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Role of X-Box Binding Protein 1 in Cerebral Ischemia
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('Third-Grade Pharmacological Laboratory on Traditional Chinese Medicine, State Administration
of Traditional Chinese Medicine, China Three Gorges University, Yichang 443002, China,
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Abstract XBP1 (X-box binding protein 1) is a basic leucine zipper structural protein, which plays an im-
portant role in the endoplasmic reticulum stress response after cerebral ischemia. XBP1 is expressed in the form
of XBP1-u (X-box binding protein 1-unspliced) during non-ER (endoplasmic reticulum) stress, and in the form
of XBP1-s (X-box binding protein 1-spliced) during ER stress. In order to fully understand XBP1, this article will
review the structure, distribution, localization and pathophysiological functions of the two isomers of XBP1, and
focus on the role of XBP1-s in activating the modification of oxo-N-acetylglucosamine, the expression of glucose
regulatory protein-78 after cerebral ischemia to reduce oxidative stress damage, the injury of cerebral microvascular
endothelial cells and cell apoptosis during cerebral ischemia.
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ST 2 & R HLEE (basic leucine zipper, bZIP)4h 14
wAT, B TR RN o ERE A /s T
RN R R B L SR -, R 19904F i 4 1 17 = 2L
HIMBEMEE B> TR AR, eiTE
ORI IFIE B HAE BA A b 78 24 5 K 7 ). 2003
SEFIH C57/05 BN Wistar K BR 23 791 2 37 J5) e 4 i e
I AT BT P A i R IS A, PASCHEN & MO Ik
WLXBP1 mRNA K7 Jay 1 FAT 87 1 4 0 5 oL /5
BEWIN. ), IBUKYZEMF 20124511 58
T, 1 R AR 22 70 5B R3F (oxygen and glucose
deprivation, OGD) 5| 2 N Jii % i # (endoplasmic re-
ticulum stress response, ERS), S8BT ) X-f 45 &
M 1(X-box binding protein 1-spliced, XBP1-s)7K*}*
4, {HRTGE T OGDE T 1 ™ 5 1 8 [ i & Rl
5, 5307 EPER3F F 2 % (oxygen and glucose de-
privation/reoxygenation, OGD/R)#JH XBP1-s 7K~
IS, SRMAEOGD/R— BN [A] 2 5 XBP 1) B F 0 ol
AEXT OGD/RJE 4 e R tR YT, H XBP1-sid
FEIE W] AR OR B R A 1 #1242 76 4 52 OGD/R B
sz, PRk, XBP 1] GE A I S L VT (isch-
emia/reperfusion, I/R)H 173 V597 T8 76 BE fi Y,

TEIA BT R b, AR SR 240 7 XBP1
PP AR A A DL RO BR AR B T R,
FRE SR 1 XBP1-s 75 i s 1 H AE A

1 X-E46%FA1
1.1 XBP18y4E#y

XBPIRRIAL T 225 Je i 2 A5 6 01075
B}, RIS NG SN ME T I XBPI-u mRNA, 28
T 76 A P9 X R 4T, XBP1-u mRNA Sl 5452 7%
F XBP1-s mRNA, 1% i Fft mRNA 5 2& 75 53l 4 B 128 1
XBP1-utE HAIXBP1-s& H (1), XBP1-ufIN-¥i 45
1% € L5 %) (nuclear localization sequence, NLS)FIDNA
gERIek, C-ui B 5 8% % H 5 71 (nuclear output sequence,
NES)FH ] fish & 3 8 1 Bl A BT 42 R B a1 IRIARAE
B A, DL XBP1-uslEH A FRE , 25 5 b B A A AR
T, 5 XBP1-uA[E], XBP1-sI1) CAR i B 5%
WOE T 38, AT DR e s O8] - 1 1 B O R 3Rk
(K1), %L, XBP1-uNIXBP1-sfICHK I 45 #2575
AT BEA AR FR A5 ThRES,
1.2 XBP1## % R EfL

WAL PIXBP1ER H ERG LA o W IR ZH P ik

BN A0 A DL R A5 Bl (1 40 B 2 KPR
K09 SRR 5 R I, XBPLER I8 &6 T R 2
b NI Y 1 s S =W i = S i
TEYNH B RIEAL S AN, XBP1-ud: BA7AE T 41
JRAGR MR T XBP1-s{E A T4tz b . iXfh
N2 S EE R H AR BT EL . XBP1-ulFl i A7
TERAZHE T 15 5 AL e AP 41, AH L C-ii P 4 figf 4k
AT LAY ES NLSHE 1, IR XBP1-un] LAFE 41 i 4% Al
AT PR E F M . TTXBP1-sR HC-3 2 5 B B2 %
BRGSO T A R, TS R e AL bR, Rt
IAEAE T A% . HeAh, XBP1-sFIXBP1-ugt & g ml LA
DA A MG AR S Hh B4 )5, HLXBP1-u C
it BEAR IR A, (s 751% 2 AP0 HL XBP1-s 8 5 4
AR, AT DL 75 S 1 % =X B (R At
W XBP1-s[F/KF 13, R EAE XBP1-sfA7E i £ 115
LR, XBP1-un] £ N XBP1-s [ 61 s 151 15 8% AR 41
Fue,
1.3 XBP1HYTRIBLE BTN &E

XBP1-s 1] LA A 3 2 (1 5 DR A T HLAARAR
IR, R F = AN WAL/ B XBP1-s
5 Y k&SP T Ol (forkhead box O1, FoxO1)#H H.
A5 FE AT LAk 55 A S5 4= 3 DR Tl T s e A T PR 2 S it A
7 %0 B -6- W BRI 10 R IB AR, SO0 5 260 4 1R AR A
T BTG T 1718, 55 Bk [R] I, XBP1-sw] DLiJH 15 g &
2% e TR 25 1 43 1), DA R 55 5 IR M PO
BERA R HAEWEFLERM , XBP1-sit ] A& 54
P25 T 1) A2 B DA B AR (R 77 A e R 2, e S 5 B
21t g B G FE 2L K CDS T T 43402

T B0 X XBP 1-uifs #L A BLTHRE OB 70+ 0 A
P, XBP1-ufE P4 5 9 s 2 v 4 B B N XBP 1 -s R A%
TEH, ARIILUKRIL— BN XBPI-sHIRTA. 24
M0, F W FCARIE 1 XBP1-uus H A7 Py ok WSz 3
(FIREEThRE . BIan: 7EA ZERZER = I, 4 s R
i 2 (AL XBP1-uk AL R Ak, AL I XBP1-uss
HE— 2 5FoxO145 & HE 2 £ L R, MM FE{KFoxO1
(G PE, S 2 4 A ) B Wi 2. XBP1-ufiiiE
W EAT SRR M- TIR IR, R RR MRS
AR 20 M G 52 8 A SR A SR A

2 XBP17ERFRM PB4 B

Tt 78 & B N Ji X (endoplasmic reticulum, ER)H
o o R R AR T T B0 T A AT A D e DL S 4 R
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5-UTR CDS 3-UTR
| =
XBP1-u mRNA Exonl Exon5
1 4 1817
ATG start codon (49-51) /\ Stop codon (832-834)
gcagcactca gactacgtge acctct
Splicing
5-UTR CDS 3-UTR
f
1 49 272 369 498 573 618 1179
1791
ATG start codon (49-51) Stop codon (1 1771 179)
N C
I 166 aa 95 aa |
* |
| NLS lecucine zipper | Degradation
[ |
DNA binding domain
N C
| 166 aa 210 aa |
’ |
| Basic lecucine zipper | Activation domain
I |
DNA binding domain
El1l XBP1-uFIXBP1-sHZER FF IR S AR F 52 BMER
Fig.1 The difference between the nucleic and amino acid sequences of XBP1-u and XBP1-s
IEEPARS T EEY, APURER AR,  EARESRA, EERSHIMGRP78 % HIREL-0iX £

A5 Gt fi XL JAE H BT, BT ] AR R L X 3 2 T e A, BB
JEER I L [T 858 1E, BUEER AL B 1R K,
ERH1 3 AR 85 B 1 SR OB R 3 I D e S 4,
SR A & B RS N E B AEERE PR, 33
P X R . ERS T B AL $E 30 S A 1) S bz, {H il
i BT FE FERS 2 N A 4T & 55 1 [ ¥ (unfolded protein
response UPR)®, 1% I W 23 980 5% R 9 22 BlUES R 4T

B AT IR N o AR AR

KA BRI S 3 7R 4 N 5T A
ZRIG N T s R AR 1, ROLEZ AR #8581 o(inositol re-
quiring enzyme 1 alpha, IREla). 2K ¥ EFRFEER B
fiif(PKR-like ER kinase, PERK) 1% % 5% [K -T-6(ac-
tivating transcription factor 6, ATF6), fEERFEZS%
1, 7 % HE IR 5 8 H-78(glucose-regulated protein
78, GRP78) 5IRE1-aiX 644 JR 2% 45 & Il & AT DR F¢

FE KR o B, AR B i — BB S R B
WA NN, XBPIE AUPRAH S 5 38 % (1) B 241
2 —B3 il T XBP1-sTEC-3ii A7 7F 56 5% s T 4574
g, RIHEXBP1-sAS & & — MG K 1, AT DAEA
FYH % SIRElad & T MG &%, %G 5@ E
SR BE AN T EEBER ., JFHT
RINIZAT 5 1B B T DA I A 75 R 1) B (i 29,
FAE W G 7 26 BB, BRAR R R I A A AR
Bk R REREALE, TR G 204 BERASE 5 T
EEEAE

IRE Lo —Ff 1 84 Py J53 ] 5 8 2 1 U /A% 1 A%
T M DI, 7EARYT &8 RN, did 5 5ERAk &
BER AL, S A% AZ TR I3 (RNase) TG PECY . TE 4k (1)
IRE1afg MXBPI-u mRNA FY) % —/N 8526/
TR N A T (6L T+541 —+566), I 5 S 83T 247 55
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Unfolded
protein

&
Bip e
i o

IREla

® @
(P)

—_— T N—

XBPI1-u mRNA

(4 ..
GAp= l Splicing 26 nt

o~

XBPI-s mRNA

Nucleus

E2 XBP15IRElex [BHI% R
Fig.2 The relationship between XBP1 and IREla

Ja MR RR RS Ar, 145 o gmhl 7 ZIFE 05, i ol 28 5
PR TR0 2AE 27 A2 35 i mRNA, %3542 i ) mRNA
EARTE B AT i 2 BT A 5 XBP1-u mRNASE 44
A A% E R 7 41, AR R T L BT 447 pd 2 5 IS
IR ALK 26 12500 7 1 47 B +832— 8348 N
+1 177—+1 179, BRIHAZE 7 4 1) mRNA 5 2 45 B
PN EE XBP1-u K XBP1-s®. 1% mRNA [ 8742
R FE AT AT, 77 AN EE L mRNABY
e, 5REAEH ML AR T BT R 4L e 8y H 07
AN, 1% 07 203 E 2 HH IRE 1o f14F & [ RNA %
Rtk BT AR BT AR VR, B DAH BT %
B, Aefi® DL IS RE 0 7 bt A ) BT p
e AR R O 2, AE YT RS, K& XBP1-s 1]
L3R N 200 it A% A T 4 32E UPRAH 9 35 (K 4 5% ER FE45
AT S %, DL SRER 8 A T & 68 (-
2)o AN XBP1-sAJ AR 4 24 i 248 28 1 715 K5 i 1) Bk A
e si, SR Z M D R

3 XBPl-s7ERELMERITL
H T ERS/JG 7 4E 1) XBP 1-s7E K & N J5i [N S i

(Rt AR R R A A, DRI BLA X 5 L J5 XBP1
WEFE 2 £ 4 XBP1-so KBRS #1148 70 OGD AR HE
Ji&, XBP1-s# /K411, 1X % BHOGD/SIRE1a-XBP1
5B B L ZBOE , (BYEE A3 h/E XBP1-sE 1K
SPHR PR, T 7E E 420 h)E , XBP1-si& [ )31k K
SRR, X AT RE A BT ERERISF R AT, &
il A 2R3, S ERE Lol PR H0H1, XBPI mRNAY)
B2 B52 00, S — BT A) 5 8 A PR
S, RIEXBP1-sKIA K P2 BT a4, 7E5
B 4 4 i R 1130 min P E A 2~24 hitt) K BRUSE A A
FORIL: FHEEVE2 Wi ds, KR E WS AgeiR gk
XBPI-s mRNA/KF 3 8] & F+ &5 B4 b, K
i 7 J22 HH XBP 1-s mRNA AT AR F7 58 = 7K, 1M
TEIRE S FNSCIRA £ 28 B B PR (H 24 hjeiX
=AM X P XBPI-s mRNAFI /K- H BRI £ 1 iE
W FAN, R MR A R S AR R L h
J&i, XBP1-s mRNA 7K F-HInZ1354%, HAFHEF:6 hig
15 2.2 1N, 1B XBP1-s8 (A 197K T-7E FE 336 hiG
A BN, X LLR AT AR B, e O P A A
XBPI1 mRNA ) BY $5 494 S0 (5 JHL 350 2% 52 380 7™ 55 L ¥4,
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PH X BP1-s 5 H FIZRIAPHMHIY . FR1, Ak s 5]
HEEXBP1-sZ B A M B AL 5 R 7T

4 XBP1-s7 Mk M A1EH
4.1 XBP1-siiT5fXER /5 FE-N- Bt EEHERL
(A

WEFC M, BRI 5 TIRE 10-XBP Ll B4 B0
77 HE K B XBP1-s, XBP1-s ] LA 4 hd b 424
& %1% (hexosamine biosynthetic pathway, HBP)H
—LER AR R Rk, HE— B i HBP i B A 2
S I% -N- 1%t 751 %] 1% (O-linked-N-acetyl-glucosamine, O-
GIcNAC) &M ¥, O-GleNAcy & i & 5 [ i 4 5 F1
PEJE P — ARk B B B U7 2K, 2B R AE
R L PR 45 O R AR b B AR ] 7. XBP1-s
A DUE S 12 4 0 4 e TR e - 6- WO T SR e e e #%
M 1(glutamine fructose amidotransferase 1, GFATI)
BRI e 55, 1Bl Y% ) HBP I & 1) PRIl , 7T LA
BEIHBPIEE , M {2 2 O-GleNAcE i 9. R
sbz Ah, XBP1-sidw] LLE HBP A 73 41 195 /1 i 2
R LR, R & 0 - W R -N- £ Ik 5L 54 R I 1(gluc-
osamine-phosphate N-acetyltransferase 1, GNPNATI)
113 12 1 4% B8 (phosphogluco-mutase 3, PGM3)[]
F W), {EHBPH, GFAT UK & 574 41 B -6- W 2
(fructose-6-phosphate, Fru-6-P)¥ 4t 4 %) b -6-1# ik
(glucosamine-6-phosphate, GIcN-6P), fifi j5 GlcN-6P
AR H AL 7 A2 PR 5 IR -N- £ T 2 5 6 )
F¥(uridine 5°-diphosphate-N-acetylglucosamine, UDP-
GleNAc), Z 8 F i O-GleNA & i (1 44 i 1 5,
LL_F B XBP1-s/HBP/O-GleNAck I 1E A i 4% B,
JTANGAE ORI 7 3% B2 Al 78 i 11 Ji e 28 6 ke £
FVEHT, Wi M5 XBP1-s38 o 350G i fn g 5 [X 1)
O-GIcNACHEM , FEAREAL S50, I8/ NEEAE A4
i, HLRT N 22 0 H XBP Gk 2 3R 1 45 )
2. A, ZAE KK K UDP-GIeNAC/K T#4
%, JF H ok 58t — 20 N FE. R AR AP BR
M A AR IR S T 4ERF B I UDP-GleNAcH] B
et O-GleNAcy & i, PAYK S B i i 245 rh G 35 pf
22y REsk 5 B, Xt —PAESE T IREo/XBP1-s/HBP/
O-GIeNACH# AT fE A2 H1 XA T HH R AR L 5
42 XBPl-siETNERM/EHERE AT ER -781
Rk

GRP78W] LIME AW B M ) 7> 445, EEZ

H5EARMTS. 4. BEERTSHEOR
A UL S0 5 I ER e /A% s B2, R AR BRES T,
GRP78i I H A a5 s 5 N B 5 I B L 45
M UPRYE 5 % 5 P31, UPRI 3 2 H Ar /2 18
5T A KRR GRPTLLE i S iR 2 AR
178 (1) 5 1 PR PN 5 I Dy e B4 T 5 A 3D R I
Iy R B R AT 8 B R T S 1 B AR PN B Y s R
RIBN PN IIRERERT, A 1 EHT S XSRS
AR NE B, GRP785 N i M 5 I 85 1 4
5, M5 X E ARGk KIEHDIRE. GRP78Y
IRE 1o ffJfif 25 2> fil R IRE1aff1 0, #XBP1-u mRNA
B XBP1-s mRNA, 7”4 1) XBP1-s 5 i N4
WIAZ A G e s R T R AR, 5% GPRT8IEE
R N D RE B 7RG B Rk R, XBPI-s
mRNAZKF {75 10 GRP78 mRNAZK -3 &
I, X W] ER M O™ A R E B R, AT
BRI 1 XBP1-s mRNARJHEIEE, S ECIE™ 4 2% 1)
XBP1-si HEUEGRP7R I FIAN, FE IR b, B 5T
FBAAE /N SRR A 30 ik P11 26 J5 GRP781)3 %, T ik
Ho ER LS| RS IR 2 o449 B9 Ak, GRP78IWEE
1K RE PR ARG I P 22 T I % A 1 B3 1 A AL A 47 O A
FE, F Hax i s B AR R, Jib S A0 R A
s SR 40, R E A e e R ) D gg, il i
5 TR N Y8 s v T A 2 G B 4 R B8
4.3 XBP1-si¥5 NGRS B A B 4R A5 15
A& P R 40 i A K K7 (vascular endothelial
cell growth factor, VEGF)/& /3 N i 41 i (endothe-
lial cell, ECs)¥4%H 1) 3 2 K 12—, XBP1-sA] LLifd
WHAS S S A BT ok i 2H 20 1 ECs S 4E
TEFS A A g B0 H XBP 1k = A] fE i # l
ECs 4 FE A0 L8 A Bt 2 BV B FE R W], VEGF
Al Bt 7] DL 5 IRE 1o-XBP 15 530 A0 B4 A, i
HEXBP1-sf =4 0, XBP1-s-5 fif AR Ik WL -3 384ty
(phosphoinositide 3-kinase, PI3K)F1 22 & R — 75 & R
T F % (serine/threo-nine kinase, AKT)JE I E &
Y, WS AKT 3 3008 55 il B8 -3 B(glycogen
synthase kinase-3B, GSK-3B) IR It , FF{Efd B-i&
IR (A% 3 6r DA S A% 3 S IR -7 E2F2(— i i WL
P ME AR PR ) R K3 2, T it & i
57 24 ) S B AT AL PR, o B I A P B 4 i (brain
microvascular endothelial cells, BMECs)z Ifl iy i &
VAR 72—, T LAFE 4 BRI AR 7 5, 7 oG ik
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ML JE AR R B 52 L A BE4) o AR 55 1%, SHIAE Y
IR, XBP1-silid IS PIBK/AK TAI ERKAF 5
%, FSHEIE S T -10/VEGFE Sl B %1k, A
T 248 5 b 51 1L 5 BMECs [0 47378 I 02 338 figg S5k 1 5 i
AR, IXEERF LRI, NGRS XBP1-s[f1#ik 7]
DIiER Jof R 3 1 A A R o5 A s L P T
4.4 XBP1-syHTIiNER /S HEET

S M A TR R I — PR AR TR A,
B 90 - R E B R & B B A B caspase- 1/
GSDMD(Gasdermin-D)Z 5 ij il IfiL - #E 5 [ 453473 3ok
Fio WFFCUER, NLRP3 % JE/MATE I S0 A T2 JF
R JERE SN (/)G 2 o 73 v B A 1T i ok UL S
YN Ca IR FEARAN . LR T B R 5 R 1% B FL
B FEINLRP3 25 /MBS o« B0E FNLRP3 2
AN, TR AE A AR KA BRI BGE AL caspase-11¢,
TS LI caspase-17] LA FEGSDMDE A £41i#, 3k
BB FLFE AN A0 B R 7 IR, S BB K . i
W2 i Jo 2R 4T, ZHANGEE W 1A FH siRNA
I XBP1-s ) 35 Ae 4% #1111 OGD/R 5 7 ) NLRP3
RE/NVE ARG B AE T, — DR N R
XBP1-s7] PLif it NLRP3/caspase-1/GSDMDi& 12 1
SR SR I PR R S IR A e R . SIS — IR
WER] T XBP1 54T 2 (B R R, HX]TXBP1-s
TE R i (4 IR e — b % .

5 HESRE

BEEM SRR, REERTKEEZH IS,
(LR tHE 5530 ] P o st I 11 95 26 R EUPE 3R AT % 4F |
TE, X R T R I A T SR I SR 3 i) g R 1fn
(R A DA K PR s Hp R 453477 i R I
AL 5] A 5 RS B XBP 1-u BT # B XBP1-s & $5 H:
FR I FIOEA, JF H 24 e #h4 st XBP1-s7K
S B T v AT DR 28 50 B 52 PN S5 IR I B PR 4547
BB EFRE, fXBPIREREA L LR > 58
2 IO IS A4 40 6 52 R I 1 52 47 8. H AT X XBP1
(RRIE T K 2 BT FLAE A 5 X REs R R AR A, ELAE
i e 0L 7 T PRV AT RN TR o VBN — AN BT T TE
(1) 8 ZHE 55, XBP 1R [ A% Bl i itk o X2 Wi Fl
WITIRLE Z T Re . H T4 X XBP IR R 7]
DI BAR L. (1) #E—20HF 50 XBP1 i Fh SR 44
FERG SR I A BIVE T . (2) R 78 XBP 1B Rl S A AR 7
o S 100 9 7 3o R Al R P T T S R R L AR AL

i, DA HARSL T A 5T 0 A A2 153 38 2 ] 1o ik i
et o —E MRS ER . (3) #— BT XBP1
BN AN . (4) A PR BT E 8 i — 2 4R
FEXBPUEE RN MIAEF B, Mt S 4 5 m] S i PR
EE -

Sk (References)

[1] ZHANG Y, YAO Z, XIAO Y, et al. Downregulated XBP-1 res-
cues cerebral ischemia/reperfusion injury-induced pyroptosis
via the NLRP3/Caspase-1/GSDMD axis [J]. Mediators Inflamm,
2022, 2022: 8007078.

[2] B, B/NAE, BT, S Mk L PR B4 5 e R T
FIRF 78 33E R [)]. BE % 4548(TONG Y, DUAN X H, YANG L P, et
al. Research progress of cerebral ischemia-reperfusion injury and
mitochondrial apoptosis [J]. Medical Recapitulate), 2022, 28(14):
2705-10.

[3] VASUDEVAK, DUTTA A, MUNSHI A. Role of IncRNAs in the
development of ischemic stroke and their therapeutic potential [J].
Mol Neurobiol, 2021, 58(8): 3712-28.

[4]  FEE, WRoK, 2, S5 Nk i i a0 K BAE S B 7T
HEFR[D]. Wi{LEE#(ZHANG X, CHEN B, LI M. et al. Research
progress of signal pathways involved in cerebral ischemia/reper-
fusion injury [J]. Zhejiang Medical Journal), 2022, 44(5): 557-
62.

[S]  VIRANI S S, ALONSO A, BENJAMIN E J, et al. Heart disease
and stroke statistics-2020 update: a report from the american
heart association [J]. Circulation, 2020, 141(9): e139-596.

[6] TUO Q Z, ZHANG S T, LEI P. Mechanisms of neuronal cell
death in ischemic stroke and their therapeutic implications [J].
Med Res Rev, 2022, 42(1): 259-305.

[7] ZHONG Y, YAN W, RUAN J, et al. A novel XBP1 variant is
highly enriched in cancer tissues and is specifically required for
cancer cell survival [J]. Biochem Biophys Res Commun, 2021,
562: 69-75.

[8] LUO X, ALFASON L, WEI M, et al. Spliced or unspliced, that
is the question: the biological roles of XBP1 isoforms in patho-
physiology [J]. Int J Mol Sci, 2022, 23(5): 2746.

[91 LIOU H C, BOOTHBY M R, FINN P W, et al. A new member
of the leucine zipper class of proteins that binds to the HLA DR
alpha promoter [J]. Science, 1990, 247(4950): 1581-4.

[10] PASCHEN W, AUFENBERG C, HOTOP S, et al. Transient ce-
rebral ischemia activates processing of xbpl messenger RNA in-
dicative of endoplasmic reticulum stress [J]. J Cereb Blood Flow
Metab, 2003, 23(4): 449-61.

[11] IBUKI T, YAMASAKI Y, MIZUGUCHI H, et al. Protective
effects of XBP1 against oxygen and glucose deprivation/reoxy-
genation injury in rat primary hippocampal neurons [J]. Neurosci
Lett, 2012, 518(1): 45-8.

[12] ALSHEIKH HUSSEIN L H, KHALIL A M, ALGHADI AY, et
al. Exonl and 116 C/G promoter polymorphism on the X-box
dna binding protein-1 gene is not associated with breast cancer
among Jordanian women [J]. Asian Pac J Cancer Prev, 2019,
20(9): 2739-43.

[13] YOSHIDA H, OKU M, SUZUKI M, et al. pXBP1(U) encoded in
XBP1 pre-mRNA negatively regulates unfolded protein response



426

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

activator pXBP1(S) in mammalian ER stress response [J]. J Cell
Biol, 2006, 172(4): 565-75.

CHEN S, CHEN J, HUA X, et al. The emerging role of XBP1 in
cancer [J]. Biomed Pharmacother, 2020, 127: 110069.

HOSOI T, KIMURA H, YAMAWAKI Y, et al. Immobilization
stress induces XBP1 splicing in the mouse brain [J]. Biochem
Biophys Res Commun, 2019, 508(2): 516-20.

MARTIN D, LTY, YANG J, et al. Unspliced X-box-binding
protein 1 (XBP1) protects endothelial cells from oxidative stress
through interaction with histone deacetylase 3 [J]. J Biol Chem,
2014, 289(44): 30625-34.

PUIGSERVER P, RHEE J, DONOVAN J, et al. Insulin-regulated
hepatic gluconeogenesis through FOXO1-PGC-1alpha interac-
tion [J]. Nature, 2003, 423(6939): 550-5.

MATSUMOTO M, ACCILI D. The tangled path to glucose pro-
duction [J]. Nat Med, 2006, 12(1): 33-4.

LEE K, CHAN J Y, LIANG C, et al. XBP1 maintains beta cell
identity, represses beta-to-alpha cell transdifferentiation and pro-
tects against diabetic beta cell failure during metabolic stress in
mice [J]. Diabetologia, 2022, 65(6): 984-96.

PENG J, QIN C, RAMATCHANDIRIN B, et al. Activation of
the canonical ER stress IRE1-XBP1 pathway by insulin regulates
glucose and lipid metabolism [J]. J Biol Chem, 2022, 298(9):
102283.

MA X, BI E, LU Y, et al. Cholesterol induces CD8" T cell ex-
haustion in the tumor microenvironment [J]. Cell Metab, 2019,
30(1): 143-56,e5.

SO J S. Roles of endoplasmic reticulum stress in immune re-
sponses [J]. Mol Cells, 2018, 41(8): 705-16.

LIU Z, WANG M, WANG X, et al. XBP1 deficiency promotes
hepatocyte pyroptosis by impairing mitophagy to activate mtD-
NA-cGAS-STING signaling in macrophages during acute liver
injury [J]. Redox Biol, 2022, 52: 102305.

GROOTJANS J, KASER A, KAUFMAN R J, et al. The unfolded
protein response in immunity and inflammation [J]. Nat Rev Im-
munol, 2016, 16(8): 469-84.

KAMIMURA D, BEVAN M J. Endoplasmic reticulum stress
regulator XBP-1 contributes to effector CD8" T cell differentia-
tion during acute infection [J]. J Immunol, 2008, 181(8): 5433-
41.

ZHAO Y, LI X, CAI M Y, et al. XBP-1u suppresses autophagy
by promoting the degradation of FoxOl1 in cancer cells [J]. Cell
Res, 2013, 23(4): 491-507.

AILAWADI G, MOEHLE C W, PEI H, et al. Smooth muscle
phenotypic modulation is an early event in aortic aneurysms [J].
J Thorac Cardiovasc Surg, 2009, 138(6): 1392-9.

ZHAO G, FU Y, CAI Z, et al. Unspliced XBP1 confers VSMC
homeostasis and prevents aortic aneurysm formation via FoxO4
interaction [J]. Circ Res, 2017, 121(12): 1331-45.

WANG M, KAUFMAN R J. Protein misfolding in the endoplas-
mic reticulum as a conduit to human disease [J]. Nature, 2016,
529(7586): 326-35.

JE AR, 5. PN 5 YR G R I PR A R A A ).
HEE%#(QU S B, WANG Y. Role of endoplasmic reticulum stress
in cerebral ischemia-reperfusion injury [J]. Acta Medicinae Si-
nica), 2018, 31(1): 170-4.

HETZ C, ZHANG K, KAUFMAN R J. Mechanisms, regulation

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

and functions of the unfolded protein response [J]. Nat Rev Mol
Cell Biol, 2020, 21(8): 421-38.

KIM P, SCOTT M R, MEADOR-WOODRUFF J H. Dysregula-
tion of the unfolded protein response (UPR) in the dorsolateral
prefrontal cortex in elderly patients with schizophrenia [J]. Mol
Psychiatry, 2021, 26(4): 1321-31.

JAIN K, TYAGI T, DU J, et al. Unfolded protein response dif-
ferentially modulates the platelet phenotype [J]. Circ Res, 2022,
131(4): 290-307.

CHEN X, CUBILLOS-RUIZ J R. Endoplasmic reticulum stress
signals in the tumour and its microenvironment [J]. Nat Rev Can-
cer, 2021, 21(2): 71-88.

HETZ C, SAXENA S. ER stress and the unfolded protein re-
sponse in neurodegeneration [J]. Nat Rev Neurol, 2017, 13(8):
477-91.

YU X, REN L P, WANG C, et al. Role of X-Box binding pro-
tein-1 in fructose-induced de novo lipogenesis in HepG2 cells [J].
Chin Med J, 2018, 131(19): 2310-9.

CHEN X, ILIOPOULOS D, ZHANG Q, et al. XBP1 promotes
triple-negative breast cancer by controlling the HIFla pathway
[J]. Nature, 2014, 508(7494): 103-7.

ZENG L, XIAO Q, CHEN M, et al. Vascular endothelial cell
growth-activated XBP1 splicing in endothelial cells is crucial for
angiogenesis [J]. Circulation, 2013, 127(16): 1712-22.
TUFANLI O, TELKOPARAN AKILLILAR P, ACOSTA-
ALVEAR D, et al. Targeting IRE1 with small molecules counter-
acts progression of atherosclerosis [J]. Proc Natl Acad Sci USA,
2017, 114(8): E1395-404.

YANG W, XU X, XU M, et al. XBP1s Acts as a tumor suppres-
sor to inhibit the EMT process and metastasis of papillary thyroid
cancer [J]. Onco Targets Ther, 2021, 14: 2339-48.

FhdE. X a8 A e B b R IE S B AR E AT N
FITREENLAI[D]. i 38 — 2B K2, 2020.

CHOPRA S, GIOVANELLI P, ALVARADO-VAZQUEZ P A, et
al. IREla-XBP1 signaling in leukocytes controls prostaglandin
biosynthesis and pain [J]. Science, 2019, 365(6450): eaau6499.
UEMURA A, OKU M, MORI K, et al. Unconventional splicing
of XBP1 mRNA occurs in the cytoplasm during the mammalian
unfolded protein response [J]. J Cell Sci, 2009, 122(Pt 16): 2877-
86.

PARK S M, KANG T 1, SO J S. Roles of XBP1s in transcription-
al regulation of target genes [J]. Biomedicines, 2021, 9(7): 791.
QU J, ZOU T, LIN Z. The roles of the ubiquitin-proteasome sys-
tem in the endoplasmic reticulum stress pathway [J]. Int J Mol
Sci, 2021, 22(4): 1562.

JIANG M, YU S, YU Z, et al. XBP1 (X-box-binding protein-1)-
dependent O-GlcNAcylation is neuroprotective in ischemic
stroke in young mice and its impairment in aged mice is rescued
by thiamet-G [J]. Stroke, 2017, 48(6): 1646-54.

SFHR, 14, Hrhn. 8 B FO-GleNAcE i Sk i 11 7 i
G AR GBI AORT TCIE FR D). BR % 4738(WU K F, JIANG M,
XIA Z Y. Research progress of protective mechanism of protein’s
O-GlcNAcylation on ischemia-reperfusion injury [J]. Medical
Recapitulate), 2021, 27(8): 1464-8,74.

NABEEBACCUS A A, VERMA S, ZOCCARATO A, et al. Car-
diomyocyte protein O-GlcNAcylation is regulated by GFAT1 not
GFAT?2 [J]. Biochem Biophys Res Commun, 2021, 583: 121-17.



SIS X-E S5 A A sk 4

427

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

WANG Z V, DENG Y, GAO N, et al. Spliced X-box binding
protein 1 couples the unfolded protein response to hexosamine
biosynthetic pathway [J]. Cell, 2014, 156(6): 1179-92.

YANG X, QIAN K. Protein O-GlcNAcylation: emerging mecha-
nisms and functions [J]. Nat Rev Mol Cell Biol, 2017, 18(7):
452-65.

WANG Z, L1 X, SPASOJEVIC I, et al. Increasing O-GlcNAcyl-
ation is neuroprotective in young and aged brains after ischemic
stroke [J]. Exp Neurol, 2021, 339: 113646.

XIA S, DUAN W, LIU W, et al. GRP78 in lung cancer [J]. J
Transl Med, 2021, 19(1): 118.

EESMAAA, YU LY, GOOS H, et al. The cytoprotective protein
MANF promotes neuronal survival independently from its role
as a GRP78 cofactor [J]. J Biol Chem, 2021, 296: 100295.
SCHNEELOCH E, WENKEL S, MIES G, et al. Spreading de-
pression activates unfolded protein response [J]. Neurosci Lett,
2004, 368(1): 37-40.

URBAN P, PAVLIKOVA M, SIVONOVA M, et al. Molecular
analysis of endoplasmic reticulum stress response after global
forebrain ischemia/reperfusion in rats: effect of neuroprotectant
simvastatin [J]. Cell Mol Neurobiol, 2009, 29(2): 181-92.
MORIMOTO N, OIDA Y, SHIMAZAWA M, et al. Involvement
of endoplasmic reticulum stress after middle cerebral artery oc-
clusion in mice [J]. Neuroscience, 2007, 147(4): 957-67.

YU Z, LUO H, FU W, et al. The endoplasmic reticulum stress-
responsive protein GRP78 protects neurons against excitotoxicity
and apoptosis: suppression of oxidative stress and stabilization of
calcium homeostasis [J]. Exp Neurol, 1999, 155(2): 302-14.
RAO RV, PEEL A, LOGVINOVA A, et al. Coupling endoplas-
mic reticulum stress to the cell death program: role of the ER
chaperone GRP78 [J]. FEBS Lett, 2002, 514(2/3): 122-8.
SILVESTRE J S. Vascular endothelial growth factor and angio-
genesis: the XBP1 games [J]. Circulation, 2013, 127(16): 1644-
6.

JANANI R, ANITHA R E, PERUMAL M K, et al. Astaxanthin
mediated regulation of VEGF through HIFla and XBP1 signal-
ing pathway: an insight from ARPE-19 cell and streptozoto-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

cin mediated diabetic rat model [J]. Exp Eye Res, 2021, 206:
108555.

YANG D, WANG J, XIAO M, et al. Role of miR-155 in control-
ling HIF-1a level and promoting endothelial cell maturation [J].
Sci Rep, 2016, 6: 35316.

ZHANG J, ZHANG J, QI C, et al. Activation of Wnt3a/B-catenin
signal pathway attenuates apoptosis of the cerebral microvascular
endothelial cells induced by oxygen-glucose deprivation [J]. Bio-
chem Biophys Res Commun, 2017, 490(2): 71-7.

XU X, WU Z, QIU H, et al. Circular RNA circPHC3 promotes
cell death and apoptosis in human BMECs after oxygen glucose
deprivation via miR-455-5p/TRAF3 axis in vitro [J]. Neuropsy-
chiatr Dis Treat, 2021, 17: 147-56.

SHI S, TANG M, LI H, et al. X-box binding protein | splicing
attenuates brain microvascular endothelial cell damage induced
by oxygen-glucose deprivation through the activation of phos-
phoinositide 3-kinase/protein kinase B, extracellular signal-
regulated kinases, and hypoxia-inducible factor-lo/vascular
endothelial growth factor signaling pathways [J]. J Cell Physiol,
2019, 234(6): 9316-27.

R, Y, BEMRER, S5 4N AR T I Sk i R s P A
PRI EWETEE JRELT]. S doe = 245 R SCH(LL T J, WANG
T, XUE Q Z, et al. Mechanism of cell pyroptosis in cerebral isch-
emia-reperfusion injury [J]. World Latest Medicine Information,
Electronic Version), 2018, 18(92): 77-9.

ROSSOL M, PIERER M, RAULIEN N, et al. Extracellular Ca**
is a danger signal activating the NLRP3 inflammasome through
G protein-coupled calcium sensing receptors [J]. Nat Commun,
2012, 3: 1329.

LIJ, HAO J H, YAO D, et al. Caspase-1 inhibition prevents neu-
ronal death by targeting the canonical inflammasome pathway
of pyroptosis in a murine model of cerebral ischemia [J]. CNS
Neurosci Ther, 2020, 26(9): 925-39.

KRASKIEWICZ H, FITZGERALD U. Partial XBP1 knock-
down does not affect viability of oligodendrocyte precursor cells
exposed to new models of hypoxia and ischemia in vitro [J]. J
Neurosci Res, 2011, 89(5): 661-73.



