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Abstract

Objective: To investigate the role of IRE1a/NF-kB pathway in promoting the inflammatory response
of subarachnoid hemorrhage (SAH); To investigate the relationship between Inositol Requiring
Enzymela (IREla)/nuclear factor-xB (NF-xkB) pathway and inflammatory response in subarach-
noid hemorrhage (SAH). Methods: The model of SAH was established by intravascular puncture.
All the animals were randomly divided into Sham group, SAH group, SAH + DMSO group, SAH +
STF-083010 (IREla inhibitor) group, and SAH + BAY11-7082 (NF-xB inhibitor) group. Neurologi-
cal function was assessed using the modified Garcia score. The expressions of IREla, GRP78 and
NF-kB were detected by Western blot. The concentrations of inflammatory cytokines (TNF-«, IL-18
and IL-6) were determined by ELISA kit. Results: The modified Garcia score decreased, the expres-
sion of GRP78, IREla, NF-xB and inflammatory cytokines increased after SAH, whereas their re-
sults were reversed since the inhibition of IRE1a/NF-kB pathway. Correlation analysis showed
that the expressions of inflammatory cytokines were negatively correlated with the modified Gar-
cia score. Conclusion: Inhibition of IRE1a/NF-kB pathway can reduce inflammation and provide
neuroprotection after SAH.
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1. 51§

R PO FEE T s L L (SAH) & — F B S0 i o 1005 22 90 HE TR i I 80, B DL e KO Y, Tl 5
BRI RIERAT O, ~F RO AEURAE 55 % e A [1] [2]. H AT, ShAKJEIRER S BT a0 BN AT AN+ IE 2,
EATREBLFE A AE . AN, FITCS5[3]. BRI RS, BRISON NG VR IR 21 40 J B At 2 i
RIEIRAE, (B G5 20 i Gt 15 e 40 5 R T80 8 R K] - B T 403 475 PR 2 0 A 2 IR R A . XM 98 i S 3 5
SAH ARG EHVIMHK[4]. Bhah, 05 E JoIRa a4l SRR E 7 s mnd B 2 ki 3 B1 (HMGBL),
HArDHE R R RIER T, @ik HMGBU/TLRA S5@ ket — 5 In s 4u e 45145 [5] [6]. PRI, F-HBr 26E
AR CET, AWFFE Y SAH B, Rt IRELa/NF-xB i@ E SAH J& 25E N AR ITERT, BAHA
PEAUHT MBS IEAL, CAIG RS TR SR AR VR TR AL

2. MRS7%E
2.1. Fh¥55A

AR SZIG R F AR e AR IEE SD K BR(250~320 g) 74 K, HUBTSEEERLR22ahPy b i, R T 1
KB O o FTE LI TFE S A ] T RS e B S By S s ik T shABE AL 2 LA T 4 : Sham 4.
SAH #H. SAH + Vehicle (10% DMSO)4H. SAH + STF-083010 (IREla #II7#)4. SAH + BAY11-7082
(NF-xB #1iil 51) 2H
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2.2. NEDHYEHRER

FH 2% 2 LG 2 (40 mg/kg 44 H0) R s v S BRI K B, ARPEMOE [T e TS e p A b, & 2, T EE. ATh
DA 2= S [7], VESSARFRA: Y: —0.80mm; X: 15mm; Z: 4.0 mm. VES SR EEE . DU
PG IVEER T SAH REAY[8]. HUMEM, &5, WEE, IERIANTIO, 2Bk K. Hivkh. K
Bk, LA 4-0 Btk e sk A3 EN ke RIS BBk, 2022 mm 5 @RI, MRS ILk, ke
SEENIKBE T, SCHIYI I IFH BE. Sham L4285 FL & o B RIBERAE, SAH L2 B AL I A4 A
FHR & M7 RS TR

2.3. BRMEIEES

W 24 /NI JE HEAT SRR AT SR o SR ORI PG E V43 SR PEAS SAH J5 K R (A & Th RE B
[9], ZIEH ARG H EES(0~3 4), SREBhRTFRIE(~3 4), AiEHEAE /1(0~3 43), ZICRET1(1~3
7Y, SRR (A~3 1), SAZUAE R BL(1~3 )N . SN 3~18 4y, s, FRA TR .
R G SE W DR R R AR 22, S T 44 6 ARSI AN S0 O 7SN 5158 B o
2.4. Western blot EARKEMNIEXEEATRIE

UG 3R, 5584 4L 23 BN & PMSF (1] RIPA & 22, vk F247E, $2E0 g, BCA
HEEEAWRE, RIEHREAS TERE &&EIRE SDS-PAGE &k, LA, Hik, #BE, LL5% BSA
B 2 /AN, LA —HiE 4Cid: anti-RELA (F85: BM3994), anti-IRE1 (%55 : A00683-1),
anti-HSPAS (175 : BA2042), L bpr —$HiM BRIk 4 1:1000, A2 anti-p-Actin (155 : BM0627),
PR 1:2000, TBST e =K, VL _HiiFE P/ : HRP-EHif(f25: BAL054). HRP-EHu/NR (T2
‘F: BAL050), #RIRE N 1:5000. DL ATk e R3UE LA R . UEMEASNSEAKE
H2Z LR AN RIE .
2.5. ELISA iR MK AEE FRIE

W1 1.4 FriR$E e A, 218 ELISA 71 & Ut 140 Jl Il & TNF-a (575 : EK382), IL-18 (5% '5: EK301B)
FIL-6 (B85 EK306)¥E . AT ikl &sae B iR A,

26. G FERZE

JITH B SR A BB il 2 %R (X £ S). SRAI GraphPad Prism 9.0 #CEFiEAT#icimab 28, {4
Bonferroni )25 5 LA 6, 2H18] LE BRI SRR T Z2 00 W, R ORNESR T B IR BRAASR M i Finds &
P <0.05 #A N ARG G E 5.

3. &R
3.1 BSHEATERMRMET TSR

Table 1. SAH mortality statistics in each group
F+ 1. R SAH BT-RGit

Vil e
Sham 0(0/12)
SAH 25.0% (4/16)
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Continued

SAH + DMSO
SAH + STF
SAH + BAY

29.4% (5/17)
25.0% (4/16)
29.4% (5/17)

Sham 214 #BA735, SAH BIRIHAET: 14 R, BAKIET 3N 22.6% (14/62), BARZ R un# 1 friox. SAH
PR 24 /N JE AT BRI PE S PE A PEAS AR R T RE, 4R PP Bk SE BanE 1(A) FoR . inE AR, SAH
Y11 SAH + DMSO ZHAH L i it2% 22 5:(P > 0.05). SAH ZH41 SAH + DMSO #15 Sham 41AH EL#2 Th A
HE R INEP <0.01). SAH + DMSO 415 SAH + STF. SAH + BAY 4LAH LL #4 Th e 3 W 2 (P <

0.01).
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(A) SAH 24 h JE %4 ek RINPE IR 455 (B) SAH 24 h JEMNZH 2! TNF-a #FE; (C) SAH 24 h
JE MR 1L-18 ¥ FEE ; (D) SAH 24 h 5 iZH2R 1L-6 R FE; By LISt + bruizEkER,n=6,
55 Sham ZHHLE**P < 0.01, 5 SAH + DMSO 41 Ebis## P < 0.01, # P < 0.05, ns, T4 it2% 7.

Figure 1. Modified Garcia score and expression of TNF-¢, IL-1/ and IL-6
B 1 gRMATIES R TNF-a. IL-18 0 IL-6 ik
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3.2. IRE1la/NF-xB $I R X EARE

A 24 /N JE AT Western blot 1l %€ IRE1a.GRP78.NF-xB ik, -4 FK A B AL Ban ] 2(A)~(D)
Jii7n. Western blot 45 R f7~, 5 Sham 41Lb#, SAH 4181 SAH + DMSO 4 IREla. GRP78 il NF-«B %
B R E(P < 0.01). SAH 415 SAH + DMSO 41 AR IE K W2 2 7 (P > 0.05). 5 SAH + DMSO
AL, SAH + STF 41 IREla. GRP78 il NF-xB FiA#H & [#fK(P < 0.01), 5 SAH + DMSO 41 LL#%,
SAH + BAY 41 NF-xB FIAHE N (P <0.01).
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(A) SAH 24 h 5% HIKHZ IREla. GRP78 fil NF-xB & A #i%; (B) E&/HT IREla. GRP78 i
NF-xB 8. $IRH LI £ FRlEZERER, n=6, 5 Sham 4HLLE**P <0.01, 55 SAH + DMSO
HILE## P <001, ns, L&iI¥ER.

Figure 2. The expressions of IRELla, GRP78 and NF-«B were determined by Western blot
[& 2. Western blot UE IREla. GRP78 1 NF-xB ik

3.3. ELISA #&3) TNF-a. IL-18 1 I1L-6 X

A 24 /NI S AT ELISA MI5E TNF-a IL-18 A1 IL-6 35, &40 Fe ik 15 1 B AR 25 B 4] 1(B)~(D) s
ELISA £ B 57, 5 Sham 4HAHEL, SAH 4141 SAH + DMSO £ TNF-a. IL-18 F1 1L-6 ik 8] B =P
<0.01).SAH #15 SAH + DMSO 4 4 5E K 7 FKIEM L L Fi it 242 (P > 0.05). 55 SAH + DMSO ZHA L,
SAH + STF 411 SAH + BAY 41 TNF-a. IL-15 Al 1L-6 FiA & #H B8/ (P < 0.01, P < 0.05).
3.4. AR TFEMETHREITHEX M

RAE R F(TNF-a. IL-18 F 1L-6)7R 1K 5 &0 RN LI REVE 5947 B /R BRAH I 04T, 45 Rk 2 Fios.
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EHMR, HRMERSE, A5HER (P < 0.05).

Table 2. Correlation analysis between inflammatory cytokines and modified Garcia score

F 2. KERFERRMALITSEXMEDH

BT RIAR S
r? P
TNF-a 0.93 <0.05
IL-15 0.94 <0.05
IL-6 0.93 <0.05

4. g

SAH 2 —MIET % m . a2 M mvEm A d, EJERIGTE SAH F 3 likiE 20 5 40 K 1 85%.
S0 SAH TS Fw BR ISR R 2, Horhz — SORE RS, T 28RE W] LRI i £, (kAo if 8793 25,
# SAH JFIRRIER, JFSEARTUG. AWK SAH J5 ERS ##i5, JFiEI IRELa/NF-xB i B {E it
PREEJRE, M08 B AT DURAR IR 280E, IR T)RE

AT HTIARE 7t O 4 K Pl SAH J5 ERS #05[10]. ERS fHE =45 5%, IRE1 &bz —. £
FrRORATT, IREL 5H&FEHTIE A 78 (GRPT8)4: A M AL T RITIRA[11], KHIFFSEH ERS H] LAIE
IRE1 {i H. 55 GRP78 fi# 55 . NF-xB 2 H E 1) RIE R+, FEH ps0, p52, c-Rel, RelA Fl RelB 5 #f
T, AL R AT S R E R VR R k. AR R Y8 NF-xB L2 i1 RelA Al p50 4H 85+
TR RAR[12] B AW TR I IRELe BT LAEIE AT NF-«B #1551 16B BEAE, I1E NF-xB 447 2 40 i,
FF 2 IORE R RN RIL, Rk MU N B REFI D REREAG[13]. FEARSLEG T, A TWEER] ERS hrdidk
H GRP78 Fti, [FINFIL &I IREla. NF-xB ik, KW SAH J5 ERS #filk , JH#EUE IRELa/NF-xB
.

VA A4 2 B R I ERS AT LS J90E ) Bi[14] [15], NF-«B /EAN IREla I FifE S, W%
Tt 99 R BRI, B30 TNF-as 1L-18 A1 1L-6 Z5[16]. BRI F0E K 73— 30% ERS, T JBUK 28
SBE[L7], X JAE ZRIBK S5 LK T H 520 SAH TS [18]. AT iR IRELa/NF-kB A LA 3 ML A B
RRE, AL RIE R T R BT S BN B ThREREAF[19]. SAH 1EA—RhG ML A B0, M N Bz ThBg s Bk
W H B B L. TNF-a. IL-18 F1 IL-6 &5 NF-xB M KAE R 1, 76 SAH 5357 s #5ik[20],
BAT &5 55 HABBIF FOA — B 110 S IRELa AT NF-,B 011775 L 3& JO5E R 1235 25 T B&, 2 W] TNF-a.
IL-18 AT IL-6 (R & D30 KT IRELa/NF-xB JE S, Bl SAH J5 IRELo/NF-,B & B AT DAL E#H 25 58 hE
SV o

ML RREE SAH AR P E VIR, X— O 24 2 BSCERAmESE . IRR AL SAH J5 TNF-a.
IL-18 F1 1L-6 75 L35 M i i b A THs[21] [22] [23], 3E 5 A R WG BLEAHOC . ML, Rt 55 A
FER BTN 98 RE SN 0] LA /D> SAH JE AT T RERRAT[24] . 1X A g5 28RE R (2 i wh 22 o P8 1 J Al ik
Wi PR oC. AR TNF-a ] MEEEHAT: “HF5%” : Bax 55 Bel-2 R ARIKE R, fitk
Caspase P T-HERR M. thAh, #E— a0 R BN NF-xB 5 TNF-a. IL-18 F IL-6 FIA D, ik R
IPESEP 2[RI T B [25] o AHIF 78 R B ASRE IR 5 o R N PE PP 7 5 R O, B S8E DR 1 = 3R A v] DA 35
SAH JE & DEE, TA 1R I ] IRELo/NF-B 388 2% f5 {2 98 K 733K T B, 1M 25¢ R0 76 v 43[R T B
TIE B 0E °T BE LA MR ThRE .
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Figure 3. Possible mechanism of IRE1a/NF-xB pathway after SAH
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