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Role of PERK signaling pathway—mediated mitochondrial unfolded protein
response in hypoxic—ischemic brain injury
Wang Yingyun,Yu Liguo,Cao Haiyan,Li Yanfang
(Department of Rehabilitation Medicine , The First Hospital of Wuhan / Wuhan Integrated Traditional Chinese and
Western Medicine Hospital )
[ Abstract] Objective : To examine the role of mitochondrial unfolded protein response (mtUPR) mediated by the protein kinase RNA—
like ER kinase (PERK) signaling pathway in hypoxic—ischemic brain injury (HIBI). Methods : Rats were randomly divided into the
sham group and five HIBT groups (3,6, 12,24 and 48 h after HIBI)
fEE 4R : Lok %, Email :n007097@163.com, for Western blot analysis of PERK, activating transcription factor 4

AT & E AL (ATF4) , and heat shock protein 60 (HSP60) protein expression
EIE1EE : £ , Email : 2424588058qq.com,,
HEETH T A RA A28 A (45 :2021B548K)
2% H AR - https:/link.cnki.net/urlid/50.1046.r.20241023.0949.032 the sham group, HIBI group, HIBI+PERK group, and HIBI+Vector

(2024-10-23) group, with 15 rats in each group. Rats in the HIBI+PERK group

over time. In another experiment, rats were randomly divided into
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and HIBI+Vector group were given intracerebroventricular injection of adeno—associated virus (AAV ) —based PERK overexpression
plasmid or empty AAV vector 1 h before HIBI to induce specific PERK expression. FJC staining was performed 24 h after HIBI to ana-
lyze neuronal degeneration, and oxidative stress was examined by DHE staining and enzyme—linked immunosorbent assay. In a third ex-
periment, rats were randomly divided into the sham group, HIBI group and HIBI+CCT020312 (PERK agonist) group, with 12 rats in
each group. Rats in the HIBI+CCT020312 group were given intracerebroventricular injection of CCT020312 one hour before HIBI.
Open field test and Morris water maze test were performed 3 weeks after HIBI. Results: Compared with the sham group, the HIBI
groups showed significantly increased PERK, ATF4, and HSP60 expression at 3 h post—=HIBI, which peaked at 12 h and then gradually
decreased until 48 h (F=60.23, 56.72, 74.31, all P<0.001). The HIBI+PERK group had significantly lower number of degenerated
neurons (100.2 + 3.1 vs. 582.4 + 15.7, P<0.001) , reactive oxygen species (ROS) level (42.4 +2.9 vs. 17.7 + 2.1, P<0.01) , and malo-
ndialdehyde (MDA ) level (0.81 = 0.06 vs. 0.54 + 0.04, P<0.001) , but significantly higher glutathione peroxidase (GSH-Px) activity
(112.4 +3.6 vs. 177.5 £ 6.6, P<0.05) and superoxide dismutase (SOD) activity (463 £ 1.9 vs. 64.2 +2.3,P<0.05) ,as compared with
the HIBI group. PERK(1.00 = 0.03 vs. 1.66 + 0.08, P<0.01) , ATF4 (1.00 + 0.04 vs. 1.53 + 0.06, P<0.05) , dynamin-related protein 1
(Drp1;1.00 +0.02 vs. 1.98 + 0.07, P<0.01) , and HSP60 (1.00 + 0.03 vs. 1.37 + 0.04, P<0.05) protein expression in the hippocampal
tissue were significantly higher in the HIBI group than in the sham group. Furthermore, the HIBI+PERK group demonstrated signifi-
cantly higher PERK (1.66 + 0.08 vs. 2.95 + 0.17, P<0.01) , ATF4(1.53 £ 0.06 vs. 3.42 +0.22, P<0.01) , and HSP60 (1.37 + 0.04 vs.
2.03 +0.09, P<0.05) protein expression ( F=46.72,30.63,20.64, P<0.001) but significantly lower Drp1 (1.98 + 0.07 vs. 1.04 + 0.05,
P<0.05) protein expression in the hippocampal tissue than the HIBI group (F=35.72, P<0.001). Mean escape latency and the number
of platform crossings were significantly higher in the HIBI+CCT020312 group than in the HIBI group ( F=246.84,113.62, P<0.001).
Conclusion : PERK attenuates oxidative stress and neuronal apoptosis induced by HIBI, possibly through the regulation of mtUPR via
the PERK/ATF4 signaling pathway. CCT020312 has neuroprotective effects in HIBI.
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B I IR T FBUR 1 E A B Y — ik (36
Affinity A FDMFE 2 ho Al R Ab27 B GRG0 8 SR 1 ik
frof Ak . i A —HT U0 R - H1 PERK Fi Ak (1:1 000) (it
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SRIB gl AT R B AP R
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7E HIBLJ5 55 22~27 Kt 47 MWM 1L, K i 7K (20 =
1) CHEA TBFEIE KL (ELAE, 160 em; &2, 60 cm) 1, K IR
JER 15 emo JELES d B RIEAT 4RI H 8 HIK R 431
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% 34 . .  EIHIBI-6h
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C. PERK-NeuN X FE 4L (1,
B  PERK, L1 (A5G M4t , W (56 4MMEA% . a, 5 Sham
AL, P<0.05;b, 5 Sham 414 kb , P<0.01; ¢, 5 Sham ZHMH L , P<
0.001
1 HIBI/5 PERK,ATF4 ,HSP60 HIB} 2 ik (n=3)

2.2 PERK AL A¥ 4% 47 HIBI JG 6949 270 % 14 RAL B
FIC Y& (0 4347 R BRI 85 5 20 2 i 28 ST AR PR 1O
7 : 5 Sham 2 AH [t , HIBI 20 #ft 28 76745 1 119 %0 = BH 0 184
(P<0.001) . 5 HIBI4LAH Lt , HIBI+PERK 4 i 22 L AR P (1 54
I B AR (P<0.01) (B 2A .2 1) . DHE e H ELISA 437
TR BRI ¥ 5 20 2 A A I O O R < 5 Sham AR L,

HIBIZH ROS MDA . PCO 7K~F- Bl {2 384 Jin (P<0.001) , 1 GSH-
Px.,SOD i 1 B B & (P<0.001) . 15 HIBI 414 kb , HIBI+
PERK 41 ROS MDA , PCO /K- W] & i i (P<0.01) , Fl GSH~-
Px . SOD 7% 1 B .34 41 (P<0.05) (1 2B . % 1) .

Sham

HIBI
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A. FICH A,

HIBI+PERK HIBI+Vector

B. DHEZ (%,
2 PERKZ5EYWRPHIBIEHHETEME. SR

2.3 PERK %58 % &% HIBI /& #9 mtUPR A ¥

3 3k 2R 0T B AR A D R BRI 1 T 4 21 PERK
ATF4 . Drpl \HSP60 [ 3 1 A K PAE L /R : 5 Sham ZH4H
Lt , HIBI 26 K B 40 23 PERK L ATF4  Drpl . HSP60 ZE [
FEIR U 8 (P<0.05) .« 5 HIBIZHAH Lt , HIBI+PERK 41
K R T 41 21 PERK  ATF4 \HSP60 2K [ %34 2 B {2 3 fin
(P<0.05) , Fl Drp1 25 1 3235 B i F#AIR (P<0.05) (1 3A .38 2) .

#®1 PERKZB5ETRIPHBISHMETEE . R (n=6,x +5)

a5 FJC B 2 e A it/ ROS /K MDA PCO GSH-Px SOD
mm” (%) (nmol/mg-protein)  (ng/mg*protein) (mU/mg- protein) (U/mg*protein)

Sham 100.24 + 3.08 5.00  1.08 0.42 +0.03 9.81+0.78 241.00 +5.78 7853+29 2
HIBI 582.42 + 15.67° 4242 +2.89° 0.81 = 0.06° 22.40 +2.56° 11238 +3.56" 4630 + 1.88"
HIBI+PERK 325.56 + 10.30° 17.67 £2.10° 0.54 % 0.04° 1533 + 1.14" 177.49 + 6.62" 64.19 +2.35"
HIBI+Vector 575.89 + 12.04° 4758 £3.77° 0.79 % 0.03" 21.7+2.2° 118.20 + 4.78° 47.03 +1.78
FlH 207.6 91.4 46.8 40.7 62.5 32.9

PlH <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Hra, 5 Sham 4IAH L, P<0.001 ;b, 5 HIBIZHAH L , P<0.05 ¢, 5 HIBIZHAH EL , P<0.01
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TE B0 HSP60, £1 0585 - M 20T, ¥ (69 : %
El3 PERKZ 5T {R# HIBI/Z# mUPRIFT

HSP60/NeuN/DAPI

2.4 CCT020312 7% 77 7T £ fif HIBL AR X 84 5 3] Aot fC I 7%
CCT020312 /& —F PERK &SI  , AR WF 5T b 4T T 47 i
W, DI 2 PERK/ATFA (5 5 78 HIBLZ 5 () 2% 2 e A R
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£, 55 Sham 2 M F , HIBL 1 (14 37 24 0k s o5 AR 30 (. 25
K A% (P<0.05) . HIBI+CCT020312 2H 1) T 24 39 3 v 1 10 At
HIBT 41 & 48 i (P<0.01) (£ 4)

O R

HIBLSE 3 A LI 53 493 1 — Fi DB =X, B &
B 235005 00 v KU ARG ) L BN
(DPERK/ATF4 {55 5 18 i 7€ HIBI J& 12 h ik 2] g i
HAE Z 5 2 W B A ; @it FH AR M PERK 2 F T
mtUPR ] ¢ 2 (4 HSP60 fi ik , I 16 — E R F |-
P07 KN e % HIBI A4 52 1 ; Q) PERK #4 34 7]
CCT020312 7 —E f2 % LK & T HIBL 31124 >
AHCAZI o X EEEHE 2 H T PERK/ATFA {5
TR R HIBLYAYT BWE AETRY T #E AT

LR A W) I A AR AE Ry Th AR 28 R 48 h 4ok
PRI 58 2 ME T S B AR MY, fedn i AR R

®2 EIEARNIEARN PERK.ATF4.Drp1 HSP60 I A REKTF (n=6,x +5)

25 5 PERK ATF4 Drpl HSP60

Sham 1.00 +0.03 1.00 £ 0.04 1.00 + 0.02 1.00 +0.03

HIBI 1.66 + 0.08" 1.53 +0.06" 1.98 +0.07" 1.37 +0.04"

HIBI+PERK 2.95+0.17 3.42 +0.22 2.03 +0.09* 1.04 + 0.05°

HIBI+Vector 1.60 + 0.07" 1.48 +0.08" 1.92 +0.09" 1.33 +0.03"

F{H 246.72 30.63 35.72 20.64

P{H <0.001 <0.001 <0.001 <0.001
T :a, 5 Sham 4 Fb , P<0.05;b, 55 Sham 24 Eb , P<0.01; ¢, 5 HIBIZLAH E , P<0.05;d, 5 HIBIZLAH HE , P<0.01

®3 OFTHIAMEMEES . FHEEMTEFHRMNSEITER (n=8,x+5)
21 5] BHFEE (em) TS5 (em/s ) B R g ()
Sham 3982.00 + 154.00 7.00 £0.38 9.00 £2.03
HIBI 4375.00 £ 207.00 7.48 +0.50 1.00 £ 0.51°
HIBI+CCT020312 4108.00 + 226.00 7.31+0.42 7.02 £ 1.45
FAE 1.36 0.53 113.62
PAE 0.205 0.736 <0.001
1 :a, 5 Sham Z A L, P<0.001;b, 5 HIBIZ{# Lt , P<0.001
x4 BEEHERHMNELR (n=8,xxs)
a5 ] (d)
1 2 3 4 5

Sham 70.02 +5.11 39.04 = 4.38 21.04 +3.42 11.03 £ 1.24 10.45 +0.78
HIBI 85.00 + 5.97° 84.00 + 5.42" 83.21+8.01" 72.96 +9.00" 58.00 + 9.56"
HIBI+CCT020312 73.00 = 4.98 44.01 +5.03° 30.54 + 4.56" 18.22 +2.33¢ 15.13 = 1.89°
FA 4.92 19.37 26.75 33.92 21.24
P 0.039 <0.001 <0.001 <0.001 <0.001

T :a, 55 Sham HAH L, PP<0.05;b, 5 Sham ZHAH L , P<0.001 5 ¢, 5 HIBIZHAH EL , P<0.015d, 5 HIBIZHAH EL , P<0.001
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SRR B T BE R ) Lok A A ) o A 1 S TR AR
19 55— IR 5T 2 B, 2R AR B AL AR 4 B AR
I 2 ST AR 0 Y LR A I K AR I 2
Ji 3 3 0% mtUPR S gl &8 20 R 47, A1, mtUPR
2 AT 3 7 AT SRR B A — b 3R AR o AR
PERK/ATF4 3 f# 9% UFE 91 /2 34 55 mtUPR 1 5C H
T R, A5 R PERK/ATES 38 [ 9
7B mtUPR X HIBLE S (Y AR T2 . 78 B
HIAY A28, A IR B2 % B PERK  ATF4 ) 2 35 Al
mtUPR AH ¢ H 1 HSP60 7E HIBLJ 12 h P4 & 3 L,
Z )R FE . SMEME PERK 3 i PERK/ATF4 8
BEFIHSPO0 21k . AWF5E 45 REW], PERK/ATF4 i
BT RES 5 Y mtUPR 37 o

LS Bl — FR G138 A B ORI L], ARG
AR RS, l mtUPR ., HSP60 2 15 41 i 4
A mtUPR AH OG5+, B A 5 2ok {& DNA 2
FE PR DG R S A G I T T AR RAR T E™
PERK 1E A P4 5 19 1 Je 3l A 47 28 28 11 R (14 12 e
Z — , HBE 5 2ok (A TR, 18T ZORE R A 5 Y
] i (mitochondria—associated endoplasmic reticulum
membranes , MAM) %) S £k N 30", L #F , PERK /&
MAM ) FE 52—, G5 2 Ui Re 4% 8 UM BLAE
FH 702 fuh AL 9 755 R AR A 4 i T . ROS F11
Ca™ Y AgH4 . MAM LI 5 2l F Wi i OB o, 3l 2ok
A R 9 B IR R A I B 1) A A 2 AR R AT B
B 2R 1R, I, PERK SRR (5 5 A 41 it A% % 13 ]
T 155 2 ) 110 AT R X B 2 i 2 0E B— S AH B
T HE I 2% Sk 5 T mtUPR. 3T 4F 26, 18 1) S 9 1
mtUPR {55 /2 #1828 G 5 9k B 1) ¥ 7 3R s iF 52 1)
£E 05, IF HWFST3IE 52 PERK 38 F& A5 19 mtUPR B4
TR P T AEIR T VR T, sk 2R A7 P
FEABEFE T, PERK i 3RIA 4% T HIBLIS S 1 28
JCARYE AR B, P Drp ik & i SRR TR T
BT — kW, AR BN PERK 1] 58 94 5
mtUPR 7K, F£ 76 HIBIASE AL v Xof b 28 e 463 495 e 454
FHEN

H T T I S 15 2 45 33 HIBI SR 3 f 30 A 7 A
T, — ST G T S AR IR A N TR 1
RS, QMR T ARG RIGYT . AhEME
57, A0SR T A AR U 2 R i 2200, I8
oA BIIA 115 520 DB A i A K 1
FEH, USRI N IR MAE B B A0 RN, 7E

X e Ty e A R e RGBT Z BT, T v IR 2
15, N 5 A (32 AT 5 ) 70 Jo 66 o 440 i ) 7 4 1
TN, DL B AR I 1 26 0 S ™, A, 3
T HE A5 N M A0 3 T R B B P9 TR 4B AR R
HEIH T 5 MGG 52 7 3 A0 S I Bl o5, 330 o 5% s 7
e A B35 Hh 2 B0 0 R v 7, R B T 2 A 5
HIHEZ HAR, AR, R R BHIBIS AL,
AWF5E K BT CCT020312( PERK {5 54k 24 sh 7))
IR YT T 2% ff HIBLAH OC 19 2% > FHCAC B rs . it
CCT020312 ] HE & P P mtUPR [ 34 )7 1Y P AE
ey, ASE % B 25506 4 HIBL Ay

B2 A SR 45 R 3R W] PERK 98 HIBI 52 Y
755 1Y AR B SR A 2 e R T, FEALH R RE BB
PERK/ATF4 {5 5 1 #% % mtUPR &9 8 75 . 18 i
CCT020312 45 25 B AT M A A FH o Xk s 25 1 7
—E T o HIBLAIRY T4 TRy DL . 7%
SR R A AR L SR AR ST A LA R R BRI . e, I T
45 CCT020312 7E I R L B ik e A )z N o 56
T BARAHFSY T B & PERK/ATFA {5 518 1%, {H
HA &2 i85 mtUPR A 56, R, 76 KR 5T
by i — 25 %8¢ PERK/ATF4 {5538 B (0 4 AL,
FEER T HAR AT E5 mUPR AH G AR 42
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