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Neuroprotective effect and mechanism of Sestrin2 in

focal ischemic cerebral injury in rats
Wang Peng,Li Yixin,Zhang Hui
(Teaching and Research Section of Pathology ,College of Basic Medicine ,Center for Molecular Medicine and
Cancer Research ,Chongqing Medical University)
[ Abstract]Objective : To determine the neuroprotective effect and mechanism of the stress—induced protein Sestrin2 in focal ischemic
cerebral injury in rats. Methods ; A clinically relevant Sprague—Dawley rat model of focal ischemic brain injury was established by
photochemical embolization. Rats were divided into control group,model group,negative virus group,and Sesn2 overexpression group.
Sestrin2 expression was upregulated using gene overexpression technique. The neurological deficits of each group were scored accord—
ing to the modified Longa’s neurological scoring system. Cerebral infarction volume and neuronal injury were measured by TTC and
Nissl staining, respectively. Sesn2 and VEGF protein expression was measured by Western blot. Results : Neurological function
scores were significantly decreased in the Sesn2 overexpression group (2.100 +0.738) than in the model group (3.200 +0.789) and
negative virus group(3.200 + 0.632) (both P<0.05). TTC staining showed that cerebral infarction volume was significantly smaller in
the Sesn2 overexpression group (0.034 +0.004) than in the model group (0.072 +0.003) and negative virus group (0.069 + 0.003)
(both P<0.05). In addition, Nissl staining showed that the number of intact neurons was significantly higher in the Sesn2 overexpression
group (334.300 +21.550) than in the model group (122.000 + 17.000) and negative virus group (137.700 = 16.070) (both P<0.05).
Western blot analysis indicated that Sesn2 and VEGF protein expression was significantly upregulated in the Sesn2 overexpression
group than in the model group(0.542 +0.035 and 1.074 + 0.094, respectively) and negative virus group(0.578 +0.052 and 1.196 +
0.167 ,respectively ) (all P<0.05). Conclusion ;Sesn2 overex—
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pression improves neurological deficit,decreases cerebral in—

farction,and reduces neuronal damage. This protective effect

EEWMB:BXaARFAem EFHAA (%5 :81771261); A E may be mediated by upregulating VEGF and promoting mi—
BAHZEEFFHZALTAB (45 .81701165), crovascular regeneration in areas of cerebral ischemia.
£ 5% B4 B : hitp://kns.cnki.net/kems/detail/50.1046.R.20190522.0842.004.html [Key words]focal ischemic cerebral injury;Sestrin2;vascular

(2019-05-22) endothelial growth factor



BERERKZEZER 2019 £55 44 B 12 # ( Journal of Chongging Medical University 2019.Vol.44 No.12 )

— 1623 —

a5 L P A I S — ol R 5 M SIS AR B 114
W ULBN , 2005 I LS B Y 80% , HARR A FET
RIMEFARAAR R, 20 5B AL i R DT E 14l
PR, R P i A R BT — LR M e )

S o IR 2 2 GO P R A Rl e 4t 45—
RGP EAE TR A (IR S R G BR R ]
Bl iV A 2H U i E T SRR S AT T
A FERNAALIGEINGE, R, Wy e i s i
Ji SR B A A4 A T A8 ke (R I A ), I
RS F L DX ISP IR AL I, s il 2 2R ) TR 3, 46
RO S8 T (0 Bl 2 200 B, £ 2 i 2 A L 128 2 9
B AT S ik e 00 190 E M Il A N AR KA
(vascular endothelial growth factor, VEGF) H IfiL % N
I 08 0 240 M A D38 3 55 A A L AR S
S5 IMAE N AN B2 A, HAR BRAE ] SRR
AR IR A S A s A M . VEGF 7Rk
i B AR — 5032 30 5G| 5 41 1 R B R 1l =
VEGF 75 6 i i 21 23 v % 26 35 B 3 ™ hy
VEGF Jii , kil 1fiL A AR B {2 Ik /M, Sestrin2 (Sesn2)
W RgSE VEGF T2 R K, Sesn2 S — 1
FELRSERYEE 0T, /& Sestrin ZE H I FZL AL 51,
TENURSZ B R, W0 DNA 5345 | S0P R ke i d5te
AN OL NI A . WFITIESE Sesn2 RN H 2
FIPTEAAER 19 BFFT R B Sesn2 TEMZRT T B
o B RO, AR ZH Fi T 58 % R
Sesn2 TE X B ML-FHE (40 0 vh BAT — & A 20
YER ., 14K Sesn2 J& , kA FE AL B 34 K7 T
H AT Sesn2 Ay 2 G4V T AL v oK DI, A< SC
FRIT Sesn2 Wl fE L [ VEGF B33k, fE of ifn
P T A 1 e . B A B TSR TR
FNAST Bl i H X AT 8 77 [l A SR

1 #RFTTE

1.1

PR i 220~280 ¢ 11 80 H SPF sprague—dawley(SD)
KB, BEALS %) B2 (n=10) BERLLH (n=20) | [ PE9 2 41
(n=25)F0 Sesn2 3 Fih4 (n=25) . SLEesh ¥ th EPCERIK
2SS B AL S YXK (H1)2012-0001], AWF5E45 A1
AN B YA IEZ 512 AR AR

1.2 EZXAFE

BT (EH Sigma A H] ) ; KA FAME (E[E Sigma A ] ) ;
Z R W (1E Sigma 2 H ) 5 WOCA (RINEG IR ) 5 T4 E
P (RN FR R A ) ; Hamilton 3 & 7 5T %% (B -+ Hamilton 23
A ) R B H B0 (35 Bio—Rad 28] ) 5 AR K BRI 5L
(TRINFRAE ) ; Sesn2 1 FEIRMRAH IR (L MOTAEY) 52,
3, 5- =AU S ALY (TTC, [ Sigma 231 ) ;Sesn2 VEGF |
B-actin PLIA (ZE[FH Cell Signaling Technology 2> 7l ) ; HRAR i
ALY IC R LY 1eG . B SR bR i i) L
Yi/N IgG (€ Cell Signaling Technology A F] ) ; CellDoc200
B A% 258 (321 Bio-Rad 2AH]) s BCA #5 [ BE I e 357
& (AR RAYFARTIII) s RIPA 240 ( LI~ K
AP ARWFFERT) 5 ECL B A (32 Milipore 2] )
1.3 7k
1.3.1  Sesn2 i FRIKPRA I M 3.5%K G # ik
(350 mg/kg, MG REP ) BRI B, A ST M4 AP 3 7R i
X J5 1.0 mm, FEAMI 2.0 mm, fFEE 0 3.5 mm 500 b
FH Hamilton f80E 7 BT 2R 2 2 18 1 A 5wl Sesn2 i ik ff
FTIREE (10 we/p L) BV MK ZE P, RS 3R 0.5 Wi/ min,
TR eI BT BRSO I 5E S min, ZRJGFE 2 min P/
MBSO 7RSI R IR Sesn2 BRAR NG 1 5 P, i
TPet e B AR A Ny
1.3.2 Otk MR BE£E SPF LA MEE SD K UK
RS [ Sk 0 A S A A A, 2 58 A e fR i A 2
28 AT, WA 561 nm HARA 4 mm (YOG ST R E )
ELTE ST AP.0.5 mm ML:3.5 mm FE 0. /5 E B BRI
20 min, ZEHRETRT 2 min, BRI S S8 E AL
(0.133 mL/kg MR, 10 mg/mL 21 BRERA) BB bk, V5T
Ja PO A B G Rk SRS A BRIRAE T P R
DA TR L B P AARRTE 37 C,
1.3.3  SRERAYAL XFHRZR . H AL R S A 2R AR [ B ] 4]
I, BERVL  Fl 3R BT AR i I e S A i e AR AR | 4
BEJR W LA R ARSI R 7 d, BAMERG 4 . T 2 JHRiiE
FH Sesn2 1o FKIRA SN B ARG B , A S LA T 4
LEFE 7 d, Sesn2 3T FIRAL . T AL 2 HHTIEH Sesn2 i3
IRRRAH DGR T , EAL IS B B N AR SRR 7 4 RS A
PEAAAIA],
134 PFAEHZbsG  FEd SOk I Em A ) 7 d, 8
1 S ARG AR A A DAL T 2 D RE B T4, MR
Longa S5 % (B P2 2 Ge Xk 2L B i -1 T PE A a0 T
0, TCHIZINRERIAN ; 1, RAEFE /T EMAT RN 2, 4% 53, 7%
B4, A ARAHE, BUUKFEE R, Az sEBus e
LA 25 AL 7 g N
1.3.5 PPAAISCIAR  fEE SR i A A S 7 d,
SEHG R FURRTRS, S8 J5 WSk S AU BL S A 7 A R U 366 5



— 1624 —

BRERKFZER 2019 £55 44 E5 12 8 ( Journal of Chongging Medical University 2019.Vol.44 No.12 )

AN 2 mm ERERYI R, Z R R 2% 2,3,
S ORFEPUME ALY (TTC)7E 37 CRBEIFEE P Y4 20 min,
ZIE AR B K PES ARG AE 4 CRAE 4% 2 B h E
24 h, IEFALYRLT I LA ZUR Y B (), H
HHFHPL(Nikon, D5100)F45E 5 F, I-AH ] Image J(verl.37c,
NIH) 737
1.3.6  HHEUMERFIMSUFEVEM g sr b b i i 55 4
J5 7 d, e 3.5%/K G5 (350 merkg) BRIFR R, 582K
FE , H 0.9% A a I 4% 2T P DINEEE . WiskZ )5,
BB IR AZ R P IR 24 b, 25,1 H A )
HLWKHUBEAK I T A SR, S5 AR 2,
0.1% 11 3 % (Nissl J4 4 ) KA XI i 1.20 mm F1J5 3.6 mm (1)
5 wm SEERYT R Yt JF s F RS (1 R AO0WER . 7862
TR (50 x VPRI A4~ K3 e i B 200
] — 2 AR A R S e i A2 U 30 B3 X R 4 AT L5, BRGF-35)
Bt AU mm?,
1.3.7 Western blot  7E# 7 Yok 2A M AR RS 7 d, 55
HH 3.5%7K 4 A (350 mg/kg) BRI KB . 75 58 2 R S T
0.9%AMANZ D NERET: . SR 5 PRI K BUIKFEH 0.9%2E
FRERIK (4 °C) PRI LIVE BRI e . SR SR 43 1 ST T
RIPA 2B Pyl P A3 . F 24 B TR B O ML 78 4 °CLA
12 000 r/min B5.0> 20 min, 85 WA _LIEW . AR5 8 T B R 1)
BCA F P02 30 Gdh A 7 28 v A il -+ et
7 2 00 58 s T e 5 i L TK (SDS—PAGE) 43 5 S R U 2 1
T, SR 5% 5] PVDF B b BRSAE 5% BiRR 2R 13t 2 h,
SRIGTE 4 CF 591 Sesn2 WP (1 2 500), VEGF (1 : 500)
Hil B-actin(1 : 10 000)WFH K . Z )5 , EE M FRHIL SRR
PETHL(1 2 5 000) 8 E 1 h, EPIEAYEE (&l i 8 sm 1o 1k
R IC(ECL) BB, XHE 5 5 0 EURUEA T IR BE 43 #r , L B 1)
AN KEME S NSE N B-actin F547 JKEE(H I LU E A
AR (A ek it
14 “itsaE

SKFH SPSS 22.0 Geit bt . THE RIS +
PRifE2E (v + )RR AT 255 IT B AT & IE S0 fi s £
HPEC LR FH B 32 7 22 W, G IR  EL R ) LSD—
e, KK iE =0.05,

2.1 RAFFE B AR B Sesn2 KK A B A] R ik

LA B-actin fER N Z: ] NIH Image J BPFE /04745
ROV R Sesn2 FIFIAIKIE . WAl 1 FT7R ; Sesn2 25 4%
FAHEEXT MR ZH (0.164 £0.016) .1 d (0.340 +0.030) .3 d(0.379 +
0.032) . 5 d(0.383 £0.022) .7 d(0.472 +0.023) , 7507
TNAASIE B Sesn2 8 1R IA M 2 R A Gt L (F=

60.63,P=0.000) , X HARZE SR R, 1 d 1Y Sesn2 B H 14
SEAKFIH B 6 BB (P=0.000) ;7 d 14 Sesn2 & [ =ikt
B 1.3.5 d BN (P<0.05), 454 B SCHCK IR & 5E
H7d,

X REZH 1d 3d 5d 5d

Sesn2

B-actin

0.6 7

0.4 - .

0.2 4

Sesn2 %] Fih 5

0.0
xfpegl 1d 3d  5d 5d

T ra, WHIRZE vs. 1 d 4, P<0.055b:7 d 4 vs. 1 d 4, P<0.05
1 Western blot #&ill X 5 /& kM Ak i /5 i 2 47

22 AZHRLIFEA TIC e LR

A2 M B B EHE ST 7 d R PP A2 DI HE (Tonga 5 43
i) o MLETIREE T 45 R X BEZH (0) AEARIZ (3.200 +
0.789) BHPERF TR (3.200 + 0.632) Sesn2 3 F3k4H (2.100 +
0.738), T 25T HI 1 4 UL R 2 ) 22 57 B Gt L (F=
58.110,P=0.000) ., % A5 o BT Z] BAPES L A
Sesn2 13 F IR AL AP 4B 5 5 T X HRZH (P=0.000) ; Sesn2 i3
FEIR B TES W AR TSR 20 RN BH RS B 41 (P<0.01 ) 5 FEE 7Y
H S BAMR R4l 2 [0 22 7 RG24 L (P>0.05), UNE 2A
Fim, RIS 7 d BUNIE T TTC 4en, TTC Jetazh g
RN IRLL (0) HETIZH (0.072 £ 0.003)  BIHIREELL (0.069 =
0.003) Sesn2 i FIA2H (0.034 + 0.004) , 4 4175 2253 W4 H iy
25 HAA G 7 L(F=490.600, P=0.000) , J&xF #4559
SR, X RLLAE L AERVAL B BELL AT Sesn2 i3 321k 41
B AL T FR ] S 284 11 (P=0.000) ; Sesn2 i3 T ih 2H A5 4L IR I
ARV BAME R B 08/ (P=0.000) s 5 A1 2H 5 B i
TR 2Z ] 22 5 RGe 2435 L (P>0.05) , 40K 2B iR , BARS
k1,

£1 SEMBIEHISTBUAEEERLE

251 RS i AT
X HE 2 0.000 = 0.000 0.000 + 0.000
FEHIL 3.200 + 0.789 0.072 = 0.003
[P 2 2 3.200 + 0.632 0.069 = 0.003
Sesn2id Fik 4] 2.100 = 0.738 0.034 + 0.004
FAH 58.110 490.600
P14 0.000 0.000




BRERKFFR 2019 ££55 44 £5 12 83 ( Journal of Chongging Medical University 2019.Vol.44 No.12 )

— 1625 —

| hE-

X HRZH R AP TE4H Sesn2id FikdH
LRI vs. Sesn2 1 k41, P < 0.05
A KERRAPER B 7 d J5 T RETEs

X HE A R FIVER T

Sesn2id AL

s gl
2
K b
o 44
=S
=
SRS

04

XPHEZH  BERIZH MRS EEL Sesn2id FIkZH

ra, X HRZL vs IR, P<0.05 5b: BT vs. Sesn2 1 iR 4,
P<0.05

B. TTC e @ Al AL A AL AR
2 FHAMEIFHF TTC £ B RFISNWERER
23 JK(Nissl)# & 2R

JE & (Nissl) e 6 F I &5 7 d Je g ooiie s
ARk, fEJe TG (a gl B o I 4H (387.300 + 20.600) A5

24 (122.000 + 17.000) , [k #E4H (137.700 + 16.070) ,Sesn2
i IR (334.300 +21.550), Jr 2270 T o 4 EHE5 R 2% 5
AGE 2 L (F=152.900,P=0.000) , A HLARZS R TR 4L
TR 21 R B P 15 A B e 2 e B I ARG T X R 4 (=
0.000) ; Sesn2 3 & 15 41 (1445 4E 1 B B {08 vy A5 70 2 A )
TR (P=0.000) . BLRIZH 5 BV 41 2 0] 25 53 JE e 12
B (P>0.05), WKl 3 PR,

Hom

A 2L Sesn23d F ik
5001
=
£ 4001 b
" = =
é 3004
i@
g 201 .
i
Z 100
Eul
== 0-
X REZH FRYZH FAVERERZH Sesn2id A4
T ca, XTHEZH vs. BRUZH , P <0.05;b: B2 vs. Sesn2 1335354,
P<0.05
3 RK(Nissl ) £ EIFHARBLERERD 7 d 5K
HWETHEFTN

2.4 it &Kik Sesn2 &, VEGF #9 %A 3% Jn

P B-actin YEN N2l NIH Image J 0@ i o045
2N 4B 11 Sesn2 Fl VEGF 5K, t0l&l 4 s .
Sesn2 3 [ 2 1k B X BB 41 (0.396 + 0.013) AT (0.542 +
0.035) 140 (0.578 + 0.052) Sesn2 5334520 (0.780 +
0.086) , VEGF 25 [1 2 ik 5 4 B4 (1.015+0.079) A5 7 21
(1.488 = 0.076) FATEREEZH (1.551 £ 0.092) Sesn2 1 FIA4
(2.034£0.116), FEHH /R Sesn2 HEHAR XN ZFHA
Geitea i X (F=26.230,P=0.000) , 0 HLEEE R o, B
2, BPER TR AL Sesn2 3 3B 41 Sesn2 5 1 8K
HH 5825 T B4 (P<0.05) ; Sesn2 3if #2354 Sesn2 2 1 1kH



— 1626 —

BRERKFZER 2019 £55 44 E5 12 8 ( Journal of Chongging Medical University 2019.Vol.44 No.12 )

BB Z] B 5 21 I S B4 0 (P<0.01) 5 A7 2 5 B Pk
TR 22 W] 22 5 JC G208 L (P>0.05) . T7 225007 ko 4 4
VEGF R IAEF A G ITH#E L (F=61.420,P=0.000), ¥
P EE R R Sesn2 i Rk 4 VEGF R [ 3 1k it B A0
TUZE | BP9 2 2 1 8 4 00 (P<0.05 ) #5570 4 5 B s 7 41
Z IR ZE RG24 L (P>0.05) , ELAARSHE WL 2,

%2 #£HSesn2.VEGFLLE:

215 Sesn2 VEGF
XJHEZH 0.396 + 0.013 1.015 £0.079
FERIZH 0.542 +0.035 1.488 +0.076
IS s 2 0.578 = 0.052 1.551 0.092
Sesn2) Kkl 0.780 + 0.086 2.03420.116
FAE 26.230 61.420
PH 0.000 0.000

of B FORIZE BN EEL Sesn2id Fihal

45 kD

B-actin

»

1.0
b
0.8 T
i
| a
0.6
4
™=
o
: 0.4 - ——
=]
&
0.2
0.0 :
Xof B AT Bl Sesn2id ikl
2.51
b
2.0 -
i A
1.5 4
w®
-’D?
Z 1.0 =——
=
&)
=
= 0.5
0.0

REME BURAL BIER Sesn2id Fik4L
Hra, W IRZH vs. BERIZH , P <0.05;b: BEFUZH vs. Sesn2 1 FEik4H ,
P <0.05

B 4 Western blot #&il] Sesn2 #1 VEGF HIRIAZE

(x+s,n=6)

3 3t it

R A v DU s B A B R A T Y v AR
ZEL A P A | SRRE SN AR E R A | I
G o BB R TR T B | % 2 R R B P A A AL
il o Pl ZEL T P (14 A S e sl KL 453 473 1)
— RN A PR AR AR IR R 3R AR F IR T 1
SR TR FNA YT AR I Y OGS O IS P R AR
K7~ (VEGF) & —F 738 A 1983 EnyE H B 7,
Senger 253 DK B 14 I 7K R g 4 335 77 2 vh 4
B I AR N B A S G T RS
SIS A RIS 8B i, VEGF HE PR 4 K 2y
28 kb, H 8 MAMETHAI T AN E T A,
VEGF J&—Mi i H , BATRSR A AEYEE, VEGF
S ML/ AT A X F (platelet derived growth factor,
PDGF) Z A LG, VEGF = 558 1 15 1A% N i 40
JHL b Y fims A P TR DR 52 AR5 A iR - 1/
DA 18 4 A DX 52 A 5 G i R PR L A PR
VEGF F§ PS5 G 178 4 K 40 b sz 4k i 5|
B A I PR 2 R Sl Y 32 AR — RAL IR S22 4k
FEOMBEHE TR R, Y E A OE TEEERER AL
SRIG AR e 03 S AR R BN, AR I A K 20
ML 5, SRR 2203 2, — R4
Y2 30000, T I AE PN B 20 B B RS TR B | 1ff
EPESGE WL SR P42 o VEGE e[kt i
o B AR i 8 7R A B et A e 1l A5
T VEGF 7Rt iU g 21 b 23k g 1 el B
FH VEGF J5 , k5 SEARFR B 8 a0 Fii 7K e 1Y S ik
21, Sestrins f&— & LR SF Y RO A H .
Sestrins BEASAERF I V-4, B Bh A B 52, JF I bR
BT A B A B CEY, Sesn2 AR Ay ik
A AN 95 (Hi95) , /21 2R I B 2R b, JF H.
CLBE IR 32 24 A A 3R, 140 DNA 51477 | 84k
LU R IR AR A FTE A Sesn2 XTSI
PRREVES O HAT DR AP VR I, il i IS B0 e
I PR E RS S Sesn2 FIRE Nt A 5E 0 K
Sesn2 X AF I AH SC Y Co LR i - 1 400000 HA O
PEFHUS, SR, Sesn2 7 il ke i (1) LA A B A4
PLEI R ATEAE . Sesn2 5108 AR Z [A] A OC R LA



BERERKZEZER 2019 £55 44 B 12 # ( Journal of Chongging Medical University 2019.Vol.44 No.12 )

— 1627 —

W

AKIFFEUE B T Sy Ak A gfe 10 453 47 5 7 i iz S5
Hh Sesn2 FiE T, Sesn2 12 F i85 AT HH I 2 B ph 28
DIRest , i i SRR Jf i e i, R
TG Sesn2 FEZFEH BVE T, {#i ] Western blot
i ifi A A= BAH G HE 1 VEGE B3G5, ARNFSE kL
1E Sesn2 1 #6355 VEGF M55 7K 8 . Sesn2 A
REiE L IR VEGE fi 2 i it 1 DX 50 A0 f3f i 48 1542
K KA ER . 1M Sesn2 i1 /ERE AP
% VEGF 17 X W24 R A G I B2
[m)t

4% B®

-

AR 5T F W], Sesn2 7 it 1 A4 45 47 v 4
PRI FH AT RE SR8 A 2 1 108 A R B0,
PG5 451 5 , Sesn2 1] GBI o L8 VEGF 3Rk
RAEM P VER . Sesn2 X 8L % F) ] BE A i 1fiL
P XU 1R 7

£ £ X M

[1] Seto SW,Chang D,Jenkins A, et al. Angiogenesis in ischemic
stroke and angiogenic effects of Chinese Herbal Medicine[J]. J Clin
Med, 2016,5(6):56.

[2] Yin KJ,Hamblin M,Chen YE, et al. Angiogenesis—regulating mi—
croRNAs and ischemic stroke[J]. Curr Vasc Pharmacol,2015,13(3):
352-365.

[3] Plate KH,Beck H,Danner S, et al. Cell type specific upregulation
of vascuar endothelial growth fator in an MCA-occlusion model of cere—
bral infact[J]. J Neuropathol Exp Neurol,1999,58(6) :654-656.

[4] Harrigan MR, Ennis SR, Sullivan SE et al. Effects of intraventric—
ular infusion of vascular endothelial growth factor on cerebral blood

flow,edema,and infaretion volume[J]. Acta Neurochir,2003,145 (1)

49-53.
[5] Lee JH,Budanov AV, Karin M,et al. Sestrins orchestrate cellular
metabolism to attenuate aging[J]. Cell Metabolism,2013,18(6):792—
801.
[6] Chen Y,Chen S,Wu C,et al. Induction of sestrin2 as an endoge—
nous protective mechanism against amyloid beta—peptide neurotoxicity
in primary cortical culture[J]. Experimental Neurology,2014,253:63—
71.
[7] Li L,Xiao L,Hou Y et al. Sestrin2 silencing exacerbates cerebral
ischemia/reperfusion injury by decreasing mitochondrial biogenesis
through the AMPK/ PGC-1 pathway in rats|]J]. Scientific Reports, 2016,
6:30272. DOI; 10.1038/srep30272.
[8] Yang ZJ,Bao WL,Qiu MH, et al. Role of vascular endothelial
growth factor in enuronal DNA damage and repair in rat brain following
a transient cerebral ischemia|J]. J Neurosci Rev,2002,70(2) . 144-149.
[9] Zhang R,Wang L,Zhang L, et al. Nitric oxide enchances angiogen—
esis via the synthesia of vascular endothelial growth factor and ¢GMP
after stroke in the rat[J]. Circ Res,2003,92(3).308-313.
[10] Jiang MQ,Zhao YY,Cao W,et al. Long - term survival and re—
generation of neuronal and vasculature cells inside the core region after
ischemic stroke in adult mice[J]. Brain Pathology,2017,27 (4).480—
498.
[11] Lee JH,Bodmer R,Bier E, et al. Sestrins at the crossroad between
stress and aging[J]. Aging(Albany NY),2010,2(6):369-374.
[12] Budanov AV. Stress—responsive sestrins link p53 with redox reg—
ulation and mammalian target of rapamycin signaling[J]. Antioxidants &
Redox Signaling,2011,15(6) : 1679-1690.
[13] Hao BB,Pan XX,Fan Y,et al. Oleanolic acid attenuates liver is—
chemia reperfusion injury by HO-1/Sesn2 signaling pathway[J]. Hepa—
tobiliary Pancreat Dis Int,2016,15(5):519-524.
[14] Wang M,Liu J,Qin J,et al. Increased expression of Sestrin2 in
human and experimental heart failure[J]. Int J Clin Exp Pathol,2016,9
(8):8075-8082.
[15] Quan N,Sun W,Wang L,et al. Sestrin2 prevents age—related in—
tolerance to ischemia and reperfusion injury by modulating substrate
metabolism([J]. FASEB J,2017,31(9) :4153-4167.

FrAE G4 B AR



