGTGCCCTGGAA 3’ ; MMP-9,
5" AGACCAAGGGTACAGCCTGTTC 3', 5’ GGC-
ACGCTGGAATGATCTAAG 3'; GAPDH, 5' GA-
AGGTGAAGGTCGGAGTC 3', 5" GAAGATGGTG-
ATGGGATTTC 3.
1.7 Western blot

2L DY 25 AL B s, $R IR B T
A IR 1A b v b 2 8 38k — S0k B S R A
10 g/L + B ERR R N(SDS)H,  BR AR AR EL 28 pl
(% 20 wg SR ) BEAT SDSZR I M B It e vk
IR % PVDF I I, HBEE T 37CH4: 1 h, K

(@) ()
£ T,
- TN Wy N
,‘* ._!v“\"\__ k4 // v (
« N RS 9
t .7 \‘!\-‘ | V
\ 1\ \ _J"‘JJ

NE WS 1 h, 435 5N BUk 4C 9 F Ik
W, Ve minx2), PLRPIITCHER 1h, Pk
(5 minx3), ECL KB, X FIEG, R RG
RE(E UVP A w0, ol A 5 B-actin
e
1.8 Hits#h

BT AT 5 A B A v 2 (v = s) R, 4l %
S ANOVA & Newman-Student 2 B L5 ¢ £ 56
)M, FH SPSS11.0 et kAR 5e i, AUl P < 0.05
8 P<0.01 AZERAGIFEERX.
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HRIAREE (M), S5 R 1a, b, ¢, d KK 1P
/N> AGEs(100 mg/kg) #1521, AGEs(100 mg/kg)+
cariporide(0.1 mg/kg) & AGEs(100 mg/kg)+cariporide
(10 mg/kg) 3" 4 (n = 10)% H I UM 1857y 5 K
4.154 + 0.689, 1.584 + 0.317, 0.789 +0.087, i+
A mHERTLG R, g &Y
cariporide fig i % #l1il AGEs 5 5 11L& $2 4% 5 W
JEFRIHE A=
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Fig. 1 Effect of cariporide on AGEs-induced neointimal formation 2 weeks after balloon injury
(a) Control. (b) AGEs(100 mg/kg). (c) AGEs(100 mg/kg)+cariporide (0.1 mg/kg). (d) AGEs(100 mg/kg)+cariporide (10 mg/kg).

Table 1 Effect of cariporide on AGEs-induced neointimal formation

2

mm
Control AGEs(100 mg/kg) AGEs(100 mg/kg)+cariporide(0.1 mg/kg)  AGEs(100 mg/kg)+cariporide(10 mg/kg)
I 0.334 + 0.068 0.953 + 0.128™ 0.365 + 0.072" 0.182 + 0.031"
M 0.221 + 0.041 0.235 + 0.031 0.228 + 0.039 0.231 + 0.040
I 1.480 + 0.231 4.154 + 0.689 1.584 + 0.317 0.789 + 0.087

[: Intima; M: Media; I/M: Intima-to-media ratios. Data are expressed by x + s. **P <0.01 ps control; “P <0.01 ps AGEs treatment (n=10).
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Fig. 2 The VSMC proliferation of different treatment
(a) Effects of different concentrations of AGEs (1, 5, 10, 15 mg/L) on
VSMC proliferation. (b) Effects of different concentrations of cariporide
on VSMC proliferation induced by 10 mg/L AGEs. *P < 0.05, **pP <
0.01 s control; "P < 0.05 vs AGEs treatment.
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mRNA KA T 5.78 %, 1 cariporide 0.1, 1.
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10 wmol/L HpliAh B4 b5 1F 5 % BEAATAH bE 22 5 o 4¢
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2.4 Carlporide ¥ AGEs %
COX-2 mRNA Fix I ER

g WAan ] 4a, b fion,  cariporide 0.1, 1.
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Fig. 3 Effects of different concentrations of cariporide on MMP-2 and MMP-9 mRNA expression induced by AGEs
The mRNA expression profiles of MMP-2 (a, b) and MMP-9 (c, d) were quantified by semi-quantitative RT-PCR (a, ¢) or real-time PCR with GAPDH
as an internal control (b, d). ¥*¥*P < 0.01 ys control, ‘P < 0.05 ys AGEs treatment.
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Fig. 4 Effect of cariporide on COX-2 mRNA
expression induced by AGEs
The COX-2 mRNA expression was quantified by semi-quantitative
RT-PCR (a) or Real-time PCR(b) with GAPDH as an internal control.
*##Pp<0.01 ps control, 'P< 0.05 ps AGEs treatment.

2.5 Cariporide X} AGEs iFSHIKFR VSMC NF-«B
p65 ELEYINHIER

AGEs (10 mg/L) fit i % 155 NF-kB p65 XK ik
%223 1.2 fif vs IEH X)) , cariporide 0.1, 1.
10 pumol/L W] LAy JSE A0 1% 1 411 il AGEs 55 % 1)
MMB%%@%@H@.L%%%?NM&Eﬁ
¥ I-kBa 45 G RIEE SWAEAE T KT,
Ja A mT DA ok A T-k B TS0 NF-kB, 51k
ff) NF-«kB #F N Az KA. DA Tk — B8R
WAHSCHLE], FRATE I T AGEs & cariporide X
IﬂhVﬁEQU,M%WQ%%T,M%
(10 mg/L)fE .35 55 1-«Bo [%f#, 1M cariporide Tl
Ab PR fE AT uﬂzmmmimmm AGEs 7% I-kBa
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Fig. 5 Effect of cariporide on AGEs-induced activation
of NF-kB (a) and degradation of I-kBa(b)
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04, FE ARSI PR REGUE T cariporide T LA AL
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ﬁ AR H 2R 3 4 8 R B (matrix
metalloproteinase, MMPs) J& [£fi# ECM [ 3= £,
CLA A FUIESE MMP A FH ) S A 7 SC SR AE N S T3k
ERE R RS EEER, Lt MMP-2 1 MMP-9
(R A TP JULAE 1) 9 S A SR8 P 5
el DA AE AR S 56 AT AL %¢ T NHEL A
AGEs 5% MMPs AR IIER]. ARTFEH) o) — 8
B DLW A cariporide AT LA 3R B 46 A8t 11 s 100 46
AGEs i 2] MMP-2 52 MMP-9 mRNA ik %,
BTG HAH— 2, AHFFHRGE 2 R g K
(amiloride)——%) —Fk NHE1 #0157, AT AFHIME
S5 S IO AT 40 . MMP-2 FI MMP-9 mRNA % i
z[m]‘
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LA 4505 5 A8 SR S R O — i 98 ) i, L
T COX-2 AR CEZAEM, 11 SCHk R E
NHE1 w] fig /2 B i) R AE N, AT E T
cariporide %} AGEs i COX-2 Kk 1 m), gk
RE5 MMPs A2, cariporide FJ LAy F& 4 i 4 b
i AGEs 1551 COX-2 mRNA FKik#% . NF-xB
AT GOME A% O R T R 7, WA SEEG HE — DS T
cariporide X} AGEs 155 MMP-2. MMP-9 fil COX-2
mRNA Lk [P H0HI7E 275 5~ NF-«B 17K,
WS4 S W cariporide B8 W 3 407 AGEs 75511
NF-«B 7% fb, 1 e /E WL 5 cariporide #11 il
I-«Ba MIFEMEAOC. LUEMBFFTER B, N NHEL
55 AT AT R ) IL-8+ TNF-o RS, HL
MU AT BES K $1] P42/43 MAPK-NF-kB 15 55 G i%
221, &7 NHEL 0] NF-«B ¥ 44 (¥ 48 S HL 1,
7] HE5 NHE1 5 ezrin/radixin/moesin(ERM) & [ H.
e & 3 B0 M R A A R PL JR A SRR
18 AGEs 5 ERM HEH 4G, 4G5 KN
W AN RECO, D] A S 5K 0E — AP 9T AGEs.
NHEl. ERM # 15 NF-«B iG L2 MR &R, L
PRT AGEs BUILE 510 15 5 2.
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Inhibition Effect and Mechanism of Cariporide on Neointimal
Proliferation Induced by Advanced Glycation End Products

WU Shu-Jin"?, YANG Qing-Shan®, SONG Tao?, ZHOU Shou-Hong?, LIU Yu-Hui?, LIU Li-Ying?"
(" Department of Pharmacy, Gansu Province Hospital, Lanzhou 730000, China;
2 Department of Pharmacology, Pharmaceutical College, Central South University, Changsha 410078, China;
3 Department of Orthopedics, Gansu Province Hospital, Lanzhou 730000, China)

Abstract In order to investigate the inhibitory effect of cariporide, a specific Na'/H" exchanger 1 (NHEI)
blocker, on neointimal proliferation induced by AGEs in a carotid artery balloon injury model, the rats carotid
artery was balloon injured. The exemplars were collected and stained by HE. The morphology changes were
observed. The intima area, media area and the ratio of area between intima and media were calculated using image
analysis system. In order to explore the precise mechanism, the experiments were done on the isolated rat vascular
smooth muscle cells (VSMC). Cell proliferation was assessed by [*H] thymidine incorporation. RT-PCR and
Real-time RT-PCR were used to assay the cyclooxygenase-2 (COX-2) matrix metalloproteinases-2 (MMP-2) and
matrix metalloproteinases-9 (MMP-9) expression; Western blot was used to assay NF-kB protein and the
degradation of the inhibitor I-kBa.. The in vivo results shows that neointima hyperplasia is significantly suppressed
treated with cariporide in balloon-injured rats compared with AGEs treatment lonely. The in vitro study shows that
cariporide dose-dependently inhibited AGEs-induced upregulation of COX-2, MMP-2 and MMP-9 expression. We
also found that cariporide blocked AGEs-induced activation of nuclear factor-kB (NF-kB)and pointed out that
inhibition of NF-kB was achieved by inhibiting the degradation of the inhibitor I-kBa. The results identified that
NHE1 inhibitor cariporide inhibited AGEs-induced neointimal hyperplasia in rats balloon-injured model by
suppressing the proliferation of VSMC and the upregulation of COX-2, MMP-2 and MMP-9 yiq inhibiting NF-kB
activation in VSMC. These results indicated that NHE1 might be a considerable ingredient of the signal pathway in
which AGEs played a key role in the processes of vascular damage.

Key words advanced glycation end products, cariporide, neointimal formation, nuclear factor-«xB
DOI: 10.3724/SP.J.1206.2012.00468

*This work was supported by a grant from The National Natural Science Foundation of China (30600248).
**Corresponding author.

Tel: 86-731-82355085, E-mail: liyingliu2004@yahoo.com.cn

Received: September 25,2012  Accepted: November 19, 2012



