b

H38E W3 EallIpNE e qQrRE S0 )) Vol.38 No.3
20174F 5 H JOURNAL OF SUN YAT-SEN UNIVERSITY (MEDICAL SCIENCES) May 2017

WCIG Nrf2—ARE J8B& 205 R #Ee S8 s 75 1)
W iR D) ekEnG K HoHLE

g, WHET, AP, 2 |, EOR, BEREA
(1. I R R A8 = EE R SN NERE, % 1M 5106305 2. 38 622 br B 22 Bl PR 2 INRHF 2, T 4R #16 512026)

o OE:[HMW ] BHE 2 T E2 A C R - 2 (Nef2) bt S0 TG4 (ARE ) 388 % 235 R B2 85 10T 375 1Y) P9 B 4
JiL Ly B B0 A FH B AL [ ik ] AR AR B 3% N 23 Bk s B AR, 43 3115 10%1E % A LTS . 10% 3515 DS IR B2 i 28 35 175
2 10904 bR s R BEAE £ A IV 85 9%, TR FH 20 umol/LoBUT 35604 B (1BHQ ) TN EE A T2 sl Bk P9 Je A 4 h, 5L 565 6
202 0 H NI TE A AREBE R PR BT R A LT 2 W DR PR BEAE AR IMTE 4 L OE F N IME +BHQ 2 AERE IR PR R A M
T +HBHQ 2 PR PR B B M VS +BHQ A, Wit AN 2= AR K AN 13 | — % fL A (NO) % it ; Western blotting £l
N B — AL R G T (eNOS) (i S AL IE IR i 1 (NQOT) (Y ZRIA 1 L , [ B AG: 0 248 Ji Y — 1% (MDA) 88 S Ak P B: AL T (SOD)
i A EU (CAT) B A H K (GSH) 7K - [ 255 ] FREZAE B M3 K5 5% 09 N 32 3h Ik P B i A Gt 28 1 Dh R e 1, 20 oA
T3 MDA K415 (P < 0.05) ;NO 75 51k P-eNOS™" /eNOS ( 22 %2 1177 B R Ak P4 1z 1 — AL R A 1 , P-eNOS™"'™) .SOD
CAT J2 GSH /K P 2 AR (P < 0.05) 5 tBHQ Tl A # v [ AR PR B AT L35 45148~ N =3l Ik P B2 20 B i) 9 T % F1 MDA & 1 (P <
0.05) , 5441 NO (97 4 . eNOS-mRNA 253k . P-eNOS™"7/eNOS . SOD . CAT 1 GSH 1Y /K F- (P < 0.05) . [ 4518 ] i 1% Nrf2-ARE i
% T A DR BEAE MLV 5 1 N 2 B bk N B AN A R R, B 9T UL SR T R HAL I 2 —

SRR« IRAGAE ; N B 20 R ) RE B % 5 AeCP0 85 P9 R — S A U5 Tl (eNOS) 5 B R E2 #H DG IR 7 2Bt 44k S vy Je 1
(Nrf2-ARE) ; 50T FEX5 2 — 3 (tBHQ)

I E %S R692.5 RAPRAEAD: A X EHE:1672-3554(2017)03-0341-09

Investigation of Effects And Mechanisms of Nrf2-ARE Pathway on Uremic Serum—
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Abstract: [Objective] To investigate the effects and mechanisms of Nrf2—=ARE (nuclear factor erythroid—2 related factor—anti-
oxidant response element) pathway on uremic serum—mediated endothelial dysfunction in human aortic endothelial cells. [ Methods ]
Human aortic endothelial cells were incubated in endothelial cell medium containing 10% normal serum, 10% non—diabetic uremic
serum or 10% diabetic uremic serum respectively, and 20 wmol/L tertiary butyl hydroquinone (tBHQ) were pretreated with cells to
active Nrf2—ARE pathway. The cells apoptosis rate were measured by flow cytometry, and the synthesis of NO was detected by flow
cytometry and immune fluorescent confocal, while the expression of P—eNOS™"'7/eNOS, and quinone oxidoreductase—1 (NQO1)
were measured by western blotting. The levels of malondialdehyde, superoxide dismutase, catalase, and glutathione in these cells were
also measured with kits. [ Results] Aortic endothelial cells incubated with uremic serum had a higher level of apoptosis rate and MDA
(P <0.05), and a lower level of NO systhesis, P-eNOS™""/eNOS expression, CAT, SOD,GSH (P < 0.05). Pretreated with tBHQ
can reduce the apoptosis rate and MDA level (P < 0.05), improve the amount of NO systhesis, the expression of P—eNOS™""”/eNOS,
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the levels of CAT, SOD, and GSH in these cells (P < 0.05). [ Conclusion] Activation of Nrf2—ARE pathway can improve endothelial

dysfunction in aortic endothelial cells induced by uremic serum, and its mechanism might be related with enhancement of the antioxi-

dant stress.

Key words: uremic serum; endothelial dysfunction; oxidative stress; endothelial nitric oxide synthase (eNOS) ; nuclear factor

erythroid—2 related factor—antioxidant response element (Nrf2-ARE) ; tert—Butylhydroquinone (tBHQ)
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6N H UL b BT 74 KUV > 1.3 %1 . EmE
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Table 1 Sequence of primers

Name Sequence (5’ —3") Length/bp

Nrf2 Sense TTTTCCATTCCCGAATTACAGT 130
Antisense AGGAGATCGATGAGTAAAAATGGT

GAPDH Sense TGTGTCCGTCGTGGATCTGA 150
Antisense TTGCTGTTGAAGTCGCAGGAG

tBHQ TR F 30 ik N K2 20 H 4 h, 1550 A 10%
W R DR B AR LT A PN B AN 5 o 3 I
F£24 h;
1.3 ABATHN

Tt 2 A e ASCAS: I 20 B 98 T (Annexin—FITC
apoptosis detection kit I , BD Biosciences ) , JH I it
AL, B0 5 325 B3, I PBS 2% P i 24
M, JE R A B A R 1 x 10%mL, B 100 L il A
WA A 5 L Annexin V-FITC (AV ) Fl
5 wL £k 7y e (Propidium Iodide, PI) , BiiEG .,
T EOEHFE 15 min, ZJ5F 1A 400 wL PBS
P, A AR T 4 A T, AV (=) T PI
(=) RIS RA0AE, AV (=) F1 PL(+) IRFEANAL, AV
(+) 1 PL(=) R I 0E T 40, AV (+) FIPL(+)
R R e O i i B R 1 = 1
g IR T
1.4 NOBy#&M

Tt 2 A0 A SRS I 40 JH Y NO (50 g DAF-FM
diacetate 720 L DMSO 1, fig & 24 10 pumol/L
DAF-FM &) , BRI A6 ™ 400, IF FH B0 19
PBS PE4H A 2 Y, 18 %% 20 i 55 5 o AF 45 1x10°/mL.
B0 (20 913% g) , 5 min/ik , 325 PBS, BN .04
ARG D) DAF-FM B 1 mL, 8 62 1R I 7 30
min ; 7 % DAF-FM %, BN A PBS I & 15 min,
A, O, LR 2 R YA 7] ; 554 PBS, I
B4 N AGHT 9 PBS 500 WL, B 2 40 i, 3 =X 40 it
ASCHSE 0 41 i NO 19 55 oo W 7R NO 11 5 &t
1.5 RT-PCRlIE

5 RNA 3 B ) & P2 BN B2 20 il RNA . $%
HE30 2 SRR G BB FEA T RT-PCR : S8 s i 5
IR GG A cDNA,, HAREAE L RIS . R )5
H PCRAAF & 17 PCR Y44, GAPDH iy N X |,
Sl LEEY TREARAR AR (ED), Bk
PR R e SN A B S
1.6 Western blot #& il

PR B 1, SDS-PAGE B JiE L IK S, F5 1
M, 23 M ABTHEGE B N 1 E2 1 G T 2 (nu-
clear factor erythroid-2 related factor, Nrf2) (1:500,
Santa Cruz Biotechnology) , Bt 8 1k i J5i i 1 (qui-
none oxidoreductase—1, NQO1) (1:1 000, Abcam) ,
eNOS(1:500)P-eNOS*™"'”(1:1 000,CST), GAPDH
(1:10 000, ProteinTech Group) , Il A BRAR i & 1k
AR IC 19 P 1eG (1210 000 5 %) , ECL &G
W&, F WCIF Image) KIZ 5387 8 A4F 43 B B AR 2%
A OGEE FEAE, BIUE LA T4 5 GAPDH Y U |
ELAN
1.7 HAtistRay e

6 0 240 Bt PN S % (malondialdehyde , MDA ;
NI, LR ) | A W A
(superoxide dismutase , SOD ; # 58, £k 97 15 £k B ]
&L E Rl (B H K (glutahione , GSH ; 27 B H
JR I I &, P o B3R ) K i 4R Ak S (catalase,
CAT; i AL SR IR &, B Bt LR ) | 4R AR
YL AT
1.8 SitELH

BT A Bt B8 b i 22 32 TR R
BRI IR BT J7 227007, THECRERHE TR 5 A6
| 2H 18] b8 2% JH Bonferronic 725, 2% JH SPSS 13.05¢
TS

2 % X

21 ANEThRkAEAMAT RIS

PREFAE LT 775 5 N T k) Bz 4 i gd =
ND F1 D 28 /9 N 3£ 3l Tk P9 Rz 20 16 1) 0 T 2653 30l
N 4 1Y 2.99 1 3.31 1% (P < 0.0001 ) 5 {HJ& ND £H F1I
D 2 B9 N ZE h ik P B A0 R TR 25 O i
P o tBHQ T Ab 3 AT o I AR 5 0 1 % 75 5 1 Y B2
M4 I T . (BHQ + ND ZH (9 = 30k P Bz 41
JH B R T S ND 4 A9 0.57 (P = 0.001) , % N 4
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B, A N4 175 /%5 (P = 0.033) 5 tBHQ + D 2 1) T3 F A7 i EME (F = 36.43, P < 0.0001) , tBHQ
N 32 30 bk PN B 40 8 TSk D 4L 0.57 (P < TIAL BE A9 N E B P B A0 R R TR 2 SR AT
0.001) , 5 N4, M N 1.9/%(P=0.009), N M (F =50.55,P < 0.001), IfiL7%5 M (BHQ Wi [H %
FUBHQ+N A - 1y 22 7 o b # (P = ) 1) 28 B RN A it 22 3 L (F = 3399, P <
0.109) o AN[F] I ¥ B 7% 19 N 32 80 fhk PN Bz 400 i 1 9 0.001, & 1)

10 157 10' 157 10 155 @
603% 4.50% -4 5.05% oA 0 0%
10° 4 S 10° 4 ‘ 10° 4 S

Q3
0.652%
10° 10*
10* 101 ® 10* 101 10* Qi 0
4.76% ¥ 3.43% 9.34% 0.
10° 4 10° 4 10° 4
= 10° 4 T 10 A
10'{ i
Q3 Q3 o4 Q3
0.543% 0.869% o 78.8% 1.71%
Tren T TrenT T 10' T T T T
10° 10! 10° 10° 10* 10° 10" 10° 10° 10 10° 10" 10° 10° 10*
FITC FITC FITC
4 - {BHQ + N {BHQ + ND {BHQ + D
1)
—~ 3 -
z
=
=
£
T 2 -
E
=
2
2
Q
[=H
< 1 -
O o
1 1 1 1 1 1
N ND D tBHQ + N {BHQ + ND tBHQ + D

N: Normal serum; ND: Non-diabetic hemodialysis serum; D: Diabetic hemodialysis serum; tBHQ + N: 20 pwmol/L tert—butylhydroquinone +

N; tBHQ + ND: 20 pmol/L tert—butylhydroquinone + ND; tBHQ + D: 20 pwmol/L tert—butylhydroquinone + D; n =3, 1)P < 0.05 vs N; 2)P < 0.05
vs ND; 3)P<0.05vs D

1 AEEANEZNEKAN KA HBEEA TR LR

Fig.1 Comparison of the apoptotic rate in aortic endothelial cells
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_
0.0 —

Pos S - — P —_— - 130 ka
aos D SR G - . 0

36 ku

GAPDH

N ND D {BHQ+N (BHQ+ND BHQ+D
A: Comparison of NO in aortic endothelial cells; B: Comparison of P-eNOS™"""’/eNOS in aortic endothelial cells. N: Normal serum; ND : Non—
diabetic hemodialysis serum ; D : Diabetic hemodialysis serum ; tBHQ + N: 20 pmol/L tert-butylhydroquinone + N ; tBHQ + ND : 20 pmol/L
tert—butylhydroquinone + ND; tBHQ + D: 20 pmol/L tert—butylhydroquinone + D. n.=3. 1)P < 0.05 vs N; 2)P < 0.05 vs ND; 3)P < 0.05 vs D
2 REHEAEFNEKAEHAAENO KX eNOS Western # Eb 2
Fig.2 Comparison of NO and eNOS in aortic endothelial cells
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A, B, C, D: the level of MDA, SOD, GSH, CAT in aortic endothelial cells respectively. N : Normal serum; ND: Non—diabetic hemodialy-
sis serum; D: Diabetic hemodialysis serum; tBHQ + N: 20 wmol/L tert-butylhydroquinone + N; tBHQ+ND: 20 wmol/L tert-butylhydroquinone +
ND; tBHQ + D: 20 pmol/L tert—butylhydroquinone + D; n = 3. 1)P < 0.05 vs N; 2)P < 0.05 vs ND; 3)P < 0.05 vs D; 4)P < 0.05 vs tBHQ + N
B3 AREHEANEZEKANEHEH MDA,SOD,GSH & CAT BItb &
Fig.3 Comparison of MDA ,SOD, GSH and CAT in aortic endothelial cells

22 NEBNEKA K4 NO 71 eNOS A EE 52

PREEARE LT AT 40 1 32 30 ik P9 Rz 4 NO A&
¥« T 2 40 i 2 G J 7 ND A D 4H A9 NO 4351l
N ZH % 0.81 F10.78 (P < 0.001) ;{H ND £H F1 D £H )
NESKN B4 sh NO S &1 22 5 0 i & 1
tBHQ i1 2k 38 AT 2 35 PR 8 AF 10 %5 15 5 i N F 30
Jik P Bz 240 L NO 7 12 B A - tBHQ+ND 41 1) A 32 5y
ik P9 Bz 4 B B NO b ND 41 9 1.22 £% (P =
0.009), 5 N4 b, 22 7500 E 7% BHQ+D Y A
T 50 bk N R 40 i NO S D 4 1.24 %5 (P =
0.001), 5 N4, 2% To W M, A FE IG5
9N T B K P B 40 G NO & HE i 22 S oA i 35
(F=3273, P<0.001),tBHQ FiAb 3 ) A 3 5 ik
PN EZ 240 LAY NO 5 1 1Y 22 S5 A i 5 P (F = 26,91,
P <0.001), IfiL3% b tBHQ 1% K 25 [a] il 38 AW A 5
P L (F=11.64, P=0.0015,[&2A).

PR AE I3 AT 40\ 32 3 ik 9 2 4 i eNOS

1Y 263K : Western 45 53 i 7~ A 3l Ik N B2 41 fitg
P-eNOS™""7/eNOS, ND 1 D 414351 A N 41 i1 0.67
F10.61(P =0.016F1 P =0.002) ;{5 ND £H 1 D £ 1)
N T3 Kk N Bz 40 L P—eNOS™"'7/eNOS 2% 56 i 3%
£ tBHQ T4k R AT 2435 PR3 AE 15 555 AN £ 30
Jik 9 Bz 440 i eNOS [ A . tBHQ + ND 2H Jy ND 2H fiY
1.524% (P < 0.001) ; 1M tBHQ + D 204 D 4119 1.64
¥, S B EYE(P <0.001) . A [E] LT 55 35 10
N T K B 40 0 P-eNOS™ 7/eNOS 1) 22 34
F(F =177.89,P < 0.001) ,tBHQ AL B A &
B K P Bz 41 B P-eNOS*"/eNOS 1 2% S 4 i 251
(F=4.742, P=0.030), IML74 K tBHQ ¥ [F 2 [A] (1)
T H AN G L (F = 13.10, P =0.001, &
2B).
2.3 ANEZRKA K488 MDA, SOD, GSH & CAT
B Eb 82

PR B LT 1T 48 55 N 32 30 ik Y R 4 i 4R 1k



5533 XSSCHE 2. T Nef2- ARE 38 B 36 JRGAR A8 8 015 5 3 614 1A B2 200 0 R i A S L BIL 347

2.5
2.0
1.5
1.0
0.5
0.0

ARE (flod of N)

2.5
2.0
1.5
1.0
0.5
0.0

Nrf2 mRNA (flod of N)

A\
o

Q*$ x
S,Y\ &Q\Q

C

A': the activity of ARE dual luciferase ; B: the mRNA expression of Nrf2; C: the protein expression of NQO1. N: Normal serum; ND: Non-di-

abetic hemodialysis serum; D: Diabetic hemodialysis serum; tBHQ + N: 20 pmol/L tert=butylhydroquinone + N; tBHQ+ND: 20 pwmol/L tert—butyl-
hydroquinone + ND; tBHQ + D : 20 wmol/L tert—butylhydroquinone + D;n =3, 1)P < 0.05 vs N; 2)P < 0.05 vs ND; 3)P < 0.05 vs D
4 AEHEANESRKHNEHARF Nef2 NQO1 K LL 52
Fig.4 Comparison of Nrf2 and NQOL1 in aortic endothelial cells

WK, AR S AR I B3OS 0 - ND AT D 2
F 3l Ik P9 B 4 B ) MDA 43031 28 N 29 2.18 (P <
0.0001) F12.26 1% (P < 0.001) , {H ND £ F1 D 41 )
N FBh KN Bz 40 b MDA 7K 14 2% 5506 8 35 1
5 N4LAH L, ND F1 D 4109 N F 3 ik 9 Rz 40 i 1
SOD, GSH #1 CAT % 2 F [ (P < 0.001, P < 0.001
FIP <0.001);{H ND 41 D4 £ SOD, GSH 1 CAT
TC A M . (BHQ FAL #1 AT B 38 R 3 0E ML 15 S
N 3 B Ik P9 B A 4Tk 1 % A5 - tBHQ + ND
ZH i MDA Jy ND 20 119 0.68 (P < 0.001) , %8 N 41 & ,
N ZH 1) 1.49 £% (P <0.001) , tBHQ + ND 4 4 tB-
HQ + NZ41AY 1.33 4% (P = 0.006) ;tBHQ + D 21} D
HE0.71(P <0.001), % N4, 0 N 4L 1.62 %
(P <0.001); 5 ND 4 L%, tBHQ + ND A2 tBHQ +
D 211 SOD .GSH ,CAT ¥J4 B @3 i (P < 0.001) ,
AFEENAR(P <0.05) . AFEIMFEREFR A T80
Jhk P Bz 40 8 MDA .SOD . GSH 2 CAT ) 25 %4 4 it
27 L (F = 65.84,P < 0.001,F = 97.56,P < 0.001 ,
F =50.45,P <0.001 2 F =119.1,P < 0.001) , tB-
HQ il &b 38 (1) N 3 30 [k 4 Bz 28 it MDA . SOD . GSH
J CAT 2 A 4173 L (F = 124.6,P < 0.001 ,
F=1162,P < 0.001 . F = 346.8, P < 0.001 & F =
306.0,P < 0.001), IfiL 7% S tBHQ P K 2 8] (1) 28 AL
NA G L (F=2791,P <0.001.F=5.052,

P=0.0181.F=4724,P=0.0224 }2 F = 8.874,P =
0.0021,3),
2.4 tBHQ Xt A E 3hEk M Bz 4A B 9 Nrf2- ARE i&
B HE B R

tBHQ AJ 14 5 N 3 3l ik N Bz 40 Jfd v Nef2 1Y
mRNA 33X : tBHQ+ND 41 ) Nrf2-mRNA &7 ND 41
1) 1.57 £ (P = 0.005) , i N 41 ) 1.83 f% (P =
0.001) ; 1M tBHQ+D 2 1Y) Nrf2-mRNA & D 41 1) 1.54
(P =0.008), HNZLK 1.79 1% (P = 0.001), A[H
I3 55 35 0 N F2 B0 ik P9 Bz A LAY Nrf2-mRNA 25 5
AR FEME(F = 5821, P <0.001), (BHQ 5 4b 34 1)
N TSNk P B2 40 B 9 Nef2-mRNA 2% 3 %1
(F =4.501,P=0.035), {H 1 ¥ & tBHQ M Al &
8] () 22 H. &N TC Gi 12 2 L (F = 04836, P =
0.628 , K1 4B ) .

tBHQ AT 385 A\ =3l K B2 41 i NQO1 3Rk
tBHQ + ND 41 (1) NQO1 & 4 5 Ay ND 2H 1) 1.35 fi%
(P=0.01), N 1.6£F5(P <0.001); [FHFEBHQ
+DUIAINQOT & DM 1.34%5(P= 0.035), N4
1 1.57 4% (P = 0.001) o A [R]af i 85 35 1\ 3 8 ik
N 20 ML ) NQOL 3Rk 22 S A G it 7 L (F =
45.75, P < 0.001) ,tBHQ T AbFHE i) A = 5 ik P9 5z 4
L) NQOT R 3k 22 7 A1 4i it 27 52 L (F = 8.343,
P =0.005) , {H 1ML %5 K (BHQ 19 PR 2 [a] B 38 H R4
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