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(WE] B® WG SHESMEFREG N T 3 (STAT3) 15558 5105 A= K RUB & e i i 45 45
AR A LEl. ik 80 H 7 H iy Sprague-Dawley K BR B AL 43 o4 St S B . (HI) 41 (n=40) FI{EF R4
(n=40) . HI 20K BT 4 MR 3 k45 FLBE S B4 (8% 0,) AbBE 2.5 h, BT ARS8 A M2 3h Bk(E A
FEEFLAMBE AL B BILH M BI4E HIJS 4. 6. 8. 12 Fll 24 h Ab3E R BOFI MK Z. K R BE 4 AL M Western
blot ¥ Kz STAT3 . W2 fb STAT3 FLfE P A K I+ (VEGEF ) R 2i5, TUNEL 3y a7k K I 4n i i -
LR HI AR T ARUIE STAT3 8 R LES I ]S 22 5 RG24 L (P>0.05) 5 BR 24 h 4, A
JHT AL RR AL STAT3 A FEA I B m TR FARYL, 6 h k@l (P<0.01) o A[}H) 4 AT 41 VEGF %
B S ETERFARL, ShiEFEIE (P<0.05) o HI 450 S E T4 m T AR,  HL B ] 2E K
T-ANBOE WG (P<0.01) o 51 H4E KRBl HI 5 STAT3 o] e 8k i R AL 0% T 5 5 VEGF 283k; STAT3
WG T RES S T AN T, SR B R AL b 2R A T TR R AR DG
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Role of STAT3 signaling pathway in hypoxic-ischemic brain damage of neonatal rats

DENG Rui, ZHAO Feng-Yan, ZHANG Li, LI De-Yuan, MU De-Zhi. Department of Pediatrics, West China Second
University Hospital, Chengdu 610041, China (Mu D-Z, Email: mdzscu@sina.com)

Abstract: Objective To study the role and mechanisms of STAT3 signaling pathway in hypoxic-ischemic brain
damage (HIBD) of neonatal rats. Methods Eighty 7-day-old Sprague-Dawley rats were randomly divided into two
groups: HI and sham-operated (n=40 each). The rats in the HI group were subjected to right carotid artery ligation
and subsequent hypoxia exposure (8% O,) for 2.5 hours, and the rats in the sham-operated group underwent the right
carotid artery dissection without subsequent ligation or hypoxia treatment. Brain tissue samples were collected at 4,
6, 8, 12 and 24 hours after operation and hypoxic exposure. Immunohistochemistry and Western blot were used to
detect the expression of STAT3, phosphorylated STAT3 (p-STAT3) and vascular endothelial growth factor (VEGF)
proteins. TUNEL staining was used to detect apoptotic cells. Results  No significant difference in STAT3 expression
was observed at all time points between the HI and sham-operated groups (P>0.05). Compared with the sham-operated
group, the expression of p-STAT3 protein in the HI group was significantly upregulated at 4, 6, 8, 12 hours after
operation and hypoxic exposure, and peaked at 6 hours (P<0.01). The VEGF expression in the HI group was higher than
that in the sham-operated group at all time points, which peaked at 8 hours (P<0.05). TUNEL staining showed that the
apoptotic cells increased significantly in a time-dependent manner compared with the sham-operated group (P<0.01).
Conclusions HI may lead to phosphorylation of STAT3 which probably induces the VEGF expression in the brain of
neonatal rats. The activated STAT3 signaling pathway may be involved in the apoptosis regulation of nerve cells, and
related to apoptosis inhibition of nerve cells. [Chin J Contemp Pediatr, 2016, 18(1): 78-84]
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B A Lk S8 Bk i PE il (hypoxia-ischemic
encephalopathy, HIE ) J2& A= B3 A= L UL A i ix
M RGPR, L REUH 2 R G5 RE .
B H R ALH] A SE 42 BB o Janus W8 - {555
T 55 5006 B (janus kinase-signal transducer
and activator of transcription, JAK-STAT ) i%& 18 J& it
ORI A I — R MR S SR, ZERTiES
ARt " R ARAE T A AR AR RGP AR
STAT3 J& STATs KGN EZEN G, RESSE T
FHNZEGAANL DNA A5 AN 5 5N I
K& 55, JAKs SFEERIIE N A STAT3, fif STAT3
RABERRATITE AL . AR STAT3 JE 1 R I 2 5+
U8 Z RAKEAL BV A MIAZ N, 5 H R 5 DNA S
TCREE G, A B R R A A o 1 AT R ]
JCAT B B B340 5, STAT3 (43 18 ke 1k
STAT3 ( phosphorylated STAT3, p-STAT3 ) 7E ki 4
ZUrh Rk Ty, fH p-STAT3 7ER & 40 i 1Y
SERATAEZESE, —LEHGEINDY p-STAT3 T EAEHf
Zoeth ik 1, — 2B SN p-STAT3 7E
S M B e AR ML . /N A B 2Rk T )
b, i PR 5 STAT3 W6 Ak VR FHABAAE 5
W, ARSI STAT3 WAL mT Ll F iyt s H
Bel-2 Belxl FF MIRFEH T8 H Bax Kik, Miiik
RGP ER ", SRS STAT3 it &
WS SR AT Y, RFEPFFE T p-STAT3
SAR/ R EIWNEENE I F= S N ETRCERZ VA i) i P w6 S
T STAT3 HYRIFFE AR T e AT BBk A
111 XF T+ STAT3 5 538 % 70 7 AE B e 4 ok ot 7

(' hypoxia-ischemia, HI #5145 5 T e /E iR iE 870

M5 N B A (vascular endothelial growth
factor, VEGF ) J& STAT3 # ) F il %W 43 F-
VEGF AMUREREIER AL MU A UM A R, )2
— R AP SR AR R, O A A
SRS E R E OIS R . R AR
AR VEGE £ FRUIK Jm) 5 i e 15 2235 b ™, {A
M AE X AR S STAT3 BTE L S 2
g2 T S

AWFFE AR B STAT3 7658 A LBk A e i 1
Jigi #2175 ( hypoxic-ischemic brain damage, HIBD ) 1
MIVER R 5 VEGE ik | Mgl ia T-mI &5 .

1 HESHE
1.1 EEAFRLE
WAEIME . SP S il & (dbshiz4
BRI W) 5 bt STAT3 Filk . bt p-STAT3
PR (Cell Signaling A ), £ ) ; Rt VEGF $t
A /NET B-actin P SR it E ALY B bR 10 Y
Y NP 1eG Uik (Santa Cruz A7), FKHE) ;
TUNEL 2t 3 7 S A7 46 ML) £ ( Roche 24 ],
FKHE) ;5 BEARBERR I HI Cocktail T ( Sigma
2w, £E) 5 BCA HHE SR G &L Al
HHEH (AR A ) ; ECL IRk
Hik A (Pierce 2AH], £HE) . FUERERS.
CX31 5% (Olympus 23 Fl, HA ) ; ImagePro
Plus 4.5 B4 58 AF ( Media Cybernetics 2y F] ,
FH)
1.2 WS ESKEET

7 H #% Sprague-Dawley (SD) K K 3t 80 H
(W TR msh P o), MEMEARIR, (K&
11~18 g, FEOLI AT ARLF HL AL, &4l 40 H,

% JH Rice-Vannueci 32 1] £ HIBD Fi#
R FRE CBERRI 5 U EM [ € , SUEPDIE,
HI 415y Bt a5 LA MLk, 860, RiE
WA 1h, FREERBURABRERE D, RUARIRSG
(92% N,. 8% 0,)2.5 h, ZJFHUH & TR,
R FARMEAN T LT B A MBS BIIK, A TE5HL &
BRAEAb R, HAYAE PRI HI 2,
1.3 HRARE

TR HIJS 4. 6. 8. 12 A1 24 h 5 /NHF ] 5
WWbE, BRI ARS8 2, RIE R
PITRGY, — iR (n=4) TCMEARENS: 20 mL 2R3
K, 4% ZHRPBENFEE 20 min, TG0 ik o0 5
W, sreE i Zy, T AR - 40 (HE)
Yett, | AL B TUNEL et 55 —3B% (n=4)
[F) BT UG, FEOKAR By e G 2H 2, &
THWA T T Western blot £,
1.4 HE %8

TG SETEA, Yl (5 um) 2% HUB &S
KALIE , FRARRYLAD 5 min, TR /HME, Ak
KR, LY 2 ming K. BED . B
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1.5 GEARNLZFZLN STAT3, p-STAT3 &
VEGF ZA X%

S A B R S U T —BUTE A
1:100( STAT3 ), 1:75( p-STAT3 )F1 1:200 ( VEGF ),
PBS OB —HuiBI X IR . Aei SR R, A~
i LA IR B 6 IR (5 um) , 4T &
ST BEALIER 5 S ILEF (<400 ) REEE, K
JH Image Pro Plus 4.5 E1& 3 80 25 1 B PR
IR RE (10D) fA.

1.6 Western blot ¥l FE A &K%

BURAEMGLH bR A 50 mg A 4 24 i i v
513, YK EJCE 30 min 5 T 4°C. 14000 r/min &5
L 30min, WA FIFBE A, HE 110V H K
Lh, BEEFER AR, IEEA, ECL B4,
B G ARG IR 10D {6, H & A4
FINZ B-actin 2547 (1) 10D HAE 2R H AOEE A A
ki,

1.7 TUNEL i

i TUNEL i3 & #E D BRI T, FEi 5 )2
Wb, AR (5 pm ) W ALBAE K AE, & T pH 6.0
IR IRZE M T, MR 30 min, B 10 min,
VB 5 I8 AR AZ 1 I A i e B Bl S LW, 37 C
HEYCHFE 60 min, EEVEJE N Streptavidin-HRP T AE
W, 37°CHCMET 30 min, DAB &, FHM:40
SACNEEEE (D, BRI SR AN LR 6 5Kk A,
Sebs B AR U) A BEHLIE S M UEF( x 400 )RAEFIE,
AT (T F8%k = T PR g / A
JI%L x 100% )

1.8 SZit=EHh

K HH SPSS 12.0 St R vk B 1 7 48 12
SHT o THEGERER IR + AiifEZE (R +s) R,
PRZH ] LU BCR T R ey, 224 0] LU BCR FH BRI &R
T 28T, AR LR A LSD- K25, P<0.05
hZERAGIFEE .

2 #R

21 WAFEXREZEERIERT

HI ZH A [ s (o] 555 7 J2 Rt T A ) R J3E 4 e
JiK | ARG PG v . AHRHESZETL . P2 on AR

il 45, HIJ5 24 h 0SS & RFERHELZE
FE 5 XA HES A ), TEAIER . LK 1.

@ 9w

1 FEFTAE KR & E] S A R IE AT (HE
Yefa, x400) BRFEARA 2 MBI A T, JEATH; HI
E4E I N T (6 D 1 1 O[5 e 0 2 2 7 = A
ZoUAEE . LR, 24 h A0MOBSR T

2.2 HI W#FAEKXRBEAL STATS EARIENFH
VG|

STAT3 FEIp A5 T K or Flieg B X AR AL, o
D F K S BaA% . HI 245 I [] 55, STAT3 kK
L2 5 RG24 X (P>0.05) ;3 HIH ST
AR aE, £ WA 5 STAT3 kK V-2 %51t
R (P>0.05) o WK 2, #£ 1.
2.3 HI X#FEKXRMAL p-STAT3 EAFKIEM
A1

p-STAT3 734 XS FIE -5 STAT3 & H—EL
FBRTFARLAEL, HIZKER HIJ5 4 h p-STAT3 8 H
FeIREIN, 6h AEE, 8h FFUAIRAL, (HASRSER
TEE KT (P<0.05) , 24h BEZERR, SHTFA
IR G FE L (P>0.05) . WK 3, #2.
2.4 HIXM#FHEARMALR VEGF EERIZHZIN

VEGF %5341 T J A 5 XS0, &
S FHEdE . FRFARAME, HIH R HI S 4h
VEGF AN, 8 hikmlg, 12 h JFARFEAIL,
24 h [EERAME (P<0.05) . WK 4, 3,
2.5 FAEKXR HI FHZMEmET

HI 41 A5 Bk ) S 08 T2 B s 50 v TR AR 4,
LB s (B S A B T, 24 b sk A0 O T 38 B
1 (P<0.01) , P ARALE RS A A gE T,
WLKE'5, %4,
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B 2 WAHEKRREITES STAT3 EEHBRIE (FEdifk, x400) B ARG Bz I A3 K i mT W, STAT3
FRARIR; HI 41450 0] 05 52 B I 2 B % STAT3 2 113k K- S5 F AR 4L i Jo I 8 22 5. STAT3 PHE ik RAS s @,

F1 WMAFEKR STATI ZEARIAKFELLER  (xxs)

21 51 R 4h 6h 8h 12h 24 h F14 P1H
flFAR4 4 28213 +4780 26934 +1955 28582+5035 266873297 27887 +4045 0.170 0.951
HI 2 4 26162 +2120 25859 +1365 28508 +8967 26324+5808 27119+3610 0.170 0.950

tH 0.785 0.901 0.014 0.109 0.283

P1{H 0.463 0.402 0.989 0.917 0.786
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«c @ o O, Wt ~
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J & y g - L3l » .
‘ ’. ? y iy - < e -
> & = 8 AT A v
e - L] i X, - & "" '.‘. ” /‘ 1
* e Ve 5 -« » r - N
o - HI8 h ». HI 12 h - w HI 24 h

B3 WAFEKXRERIEEp-STAT3 EHMERIE (AL, x400)  BFARLLHE FMSK R AZ S UL p-STAT3
R HI LA 0] 0 B B 2% T A2 p-STAT3 R &R F B F AR AL W 1N, 6 h BRIk K T-akmig, p-STAT3 FHHE£
UL g

K2 WAFLEKRR p-STAT3 ZEAFRIEKTELLE  (xxs)

251 U 4h 6h 8h 12h 24 h F1ii Pl
TFARL 4 66811589  8244+1909 7866 =907 8067+ 1304 7965+ 1204 0.760 0.566
HI 4 4 12953 £2970" 31582+3572 25621 +3251° 12795+2178" 7837 +718" 53.230 <0.01

tH 3.724 11.523 10.522 3.725 0.183

P1E <0.01 <0.01 <0.01 <0.01 0.861

W aRn5RE4 6h L, P<0.05,
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P T  HISh R HI12h, P HI 4N

E 4 WAFEKRKREITES VEGF ZEAMFRIE (fuuEdfk, x400) IRTF AR TR WL VEGE 2 £ 1k;
HI A ] 5 7 SR VEGE 2 (AR BR FARLLE E38m, 8 h Af kKA ik, VEGE PHPEFR A A (0,

*3 FWANEKRR VEGF EBFRIAKFLILE (xxs)

ZH R 4h 6h 8h 12h 24 h FAH P1{H
BFARLH 4 11923 +4223 10590 +3281 11471+3753 105662740 11131 +3727 0.110 0.979
HI 41 4 18682 +2430" 37356 +3417 41756 +4447 33598 £4696" 18366 +4429°  29.650 <0.05

Al 2.774 11.300 10.409 8.473 2.499

P1H <0.05 <0.05 <0.05 <0.05 <0.05

e as/R5[EI4 8 h Fbd, P<0.05,

; o ’ e, A2 Yo«
o ' ‘, ‘ s & v, ; e R o i
™ s 5 a“%e o009, » 7 4~
e 73 : ® . b , v ~@ "5 &
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¥ O e, o he Y e " ey 8. Wel , .
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o' . . 13 ) %
~ R - ’ < -" .~ ! ' ' ’\ , - "
% LS £ R - . S A "o TS
B . g ¢“ \ ] o w .
2 . @ . - | A ') y - A ™ o
- s » - @ ’ s . » »
¢ o BFER4L W HIAE VR & HshPl e " HI24h

B 5 MWAHFEXRAEATIER (TUNEL Jt, x400) S FARLLB A, TUNEL BIPEANIE R ; T 4144 ) o5
P2 AN TUNEL BHPE AR FARLLE Z 40, 24 h kK Fi s . TUNEL FHE s S ARG,

x4 MAFEARMAEATHEBEER (xzs)

2053 R 4h 6h 8h 12h 24 h FAH P1i
FALH 4 1.0+04 1.0+03 1.1+04 13+0.5 1.1+03 0.360 0.830
HI 41 4 59+ 1.0° 10.1+0.8" 148 +2.5" 22,0 +2.4° 335+59 48.980 <0.01

HE 8.833 20.280 10.990 17.144 10.991

P{H <0.01 <0.01 <0.01 <0.01 <0.01

d: aR5AI4L 24 h LB, P<0.05,

2.6 Western blot # il ¥ 280 #7 4 KX B STAT3. FKEEFIGEIFE L (P>0.05) o p-STAT3 HH
p-STAT3 & VEGF ZEA K% FIAT HLJG 4 h AT, 6 hikmlE, 8h LUSE
SRFARLAMLL, HI 5450} E 5 STAT3 HH WIREAR, B 24 hAb, HI 4140 E 5 p-STAT3 ik
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P TR T AR (P<0.05) . VEGF #E AT HI
J Ah BRI, 8 hik &g, 24 h B REAL, A2
b3 5 e A RARRL, HI J5 & BHE 5 VEGE
TR EmTEFARA (P<0.05) . WWE 6, %5,

1 2 3 4 5 6

STAT: ' . — e —

P - —

P-STATS s s B s

VEGE [ — i . -
-

B 6 Western blot # il 7 4H #f & X B STAT3.
p-STAT3 K VEGF EH % & 1 HITFARH; 2~6 55K
HIZHHIJ5 4, 6. 8, 12 [ 24h,

% 5 Western blot #iM A £ KX REEBQHEITRIAKE

(n=4, x+s)
415 STAT3 p-STAT3 VEGF
BTAR4  0.126+£0.004  0.084+0011  0.122+0.010
HI 21
4h 0.139+0.014  0.179+£0.021"  0.455 + 0.008"
6h 0.139+£0.009  0.558 +0.024™"  0.953 + 0.041"
8h 0.136 £ 0.008  0.298 +0.017"  1.158 +0.039"
12h 0.133+£0.013  0.136 +0.012"  0.746 + 0.043"
24 h 0.137+0.012  0.093+0.017 0457 +0.014"
FA4 0.87 422.10 632.60
Pl 0.518 <0.01 <0.01

e am ST AR, P<0.05; bR 5414, 8, 12,
24 h ML, P<0.05; c/R5RI41 4. 6. 12, 24 h MLk, P<0.05,

3 i

JAK-STAT {553 % 2 30 Ak & B — %20
M5 55 st . HE JAK-STAT i i Ak £ 43
T, STAT3 5H4 R 5 & T Motk UIAH G,
HWFFE R, VIAE /N BRI A v o F e A, |
FH L6 52 {4 B s B B A BH B 1L-6 {5 5 5% )5,
/N BRI Bz 2 i 2 15 A p-STAT3 8 H K ik
FD, FHIEX IR T M W L, R
STAT3 {& AL 1] G B A i A9 VB T, M BEL 1k 41

JaygET ", SR, A U AT STAT3 & 5151k,
PIERS SHmMadiie s, AR,

TEAM TR, &I TF AR HI 41 STAT3
BH P40 BT S g S )3z o A, SRR ARG —
" HAE BT AR A A K R4 2 p-STAT3
A RIAKEMAL, I STAT3 HEH EE R LR
BEIR AL i I A TE T 1E %082 U412, 78 HI
J& 4 h p-STAT3 B &AM, 6hikmiE, 8h)g
REAIG, p-STAT3 PHAE 40 M 3 2207 T B o R & K ifg
oy, MuBTF A% A Rs, BRIAZRIE R F,
Il STAT3 7E HI J5 4% B 0] g RIK T2 7, $E/R7E
HIBD A rhr, HI AJ L35 STAT3 B2 1k 1T i
o Suzuki 45 " HET AR K BUK A H 3h ki ZE AR
HRU R0 Ry b e i B ot V8 R B 495 5 p-STAT3
B BUh Rk ARk, R BRI Kz I = 5
BRI PR 3.5 h ), )2 M BUIRIR 25T p-STAT3
PRI G TR, FRE R 24 h )5 p-STAT3
B TE B W X R I 2Rk g, R,
p-STAT3 Fifi 75 P 1 B 1] 2 < 3 3k i ik /b, I
p-STAT3 FKibtaH GAMFAL, BIJeTt e R,
{5 R F 5T p-STAT3 25 3k 2 I Bsf 7] B T A B 5%
JT WL B A EEE], 33X AT e -5 B P A i AR AR ]
A Ko

YE N STAT3 5 24y Ui o+ 2 — 1,
VEGF B9 IF 52 m 4 o S i 48 154 . 456 %2
IR AEDUII TR0 . 5 4 28 41 M 354 5 43 AL A
B R ATE HIJG, STAT3 Tk &A1 S VEGF
M FRIBWE? AL R Bn, HIJG 4h VEGF &
RN, 8 hikEE, ZIRMEML, HEFRARSE
/D VEGF 35, U253 7R3 A U4 Uk
A HI AR 545 0 VEGE By 363A FiM, Ty —A~
EAR R A MBS, HIJ5 p-STAT3 ik & 5T
i E AR, (AR E m IR T VEGF, MR
p-STAT3 5 VEGF ik @i th 3L 585 MRk ia
() — ST . AR U HI S, 35 1kAY STAT3 ff
fE2 5 T HRIF VEGF ki,

AT AN A B, TR HT s ]
ISR, VEGF AL ST T
AR, B VEGF Kikmit, MT-#2EH%, VEGF
IREEE, JATORGN, X AT AR T p-STAT3
BT D, 32 HOEE I VEGE 2635t A 1 FE AR,
XA Ry ER B E TR, SEsmE,
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