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Abstract: [Objective] To discuss the role of NOX4 signaling pathway in the antagonistic mechanism of Glucagon-like Peptide-1
against the oxidative damage on vascular endothelial cells induced by advanced glycation endproducts. [ Method] Experimental group
was divided into a control group, AGE group, AGE + GLP-1 group, AGE +NOX4 siRNA group and AGE + negative control siRNA
group. The expression of NOX4 mRNA was detected by RT-PCR. The expression of NOX4 protein was detected by Western blotting.
The apoptosis rate and the levels of ROS were detected by flow cytometry. [Results] Compared with control group, AGE significantly
promoted the expression of NOX4 protein (P =0.001) and NOX4 mRNA (P < 0.05). After added GLP-1 into the AGE group, it
significantly inhibited the expression of NOX4 protein (P = 0.003) and NOX4 mRNA (P < 0.05). Compared with AGE group, NOX4
siRNA inhibited the ROS generation (P = 0.011), the apoptosis of endothelial cells (P < 0.05). Negative control RNA had no
influence on the ROS generation (P =0.958), the apoptosis of endothelial cells (P =0.169). [Conclusion] GLP-1 antagonize
oxidative damage on human umbilical endothelial cells induced by advanced glycation endproducts at least partly through inhibiting
the expression of NOX4 protein.
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AGE) n] i & i Pk
(reactive oxygen species, ROS) = i%,, 514 ML N H2
B, BT R A W 24 TR s B 3R AE IR 1 (Glucagon
like Peptide—1, GLP-1) AJ 38 ixf 52 4 5k 3 32 (A4 At
PEIRAR BHPIGE N JCIIBE . U4 N 2 41l NADPH
AL (NADPH oxidase, NOX) [ F 2 F HIE 2
NOX4, J5#& /& AGE 5 T PN K2 41 Jit S Ak 45 475
ROS A= A HE SRR 1, AR - ZEFFE NOX4
{5538 FEAE GLP-1 {47 AGE 753 B9 A i ik 4
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glycation endproducts,

1 #M#H5F*

1.1 EFEXWRFI S

NOX4 siRNA (_FIH B HI 255 AR AR AH]),
NC-siRNA (_F 175 3l 25 F AR A FR A\ ), DCFH-
DA 250 (3£ [F Sigma 23 7] ), Annexin V/PI K
WEAR & (PEEFEWEARLNF),BCA HE W
JEE I R (P E R S R AR , A
1 (BIO-RAD, 3£ [ ), % 't 2 i85 (Nikon eclipse
Te2000u, HA), BRI (BIO-RAD, £H),
Hema9600 J (A4 15 A3 (R 17 8 1 B~ AU A PR 2
Al ED
1.2 SEImAZE
1.2.1 HUVEC #94 & &A% %% HUVEC W45
B R O s EARE TR TR WA ISR YA 5 S

Mk,
1.2.2 AGE #14& AGE [ £ HAK 4 B3 0L 5
L CHRPT,

123 S%4a s AX 4 AGE 4 AGE+
GLP-1 #H AGE +NOX4 siRNA #H K AGE + B 14
siRNA 41,

1.2.4 RT-PCR ## HUVEC # NOX4 mRNA %
# PSS 3-4 /8 HUVEC, 7E 37 °C.5% CO, 4
TR, SRR 34, ZSHNIRYL AGE 41,
AGE+GLP-1 4, 440 A i B i 90%H+ , 5
J& I 100 nmol/L ) GLP—1 ¥ # F11 400 pg/mlL.
) AGE, 15 5% 24 h J5 1AL WA 25 2 40 i, 2500 B
Yiiff, e RERAE UL RNA, fd1H RNase—free
) DNase Pt & K0V, B0 2% LIEIEE RNA I
T, BEETE A 10 wL DEPC /K% fi# DLTE .

RNA % 2 PCR &, MAGIWIR G, H4 Ak
HBRMATI R %, LA B-actin Forward ; atgtggccgag
gactttgat Reverse: tggcttttaggatggcaagg NS5 y
i 1 VIAT BRUEFEIRE 60 °C ~ 95 CE&MF T, 540
BREE 1R,
1.2.5 Western Blotting 3% # ] NOX4 & & % ik

SEHR 4y 3 4. a5 AR IEZH AGE 41  AGE+GLP-1
4, A AR B Ry [R] L W AN RS 2
B VK, 7057 24 AN M A h PMSF T AE
e E A1 mmol/L) ,%'DHXJ:PHED Y8 BCA Rk
JEE ) ) U B 4R R e A vk, &
FLUK RS A 10% R W5k £ A 2 hy —
Fi Bl NOX4 U 1.5 hy, —4 1:3000 BRI 4
BN 1 h, PR 5 H Image ] BIR R G543
Br, DAL 40 L NOX4 & 132K 5 N2 a-Tubulin
TR HAEAE A NOX4 T HEIAKFE,
1.2.6  Western Blotting 74 7] NOX4 siRNA F 3%
F  JryERE b WA NOX4 8 3Rk, b AR
SEH NOX4 siRNA F Bt BB siRNA X B2 75 1]
HI 40 NOX4 Fik
1.2.7 A X @ pasn HUVEC ROS 8 & s oK -F
BB SIS ARG A X R4 AGE 4
AGE+NOX4 siRNA 4,33 20, DL EAR2H T 3 1L,
NOX4 siRNA 5 4L i 2 J5 fin A GLP-1 (100 nmol/
L) &% AGE (400 wg/mL) , /EFH 24 h J W8 40 o £
AP TG, VEF 24 h J5 A DCFH-DA 3t
7 30 min KU ROS G
1.3 SEitFahE

5K SPSS 17.0 BAF#EAT SRR T

ORI E + bRl (x £5) T, ZAHE LR
FHEAN 7 223 HT (One—Way ANOVA ), 9 % 458
KHLSD i, P<0.05 NERAFIT#E L,

2 % X

2.1 GLP-13t AGE S HUVEC NOX4 &H
RIEWRMm

Western Blotting K] NOX4 8 H#5k, HW S
W4 Tmage J 20 AT AR X LA 7 K BE ARSI, 445
PR K AL B (A AW IKEE/ NS
a—Tubulin), 4N 1, J5 225081 BoR & A2 5 A
HEGitaEE L (F=12.367, P=0.001), 52514
(0.684 = 0.268) M., AGE 7[5 S 41 i NOX4 &
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2% 3K B S 386 55 (1.302 + 0.159;P = 0.001), il A
GLP-1 J5 ,AGE i Sy NOX4 & 1 7] 9] B T K&
(0.786 + 0.148;P = 0.003), 4%/~ GLP—1 nJ il
AGE 551 NOX4 FHEHFBMEH .,

2.0+

D
1.302 £0.159

T 2

1.04 0.684 +£ 0.268 0.786 £ 0.148

mn

conlrol AGEs AGEs+GLP-1

NOX4mRNA relative expression

1)vs control group P < 0.05; 2)vs AGE—induced group P < 0.05.
1 GLP-13} AGE #5480/ NOX4 Rik#I# 0
Fig.1 Effects of GLP-1 on the expression of NOX4

induced by AGE

2.2 GLP-1 3t AGE %S HUVEC NOX4 mRNA
ey :0b-A

LI a~Tubulin P2 A XFHE NOX4 mRNA ik
KO A X B AR 5 (RQ) /R ,RQ R ¥ Cr
(threshold cycle) {EHH 2 18 (ACr=H #y3EH
Ct—-INZ CAACT=TFIAE i H AL ACT-2
HEARE i rp H A R ACT 5 AR B Al B =2-20) |
ZERME 2 Wor, 5 HA(0.67 £0.20) x 107]
HHEE , AGE Tl S 41 il NOX4 mRNA & ik B i 38
=[(3.82+0.25) x 10, P<0.05], i A GLP-1
J&, M) NOX4 mRNA A B @ R % [(0.84 +
0.13) x 10?, P<0.05],
2.3 HUVEC 1 NOX4 siRNA BI& B B &%

eyt N AGE T1iJ5 , #47 Western Blotting £
MFHERE, 458 NOX4 8 [RGB 500 XK
FEAEFR (B 3) . T2 Hr R, #5411H) NOX4 &
FRBHAGIT 25 (F=5.176, P=0.049), £
HILKR PR, 52HA (0.641 £0.069) %
NOX4 siRNA Bt o] B S 30 ] NOX4 £ [ &1k
(0.486 + 0.078;P = 0.033), 1B siRNA H Bt

0.005+ 1y
0.00382 + 0.00025
0.004- .

0.003 4

0.002 4 2)
0.00067 + 0.00020 0.00084 £ 0.00013

0.001 4
oo IR TN

conlrol AGEs AGEs+GILP-1

NOX4mRNA relalive expreession

1) P < 0.05 vs blank control group. 2)P < 0.05 vs AGE-induced

group.
E 2 GLP-1 %t AGE #5 HUVEC NOX4 mRNA Ri&H)

A1)
Fig.2 Effects of GLP-1 on the expression of NOX4
mRNA induced by AGE

(NC-siRNA) Xf NOX4 & 13RI TCREm (0.643 +
0.056;P=0.972).

0.8
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Control NC-siRNA NOX4 siRNA

NOX4 prolein expression

NOX4 —=

o +Tnbulin —=

1)P < 0.05 vs blank control group
B 3 NOX4 siRNA ¥ AGE % S40k1 NOX4 EHARIEM
Al
Fig.3 The effect of NOX4 siRNA on NOX4 protein
expression induced by AGE

2.4 LEL NOX4 mRNA 3t K & 48 ROS 4 MRy
25

SN RN, &4 ROS 4K BA 3%
Z5F(F=9.466, P=0.005), B L0, 5 pal
AGEARLHEH (731 +90) Fb#,NOX4 siRNA A i
AGE #5309 ROS A= 1l.(486 +92; P=0.011;18 4),
2.5 TLEK NOX4 mRNA 3t K B 4R A TR A 220
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Control AGEs AGEs+NOX4 siRNA 0
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1)P < 0.05 vs blank control group. 2)P < 0.05 vs AGE treatment

group.
B4 NOX4 siRNA Xf N4 ROS 53R B KIS0
Fig.4 Effects of NOX4 siRNA on ECs ROS fluorescence

S (F=22553, P<0.05), MM LEFRY, 5pai
AGE #bFH2H (19.3 + 4.3) FL#E ,NOX4 siRNA A[ 1)
il AGE &AM T (6.3 + 1.8;P<0.05; % 5.,
Kl6),

3 9 #

I SRR s T AT S R BOIR ) SRR
W],2010 4FH[E 18 2 e LA_E KE BRI FO 50 A
11.6%, HERIRHETIIAR R 50.19%, B bR AT 33
Z R ANBPEIT KR, o LUBE e 1 1l A8 72 e
R SRRSO BER R F LA

AGE T K8 PR I I 5 S 40 2 Jok ok A A Ak
(Atherosclerosis, AS)%5 19 &A= & e FE B AE

D0E 1

1)P < 0.05 vs blank control group. 2)P < 0.05 vs AGE treatment
group.
6 NOX4 siRNA 3 48 i T X 89
Fig.6 Effects of NOX4 siRNA on cell apoptosis

FHE), He SEWT R i BRI 1Y AGE LR
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Z1H) ROS 7KV S AR M U T3 2 T 28 G R
Y He S5 HIBFREA R —2

FEE NS Z IR~ NADPH A LRG s/ 7E
PATT ROS Az S AR T~ 5 T AcHE F 2/ E IS, H
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Flow cytometric analysis of HUVEC apoptosis induced by normal condition(A), AGE(B), AGE+ NOX4 siRNA(C).
5 NOX4 siRNA 3t AGE 5 X 5z 40 B 7= B9 20
Fig.5 Effects of NOX4 siRNA on ECs apoptosis induced by AGE
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PR, Horp NOX4 321355 F 1A B v, 2 i 4
N 40 NOX 1) EEERIMIE, & AGE iGN
Bz 4 M S AR A5 ROS A B 1% 3 S Y 3 e 417
il NOX Ji6 1 FT Jid% AGE X I P Bz 4B it . 2RI
20 if 2 1) R A B A

Jik = I B AR K 1 (glucagon —like peptide,
GLP—1) 2 FH 138 P9 4330 200 B R i ot 26 40 43 0
)22 IR ER , HA (R 1 5 22 4000 40 o g s .
WER R P03 R G R i £ 3k
it 18 ¥ 7R L AGE W] & 25 5 5 9 B2 41 il NOX4
mRNA FIZE [ 21k, f# ROS B fin ™, Hriafk
J& GLP=1 A3 R AR 37 PN B2 40 i ) T B2 ML 2 —
GLP-1 S50 OB PR B A% AGE 5% T~ N K 4 i
) ROS 7K, {HHEARCRA AL o AR A5 E )
ARWFIE & B GLP -1 7] g & M il AGE 5 T 19
NOX4 mRNA FIE 1335, FRATHEN GLP-1 i
T NOX4 # 1 FRIKFEAL ROS By A oK, M
B P R A R VE R .

Scioli 28 MIEYAF 7T IE S NOX4 215 5 P J2 41
Ji 484k 1 R B DT RE SR I A GBI 25, BHLIBT NOX4
AT DL R ) R A R S A 1 . AR T 9 BEL I
NOX4 ) A= Wy 2430 W J5 , AGE 75 5 1) Y 2 40 g
ROS B S AP T2 3R B R BEAIG, 4275 NOX4 /]
it 5 T HUVEC B9 ROS A& 8 $E 454 NOX4
TE PN R A0 53 A R 2 B L 8URE S NOX4 ] EAE
Pz 4IHE ROS A B B2 rp & 45 A . X5
Scioli ZF W ST IR —2, 28 LTk, GLP-1 &
R4 L 0 NOX4 (R IAH P AGE 5%
AN T JUk P4 52 200 e S A 62475

GLP-1 1Eh—FA YT 2 M PRI 1 3 754 [
254, Z IR A2 | I PRAFE SR A UE 55 OO il
REARIER, AR = R 1 B AL RE I
PRAFSESCHRE . ELIXA S22 — M0l GLP-1 32134
BFNETTWE PRI B8 RO IS =1 XU 1) 22 4
PERYF R LS, B RDZIG R IR e T, K
PR ) B R AT e — Be it ] . HET k=
KF GLP-1 R4 PN iz 41 A 9 1 PR 56 F 4 , A< B
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P P R A VR, S GLP=1 (% o7 FH AT 4
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BEER N, EIERRA 2R T
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PrEALHLT 2 R — 20 5L F S SE NOX4 2 1
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