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H)FITHA (30 K)o HIE 20 R T B #7 A K R 4 HIE B8 X B 2H 5 A= K AT 4 HIE B8 T T2 2k KR
TR 10 min J 7 51 JAK/STAT3 {5558 B BHINT 7] AG490 3 mg - kg ™' o HIE 411 BALHT 8 K B T i
6.48 72 h AbSE (R BT E S ALSE 10 H) % BT A K BT 48 h B A0 5, BUR IR i 5 20 2, 3R F o0 Ak -7
21 (HE) Y WS35 4 R BRI T 4 28 B4 U SR S 21t e 2 3 A S0 oy AR ) K LA 5 4 47 /)y RNA-21
(miR-21) F1 STAT3 mRNA )ik, &R HE Y Bon % BB R BRI S 210 bl Z 5o AN L 20 L i) RN B
BYIEHR AR AR Bk M Et 4 s HIE 21530 AE R B 2 21 23 v i 2 SO IR RIS R, v Kk i, 3 (A3 T 4Lk
KRG SR 2wl 2 TR K, v B K, 3 N, T DL AN A% [ 4 , I D /IR A A e TR K M i
Fi)5 6,48 72 h, HIE 20 A1 T T4 K Fi S 41 20 miR-21 \STAT3 mRNA FHXT %35 & B 2 & FXHB4L (P <0.05) , Tl
LR B 20 21 P miR-21 STAT3 mRNA AHXT K5 & B KT HIE 2 (P <0.05) . HIE ZF0THi2H K BiE RS 48 h
AV Eh 41 21 miR-21 STAT3 mRNA FHX 223k 5 i 25 & TS 6.72 h(P <0.05) ,HIE 2 fl T-Hi 41 KBRS 6 h
H51EHE 72 h 6154 4H miR-21 STAT3 mRNA FAX) Rk L ZE F G E L (P >0.05), 45t HIE #i4k
K EE 2 STAT3 mRNA \miR-21 F3E T = A X 28 40 i 2 07 B PR 9B L X — VR A AT DLk JAK/STAT3
5 Tl B LT ) AGA90 BHIT
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Effect of Janus kinase/signal transducers and activators of transcription 3 pathway inhibition on
hypoxic ischemic encephalopathy in neonatal rats

CHEN Hui-jun
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Province ,China)

Abstract: Objective To investigate the effect of Janus kinase/signal transducers and activators of transcription 3
(JAK/STAT3) pathway inhibition on hypoxic ischemic encephalopathy (HIE) in neonatal rats, and to provide evidence for
gene therapy of HIE. Methods Seventy Wistar neonatal rats were randomly divided into control group (n =10) ,HIE group
(n=30) and intervention group (n =30). The HIE models were established in neonatal rats of the HIE group and the
intervention group, but the HIE model was not prepared in neonatal rats of the control group. The neonatal rats in the
intervention group were treated with JAK/STAT3 signaling pathway blocker AG490(3 mg « kg™') by intraperitoneal injection
at 10 minutes before modeling. The neonatal rats in the HIE group and the intervention group were executed at 6,48 and 72
hours after modeling (10 rats in each group at each time point) ,and the neonatal rats in the control group were all executed at
48 hours after modeling, and the hippocampal tissues were obtained. The histopathological changes of hippocampal tissues of
neonatal rats were observed by hematoxylin-eosin ( HE) staining. The expression of microRNA-21 (miR-21) and STAT3 in
hippocampal tissues of rats was detected by real-time fluorescence quantitative polymerase chain reaction. Results HE
staining showed that the size and morphology of neurons and microglia in hippocampus of neonatal rats in the control group

were normal ,and no cell degeneration and edema were observed ;the neurons in hippocampus of neonatal rats in the HIE group
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were enlarged , moderately edematous and unevenly colored ;the morphological changes of hippocampal tissues of neonatal rats
in the intervention group included neuron enlargement, moderate to severe edema, uneven staining, karyopyknosis, slight
proliferation of microglia and interstitial edema. At 6,48 and 72 hours after modeling, the relative expression of miR-21 and
STAT3 mRNA in hippocampal tissues of neonatal rats in the HIE group and intervention group was significantly higher than
that in the control group (P <0.05),and the relative expression of miR-21 and STAT3 mRNA in hippocampal tissues of
neonatal rats in the intervention group was significantly lower than that in the HIE group (P <0.05). The relative expression of
miR-21 and STAT3 mRNA in hippocampal tissues of neonatal rats at 48 hours after modeling was significantly higher than that
at 72 hours after modeling in the HIE group and intervention group (P <0.05). There was no significant difference in the
relative expression of miR-21 and STAT3 mRNA in hippocampal tissues of neonatal rats between the time points of 6 hours and
72 hours after modeling in the HIE group and intervention group (P > 0. 05). Conclusion The up-regulation of the

expression of STAT3 mRNA and miR-21 in the hippocampal tissues of neonatal HIE rats may play a stress protective role on

nerve cells,which can be blocked by JAK/STAT3 signal transduction pathway blocker AG490.
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STAT 38 6 75 18 19 i sk 111 i 200 g D 5 1) B o o Ay
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1.2 FERF5ME  STAT3. #% /M RNA-2I
(microRNA-21 ,miR-21) ( & [E Abcam 2\ 7)), JAK/
STAT3 {5 ‘518 i BH T 77 AG490 (& [ Sigma 23 H]) ;
SR ¢ A B R A B B N ( polymerase chain
reaction, PCR) {¥ (£ [E Bio-Rad /y#]) , Eppendorf %
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1.3 WHHESIE K70 FOFE R BN N
XFREZH (10 H) (HIE 24 (30 ) A4 (30 H)
HIE ZH A1 T 2H 8 A R SRR A SCHR L7 ] o iy 5 2 o
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JIk, BRI A FL ARSIk 2 b, SR 2 hy SR 5
BT 37 CHEIRAKE SRR, AR A AR (S
TR EI 8% WIS TR 92% IAS) .2 h JEBUE BT AR
KB, BB SR . T P28 A K BT i A AL A
10 min Ji§ 75 JAK/STAT {3558 5% BHIKT 71 AG490
3 mg - kg™ X HRALH A K BN AT 28 5006 Bl ik o
B AR FL AN B AL R

1.4 ARRARE  HIE LM T W48 E KRS
AT IERE 6,48 .72 h AbSE, 4 20 B4~ B 1] i AL BE
10 5 X BB A B A KRR T 48 h Bf 43 Ab st . K AT
STk BRI J M, 220 6 e E T B TR R 92 v
( phosphate buffered saline, PBS) #140 g - L™' Z 5% H
i WSk, ORI Mg o (CAL [X) 4140, FRA 4R 2
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TR FMEL
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1.6 ZIMRNAXEEPCRIEMXKRBISAHLAR
miR-21 1 STAT3 mRNA fyRi%x  HUE & 414,
FIH TRIzol $2HE RNA, S 5% 5% 5 il cDNA ., 2
A% :RNA 5 wL N6 Rnadom Primer 0.8 pL. [JiF#l
TS (10 mmol - L") %5 1 pL, = BRI A A% T
( deoxy-ribonucleoside triphosphate ,dNTP)0. 4 pL, fz
B 53¢03 0.3 wL RNasin 0.4 pL.5 x ZZ WK 4 L, #h
SRR WK 20 L, ST HOA 3T



54 1

MRELZE : Janus /(551 5 T SR L 1 3 0 S RELIT X 7 22 O R S e L P 14532 -+ 303 -

KiEH L hy 94 °C 3 min KGR 5¢0F, PCR 47314
¥, )& W K Z: cDNA B g 5 pL. dNTP
(10 mmol - L™") 0. 2 pL. F W% #1 F W% 51 ¥
(10 mmol « L™') £ 1 wL .10 x PCR ZZ #hifg 2.5 plL.
MgCl, (50 mmol + L™') 0.7 pL.50 x SYBR Green
0.12 wL.Taq DNA B4 (2 500 kU - L7')0.4 L,
HNFERGEIKZE 25 wlo W24 :37 °C 2 min,94 °C
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40 o FIWF A AL WA E B AR A R TTHE A
Al G, LA U6 AR miR-21 N 2, B-actin K
STAT3 %, miR-21 5|#)J7%1 (70 bp) : LiiFH 5'-
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CCACAAAGAGCCACC-3';U6 5| ¥1)F%1 (75 bp) : I
A 5'-ATCATGTTTGAGACCTTCAACA-3', F i K
5'-CATCTCTTGCTCGAAGTCCA-3' ;STAT3 2|4 )% %]
(306 bp) : FiiEk 5'-ACAGGTTTCCAGCACGC-3',
Wik 5'-CATCGAGAAAGAGTCTACG-3' ; B-actin 5|4
J£ 4 (197 bp): L i & 5-CGTGCAGGCATC-
CGGCACGC-3", F i N 5 -TGGCATAAGGTGAAC-
AAGTACAG-3', 3R F 2724 3% 23 B miR-21 FiI
STAT3 (XS ik i .

1.7 it abiE N SPSS 17.0 kbt fr4eit
O3HT, TR ORISR + AR ZE (2 £ 5) R, T L
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E1 3EAMEXRRESHLAREFWE (HE £, x400)
Fig.1 Histopathological changes in hippocampal tissues of
neonatal rats in the three groups ( HE staining, x400)

2.2 3AFEKRRBEDHLE D miR-21 F1 STAT3
mRNA A RIEELLE LR IE 2 K3 Mk L,

WS 6,48 72 h, HIE 2 AT 41 K B S 2 21

miR-21 STAT3 mRNA FHX} 35 5 1 35 w5 T % B4,
BB G2 L (P <0.05) ; T Fi2H K 5l 520
4l miR-21 ,STAT3 mRNA X F A B T EKT
HIE 41, 25 A 41t 5 L (P <0.05) , HIE 29 i
THH K BUE S5 48 h i 202 rh miR-21 STAT3
mRNA X GA 0 W TS 6.72 h, 254
it L (P <0.05) ; HIE 2 F0 1 1 20 K B s
Ja6h S5EME 72 h ¥ 4041 miR-21, STAT3
mRNA A Xf ik & AR 2 F g it E L (P >

0.05),
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U639 .10 11 F i s )5 72 .48 .6 h,

2 3 AFHEXRBISHLA S miR-21 gjFRiL

Fig. 2

neonatal rats in the three groups

Expression of miR-21 in hippocampal tissues of

00y STAT3
200 bp ,
100 bp B-actin

M:Marker;1.5: %} f2H ;2 3 4 HIE 2455 6 48 .72 h;6.7 .8 T
IR 6.48.72 h,

3 3AFEXRREDALRAG STAT3 mRNA HyFRiE
Fig.3 Expression of STAT3 mRNA in hippocampal tissues
of neonatal rats in the three groups

x1 3AFHEARRIBEIAHLA D miR-21 & STAT3 mRNA
Rk
Tab. 1  Comparison of the expression of miR-21 and

STAT3 mRNA in hippocampal tissues of neonatal rats

among the three groups (xxs)
2115 n miR-21 STAT3 mRNA
papiis) 10 1.01 £0.22 1.52 +£0.31
HIE 4
EHIJE6h 10 3.87 £5.42° 3.67 +5.13°
Y5 48 h 10 6.33 £2.15% 5.01 +£3.26%
YERIS 72 h 10 3.16 £3.41° 3.21 +0.12°
i
WwRiE6h 10 2.12 £2.43% 2.08 £4.12%
YERIS 48 h 10 3.28 +4.65% 3.01 £3.26"
YERIE 72 h 10 2.18 +4.46 1.87 £0.12%

S0 IR AP < 0. 055 5 HIE 41 AP <0.05; 55
6.72 h [L#°P <0.05,
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Feik B, Hon] RE X 2 0 e B B R R
X— 1 1 o] DL Bk JAK/STAT3 [ 25 1% B 7 51
AG490 BHIKT. 385 JAK/STAT3 {35 558 I A7 S N
I RIG ST HIE (93550 5

%5 3k

(1] 20w, 4502, 576, 45, RIEFR 00T AR U 405 i 2 )4 Rl
DA EIRTEBRATE IR [ )] P R B A P25 ,2016,32(2)
290-295.

(2]

(8]

[10]

[11]

[12]

[13]

[15]

[16]

i3 JF R 205 8. JAK/STAT Ji 555 [ ok AL 353 005 WF 5 33k i
[J]. 252 515 R#F5T,2015,23(2) :164-167.
ke, ARSEAME. 18] 05T AN MRS AL Y7 A L e S e i A I
FARTFEHEREL ], HARSEADLBHIG R AR K ,2018,33(2) :81-85.
WREZE B A 7 A Ll Sk L A4 i LY P miR-21 4%
HIF-1a Fe3k Mg RESCLI ] UL FE A g% ,2015,23(1)
32-35.
LIN Y,CAI B,XUE X H,et al. TAT-mediated delivery of neuroglobin
attenuates apoptosis induced by oxygen-glucose deprivation via the
Jak2/Stat3 pathway in vitro [ J ]. Neurol Res,2015,37 (6) :531-
538.
LIU R,XU N, YI W, et al. Electroacupuncture effects on cortical
neurons, as well as Janus kinase 2-signal transducer and activator
of transcription 3 signal transduction pathway, in a rat model of
cerebral ischemia[ J|. Neural Regen Res,2012,7(6) :457-462.
MU AR, 505 2=, 45 5 5 AR X (R Lot A M 5 4%
R DIEN I S I IR 22 A KT AR i R E %
ISHENA [T, RS FURHIG R 2% ik ,2017,32(4) :296-299.
LUO Y, YANG Z,SU L, et al. Non-CSCs nourish CSC sthrough
interleukin-17 E-mediated activation of NF-kB and JAK/STAT3
signaling in human hepatocellular carcinoma [ J ]. Cancer Lett,
2016,375(2) :390-399.
VKt , o, 2Bty , . 7 A L e S e M 43 10 DK VR 2 i
il # 0] AP IE R A AR ,2016,26 (6) :61-66.
AT ST BRI, 55 o-3 Z A ANV i 2 0l Br
ST AR K BT 41 2 ep AL 5™ 4 R A0 L T
M T]. 8 & B BEraR ,2018,35(6) 1455458,
SUN Y,NADAL-VICENS M,MISONO S, et al. Neurogenin promotes
neurogenesis and inhibits glial differentiation by independent
mechanisms|[ J]. Cell ,2001,104(3) :365-376.
T & BER, 2 E X, 2. miRNA-21/PDCD4 3£ % 77 51 5 9%
PR RFIE ] MR BIERTF ,2013,40(9) :869-872.
ET IR, M EEAR. C-mye 5 il 845 ' miRNA-21 23Ky
KR [I]. fir ¥ 44,2013 ,36(4) :758-761.
ROZOVSKI U, CALIN G A,SETOYAMA T,et al. Signal tranducer
and actiwator of transcription ( STAT)-3 regulates microRNA
gene expression in chronic lymphocytic leukemia cells[ J]. Mol
Cancer,2013,50(12) :1476-1481.
LI Y,WU R,LIU Z,et al. Enforced expression of microRNA-21
influences the replication of varicella-zoster virus by triggering
signal transducer and activator of transcription 3 [ J]. Exp Ther
Med ,2014,7(5) :1291-1296.
LA XN, JH e, 45 STAT-3 il 5] WP1066 3% 5 it 41
X I AR A0 T8 2 RE 4V P RO AR SMUEFE [ 1] Kt
B£25,2016,44 (1) :3842.
(AXHiE:HhEB HXHE:HAB)



