367 i8] G Vol. 36, No. 8
20244F8 H Chinese Bulletin of Life Sciences Aug., 2024

DOI: 10.13376/j.cbls/20240108
XEHRS: 1004-0374(2024)08-1067-12

PR B R R AR S VR AL I 7 S R e N S R iR R R R A

BUAEY, R, F#HTY, gEe, DgE
(1 PRI R R R A 2 e ot B TR S R E X KB E AR =,
22 7300305 2 FEILIRGE R F A Rl S TR, 224 730010)

O N G ST AR SR RS B AT S A T, AR T A2 B ey AN DR 2R
WM RE 22 204, AN LIEHZ IR, KI7E BRI & 08 2 TLE N B AN B R, 5]
AP T R X ARG DL IS, 2 OE AR IT B 1 ROBE R B P T N S AR, A P o Y AR B )
WERIRRA . MR SAAE S Taazl, Ml k AWgAkEMED, B 4RSS rEm. &
SERIIBF TR, AITE R OB =AM KBNS B 9% SN {5 557 Sl aa RO, i ik
B AR S SR B . BRIEDAAL, X = ANE R ISR T R SR T R . AR
ARG . HENEBOR SR R B o AR SO I AR A Joi D) ISR DL 1) 7E S 88 LA B A S5 Hh 1 2 A 1
BATERIR, NS W FEN RAETE AR DCHT FU i S it — L R N 255

KHEIR) : NS RAT B E RN s AIRRAS 5 SRR 5 BRI

FESES : Q244 ; R392; R36  ICHAMFER : A

The role of endoplasmic reticulum stress-related regulatory mechanisms in

immune response and diseases
GAO Ming—Yangl’z, HU Xin-Yan'"?, WANG J in—Qian"z, YANG Xuan-Ye'?, MA Xiao-Xia'**

(1 Key Laboratory of Biotechnology and Bioengineering of State Ethnic Affairs Commission, Biomedical Research
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Abstract: The endoplasmic reticulum (ER) takes part in the post-translational modification and folding of native
protein. Due to the internal or external stimulations, the function of the endoplasmic reticulum can be interrupted to
some degree, leading to serious impairment of protein processing and transportation. With the accumulation of the
unfolded or misfolded proteins, ER can display some biological responses, termed as ER stress. If ER stress occurs,
the unfolded protein response could be stimulated to recover the normal homeostasis of ER. When the stimulus
persists or is too strong, it will trigger the autophagy pathway to degrade the protein, which in turn plays a role in
maintaining homeostasis. In recent years, it has been found that the three related pathways of the unfolded protein
response are not only closely related to the signaling pathways of the innate immune response, but also participate
in the immune response by regulating immune cells. In addition, the regulation of these three pathways and their
related factors is closely related to neurodegenerative diseases, metabolism-related diseases, liver diseases and so
on. In this review, molecular mechanisms for ER stress will be summarized systematically to give new insights into
therapy for diseases in future.
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WF M (endoplasmic reticulum, ER) 7& 4 i H
KIAMIZS, 22RO BRI AR AR
MERGEH, IR — MBS M RS R 4E
FE T2 157 A% WE AR 1R B 6 0 A8 2 9 KL T P o DX A
AN, EEARGHR. e, & &R
[F] B A5 I = I B e 2 g T I B R R =
Ca™ R AR . 33 2RI, R S Ak R
I, ARSI, XN BB — RS
H R ORA B SR SR X B o, e oA 5 P Jog )
¥ (endoplasmic reticulum stress, ER stress/ ERS). ERS
2 JA B AR P & B A XV (unfolded protein response,
UPR), #— P RFEAMRE, il E A
B R A PN J5T I B4 B (protein kinase R-like ER kinase,
PERK). WLEEFEKEH 1 (inositol requiring enzyme 1,
IRE1) LA A& 3 14 %% 5% Kl ¥ 6 (activating transcription
factor 6, ATF6), BRI &M AT &1 E AT K
IEM S IR R e g sl T3 20, UPR A
2R - mANER RS IL R To A A 5 R
FINEFARDS, SZHI P BT 0873 2 B 1 e 06 7 Mk
SRt BRI oA o O T D i 2E e B I
B, MK E IR IRE . Blitk, B CECRE
PR MRS e BB BRILLLAh, PR E
Witz 5 Z MR RAE KR, HERPREER
EAEH.

W e 4EFF R I AR A I B LA A, AR
B HE N O R 2 S 8 ERSY. S WA 7T B ERS
FERF € ) 20 i A2 24 eh B R S A 1 B 2 T Y T
PE, B G T ERS W 42 [ N R 52 Wi 75 A AR K AT 72
208 Bl AWk, ERS AliEI UPR {5 5% 5%
FRIE RN, T B P H LA 8 UPR {5 5 5% 3 40 >
KPAT H AR € ThRe. Uk, XF ERS /15 9 ) M
()53 F WL IR NAR T W] RE A BT 30 B T2 95 0 (1)
Frip THE S . BR T AERZE IR EEH, ERSIEYS
LA B U T R R A R T S AN R )
M 2 PR BY (P G i . e & IR AT HE
P B ARV B B A O IR NER ST ERS AHG
73T HLHRE a7 R L A R R AL DA S 4% -
TEAEVR T HE AR BERT A A . A 9T ERS AH K 7>
T AL S AN T 28 G 0 70 B 72 9 e T isoE 1) UPR i
1 BRI T Fr KA G E L, I [EAE Rk i
PRIGTT 5 A I A SR SR Il (1 B A R

1 HNEMNESRITEEERN
W LB 0 248 i b ) ERS FITISONE i) UPR 15 5 th

3 PPN MBS IR S Bl FRON UPR 1 3 2640 3tk
LS . WS ATF6.PERK fll IRE1 =AMLEES (1)
B N2 AR S, ATk & (5 1 IE A
TSUEREAFRMIESY, &% & IREla-XBP1
%, IREla B KA, I HIE R = R4,
$ 7ok p-IREla 24k, XBP1 mRNA K4 8717), fi#i
Z IR Re s BRI i 5% [FF XBP1s, XBPIs i3t A4
MAZ G Ja 2h— RAIE R, WHRR AR P
<% f# (endoplasmic reticulum-associated degradation,
ERAD) %, MZ J71H %M ERS. [, p-IREla A]
DL i IREla % #fi 4 mRNA [ fi# (regulated IRE-1
dependent mRNA decay, RIDD) 3K [&AE P4 J5i 9 & /7 o
ANk, p-IREla i 7] LLdE i TRAF2 f# 4t c-Jun
R AR Ui (c-Jun N-terminal kinase, JNK) £/l caspase-
12 "SRG S W, REgIRmFET. oK ES
A% /e PERK I8, WS 77 UKL T IREla, 2
oo R ALY S F k. p-PERK BEER 1L R U710
elF2, %K p-elF2 {2k K1 ATF4 #l1%, ATF4
(1) Dy e XBP1s AHAL, 81T 5 3 — & 51 5k R i ¢
MZAZ IR SR ERS. {H4 ERS JNJEIES, ATF4 £
Ja 3l CHOP HI%:5%, CHOP k1M 8 she I T- A2 A
BN T, 25 =4 & ATF6 i@, ATF6 5 GRP78/
BiP 43 5 J5 23 N R s L i v, 8 3 31 e R Sk Ak
et ABERA, U SR T ATF6P50. Z JaiE N
Y AAZ B S B — RAIFER BN Z AR IR AR
ERS ™. B3 Ay BEETE A BIA N, UPR =
KBS FEREC R R, HHOHTE R
UPR {ERIR YT O MU S iR 2ems, H2R
FHRH ST (10 A

2 ANERMBMEERRL RTEER

HWRED “ AR ARmR 7, 2 40 M AE B0 — 28y 4b
VREAS BB B e A B — PR ORI BLAR . T DUZ
R PRI B BRI, R EEVE B R AT B A A
ANEJEY), KR, A AR,
I VR, dEREAZ . EABEAAER . Hh A
Jo ) AR AR [ R, e 9 UPRSORE )R TR B
R S SO AE B UPR AH G R 12 T8V b B 7 0 1R
HEE, BWES. & RIOZ RS QRS
HETF B SMAIRAT VRS T e S AR 55 1k
RE®. AW EWEFEF =ML, EERH
I (macro-ER-phagy). fil ER H M (micro-ER-phagy)
A LC3 MK 1 320 % 338 (vesicular delivery)( & 2).
PN BT I T T Ik 4 P B2 A48 R P J X R
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LC3-dependent
vesicular transport

B2 AERM B = RN

JBE X B R T Bl P o R A A, S B AR AR A
KMARERAS . NN AW 25 ERS 5] K UPR
R %2 5%, B IREla #4255 PERK & 1%.
T Wk AR PR S IR 3 A Wk 32 44 (ER-phagy adaptor)
IFEAE. 25 Ak, FEMTFLBh P A BE 43550 I
T FAMI34B. RTN3L. CCPGI. SEC62. TEX264.
ATL3. Atg39 Fl Atgd0 %5 [ g 52 4k BU, ax e g
Wit 52 PR BT P9 o R SR AL K 4 4 R A B, I
W RLAS T (TP AMJEORIEE, B FREZ . ERS N
BTSSR B AL . XL R A T BE T R
3493 T 3k F3 FR) P9 I 485 ) 2 K S UPR B8 8% 15 %5 43
T T SR ) 2 B A SR R AR R e U

H LIV P9 [ S 2 Rl R A G, il

eI EP S R N N s S Y R RS
o 4 1L A R T S S T R AN /N
B, AR YRS PN R AR 2 AN ORAIE B R AR R 1
#i& 4. — 77 10 ERS IR B T BER ORI 240
BB EE PR 5 O, H RSO B
HERR R EA AR, JB ER ik ). fErps
IRAT PR A, W 5 AN B 1 AT B R AR A
MRZE TN AR, T P R R TR R AR R 5 AR R
AR (RI6 9T T R R O MER . BT
FEAHOGBIA A AR I BLAh, R 5 AT S
AR sl 2 MR NG A, DLk
8 G R ML, T A5 IR S A 5 2 ) e £
A ds. B, BRI 55 R AR ER FR1A &R H
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GRP78/BIP F145 /X 2 4 calreticulin #F 17 41 %%. 2 )5,
BT B B B R A 58 I 0 B A pHL B R B
KMIR I IThRE. BJa, B B R 2 4 oD
Feia W e e A A g PO T B I R, A
JfL 2 d I P o I [ RIS R R . AR AU P
A, FAMI134B /310 N 5 9 B st m DL R i
TP B 15 I A P R R PR R ) A S R R B
120 XA RRNR D> T B 2R BT T A B R 4
L, TR 155 1 =i . ERS A% B S L R i
5 1) R OE, DR O B MR AR K
PR S HUAIT B R IR T R G VA T O 1 A
O R P, Wk, fEARRIEARES. BZX
JE DL S AR S0 B Fe s 5T I RtV RE R
— AN B S B AL

3 NRMEHSRERRN

3.1 ERSEHmRERERREKR

IEENT R, ARZHIFERRAR S R T
=5 K ERS. 1 51 K1) UPR w5 G40 i A4
RIS, I EE G T EEURHLH] 2 —. UPR iR
BRI GY, WORTE EIBURE B A S OB,
BERAEVEA IR 77242 e H2, LG Bt n] i
UPR #6315 - 5O B S SO, REdEmisH 5 R
#1120, i, PIRLAT S99 (hepatitis C virus, HCV).
B I % g B MR I 5 IR 25 A R R #F (poreine
reproductive and respiratory syndrome virus, PRRSV).
AHEK TR RE R B4 T LT AE 25 A A i ) 201
T RS RE M F 1E 32 N BT SEIR B B A BT R
Sk s Y EIEF BT, AT A R
Bip 5 IREl. ATF6 fil PERK % &, #Eii ] =4
WA P, 78 ERS M, 45597 SE AR
PR &2 UPR = MERE 5 Bip 70 B JF kA —
RS P E SRR B, te4h, Bip ilid i
A IV 41 P 5 67 R R S M 5 T SRE S B s TR AE
AU & Gerr, Bip B0 A K A B, AR ML
R S B R T AT 15 U Y B AR 400 ) 7 AR R R
UM BN 7 B 2Rk, BN, RN R B (peste des
petits ruminants, PPRV) Jjij £ /& 4% i #2 &1, UPR 11}
ATF6 {558 F 4% . PPRV @it TR Z ALK
) ¥ A 7 (stimulator of interferon genes, STING) ¥4
i ATF6 B T aME . EamiaRm, N
J#EF (Seneca valley virus, SVV) iliid PERK 1 ATF6
A5 1 R A 0 5 2 STING P fif, X AT REJZ SVV
() —Fh G e 1 T B B, NI R B B 5 2 )

LT RTINS . BRULLASL, R ERYLIE 23T ERS
FSURM A ERE T, g AEDIRAS,
TSR 25 26 R P [ AR A iis sl @ DL R FE 3 3R BA
UPR P15 B8 S0 F o 4% 18 420Kk 1 T 98 0E I
o fERRSEHIFBE RN H, UPR G 215 S
R — AN IE SO0 [ %, IR 2R P A i 6 VA I R 7
I & S BB M & A P,

Jo R G IR A UPR & 12 B A AL, TREL
A1 Toll-like 32 14 #B A fih &% 3% £ % (reactive oxygen
species, ROS) MG IR O Ak, HH# RS
NEMO A1 TRAF Bk &, M g 408 & NS 5
4%, G NK-xB. MAPK A1 INKPY., AW 40k,
TLR4 F1 TLR2 @il & $EVERGE IREL 0 5 5 1
XBP1, [A] W41 ERS i& 4% 1) HoAth 4 52, BIE 0
XBP1 J ik 8 55 20 fifd P57 9 7 4R R JEOK TLR {55 P2,
5% ERS #1955 Bip Ji, Toll 324K 2 /S 1)
R PRI, AFTFHIEAERR. 24 PRRSV
JRGLTE F 4RSS, UPR %6 T T3 % (interferon, IFN)
WG, 15 R PKR & 48 K05 NF-«xB FI IFN
(e B OV B, 4k, IREL A1 PERK fE#E4L |
52 560G %M EARAE XK. LLRNase L Jyfi,
B PP R T A R A IR, S S
BEIEE RNA WIREAR, AR 7= 1 BE 88 W0 64 G
KNP RE, WL B T PERK 5 R (RS R
(PKR) &5 4700 2 RS K FAE/EAH AR . PKR s&2—
FifE SR PUR B R A, WA X RNA IE A
S IR IFN Je B %, % 94T 1 B8 95 % 2% (porcine
epidemic diarrhea virus, PEDV) E £ 4 5 iz T 4 5 Y,
i ik WG PERK/elF2a 43 32 K fih & ERS, 2 J5 1%
5 AN RIG-T 15 5 AHCHUR R 8 A BIRE, AT
i T2 IFN f 7= A B 7 57 99 ) B B 5 11 e o
o, IRElo # mRNA VIEI GBI HEE B,
M 0 RIG- [ 45 6 58 1 42 75 46 W 2199 28 RNA B
il &% JORE S B BT, UPR #8242 7] IRE1 1 PERK 43
T 5 G AT e B AR, S A
J {5 5B 5 UPR {5 5@ % 2 A B a3tk . i,
Pz £} ) IRED A5 B A1 RNase 45 #4038, 50 L
B4 IRE1a LA M H J5 0 25 4% 8648 RNase L [R50 [X
F AL T S R A AR SRR AR S SIS N
WA TR, WA ) GCN2 B 45 138
A PERK M3 EE 45 #1805 PKR A 5%, 5l HRi%
37 B8] 3), b, ERS AT LAS| A S T
IGF-BP7 (W RE 78, L REAE (2 i3k 98 A e B A NK 2 i
A PRI EEPE, AT SEBL UPR P 6] [8 A 592
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XBPlu-mRNA AV A
l VaVaVa VEVVN
PR REER l
RIG-I
MAVS
NF-xB IFN

Kinase & |
< Module € GCN2
PERK
IREla
. A
l;’%ﬁl;ﬁ '
PKR/GCN2

Kinase/RNase Module
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RNase L

ms

E3 UPRERSEIARENRMEREKR

JOL i BRI IR A . B T E T BRI IR A R S R,
— Uy F 8 R R T &0 51 K ERS TE AN W
JE &gl REWE B i R A, AR
N5 ERS #YIAH5 B, 4 iR, ERS M55
WL 5 G SN o8 R, HLARSRSS T P4 J5 W s
PRSP
3.2 ERSHEUPRIEZRIFIEREMMRSSRERN
3.2.1 IREla-XBPligf% 5 4

MR EE T, UPR ZAN B S 5 &
B g% R NE R 5 . 7R 5P L9 Ok I IRE1a-XBP1
E T m AN T 0 RIR A IFNy RiE, i et
iR B R A R R W AE AR KR # L IREla-
XBP1 {5 5 i 3% d ik - 1 # 46 R 7 CXCL16 (1)
FIAKH N CDS' T A 324, b SR B AR
A S B e S AN  R R i s A,
XBP1 #] i iASEAN A PD1 )2 1K R i) 52
g R U T 40 P OSBRI, A IRElo-
XBP1 5 0] LAXIN T 40 IR, $2&m EiaIT 2L
T BR T MR A BT R IRELo-XBP1 X 4y 77
AR, A —Se AR W L R AN i G g2 1k IR
A FE-RYE PRI A OS2 55 (Kaposi’s sarcoma-
associated herpesvirus, KSHV) /1, 1Z i % 7] FifE
Wi 40 B R P At AE T 52 44 -1 P44 (programmed death
receptor-1 ligand, PD-L1) [J31A, 1M i5 F e il
A Bh T B A 5% bR 10 72 4R . 7E IRE Lo i Bk 19
CD4"T 40 i 71, CD4" T 41 fg A~ e 1 i 3 A1 43 1k,

SECIL-4 AR MY, B R R N, BRI
PAAL, FESPER R B Y R, XBP1 i fitidt CD8' T
Y B A4k B Rk, XBP1 I8 Bt 1 2 5 B S s
YRYT TiR 24 R T A A A
3.2.2 PERK-elF20i& 145 %

PERK-elF2a 5 IRE1a-XBP1 15 5 R f 1 & 5
DU R . BRI, B PERK-elF2a i #% 2>
HI CD8" T 21 M5 i A 1t g AR, T 0 ) %
A BT $2 5 CDS'T 4 i 5 v, 39N T 41 A
RS, ERE U, FRE, CHOP {£4 PERK-
elF20 55 1) FliEL B 4%, T 418 CHOP i 2k 7]
3t A& CD8 T 4H b i S e, $&wn T 4 i %
FEIRIT A % ™, AW R E W, PERK-elF2a
AR I 56 K T ATF4 X%F CD4™ T 4H fa /v 5 1) e 9%
R E I M, R ATF4 Bk S EIL-17 97
ASE R, iR ATF4 2 5855 BhPE T 415
17 (T helper cell 17, Th17) ()X & . BritLASL, PERK-
elF2o I % (1) o — M % 1 CHOP 255 | IL-17
FIAFI Th17 40 AL 4% . 5 IRE1a-XBP1 —FF,
PERK- elF2a 432 5 M2 B W40 it ik . 75 18 3¢
BHERB M4 4D R A, CHOP itk T
M2 B WA )= A, 2R B CHOP i 7 J5 n A1
i W [k, #n PERK-elF20 8 1% 7] B8 2 42
TPEVRTT A RNE W — P A5 B SR
3.2.3 ATF6i 125 %%

MDSCs 72 & #fi K5 I 7 i 40 i, mr#)6) T 48
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R Th g PN, g BB R B, ATF60 J8 2% 11384
T[S 2 4 MDSCs (PMNMDSCs) A&, IF
fit 33 PMNMDSCs ) %02 il v 1, Wi il g
R S G SN, IR Rt e Y. ATF6 I 5 H
WAL VS A 0%, TR R, E R
UPR 15 S #0805 . T30 ATF6 34 Rl 4 B 41 il
SRR, U AT A 4E4E B 7E Th2 Al Th17
2 i 9K 2 1) VR A5 PR A B PR AR R Y, ATF6
e B AE R, HTRHE Th2 A1 Th17 40 i it 51k
YRR T4 B, X YERF R R, ATF6o i@/
SRR B, PR ATF6o i % 2 52
FRIT R — T A BRI S

4 RIBRM NSRS

4.1 HNRMHEFRPEER
4.1.1 FREHEF %

93 31 I 98 A F I 0 2 R 5 R B EL I A
ST, gt RN, AR R
B R, o O %0 E (hepatitis B virus,
HBV) A BT 49558 (hepatitis C virus, HCV) A%
ST 02 1 B G 1) B2 B 5 . ERS 25 HBV Al
HCV & il i B i — AN B B, BITE 9 35 5l 1
o AR A AR SR K B IR B R T 9] N T R
B B, HBV 2xFI A A B 8 8 B 53T &AL
VR ) o b i 4%, fEd RIEH x A MR
RS H, UPR T ATF6 Al XBP1 ##0E, {2k
T HBV AR RS, 5] AT 28 BT SRR
1L (cyclooxygenase-2, COX2) & 3= 1) 4 A A i,
TE JERE SN P J5R 99 I8 2 ) P ok 3 A Y 4k,
COX2 fE18 1 I % & W 41 5 HBx L%
ik P, HBx 7] LUl T elF20-ATF4 il #% i § COX2
feak, HEm 5]k % 6 G e B AN G ik,
HBx 1 P4 Jii M 7 K 2 HBs & A (AR 2 ] 5 8045 55
TR A, ER b= AR ) PN 5 R SEORT i TL-8 B
3, iS5 B 9% B P BT HBY g,
FJER Y HCV 1 A2 5] R A8 T 4% 0 5 2295 Jit
A, FLAS By 1) 4 W RN A 25 40 B I E P 5 IR
R¥EEBEZEH. Flin, HIESHWENA NSSA, =
5N - 4R ES %S £ ER 1, NS5A &
H 3R 1A 15 5 ERS, fx 4 30E STAT-3 fil NF-«B,
HE M0 R 1% YR R0 M Y. TFN-a 24K 1 (IFNAR1)
Je— M IFN 324K, 74 UPR i) PERK Niff. kR
PERK AJJ##% IFNARI1 W F5 Mg, Pk 40X IFN 1)
SR 2 s M . PR & — 2 K G 3 =X

AR, B HCV SRR A 7 AR R X0UEE RNA
. elF20 Al #iEH 1k i) PKR BEM2 1k, i#id PERK i&
WO UPR™, 28 ATk, HBV Il HCV 5] K%
FVEHT K 5 ERS HOE Y UPR @ K 2 ] A & K51
IKFR, UPR BI85 G IR RO AE P A R 5 U0
BRAE, 27 R A5 R T R R . R,
FKS P I SR SR I AR o B 12 e LA 5|
P I 2 A 55 %, I VR R R R B IR 1% T R
FE.
4.1.2  FFA R

VFZTERF RN B AR A b & 5 R AF %, iF
T 51 RV F= ARG RER . 0, BRERZE B4
IR R DA R W HR A 2 E — e FR B Fd RO L3
VIR HES A5 o N6 1 P IRER M 3% S X LI 2 A ol
By S TA M H AT — BT IR T R DR . R
MM, WAL T — P 25400 7K (bortezomib,
BTZ), A ZZWGE 2 SEWUAZ ZEARR R
25 Az fUgE T, BTZ #E MRS, UPR I #% 1
IRE1-XBP1 Z: R 2% B, iz fEeE 5 BTZ
2P P R T A A B BET O Bk A4, fEH
AW HL (Schistosoma japonicum) J8& 4L ) /)N A% 7Y
WA AR TR VA T S ] TR/ RO R
GRP78 3Rk, MR T TR A R0 5 P9 ot )
PO BEBR T 155 — /N RS b R I,
0 ) R e of R S /0 BRA P9 9 ERS AT 3 B A
KB MGG U, whF 254 AT % 5 ERS Z A8
WA E RN TE, 0% A2 AE N AL 7
P EREHCENH, HEAINEED, BIReX)
PR i BRI 4R . R, 25 AR UG 2 51k
IgE U= 4E, X AR ERS 5% 2 M5 &
TEMBE R Bk, FRIEPUar A& RpIB s, T LL
# ERS B 1 =4 UPR MR 1E MR TS5, A
I LI TR AT %
4.1.3 2y

JHERE & AR EE BRI 3 B, &AM
iR I AR AN HEE, K 2 A0S I8 P o R
IR & Dh e E AL BE R G (CYP450) e A0y o i 1
B EAT HEME, O R 2eis i ER AR AN R AT, U
ERS"™. i n, 1FXF £ Bk & 3 M) (acetaminophen,
APAP) i T (1) S S sh Y v, 3 UPR
I % ) ATF6. CHOP i R1E5, KW ERS 7EZ454)
GRS P R IEEEER . as Rt
BUE AMPK/SIRT1 15 5401 P4 5T B2/ 2 1) ATF4
{55, 75 APAP 5 S S 04 &
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HERERBER 7, SR, HnLEd S PERK-
EIF20-ATF4-CHOP. IREla-XBP1 il ATF6-CHOP #H
FAE SiB, 51 UPR @ESAHCHE T GRP78. PERK.
ATF4, CHOP. IREla. XBP1 il ATF6 % mRNA 7K
SERERAKCFETHE T BRILCAAL, B4 Ak AT
R HIH] ERS 9 T R R 35 EL T bR I
B CIEI G| K ERS FEUFH G 25 4h, SEF.
B BESFR KAETFAE . mImk3EE, &k
LB R EMHE S ERS HEVIB R, HA
AR AR IS A FE T 7 haE R, 2tk
ERS AJ LLid I PERK H)3# MAPK RT3 (MKP-3)
BEfE, S E R 4 . DRk, MKP-3 mRE 2
I BB A D AR R v T HE s U7 28 L
I, ERS TEZ54 1 040 (1) e A2 2 e i A L BAE A
XA Z IR T T T ARET
4.1.4 ARSI 0T PR 5

FETPTRG 14 5 7 P 8 (NASHY) s 18 4 JH- fe
DUEIR R, S4Bk 25% f 58 AR & 85%~98%
FIRASIERE R U, NASH £ R, fr4st
o RIEMARMMMLG S, RESRKENEN.
JHF 40 ff i (HCC) 2545 . ER 254 WA A0 5 155 25 1 7
. ERESER A R, H IRk 5 G oK
i NASH %% # 245 5 ™, ERS & ‘EJ5, UPR &
W H = &R ok 4 T i i fe &, IRElo-
XBP1 i 15 U 19 B A% % B Ig &2 & (VLDL) [ 43 i A1
fig 05 4 B, T 2 50T AR B BE T 3 9,
XBP1 i 2 /)N B0 JE G 0 A2 e S22 B, it 3 H 3 =
RN [ G s A Y e 3 R R 3 AV U
PERK-elF2a-ATF4 & 42 A] iff 15 Hig B 2= 5 A A il A2
PE, ATF6o 4% 0] ARSI IE, 7 1k S o A2 i 07
e B9 UPR R ERE BRI AN, B 55k
RGJE PR P, SLEETT NASH (1) &4
R 76NN BN, TREla 0% 508 K m 5
SO A R A kB, 7E NASH 1, NF-xB J2 AT
5. A4k, HER HCC OB T. 1k
PERK [ i # f] IxB F 8 3%, 1§58 1 NF-xB %
P 91 ATF6a. IREla #1 PERK %} ER [ i i 5
) NF-xB 05 £ H 2. ERL IL-1B Al TNFo %%
A J5 0 IE Kupffer 4 g o, INK A #8741 g S8
T NF-kB B0E 2 [0 47 CE T % A0 9ERE (1) T A 0 28
I 2 B T e o 1 R B R NF-xB 3% PR3 e 7 1R BT
YA AET K TiFT NASH, {HiEid— & W {H, NF-«xB
R HE 40 i 980 A R AL R T 1 20, S BUIT
N s A 4 e A 7l w157 PR D 5 A

PUE NASH H /E AL & 52 0, (HAE IR
SER AR B Dy Re MR A B R R BRI, RORH T
Kupffer 41 il ) ERS A 1R K& X, X248 0] fg
255 NASH H (1 T A0E
42 ARMECHAEHZIRITHER S AL
4.2.1 P I R BT R 2R B

Bl R J G BRI (AD) A2 8 WL R BB,
FT AT 61 1K) 60%~80%"" . AD [RI4F it R i S El
HMRrSMEARE KPR, T2 AR
UPR 2x7E AD S35 [ R rhofi, T 3 9 35 B N it
PR S AD BANT] 3 (20 2 B Py Ji It Ak
FARMBERT, B ETSE 478
B, AD HHIL R E RO R R E
POE UPR SR HE B2 il A 53 W9 16 1 g, A5 2 19 o 1)
WG R o T RN B R R IR I e 22
BE e )RR 2 AD R I E EAE LGN Z —. B
JE By FF 8% 1 B0HE UPR 5 5, 41 PERK 8 XBP-1,
TMIX 3 >k AN T LAR 1E B Uk FE B AP 4 3
P PN, 78 AD BRE LS KN &3, Bip/GRP78
A1 p-PERK &5 UPR #H 5% (Rl - 7K ¥ 76 K i Bz )2 i
L 21, SN T R MBS S AD K
AR ELRE PP BRIkbLA, 1E AD BEE DR
T BRLNEAR Y (GVD) BiRAI# L e, UPR
Fr&E4 ( BI pPERK. pIRE 1o 1 pelF20)) B & 4940 7,
72 F U AN R T, S ET AT 82 BE ER BB (B
TiAbEL ) BAMAERERH, FoeRE THET
F g, X 1k B P 5T X RERT BATE AD 1R EART Bk
AR VER P R U ntt, ERS &5 A G N
Z B A HHAEH, BRI PERK A1 IREL NF{5E 5 18 %
5 NF-xB 5 5% SBUEH L, NF-kB 555 T2
AD JRELE I EM A ik R & . Bk, Bk
I 7] e O UPR {5 5 5 5ok 8 98 AD K
i O IREIRAT PRI % O R B AR R A 22 T
BOTZ, PN N TE T AR SR A T ORI 7 B
SEUGE AR RE, X AR 2, i
M UPR IR H W& 12, A2 5 8000 4 20 o 46
T2 P9, g LTk, ERS #03%# UPR & 424 T AD
SRR AR BB E 2R, AR K AR AR
LA BN RIEEARAERER, N&IRAT
PRSI BIETT SFER AL T B SR .
4.2.2 4TI RS A S AR

F 4= #% % (Parkinson's disease, PD) /& tH: 5 |25
U LR R AT, BRI EUR LSS o
R fi#% 5 1 (a-synuclein, o-Syn) )95 #1454, i
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ifi 51 & 2 B Reph & oait A v 5 2k P R ek,
o-Syn 7E RN RS B0E ERS, Ll UPR I&FKLE
BT 7. fF PD BB AR R B, a-Syn 23
I ¥ GRP78. PERK. ATF6 L) % IREla /K F, i
TR 3k P T X a-Syn 54 RER AR, W
HPrs 28 ™, a-Syn I RE RSB
WEMP R e, mbe. BT, ok
KR Ca® Fazs, SE B 7R BEX Fh K 77
FR ERS', a-Syn [IEUR AL 2 4 it A A5 BT
NWFFT, EFL 5540 P () 25 b 41 i 2% 7] #8545 5 7 1
MR, &5 K PD. & LRk, 7fE2J5X%F PD
FHOCHFFEH,  BFFEN SRACLTF AT UM = 7 T e e ik
ITIRIT B AR, B0 538 BT o-Syn H S 7EHHE
SRR . MR L 5 A0 2 2 TR AR R ML,
M R R B 1 R 9 T B S R
/b a-Syn ¥ R4 DL AGE (2 F ERS S5 AH SR AR g
X a-Syn B MR, 2R 2R IT BB PD KA
H .
4.2.3 N5 RIS UL A ) 2R B Ak
WLZE46 M 228 4L FE (amyotrophic lateral sclerosis,
ALS) A& LIRSV 1. N igshil & oo MR 1)
MR AT e e R YE . H AR 5Tk I
EEW RS TTBE S TDP-43 (transactive response
DNA-binding protein-43) 5 5%, JR[FJETE ALS £ #
P 45 B o 220 200 R P 5 R /6 988 4 b R G 0 3 TDP-
43" 7F TDP-43 ] A315T R4 ALS % [ ik
KIL ERS FrEY GRP78 BT ', Hil il — I
W FC 3 7~ 7 A R X B 8 3 3 ) AL R 4 &)
J#JE CLIC #f 1 (CLIC1) 4k FF N Jii I Hh Ca™ Fa 45,
B R 388 R 2 T /0BRSS R o A R A R R
AR R, IXERA T PN R I AR S R T ALS
T F A 2B AT M 1 B R 2 — U, ARk
YL 1 (superoxide dismutase 1, SOD1) {E 4 ALS
MEURHER, RAERE S SEMAIRITHER IR
Ao MISRHEFR R, 5 UPR IS FTE ALS B
H A BEA SOD1 RAF/N R AR 31L& B, 41 CHOP
F SOD1 3L R/IN R IS B4 T0 . #2481 5 4T
FUE B R =Rk, TERURME ALS 83 18 SR A
BRI RN R . AL, 938 SODI
(AT LSS 5 BERAD A 2C 3 8% 5044 Derlin-1
(¥) C A vy BB AH FLAVE F RIS G & 1k, i 5]
A RIT BN R ARG N R, B ad s
IRE1-TRAF2-ASK 1 et & st ', mik
A WL ERS AHSCIE IS HLEILE ALS Hm B fE b B

HE/EH. MHLE ALS JAI7 ORI, 2 B
28 FE K ¥ (CDNF) AIFEAR AR A1 842 UPR /) =
AN igAt. LT ERS BOW Y UPR I8 % 5k &
R ALS i sh#f & t, X NEEX T ALS
TETT SR T T I R R g O

5 REERE

PR A SR B R R AS I R s sl A e g, L
JR R R G A T A DG BEAR BRER T AT
BRI E . 2P R B AR T SR AR
FREITH R (R AR, ERS #0GE, #him ol igiE
BRI EE AR, MEEARES. UPR &—
Pl AR ST HOME 5 Sl s, MguieikiR b i
W IR B ST B 7 SR I S, IX 2 — MR ERS
s . SR, 7R JCIE RN R P 5T 9 R
T, UPR 2K MR RFMEILTAE S, FEAHMBILT.
18 14 ERS 51 2 1 40 J 453 153 1E7E iR 2 b N 500
o BRAE B A O o AREEIR B AE UL B P J5R X R A
LA AL LA e A 4 9% FIRH OG5 95 Hh B 23 36 (1)
e, TR FE P R8T B TR R R 1 B TR
7RI B e R N SO TR . Bz, B
JR IE B R B A 4 RF AN R AR S IR ORAIE L R
IEW A REER S A, e, ffriEid ESR £
B 24 R 25 11 0 R 2530 7 ¥ 7 R T 3 0 4 o oA ok
A AT R AT 72

(& £ X #

[11 Kang X, Wang J, Yan L. Endoplasmic reticulum in
oocytes: spatiotemporal distribution and function. J Assist
Reprod Genet, 2023, 40: 1255-63

[2] Qi Z, Chen L. Endoplasmic reticulum stress and
autophagy. Adv Exp Med Biol, 2019, 1206: 167-77

[3] Gonzalez A, Covarrubias-Pinto A, Bhaskara RM, et al.
Ubiquitination regulates ER-phagy and remodelling of
endoplasmic reticulum. Nature, 2023, 618: 394-401

(4] wWIRH, REW, BEM, & ARSI % 4R
HURIRIRIT FUE e . AL TRE 224, 2024, 40: 434-45

[S] Bettigole SE, Glimcher LH. Endoplasmic reticulum stress
in immunity. Annu Rev Immunol, 2015, 33: 107-38

[6] Oakes SA, Papa FR. The role of endoplasmic reticulum
stress in human pathology. Annu Rev Pathol, 2015, 10:
173-94

[71 Luchetti F, Crinelli R, Cesarini E, et al. Endothelial cells,
endoplasmic reticulum stress and oxysterols. Redox Biol,
2017, 13: 581-7

[8] Zhang C, Hu J, Wang X, et al. Avian reovirus infection
activate the cellular unfold protein response and induced
apoptosis via ATF6-dependent mechanism. Virus Res,
2021, 297: 198346



e AR, A5 A5 IO SO S TR LA A e B S S s A

1075

(1]

[12]

(18]

[19]

(20]

(21]

(22]

[23]

[24]

(25]

(26]

(27]

Gong J, Wang XZ, Wang T, et al. Molecular signal
networks and regulating mechanisms of the unfolded
protein response. J Zhejiang Univ Sci B, 2017, 18: 1-14
Fauzee YNBM, Taniguchi N, Ishiwata-Kimata Y, et al.
The unfolded protein response in Pichia pastoris without
external stressing stimuli. FEMS Yeast Res, 2020, 20:
foaa053

Mochida K, Oikawa Y, Kimura Y, et al. Receptor-mediated
selective autophagy degrades the endoplasmic reticulum
and the nucleus. Nature, 2015, 522: 359-62

Parashar S, Ferro-Novick S. Architecture of the endoplasmic
reticulum plays a role in proteostasis. Autophagy, 2022,
18:937-8

Lahiri V, Klionsky DJ. CCPG1 is a noncanonical
autophagy cargo receptor essential for reticulophagy and
pancreatic ER proteostasis. Autophagy, 2018, 14: 1107-9
Yang Y, Klionsky DJ. A novel reticulophagy receptor,
Eprl: a bridge between the phagophore protein Atg8 and
ER transmembrane VAP proteins. Autophagy, 2021, 17:
597-8

Mochida K, Nakatogawa H. ER-phagy: selective
autophagy of the endoplasmic reticulum. EMBO Rep,
2022, 23: e55192

Gubas A, Dikic I. ER remodeling via ER-phagy. Mol Cell,
2022, 82: 1492-500

Ferro-Novick S, Reggiori F, Brodsky JL. ER-phagy, ER
homeostasis, and ER quality control: implications for
disease. Trends Biochem Sci, 2021, 46: 630-9

Hill MA, Sykes AM, Mellick GD. ER-phagy in
neurodegeneration. J Neurosci Res, 2023, 101: 1611-23
Hiibner CA, Dikic I. ER-phagy and human diseases. Cell
Death Differ, 2020, 27: 833-42

Ghosh S, Dellibovi-Ragheb TA, Kerviel A, et al.
B-Coronaviruses use lysosomes for egress instead of the
biosynthetic secretory pathway. Cell, 2020, 183: 1520-35
Lennemann NJ, Coyne CB. Dengue and Zika viruses
subvert reticulophagy by NS2B3-mediated cleavage of
FAM134B. Autophagy, 2017, 13: 322-32

Chen X, Cubillos-Ruiz JR. Endoplasmic reticulum stress
signals in the tumour and its microenvironment. Nat Rev
Cancer, 2021, 21: 71-88

AIE, J7 %k, RV, 0TI REEOE B0 B R AR e % B
Erp it Rk . B AU AE AR, 2022, 35: 318-24
Crawford SE, Hyser JM, Utama B, et al. Autophagy
hijacked through viroporin-activated calcium/calmodulin-
dependent kinase kinase-f signaling is required for
rotavirus replication. Proc Natl Acad Sci U S A, 2012,
109: E3405-13

Kopp MC, Larburu N, Durairaj V, et al. UPR proteins
IRE1 and PERK switch BiP from chaperone to ER stress
sensor. Nat Struct Mol Biol, 2019, 26: 1053-62

HEA, SRR, ZRIAL, S ARSI R R
IRGPEAE T A A 25 G AR AL, o [ R 24,
2023, 43: 804-11

Zhang R, Lin H, You Q, et al. Peste des Petits ruminants
virus upregulates STING to activate ATF6-mediated
autophagy. J Virol, 2022, 96: e0137522

(28]

(29]

[32]

[33]

[34]

[39]

[40]

[42]

Bai L, Zhang R, Zheng H, et al. Seneca valley virus
degrades STING via PERK and ATF6-mediated reticulophagy.
Viruses, 2023, 15: 2209

HTN-F, Mbis, S 2%, 55 R gL 5] n W oo R
O AN [ A 5 T e (R R e T Se kg . o TR T AR )
ki, 2023, 18: 486-8

Suliman M, Schmidtke MW, Greenberg ML. The role of
the UPR pathway in the pathophysiology and treatment of
bipolar disorder. Front Cell Neurosci, 2021, 15: 735622
Barnabei L, Laplantine E, Mbongo W, et al. NF-«B: at the
borders of autoimmunity and inflammation. Front
Immunol, 2021, 12: 716469

Martinon F, Glimcher LH. Regulation of innate immunity
by signaling pathways emerging from the endoplasmic
reticulum. Curr Opin Immunol, 2011, 23: 35-40

Zhu Z, Liu P, Yuan L, et al. Induction of UPR promotes
interferon response to inhibit PRRSV replication via PKR
and NF-«kB pathway. Front Microbiol, 2021, 12: 757690
Li S, Liu Y, Liu X, et al. Magnetite Fe;O, nanoparticles
enhance mild microwave ablation of tumor by activating
the IRE1-ASK1-JNK pathway and inducing endoplasmic
reticulum stress. Int J Nanomedicine, 2021, 16: 6129-40
Liu CX, Li X, Nan F, et al. Structure and degradation of
circular RNAs regulate PKR activation in innate immunity.
Cell, 2019, 177: 865-80

Zheng L, Liu H, Tian Z, et al. Porcine epidemic diarrhea
virus E protein inhibits type I interferon production
through endoplasmic reticulum stress response (ERS)-
mediated suppression of antiviral proteins translation. Res
Vet Sci, 2022, 152: 236-44

Lencer WI, DeLuca H, Grey MJ, et al. Innate immunity at
mucosal surfaces: the IRE1-RIDD-RIG-I pathway. Trends
Immunol, 2015, 36: 401-9

Chakrabarti A, Jha BK, Silverman RH. New insights into
the role of RNase L in innate immunity. J Interferon
Cytokine Res, 2011, 31: 49-57

Liu Q, Korner H, Wu H, et al. Endoplasmic reticulum
stress in autoimmune diseases. Immunobiology, 2020,
225: 151881

Song M, Sandoval TA, Chae CS, et al. IREla-XBP1
controls T cell function in ovarian cancer by regulating
mitochondrial activity. Nature, 2018, 562: 423-8

Li S, Zhu G, Yang Y, et al. Oxidative stress drives CD8"
T-cell skin trafficking in patients with vitiligo through
CXCL16 upregulation by activating the unfolded protein
response in keratinocytes. J Allergy Clin Immunol, 2017,
140: 177-89

Lee AH, Sun L, Mochizuki AY, et al. Neoadjuvant PD-1
blockade induces T cell and ¢DC1 activation but fails to
overcome the immunosuppressive tumor associated
macrophages in recurrent glioblastoma. Nat Commun,
2021, 12: 6938

Gilardini Montani MS, Falcinelli L, Santarelli R, et al.
KSHYV infection skews macrophage polarisation towards
M2-like/TAM and activates Irel a-XBP1 axis up-
regulating pro-tumorigenic cytokine release and PD-L1
expression. Br J Cancer, 2020, 123: 298-306



1076

GRS

364

[44]

[46]

[47]

[48]

[49]

[50]

[54]

[59]

Kemp KL, Lin Z, Zhao F, et al. The serine-threonine
kinase inositol-requiring enzyme la (IREla) promotes
IL-4 production in T helper cells. J Biol Chem, 2013, 288:
33272-82

Kamimura D, Bevan MJ. Endoplasmic reticulum stress
regulator XBP-1 contributes to effector CD8" T cell
differentiation during acute infection. J Immunol, 2008,
181: 5433-41

Hurst KE, Lawrence KA, Essman MT, et al. Endoplasmic
reticulum stress contributes to mitochondrial exhaustion
of CD8" T cells. Cancer Immunol Res, 2019, 7: 476-86
Chen X, Iliopoulos D, Zhang Q, et al. XBP1 promotes
triple-negative breast cancer by controlling the HIFla
pathway. Nature, 2014, 508:103-7

Yang X, Xia R, Yue C, et al. ATF4 regulates CD4" T cell
immune responses through metabolic reprogramming.
Cell Rep, 2018, 23: 1754-66

Yao Y, Wang Y, Zhang Z, et al. Chop deficiency protects
mice against bleomycin-induced pulmonary fibrosis by
attenuating M2 macrophage production. Mol Ther, 2016,
24:915-25

Bartoszewski R, Brewer JW, Rab A, et al. The unfolded
protein response (UPR)-activated transcription factor
X-box-binding protein 1 (XBP1) induces microRNA-346
expression that targets the human antigen peptide
transporter 1 (TAP1) mRNA and governs immune regulatory
genes. J Biol Chem, 2011, 286: 41862-70

Miao Y, Yang H, Levorse J, et al. Adaptive immune
resistance emerges from tumor-initiating stem cells. Cell,
2019, 177: 1172-86

Tcyganov EN, Hanabuchi S, Hashimoto A, et al. Distinct
mechanisms govern populations of myeloid-derived
suppressor cells in chronic viral infection and cancer. J
Clin Invest, 2021, 131: ¢145971

Wang Q, Zhu X, Li Z, et al. ATF6 promotes liver
fibrogenesis by regulating macrophage-derived
interleukin-1o expression. Cell Immunol, 2021, 367:
104401

Wu D, Zhang X, Zimmerly KM, et al. Unfolded protein
response factor ATF6 augments T helper cell responses
and promotes mixed granulocytic airway inflammation.
Mucosal Immunol, 2023, 16: 499-512

Hu T, Wang J, Li W, et al. Endoplasmic reticulum stress in
hepatitis B virus and hepatitis C virus infection. Viruses,
2022, 14: 2630

Awe K, Lambert C, Prange R. Mammalian BiP controls
posttranslational ER translocation of the hepatitis B virus
large envelope protein. FEBS Lett, 2008, 582: 3179-84
LiB, Gao B, Ye L, et al. Hepatitis B virus X protein (HBx)
activates ATF6 and IRE1-XBP1 pathways of unfolded
protein response. Virus Res, 2007, 124: 44-9

Hung JH, Su 1J, et al. Endoplasmic reticulum stress
stimulates the expression of cyclooxygenase-2 through
activation of NF-xB and pp38 mitogen-activated protein
kinase. J Biol Chem, 2004, 279: 46384-92

Cheng AS, Chan HL, Leung WK, et al. Expression of
HBx and COX-2 in chronic hepatitis B, cirrhosis and

[67]

[69]

[74]

hepatocellular carcinoma: implication of HBx in
upregulation of COX-2. Mod Pathol, 2004, 17: 1169-79
Cho HK, Cheong KJ, Kim HY, et al. Endoplasmic
reticulum stress induced by hepatitis B virus X protein
enhances cyclo-oxygenase 2 expression via activating
transcription factor 4. Biochem J, 2011, 435: 431-9

Tsuge M, Hiraga N, Zhang Y, et al. Endoplasmic
reticulum-mediated induction of interleukin-8 occurs by
hepatitis B virus infection and contributes to suppression
of interferon responsiveness in human hepatocytes.
Virology, 2018, 525: 48-61

Waris G, Tardif KD, Siddiqui A. Endoplasmic reticulum
(ER) stress: hepatitis C virus induces an ER-nucleus signal
transduction pathway and activates NF-xB and STAT-3.
Biochem Pharmacol, 2002, 64: 1425-30

Liu J, HuangFu WC, Kumar KG, et al. Virus-induced
unfolded protein response attenuates antiviral defenses via
phosphorylation-dependent degradation of the type I
interferon receptor. Cell Host Microbe, 2009, 5: 72-83
Hesler S, Angeliadis M, Husain B, et al. Contribution of
dsRBD2 to PKR activation. ACS Omega, 2021, 6: 11367-
74

He B. Viruses, endoplasmic reticulum stress, and
interferon responses. Cell Death Differ, 2006, 13: 393-403
Lin D, Chen Y, Koksal AR, et al. Targeting ER stress/
PKA/GSK-3fB/B-catenin pathway as a potential novel
strategy for hepatitis C virus-infected patients. Cell
Commun Signal, 2023, 21: 102

Brunetti E, Kern P, Vuitton DA. Writing Panel for the
WHO-IWGE. Expert consensus for the diagnosis and
treatment of cystic and alveolar echinococcosis in humans.
Acta Trop, 2010, 114: 1-16

Stadelmann B, Aeschbacher D, Huber C, et al. Profound
activity of the anti-cancer drug bortezomib against
Echinococcus multilocularis metacestodes identifies the
proteasome as a novel drug target for cestodes. PLoS Negl
Trop Dis, 2014, 8: €3352

Yu YR, Ni XQ, Huang J, et al. Taurine drinking
ameliorates hepatic granuloma and fibrosis in mice
infected with Schistosoma japonicum. Int J Parasitol
Drugs Drug Resist, 2016, 6: 35-43

Peng M, Chen F, Wu Z, et al. Endoplasmic reticulum
stress, a target for drug design and drug resistance in
parasitosis. Front Microbiol, 2021, 12: 670874

Peng M, Zhao S, Hu Y, et al. Nitric oxide-induced
endoplasmic reticulum stress of Schistosoma japonicum
inhibits the worm development in rats. Free Radic Biol
Med, 2024, 212: 295-308

WRBCZ:, 3K, AR, A A BT I R JH I 09 v )
VEFIBIT FURERE. s A AT 272 2% 35, 2021, 30: 463-9
Xu J, Zhao L, Zhang X, et al. Salidroside ameliorates
acetaminophen-induced acute liver injury through the
inhibition of endoplasmic reticulum stress-mediated
ferroptosis by activating the AMPK/SIRT1 pathway.
Ecotoxicol Environ Saf, 2023, 262: 115331

Wang J, Ding L, Wang K, et al. Role of endoplasmic
reticulum stress in cadmium-induced hepatocyte apoptosis



]

e AR, A5 A5 IO SO S TR LA A e B S S s A

1077

[75]

(81]

(82]

(83]

(84]

(85]

[86]

(87]

[88]

(89]

[90]

and the protective effect of quercetin. Ecotoxicol Environ
Saf, 2022, 241: 113772

Qiu T, Shi JX, Cheng C, et al. Avicularin attenuates lead-
induced impairment of hepatic glucose metabolism by
inhibiting the ER stress-mediated inflammatory pathway.
Nutrients, 2022, 14: 4806

Foufelle F, Fromenty B. Role of endoplasmic reticulum
stress in drug-induced toxicity. Pharmacol Res Perspect,
2016, 4: e00211

Huang X, Zhu H, Lu W, et al. Acute endoplasmic
reticulum stress suppresses hepatic gluconeogenesis by
stimulating MAPK phosphatase 3 degradation. Int J Mol
Sci, 2023, 24: 15561

Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic
histology in obese patients undergoing bariatric surgery. J
Hepatol, 2006, 45: 600-6

Lebeaupin C, Vallée D, Hazari Y, et al. Endoplasmic
reticulum stress signalling and the pathogenesis of non-
alcoholic fatty liver disease. J Hepatol, 2018, 69: 927-47
Wang S, Chen Z, Lam V, et al. IRE1a-XBP1s induces PDI
expression to increase MTP activity for hepatic VLDL
assembly and lipid homeostasis. Cell Metab, 2012, 16:
473-86

Lee AH, Scapa EF, Cohen DE, et al. Regulation of hepatic
lipogenesis by the transcription factor XBP1. Science,
2008, 320: 1492-6

Oyadomari S, Harding HP, Zhang Y, et al. Dephosphorylation
of translation initiation factor 2a enhances glucose
tolerance and attenuates hepatosteatosis in mice. Cell
Metab, 2008, 7: 520-32

Chen X, Zhang F, Gong Q, et al. Hepatic ATF6 increases
fatty acid oxidation to attenuate hepatic steatosis in mice
through peroxisome proliferator-activated receptor a.
Diabetes, 2016, 65: 1904-15

Deng J, Lu PD, Zhang Y, et al. Translational repression
mediates activation of nuclear factor kB by phosphorylated
translation initiation factor 2. Mol Cell Biol, 2004, 24:
10161-8

Jiang HY, Wek SA, McGrath BC, et al. Phosphorylation
of the a subunit of eukaryotic initiation factor 2 is required
for activation of NF-«kB in response to diverse cellular
stresses. Mol Cell Biol, 2003, 23: 5651-63

Luedde T, Schwabe RF. NF-«B in the liver--linking injury,
fibrosis and hepatocellular carcinoma. Nat Rev Gastroenterol
Hepatol, 2011, 8: 108-18

2023 Alzheimer's disease facts and figures. Alzheimers
Dement, 2023, 19: 1598-695

Hoozemans JJ, Veerhuis R, Van Haastert ES, et al. The
unfolded protein response is activated in Alzheimer's
disease. Acta Neuropathol, 2005, 110: 165-72

Unterberger U, Hoftberger R, Gelpi E, et al. Endoplasmic
reticulum stress features are prominent in Alzheimer
disease but not in prion diseases in vivo. J Neuropathol
Exp Neurol, 2006 , 65: 348-57

Lee DY, Lee KS, Lee HJ, et al. Activation of PERK
signaling attenuates AP-mediated ER stress. PLoS One,
2010, 5: 10489

[91] Casas-Tinto S, Zhang Y, Sanchez-Garcia J, et al. The ER
stress factor XBP1s prevents amyloid-B neurotoxicity.
Hum Mol Genet, 2011, 20: 2144-60

[92] Hoozemans JJ, van Haastert ES, Nijholt DA, et al. The
unfolded protein response is activated in pretangle neurons
in Alzheimer's disease hippocampus. Am J Pathol, 2009,
174: 1241-51

[93] Ho YS, Yang X, Lau JC, et al. Endoplasmic reticulum
stress induces tau pathology and forms a vicious cycle:
implication in Alzheimer's disease pathogenesis. J
Alzheimers Dis, 2012, 28: 839-54

[94] Fouillet A, Levet C, Virgone A, et al. ER stress inhibits
neuronal death by promoting autophagy. Autophagy, 2012,
8:915-26

[95] Salminen A, Kauppinen A, Suuronen T, et al. ER stress in
Alzheimer's disease: a novel neuronal trigger for inflammation
and Alzheimer's pathology. J Neuroinflammation, 2009, 6:
41

[96] Gao Y, Wang C, Jiang D, et al. New insights into the
interplay between autophagy and oxidative and
endoplasmic reticulum stress in neuronal cell death and
survival. Front Cell Dev Biol, 2022, 10: 994037

[97] Chen R, Gu X, Wang X. a-Synuclein in Parkinson's
disease and advances in detection. Clin Chim Acta, 2022,
529: 76-86

[98] Liu M, Qin L, Wang L, et al. a-Synuclein induces
apoptosis of astrocytes by causing dysfunction of the
endoplasmic reticulum-Golgi compartment. Mol Med
Rep, 2018, 18: 322-32

[99] Gorbatyuk MS, Shabashvili A, Chen W, et al. Glucose
regulated protein 78 diminishes a-synuclein neurotoxicity
in a rat model of Parkinson disease. Mol Ther, 2012, 20:
1327-37

[100] Nemani VM, Lu W, Berge V, et al. Increased expression
of a-synuclein reduces neurotransmitter release by
inhibiting synaptic vesicle reclustering after endocytosis.
Neuron, 2010, 65: 66-79

[101] Kovacs G, Reimer L, Jensen PH. Endoplasmic reticulum-
based calcium dysfunctions in synucleinopathies. Front
Neurol, 2021, 12: 742625

[102] Neumann M, Sampathu DM, Kwong LK, et al.
Ubiquitinated TDP-43 in frontotemporal lobar degeneration
and amyotrophic lateral sclerosis. Science, 2006, 314:
130-3

[103] Wang X, Zhou S, Ding X, et al. Activation of ER stress
and autophagy induced by TDP-43 A315T as pathogenic
mechanism and the corresponding histological changes in
skin as potential biomarker for ALS with the mutation. Int
J Biol Sci, 2015, 11: 1140-9

[104] Guo L, Mao Q, He J, et al. Disruption of ER ion
homeostasis maintained by an ER anion channel CLCC1
contributes to ALS-like pathologies. Cell Res, 2023, 33:
497-515

[105] Dong Q, Fu L, Zhao'Y, et al. Derlin-1 is a target to improve
radiotherapy effect of esophageal squamous cell
carcinoma. Oncotarget, 2017, 8: 55135-46

[106] De Lorenzo F, Liiningschrér P, Nam J, et al. CDNF



1078 ARl #3645

rescues motor neurons in models of amyotrophic lateral mitochondria calcium cycle and ER stress response as
sclerosis by targeting endoplasmic reticulum stress. Brain, therapeutic targets in amyotrophic lateral sclerosis. Front
2023, 146: 3783-99 Cell Neurosci, 2014, 8: 147

[107] adic V, Prell T, Lautenschlaeger J, et al. The ER



