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Sulfiredoxin-1 protects rat astrocytes from ischemia-induced damage

Yu Shanshan, Liu Yuanling, Chen Xi, Zhou Yunchuan, Zhou Yang, Wu Jingxian, Zhao Yong ( Department of
Pathology, Institute of Neuroscience, Key Laboratory of Neurobiology, College of Basic Medical Sciences, Chongqing
Medical University, Chongqing, 400016, China)

[ Abstract | Objective To determine the protective effect of sulfiredoxin-1 (Srxnl) on cultured rat
astrocytes after ischemic-induced injury and investigate whether the molecule takes part in the activation of
NF-kB signaling pathway. Methods  Hydrogen peroxide (H,0,) and oxygen-glucose deprivation followed
by recovery (OGD/R) were respectively used to mimic cerebral ischemia damage stress in freshly isolated
astrocytes from newborn SD rats. Lentiviral vectors carrying 2 shRNAs for Srxnl, Lenti-Srxnl-shl and Lenti-
Srxnl-sh2, were used to knockdown Srxnl in the astrocytes under the 2 models of ischemia. Cell viability was
tested by MTT assay. The nuclear translocation of NF-kB was detected by double fluorescent immunoassay.
The protein expression of p-NFkB p65 and macrophage migration inhibitory factor ( MIF) was determined by
Western blotting. Results  Both lentiviral vectors induced decreased protein level of Srxnl in the rat
astrocytes after either H,0, or OGD/R treatment. Knockdown of Srxnl resulted in obviously decreased cell
viability, enhanced nuclear translocation of NF-kB p65, and up-regulated expression of p-NFkB p65 and
MIF, when compared with the astrocytes without Srxnl knowdown. Conclusion  Srxnl, as an important
neuroprotective factor, protects astrocytes from ischemia-induced injury, which might be due to its involving in
the activation of NF-kB pathways.
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Sulfiredoxin-1 ( Srxnl ) J& ELAZ% A= ¥ H 18 i i1k %
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W7 AR RS IRE . A PR 4 i A B8 Tk 5k
Srxnl fEAE PR PC12 4ifg 6% H, 0,75 T 1Y S AL L3
Widi, HaX R Of 4745 5 Peroxiredoxins ( Prdxs) X%
oGt 56 BRI & B, Srnl 2 5 T LPS/
y-TEN HAI8C B /0 B s A e 20 114 4 B A 4 T
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R SRR D RE B ST R B, Srxnl ek Bk AT
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JUAHEL B, Sxnl 75 2 i o 40l o 1) 35 5 7K 45
o Btk ARBEITE R H, 0, 403 U2/ B
(oxygen-glucose deprivation followed by recovery, OGD/
RO) AT AL A PA Ji ol I P35 2 48 3 , 38 o 18 75 2
PRI Srxnl B35, WLEE Srxnl X K BRI I BT 2 i
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1.1 KRBAR BT a5

BUBHg A 1 ~2 d ffidiE SD FLRRUL 120 |1,
SEREAN ), b EE DG BB RS G sh iy rp o it . SR
Park 2517 730 1 42 B, 43 B WU K I Bz I , D g it 31
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F)) VR R A M 85 R, 0 25 BE RS AR AR
T BRI TT K/ NS T AN A, 15 3 40 5 A e 1) TR IR
AN . I T A2 G AN A 2 (5 40 i &1 4
MRPER I GFAP Yeft ), S 15 B i AL R 29K 95% (1)
KRR AN T 5 2k 325
1.2 Sexnl 2B F#

W5 KRR 2 T M I3 400 Mt 4 A oA Ak 2 ( Normal )
4 31X B ( Control ) £ A1 2 41 Srxnl 3 R T # 41
( Lenti-Srxnl-shl ZH f1 Lenti-Srxnl-sh2 2H ) , 4 %1 { FH
A B R 2 AR A RS R 2 A8 s T kA
K4 B P X BE R Srxnl-shRNA % b A B8 i Joit 41 i .
Control 41 J§ %1 Jy: 5'-TTCTCCGAACGTGTCACGT-3,
Lenti-Srxnl-shl 4 F 4} ¥* 51 4 : 5'-CGTGCCAATCGC-

CGTGCTCAT-3', Lenti-Srxnl-sh2 41 T # )5 %1 K. 5'-
CATCCACACCAGACTTGCAGT-3', ¥AEABFe il 43
PEAT 55 Y 72 h g R Y e e SR S50
1.3 H,0, 4R ey 5

Zx B FR AT IR A2 T R ) Uy g T H, 0, 8
I ¥t Sigma 23 A W43 H, O, 2 18 T /E WO A
2520 20 M B SR b, A5 H, 0, 1Y e &K B
100 wmol/L, 3:# A 37°C 5% CO, %46, 5557 6 h J5
HEAT G SR L5 .
1.4 #5584 A (OGD/R) 693 5

2 WA 82 B 391 41238 19 7 78 ST OGD/R A
I FHJCHE DMEM B335 ( Gibeo A7) ) YRV 2 38 ,
85 57 T 4 JC B DMEM, B i A Forma model
3131 =S84 (94%N, 1% 0, 5% CO,,37 °C) ,6 h
Ja 4 ] R G FR AL A 37 °C 5% CO, AR 4k 2 1 77
24 h AL PR
1.5 MTT &4 4 fe /578 %

JH 96 fLAR 35 7% 40 Mu, im A MTT ( Sigma 28 w] ),
20 pl/ AL, A 37 CHERARSERE TR 4 h J5 /O IR TS
FLAAYREFRIR, LA 150 WL DMSO, 4iz3% 15 min, HIf§ 5
AXAE 490 nm P AL 25 LR BE(E D(490) ]
1.6 MR I mAe At 5 kA NF-kB A4z 2L

PR SR AEC R A 240 T 1078 4% 2 R
1% [ %€ 20 min ,0.01 mol/L PBS %t 5 min x 3 ¥X ;i
I AL 37 CER 20 min, 072 103 , 60—t
NF-kB p65 (1: 50, Bioworld 2% 7] ) ,4 °C I & ot 7%,
0.01 mol/L PBS ¥k 10 min x 3 ¥, £L {456 4
(1:200) ,37 CHFHF 20 min, FG, % DAPI( 3 &K
o)) ARCETA A, IR 30 min,0.01 mol/L
PBS ZE¥E 10 min x 3 ¥, HihE f, 5%O6 BB T
WEE
1.7 Western blot # | Srxnl ,p-NFkB p65 . E " 49 it

7# 7 47 ) B F ( macrophage migration inhibitory
factor, MIF) 49 & & & ik

24 i 2R A VR A A A1 2R 1, ) Brradiford YA 2 2R
FIHBE . R Western blot ARl 25 B AT HL UK L 5% 5T
B, — R BEVE EE 43 512 < anti-Srxnl (1 400, Pro-
teintech 2 7] ) ; p-NFkB p65 (1: 500, Bioworld 2\ #] ) 5
MIF (1: 500, Bioworld /A ] ) . i Quantity One A4
FE AR KA, LA B-actin JKFE(EAE NS I, LLH
25 5N S S DG B I E RN R R ik i
1.8 %itF oM

SHBAELL 2 x5 FKon, 2R AT SPSS 17. 0 Geit At
HEAT R R T 25 04
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2.1 Srxnl FILzFE G0

Western blot 45 7R, 76 1E #1600 T (R # 47
H,0, %1 OGD/R £b3) , 51857 Control 4H k%%, Lenti-
Srxnl-shl ZH il Lenti-Srxnl-sh2 2 Srxnl {3215 BH i [
fE(P <0.01,P <0.05,[& 1A B). Jl 100 pmol/L H,0,
KFE6 h )5, 51857 Control 2H L%, Lenti-Srxnl-shl
ZHFI Lenti-Srxnl-sh2 #H Srxnl 7§ [ 7K F 3% B S R A%
(P<0.01), [61#, f£ OGD/R #&#l vh, 5 18 55 5
Control ZHAH b %:, Lenti-Srxnl -shl ZH #1 Lenti-Srxn1-sh2
4 Srxnl/B-actin F{H 343 50 /0 £ 0. 33 £ 0. 01 @I
0.42+0.04(P <0.01,¥] 1C. D), F B Lenti-Srxnl-
shl Fl Lenti-Srxnl-sh2 P2 T4 i Be ¥ 0] DA o 2>
Srxnl K

1 2 3 4
Srxnl(16x10%)— ==

Bactin(43x10) — [ — )
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Srxnl1(16x10%)— mes —
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A B:EFHEM 1. Normal £8;2: Control 28 ;3 : Lenti-Srxnl -

shl 84 Lenti-Srxnl-sh2 Z1;a: P <0.01,b: P <0. 05, 5

Control 484

C.D: H,0,# OGD/R ## 1. Control + H,0,41 ;2 Lenti-

Srxnl-shl + H,0, 48 ;3 ; Lenti-Srxnl -sh2 + H,0, 8 ;4 ; Control +

OGD/R 415 : Lenti-Srxnl -shl + OGD/R #1; 6 Lenti-Srxnl-

sh2 + OGD/R #8;a:P <0.01, %5 Control + H, 0, 20 }b £

b:P <0.01,% Control + OGD/R 4 }b4x

1 Western blot # il F 718 %5 & T4 Fy Bk 3F Srxnl ERH
RIEHIF T

2.2 Srxnl FIRLBEAK @ RO 4G EF

TT 455 BoR, F H,0, F1 OGD/R W Rh#5 1 | 4 A]
LSS RS R B AT S) § 475. 5 Control 41
&g, P AP Srxnl 2[R T 48 4H ( Lenti-Srxnl-shl 2H 01
Lenti-Srxn1-sh2 2H ) #)0] DAAH G s/ D ARG R (18 2)

120

AT (% )

415
1; Normal #8;2; Control + H,0, #i;:3: Lenti-Srxnl-shl +
H,0, 48 ;4 . Lenti-Srxnl-sh2 + H,0, 41;5 Control + OGD/R
20;6: Lenti-Srxnl-shl + OGD/R #41; 7. Lenti-Srxnl-sh2 +
OGD/R #8;a:P<0.01,%5 Normal 28}t 4;b. P <0.01, 5
Control + H,0,20L4%; ¢ P <0.01,d:P <0.05,%5 Control +
OGD/R #ab#g
E 2 MTT 4 Srxnl FH# 3 X REKEREKRHAM
FiRERRM
2.3  Srxnl F#3E A NF-kB p65 N4%

XU g% A Ml Ak 2= 45 2R 7R, NF-xB p65 Fric
HELAAHE G ; DAPLARIC NI , i 500 R P&
e[l gak , My £ a5, TEIERIEN T, 5186
Control £H ['1%%, Lenti-Srxnl-sh1 ZH 1 Lenti-Srxnl-sh2 2
Af AN NF-kB p65 ZLETOCEAMMIL AR FRIL . 78
H, 0, fb BT, Control 21 Hr 21 (8,58 3R 40, (H )2
ST A0 3R X, A 3 0 N R € A A X
Lenti-Srxnl-shl ZH# Lenti-Srxnl-sh2 2H , 4T {69 Y548 %2
MR K 40 A% X I, merge 5 {20 i A% DX 7R
HOY, [FFE, OGD/R bR, XU Ho 5 4 M Ak
RS H0, 05 HA 3 (B 3)

2.4  Srxnl F#H3E I p-NFB p65 9 & ik

Western blot £l 45 /R : ZEIEH IH LT, 518
J5 5 Control ZH [t %%, Lenti-Srxnl-sh1 ZH f Lenti-Srxnl-
sh2 ZHa] ARG i p-NFkB p65 # H 1Y ik (P <0.05,
K 4A B), 100 pmol/L H, 0, 4b ¥ B JE W B 4 i 6 h
J& , Lenti-Srxnl-shl 2 p-NFkB p65 FJ £ ik K 49 2
Control ZH[1) 1. 89 4%, Lenti-Srxnl-sh2 ZH [ 15 K4 2
Control 41 1) 1. 56 15, OGD/R 4bFH 24 h 115 F|251)
%5 5L 5 Control 2 [t %%, Lenti-Srxnl-sh1 25 fl Lenti-
Srxnl-sh2 20 p-NFkB p65 By FEEHH BN (P <
0.01, Kl4D.E),
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Control 2 Lenti-Srxnl<shl Z1 Lenti-Srxnl-sh2 2l Control 21 Lenti-Srxnl-shl 1 Lenti-Srxnl-sh2 1 Control 21 Lenti-Srxnl-shl £ Lenti-Srxnl-sh2 2
H,0, OGD/R
Ay RS I A FILE B, NF-kB p65 #Fatkam it 4 a:P <0.01,b:P <0.05,%5 Control ZA}t3; c.: P <0.01,d;P <
0.05, 5 Control + H,0,48}b%5; e: P <0.01,%5 Control + OGD/R 4}t 4%
3 W RZAMALEKRT H,0,70 OGD/R #EE th Srxnl F#i1& /N NF-kB p6S i# N\ 4 Ei% K

! 2 3 4 i 2 3 4 s
p-NFkB p65(60 x10°)— o p-NFkB p65(60 x10*)— =

MIF(13 x10°)— v : _ Smmesy n - MIF(13x10°)—

6
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A ~C; £ 2L Western blot 25 R F= p-NFkB p65 MIF & & &5 ¥ £ F45# 1: Normal 28;2;Control £8;3 ; Lenti-Srxnl-shl 28 ;
4. Lenti-Srxnl-sh2 28 ;a:P <0.05, % Control 20}t 4%
D ~F;: H,0,#/ OGD/R #£ % Western blot #5 % f= p-NF«B p65 MIF &g A2 ¥ & 544 % 1. Control + H,0,48;2; Lenti-
Srxnl-shl + H, 0, #8; 3 ; Lenti-Srxnl-sh2 + H, O, 8 ;4 ; Control + OGD/R #1;5; Lenti-Srxnl-shl + OGD/R 48 ;6; Lenti-Srxnl-sh2 +
OGD/R #R; a:P <0.01,%5 Control + H,0,28}t4% ;b.P <0.01,% Control + OGD/R 4}t 4%

& 4 Western blot %Il Srxnl F#ii&n p-NFkB p65 1 MIF & BRI RIE
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2.5 Srxnl F#3IZ I MIF 69 &L

Western blot £l 25 3 /R : TEIEH MO, 518
Ji7 Control 40 FL %%, Lenti-Srxnl-shl £ f1 Lenti-Srxnl-
sh2 ZH ] A3 MIF (93535 (P <0.05), Lenti-Srxnl-
shl 24 MIF #3535 K2y & Control ZH MIF %) 1. 41 f3%,
Lenti-Srxnl-sh2 20 MIF [ 35 35 K 252 Control 2 MIF
M) 1. 47 15 (B 4A.C) o 23 51 H,0, F1 OGD/R P
BEAY AL R U AR IE I B4 , Srxnl 402 MIF
HHRIEIKFL 5T Control 41, 2% A G IT2FE X
(P<0.01,K4D.F),
3 Wig

TE SR P FS 0, T B H A B R 1
TGN 5 B8 , A JAEFN G SO, Jon e il 2H 21
PRREER . IFFR R, — 28/ 8 1A W] RE7E il
LA R BE F R IE T B . Srxnl, J
BUA B 2 R4 E I S N IR N R Z
—, BEA X H B B g M ALl 0t 5% K 22 40 Jag BRAE A0 46
b BB T B AR A S, H R, X Srxnl 7 i e i
RAEA T3 T DI RE KA W ANTERE . 7EBREUA Fi
WFFE R SR 2 b, AR DA KRR A T I o 4 i A
WFFERT4, R & 88 H,0, ,OGD/R BERL B4 A
ik A 0L 3 A, S A L e B TR A B R AR
Srxnl B33k, 45 R, 78 H,0,F1 OGD/R ##drhr
P Srxnl LR 12 B A5 £ 240 M 77 % 232 0] W o, SR 10
il Srxnl (335, RERE N E H, 0, A OGD/R A5 B2
TG o A R 45345 o

TERIE B A0 Mi v, Sexnl 2 5 2 516 b NF-«B
RAET B N NIRRT, HET i ATEAE . BRI T
NF-kB 1952 2 1% 4k (338 NF-kB p65 A% 3Kk K& p-
NFkB p65 7K F-3§ /i) J& NF-«B {5 53 P& B 1 ¢
O AT ST AR S 8 AN Ak 2 4 R AR R,
100 pmol/L H, 0, 4L ¥ J5 , Lenti-Srxnl-shl ZH F1 Lenti-
Srxnl-sh2 ¥ 7] JLFRIE NF-kB p65 B 41 258 e iR
P 240 A L 2 DX IR E A € 0 A0 A% DX Bk, FE
OGD/R BHIrh 1453 1 AH[R] Y255 . Western blot 45
R, R A AE E, Sexnl T30 41 i % 15 28 g p-
NFkB p65 (k345 , L B85 R UESE T8 Srxnl &
feiiA S NF-kB 19151k .

NF-kB /G {05 , MIF 3k T, T AT RAig5 3 i
— RIIAE A T ROBRL " o FRATI A i 0 4 3
R I, NF-kB/MIF 38 %75 A Sl i dife 1 F5-E 3 98 0 452 4
EBNEEAEM, 2P A R 2R 1EH
R E S S SRz —" . ABFSE Western blot 4%
IR 7R PR A0 45 5 A AL (H, O, ,OGD/R B )
Hr, Srxnl T4 NF-B #EIEP] MIF 2 257K 1
AR, DL RS R OR, T Sxnl 3 fiE
ffi NF-kB ST HE 5 AT .

25 LR, Sexn AR Ry 4 P S 1 1 22 DR AP R
A LA/ H,0, ,OGD/R 5K B T8 I ot 48 e fry 45 473

I HX A GRS RE T RE-S5 OGS 20 it 5 B A R SR [ 1
NF-kB KN {5 1 i (0 s U0 G

S Xk
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