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Research progress of endoplasmic reticulum stress

signaling pathway in liver fibrosis
CHEN Peng, NIE Yuan, ZHU Xuan*

(Digestive Diseases Research Center of Jiangxi Province, Department of Gastroenterology,
The First Affiliated Hospital of Nanchang University, Nanchang 330006, China)

Abstract: Liver fibrosis is a process of fibrous accumulation and inflammatory reaction caused by various pathogenic
factors, which seriously threatens human health. It is a global medical problem that needs effective treatment
strategies. Endoplasmic reticulum (ER) damage leads to ER stress, which activates the unfolded protein response
and mediates three transmembrane protein (PERK, IRE1, ATF6) pathways to maintain ER homeostasis and restore
ER function. However, long-term or excessive stress induces expression of apoptotic signals and autophagy,
promoting cell death. Endoplasmic reticulum stress plays an important role in the development and reversal of liver

fibrosis. In this article we review the role of endoplasmic reticulum stress signaling pathway in liver fibrosis.
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1 ARMNHASRITBEENE

P J5i A £ L I E AR 25 ol 240 L PR R 24 i A1 R
PRI 3 B BT REI,  BORE N BT N B A B
B I AGE i Th e Z M S BRI & / iR &
AR, ITEE R I8 & H M2 (unfolded
protein response, UPR)™. 45 [ /i ) i A6 25 AN 97 2
T 06 ZUAE P J5 P9 s v T A% A BE 3R AT de R A 4
M LiRE, Rl UPR ) BE & & B 2 1E AR B /
WS EA, ALEMIE, MEkiEd ER
AHIE R A P4 % (ER-associated degradation, ERAD) Fll
I 3 1 oK ¥ Bk O 4 8 1 5 DA K & ER Fa s B
UPR SEPR b & —Fh4E+F ER T8 (1 RF K ot & 125 1 &
g1, HoEZH PR AME ERS & B4 Uk & ER
ThRE.

2 NEMRHES BEBAEFTHELHIER

HAMPA I MR R FBORTE /HREALE
BT R R AR, G BR R H 45 5 82 A (binding
immunoglobulin protein, BiP) M &5 H# RNA ££ ER
1% (protein kinase RNA-like ER kinase, PERK). HJl
I 55 B 1 (inositol requiring enzyme 1, IRE1) 134
1 ¥ 5 [Al T 6 (activating transcription factor 6, ATF6)
X3 ER B RE BRI, XSRS S
R, BN IHAEE UPR {55, BiP 2117 ER &
5T B A A R B A 0 2 AR AR . AEAR AR,
BiP 5 3 ER BBl E AR EE G, =& Tk
FIRA. K4 ERS IF, BiP M 3 Fft ER 5 i 25
FAEE, USSR SRS/ MRS E AL
B B JE B IR AT AR TS MRS IR i
55 &,
2.1 PERKRZERHAR AN FHIER

PERK /& ER i B [ BB H e, &1/
T R VA 2 i i 1. PERK 5 BiP i &5 J5 R AR
£, il E S RGBSR TGS, R)E 4R
PN R AL IR T 20 (eIF20) (K155 51 17 22 & IR
fRAL, MM eIF2p G PE, FREBCRZHE AR
BRI D, B4 BER T SR1, BEERIL I
elF20 7] DA BE0E 74 3[Rl 7 4 (activating transcription
factor 4, ATF4) ¥ 315, 7£ UPR H. 1, ATF4 I iff
ER 7; AR E A KRB UAWKE ER 184S, TAE
K UPRCIRA T, ATF4 ALY UPR Joif4hi&,
13t C/EBP [A)iJ5 4 1 (C/EBP homologous protein, CHOP)
ik, F5 ATP ¥R, SN BRI T 7,

PERK /& UPR W4 ik 4, 7EH£F4efbrh A
2 FAE . ¥ Jo % P, ERS @ id PERK/
elF20/CHOP & 4% 1 JF 41 i o XUy 5 1% B 1% i 5
(dual-specificity phosphatase 5, DUSPS) {3 iA 3 1n,
iff DUSPS []i55 5 A 32 IRE1 8¢ ATF6 T 2K (11 5 Wi
ik 23K 1Y) DUSPS fig [ A 20 i AN 5 5 I/ 15 e
(extracellular-signal-regulated kinase, ERK) ] fif E& 1,
AT, I HIR s ALY Caspase-3
K, IRAS I RAE T4 4E4k . 1X 08 ERS
A1 3 4 0 B T A I S 3t T — AN 20 1 5=
fifie 7E Lee % " (B 50 rh, #5% N T Kriippel £l
F 10 (Kriippel-like factor 10, KLF10) ]k 245 5 &)
PR R R RN BB IR AL S ERS. S
JERRE IR A I B A= BN BRAH G, KILF10 2 DR B /s iR
JH- 4 s+ PERK/eIF20/CHOP 15 5 i@ 48 4% 1 FE 0
SEUFA R T XK Y] KLF10 £ 1 i 7 32 P 2
ALY A BAT (R4 1B . He 25 " R SR,
1% 45455 #H 9% 43 145 38 HMGBI (high-mobility group
box 1) A LA A 32 45 i 48 i b B 8, W0vE HSC
TLR4 Al RAGE 15 5 i i, JF 2 77 & 4k 18 n
BiP.PERK 1 IREla [{J3ik, %55 HSC . Fi4h,
HMGBI i& A LA 3 HSC P4 IL-1B A1 IL-18 4 i Al
TR, J5 A4k .

FLLC TR Y R RE S R T PERK I&1E, KIEPLLT
b iE . y- 4 H =4 (gamma-tocotrienol, yT3)
BE 0% P2 ALK i IR e 1L [ 75 K% R B CRHR & (high fat
and high cholesterol diet along with sucrose drink,
HFCS) A 4 2 #8 M JIH Bl 5k = 1K £ (methionine and
choline deficient diet, MCD) /)N iR iTiE A BiP. CHOP,
p-INK. p-elF2a 1 p-p38 &5 F1/KF, Ml ERS,
Yol U U 28 RE A 2R 4k U yT3 RO P AR 4RI/ R AE
CHOP %Rl B P i B, 3R] ¢T3 e Ziti i
Y415 ERS SR ILLF 4 Dyfg,  HED yT3 7] fg 417
il 7 HSC [, Liao 2 "R —Fh/~ 12k
BER SRR CCL, 5 3 1 2T 4E LB /N BN
MAZAEHL /N B, 53 25 1 JEAR HSC, R B ASE B /)N Bl JH
JIE£T4EAL AT ERS R B2 J e, A4 HSC HIHE0E t 4
0, JF H A BLS R 2 il o 4 ) HSC A PERK/
elF20/CHOP i 12 47 3 i) AT JIE #% &5 HNRNPAL &
AR R SR HERR, SRR I AT A . MOl BR Y T 22
AP — 3 I ARE FEE IR (DDC) /] LA
MCD R & 5 3 1) K BRUHIE N ERS AH 52 K] CHOP
M1 ATF4 (f13R55, 0% Bax Fl Caspase-3 ififk, MM
BEL 11 JFF &1 9 T2 f HSC s ' Liu 25 U 48 B
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IR 4 (NaAsO,) AN HIE A HSC J&, K L4 i
N CHOP. BiP. £} ZE{LAH K 8 H [ R aE A 7K1
Whn, s SRR KE, JFE S HSC KBS,
SR X LA H B A A Sl 3% . X R Ik
T 2 B - ERS AR & A5 A2 25 Sk A i) HSC 3
W, RIFBEPIASNIEA.
22 IREIERRHEEAHENLHIER

IRElo & ER i B/ T BEsEEE 1, HA AR
5 5 BRI A V) Bl 25 AL SR 22/ 5 A IR o 1 i &5
#J38, IRElo 5 BiP fi# & 58 B & — BB IR
s . — 71, WOE Y IRELo (AR N V)RS
Al X- G568 1 (X-box binding protein 1, XBP1)
A /& mRNA B e £ 1% U bk — B B 5 510, A ™
A7) % XBP1 (XBP1 splicing, XBP1s), XBPls %}
B 40 %, fERS 5 S BiP. CHOP. 4 J5i (W[4
fiee 1 5 H 55 B B 22 1 (ER degradation-enhancing-
mannosidase-like protein, EDEM) 2[R 5455, IX 4L
FE PR T £ o ) I 4T S A1 ERAD i 42 R
2 U9, IREL B REIE I —Fh AR iR 4% IREL &tk
A4S (regulated Irel-dependent decay, RIDD) H] it #£
KBEMFLE mRNA, kb7 s 742, AT
BRI Y 05T, S ) IRELa 7] LA
55 45 i Rg SR U IR 1 52 A AH OC [ 7 2 (tumor necrosis
factor receptor-associated factor 2, TRAF2) ¥ yi% I 1=
{5534 1 (apoptotic signaling kinase 1, ASK1), ¥&
L) ASK1 %55 c-Jun 2 35 % (c-Jun N-terminal
kinases, JNK) ¥#3i, i g 1k Bel-2 XKk & [ 1
FAhHLEIfE R gn gt T 1Y

IRE1 /& UPR " & fR 57 (& 42, AW N 3
ERS #HXMIFTME 5. 1214 NaAsO, £ #& n] LLBUE
IREla 41 7 ) NADPH %8 {1, i 4 (NOX4) W& fk,, 7
L ROS [ Rifiii#E HSC!™. UPR 1 ROS Z [f]ff)
HAK A, PLEHAD UPR i&427F ROS 74 F1 HSC
BosHYEH, A Fridk— B 5. MicroRNA-29a
A DAY/ BH FE P B 5 S /N B ES 4% 2 miR-29a
I #£ix 5% HSC # IREla. XBP1. PERK F1 CHOP
()N, BHAE HSC W0, AN ek A4 75 A0 41 4
o F34h, miR-29a W] LLEEAIRITAE A ULK. LC3BII
KOV, S, R SERTThAE. Zuo & BY #E
£ PDGF ¥ 3:1f) HSC Hh & L, FRBURK 2 13l la
(acid-sensing ion channel 1a, ASICla) i#id PI3K/AKT
AR BT TR B A0 MR, SRR ARAT Ca®t P
MAELMBA SRS, R EaRBEmMBER
ERS, % 33 HSC Wil 5145, (et iFergitt.

Ak, UTER ASICla F£1IK 7 ERS #H X Ar & 47 BiP.
IREl. XBP1 F Caspasel2 [#J# 1% . Borkham-Kamphorst
2 21 3) >l CYR61/CCNI (cysteine-rich angiogenic inducer
61) B F/E NIRRT e M it 32215 5 70, BA
PUAF YA IS ). I IR 9% 815 5 HSC PJ CCN1
AL ERIE, I ER BB AL UPR, BiE
IRE1/XBP1/INK #1 PERK/p-elF20/CHOP #4%, %%
HSC JT-. Kk, RS CON1 K FRIE T #E
AR T ek SO B AR 4 A

AT IREL B2t AR A Rt 4 446 5 Ko
Chen %5 ™ i 50 & L, IRElo RNase o 5 14 4101 1 751
STF-083010 I 2 1 % £F 4k 4k JiT I b miR-122 f R
W, 9 CCL, 75 5 1 /0 BRI 453 49 A0 2F 44k o
miR-122 [ FIF#ESER, U0 Collal. Colla2. CTGF.
P4HA1 1 Mmp9 [#] mRNA 5 /) & BT I & miR-122
R IE KT RS, X8 STF-083010 Hi4F
YEALAE FH AT A 5 A0 ) IE ERS ATRH 1E miR-122
WBIYIE 5. ¥% Wang 25 PV RS, )iz A bR
ZyPARFEIA T (VP-16) RS LX-2 410 P IRE1/
ASK1/JNK Fl PERK/elF2a i i#%, I+ Caspase-12.
Bim. Bax. CHOP, Fifi Bcl-2, #HZEHE LX-2 4
MO T, BeAh, VP-16 b Al B D T AR
4 M) B2 16 1 Mmp-13/Timp-1 19 G455
SRR UCAR (B i, e 4 L FF 4T 44k . Ustuner
2 OV St — Pl AT 28 7K SR P A 10 R 2R A A P
& (NRG) #f 7T &K B, NRG & # %1k CCL i &
() S 21 A SRR B IE A IRE Lo £ XBP1s 7K.
5 cCl, 4Ax ., CCLANRG 4HAFAE ATG5. ATG7.
Beclinl, LC3-II. VPS34 2§ [ Wg AH 5¢ & 1 R ik K -F
IR K, KB NRG fe i #0 6| FIE ERS 1 5
Wik R TF A7 A Ak . WA R PR S B 25 B K TE HSC
rh DL 3 & 4K i M F 98 BiP. CHOP. Caspase-3/12 Fll
Bax & /K “F, Tl Bel-2, i#id ERS W T4
LRRK IR H S HSC T, RO ERS
FIBEVE A — R 28T HEIE 8 R (0 Th e 2 A gy B0
2.3 ATF6IREFREERFALE L PHIER

ATF6 /& ER i L1 I s & 1, BT ATF/
CREB (ATF/cAMP response element binding) % 5 [Xl
THREMI . ATF6o 1A PIAN 7R HEAR 8 AL A5 5
£/ BiP 45441 5, 24 ATF6a 5 BiP B 5, %%
1R R B AR B T B M 8 2 v R R, R R
& S1P (site-1 protease) A1 S2P 25 [ fifg X H i#E 475U 1))
WG WOE A ATF60 (SATF6a) HH %5 5% 18005 15
DNA 45 & 3% 8 A s 54 m,  Hoak N4 iz 5
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A {2 3k 5 UPR Fl ERAD HH 56 ) 3 Rl 1) % 5% P72,
5 IRE1 #1 PERK 15 S BEIML, ATF6 tn] LA 55
XBP1 1 CHOP [ 3.

ATF6 & 12 th /& ERS 1 — 2k EE 14> . #5
Zhang &5 PV 4 8, 3% i% & (Berberine) T L3 i 41
#il ATF6/SREBP-1c i i 1fij 10 4% JH Ik 42 43, I 25 %
MR AGE . LR 4EA AR o S . IX R B )
AT ¥ ERS, [H 1I: ATF6/SREBP-1c i % i iG, w fig
JT PP IRIT RF 95« BT -4 R0 AR 72 1 1) 5
W& . B i [A) 78 5T 1 48 i mT i ik SIRT1/HIF-1a 38 2%
R A% K U JUE Y BiP/ATF6/CHOP A1 5 11 JH 41 Jfa 77
T2, W 3 8 ot B U (¥ 253 4 4 R B CCL, AT g%
S 4H M ER M 2 B T R R RO B T
(stimulator of interferon genes, STING) 51k (KT
2 AT K+ 3 (interferon regulatory factor 3, IRF3)
ZEAM AT ERS, JF HIBUE AR ZR MR SET 1842,
B AR BERT L7 410 BV, IX AT RE A2 ERS A S AT IE %
Joa FRTET B

ATF6 I 12t 52 B 3 L2 yH 40 53 1 6 15 . Bian
S PR, BHERREE (MgIG) LA - i [ 4K
J7 28 HSC [ 7E Gy/G, 3, 0] HSC f 14 54,
It #£4 ERS # % & 1 ATF6. BiP. PERK. IREI,
CHOP ik /K-F3En, i SiG4ki HSC 12, H
MgIG FHASFEM LO2 4. X428 MelG B A 1EN
HSC $RA PLLF AEAAGIE DD I F7 o AR B 2
25 TT DA 5 1k b 8 HSC [ 38 5, I o e gk
HSC 1 ATF6 85 1]]. PERK A1 IRE1 % I 1k UL &% 12
15 Bax/Bcl-2 LA A1 0E Caspase 2% BEAE 5 1 firk &
RRAARTT:, HASHHSC FHT: P, Bian 2 P H]
TJE4EE A (oroxylin A, OA) HIEFH LA HSC Ja 'k
I, OA e i 5 HSC N [ ERS, Jf & % E
ATF6. PERK F1 IRE1 & [ 7/KF, %5 HSC T ;
FiAk, OA I I B0 20 P R 3 2R 1 KT A5 4 i
W= /E S B, #h) HSC 45, % T 1275 £ %Pt
AYEfiEtE, OA & —PhakH AW FURT S a7 7.
Hartmann 25 B 56} B iz G ifi 75 98 33 453475 6 K B xe) B
BT I, 404 G e T Ak B T DA 3 PR AL
N ATF6 Al BiP [ ik, 4| ERS, A k42 1E
B, PR FAEARM . MBI KR AR ZE 4y B K
9 et | HSC H ROS. BiP. CHOP [#] 7K °F,
7 A AL RN ERS, {2 HSC JH T2, AT IR
ZPEE S IR 4E40 BV A5 R A0 1T (CaMK
1T) f 41 77 KN-62 J8 3 3 in HSC iy Ca™" K F i T
ERS, [FAJEf i Caspase-12 fll Bax, i Bel-2, M

et HSC 1T P, X KB CaMK II/Ca” {55 1
PELE DU AR YA B o 2 A R, A pS [ 45 B
X AF A B R /N RO AT AR K =R T b3, R
AR KN BE PR ZH 2N BiP. CHOP. Bax fll
Caspase-9 ] 85 (1 /K F, R4 K $ &K 6845 2% fif
ERS AHARER I 2 SR TR B, FEAH HSC HIiE 4L .
AR R i EUIH R (TUDCA) e8I 42 IH R 45 4L 15
SHFFREE R T SN AT UPRPY, 4 TUDCA Y897 )5
AL CHOP ZRi& R R, (28T FrEY) Caspase-3/12,
TNFRsfla Al FADD 7K~V b, JF 4T 4E A RE FE Dkt
24 ERSEHETHHMERRMEEERRE

4% 7 UPR &2 4, ZHMIIEREIE T ERAD Al
H BSR4 FE ER R34S, J5 A 12 32 B PR Al
R TS A TR SRR . ERAD gt iR
ER F R AT B E AN, AR E AR
BB, AR R - EO AR T
fifto TIAESEERE LT, ERAD o m] LUH 5 0 B i
e\ R BRI 2 E T, AR R AR
76 UPR i F5 v 7= 4= 1) XBP1s #1 sSATF6a #5386 /i1 7
ERAD &2 HAH S SE R ) I8 1,

LAl EIL @b o =X A -4 = DTN -4 = i
RERFZ I IAIE, & —Fhgl i NI E N
& A K E RIS S ERENEWERE S, 4
R AT S/ B & E AT ER e, H
WK 15 B0, 2R B W 2 BERS i FE R —FP
BRG] U 2 T 7T W W T LA AT 4
P JE o W3 1) Kupffer 40 g 7 6 TIL-1B 25 41
MR 7, AT BE 1B HSC 3% 4k 2. Chen % M IF 5K
o f DAL 3ok BT R 3240, S ECHSC 24, B2
PER B, ECM 4/, (EW RS AT 9, |
W TT DAY Bk I 3 R 52 i Y 2ok A, DAY /D S Ak S
gt AL, RS AFgri Y. Rk, AT AT
U 1 W A 2 TS0 40347 1) — BRI A A, 10 T 1
T B PR TG T T 2 — N ECHT 4,

ZE bR, R#r&EERE S PERK. IRE] Al
ATF6 —Fft ER F5 8 (IR E A AT B AL, 1
Fe AH LI R AR Y, 3 [R5 248 M 1 AR B R
KA T S (1), BiP A 3 RS R 1 E AR
5, 0% PERK. IRE1 f1 ATF6 #&4%, [t BiP Af
159 ERS H3GE PR £ H . PERK BUE elF2a, #1
il eIF2B y& 1, 98/b 8 i EE ; IREL 551) XBP1,
U BiP, 9% UPR ; ATF6 %% %% %2 /&) /K kA4 4l 8Y
VIS, 380 ERAD FHOCHRIE R 5%, TEBRARIT
B/HRTEED, SKBBEMEEE, &RERE
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IRElo: IEEEHEEila; ATF6a: BOEH A F6a; ATF4:
elF2a: FHPEHEEA F20; CHOP: C/EBP[RIJSEE[T: TRAF2: JHIRSRAC T2 4& M 5K 72, ASKI1: JHT:
EDEM: PN Jii W [ fifg 4 i H 22 B AL 25 1 XBP1:

X-EB86EA; INK: c-JunZd iy, SI1P/S2P: fi7 &

Bl AN FHRFTEBEANEFRRE S THELR X RARESE XB16]1220)

ER %, AUk SRS, M40 T K et
55 (1 ERS IR A5 B, 8 B2 1k 11 elF20 2 — 20 ¥ 7S
ATF4, IREla 3545 TRAF2 MITi0E ASK1 1 INK,
28 W% CHOP fi 4l g 95 1~ CHOP & ERS % &
) — N SR HE bR SR T T F R R R M,
ERS 5P 4EL R AR A HEZVINBER : —
JrTH, 5SS A HSC A ERS A AEBEH R T
F—J5TH, M4 ERS AT LLR/D HAETS, R
BAFHERR %, 0] HSC Py ERS A] DAY /b B0,
YIRS i sl e FF AT AR H I

3 FHESRE

FFEFAEAL VR 2 B RO R 3L R R B, 30

e T £ A 2 T 18 PR A 2T B FRA R
I AE AL VR I SR 2 A BRAE (R T . ERS
FEIFEF YA R A R AN e il s AR . [
gk, BEFC ERS [(4E FI AL AT DAY AT B 1 i
J7SRIEFI B, ERS Rp 57155 T (1 = 2% 1 5 2 1 Il g
REWEAE A IR THE s o H R AOBIF 70 R IR e e i

Rl e [ 5 ERS {5 Sl A BEHVIMELR, £
IFET Yl b i 3455 SRR, AT RERC T AT FiAE
Mo J18b, V2 RIRAL & W B ) 5 R 96 i

ERS {5518 K% R U PLEFAEALiE TR, ATRERON
UL AL TR AE 2 o hof I 6 6 TR B33 14470 3 1)
BRAWEIT,  BEDV I R B DULT 4EAL ¥R )T S 38 065
AT o

(& % X #]

[1] Kisseleva T, Brenner D. Molecular and cellular
mechanisms of liver fibrosis and its regression. Nat Rev
Gastroenterol Hepatol, 2021, 18: 151-66

[2] Baglieri J, Brenner DA, Kisseleva T. The role of fibrosis
and liver-associated fibroblasts in the pathogenesis of
hepatocellular carcinoma. Int J Mol Sci, 2019, 20: 1723

[3] Yap KN, Yamada K, Zikeli S, et al. Evaluating
endoplasmic reticulum stress and unfolded protein
response through the lens of ecology and evolution. Biol
Rev Camb Philos Soc, 2021, 96: 541-56

[4] Almanza A, Carlesso A, Chintha C, et al. Endoplasmic
reticulum stress signalling-from basic mechanisms to
clinical applications. FEBS J, 2019, 286: 241-78

[S] Corazzari M, Gagliardi M, Fimia GM, et al. Endoplasmic
reticulum stress, unfolded protein response, and cancer
cell fate. Front Oncol, 2017, 7: 78

[6] Kropski JA, Blackwell TS. Endoplasmic reticulum stress
in the pathogenesis of fibrotic disease. J Clin Invest, 2018,
128: 64-73

[71 Prasad V, Greber UF. The endoplasmic reticulum unfolded



1

W WS, S oA SIS S B A T AR AL R ORI S

1407

[10]

(1]

[12]

[15]

(18]

[19]

(21]

(22]

protein response-homeostasis, cell death and evolution in
virus infections. FEMS Microbiol Rev, 2021, 45: fuab016
Rozpedek W, Pytel D, Mucha B, et al. The role of the
PERK/elF2alpha/ATF4/CHOP signaling pathway in tumor
progression during endoplasmic reticulum stress. Curr
Mol Med, 2016, 16: 533-44

Jo HJ, Yang JW, Park JH, et al. Endoplasmic reticulum
stress increases DUSPS5 expression via PERK-CHOP
pathway, leading to hepatocyte death. Int J Mol Sci, 2019,
20: 43-69

Lee J, Oh AR, Lee HY, et al. Deletion of KLF10 leads to
stress-induced liver fibrosis upon high sucrose feeding. Int
J Mol Sci, 2020, 22: 331

He Q, Fu Y, Ding X, et al. High-mobility group box 1
induces endoplasmic reticulum stress and activates hepatic
stellate cells. Lab Invest, 2018, 98: 1200-10

Kim Y, Natarajan SK, Chung S. Gamma-tocotrienol
attenuates the hepatic inflammation and fibrosis by
suppressing endoplasmic reticulum stress in mice. Mol
Nutr Food Res, 2018, 62: ¢1800519

Liao X, Zhan W, Li R, et al. Irisin ameliorates
endoplasmic reticulum stress and liver fibrosis through
inhibiting PERK-mediated destabilization of HNRNPA1
in hepatic stellate cells. Biol Chem, 2021, 402: 703-15

Liu T, Wang P, Cong M, et al. Diethyldithiocarbamate, an
anti-abuse drug, alleviates steatohepatitis and fibrosis in
rodents through modulating lipid metabolism and
oxidative stress. Br J Pharmacol, 2018, 175: 4480-95

Liu X, Wang D, Yang W, et al. Oxymatrine exerts anti-
fibrotic effects in a rat model of hepatic fibrosis by
suppressing endoplasmic reticulum stress. J Int Med Res,
2020, 48: 300060520961681

KN, VPRI, IR, BN R 5 RO 40 A T
MRS B EERE, 2007, 34: 1136-41

Hollien J, Lin JH, Li H, et al. Regulated Irel-dependent
decay of messenger RNAs in mammalian cells. J Cell
Biol, 2009, 186: 323-31

A, JuhT, b, & P JT RORS S ) B AR A
PRI I TERE SR AR A B, 2021, 33: 876-887

Tao Y, Qiu T, Yao X, et al. IRE1a/NOX4 signaling
pathway mediates ROS-dependent activation of hepatic
stellate cells in NaAsO2-induced liver fibrosis. J Cell
Physiol, 2021, 236: 1469-80

Huang YH, Yang YL, Huang FC, et al. MicroRNA-29a
mitigation of endoplasmic reticulum and autophagy
aberrance counteracts in obstructive jaundice-induced
fibrosis in mice. Exp Biol Med (Maywood), 2018, 243:
13-21

Zuo L, Zhu Y, Hu L, et al. PI3-kinase/Akt pathway-
regulated membrane transportation of acid-sensing ion
channel la/calcium ion influx/endoplasmic reticulum
stress activation on PDGF-induced HSC Activation. J Cell
Mol Med, 2019, 23: 3940-50

Borkham-Kamphorst E, Steffen BT, Van de Leur E, et al.
CCNI1/CYR61 overexpression in hepatic stellate cells
induces ER stress-related apoptosis. Cell Signal, 2016, 28:
34-42

(23]

[30]

[33]

[37]

Chen QQ, Zhang C, Qin MQ, et al. Inositol-requiring
enzyme 1 alpha endoribonuclease specific inhibitor STF-
083010 alleviates carbon tetrachloride induced liver injury
and liver fibrosis in mice. Front Pharmacol, 2018, 9: 1344
Wang C, Zhang F, Cao Y, et al. Etoposide induces
apoptosis in activated human hepatic stellate cells via ER
stress. Sci Rep, 2016, 6: 34330

Ustuner D, Kolac UK, Ustuner MC, et al. Naringenin
ameliorate carbon tetrachloride-induced hepatic damage
through inhibition of endoplasmic reticulum stress and
autophagy in rats. ] Med Food, 2020, 23: 1192-200

Ma Y, Li Y, Zhang H, et al. Malvidin induces hepatic
stellate cell apoptosis via the endoplasmic reticulum stress
pathway and mitochondrial pathway. Food Sci Nutr, 2020,
8:5095-106

Ye J, Rawson RB, Komuro R, et al. ER stress induces
cleavage of membrane-bound ATF6 by the same proteases
that process SREBPs. Mol Cell, 2000, 6: 1355-64

Fwk, TEE, WA, . R RIS Sl g S
FREREE SR EA 95 2% I R A ELR 2% 5, 2020, 36: 464-467
Zhang Z, Li B, Meng X, et al. Berberine prevents
progression from hepatic steatosis to steatohepatitis and
fibrosis by reducing endoplasmic reticulum stress. Sci
Rep, 2016, 6: 20848

Zhao Y, Yan J, Li AP, et al. Bone marrow mesenchymal
stem cells could reduce the toxic effects of hexavalent
chromium on the liver by decreasing endoplasmic
reticulum stress-mediated apoptosis via SIRT1/HIF-1a
signaling pathway in rats. Toxicol Lett, 2019, 310: 31-8
Iracheta-Vellve A, Petrasek J, Gyongyosi B, et al.
Endoplasmic reticulum stress-induced hepatocellular
death pathways mediate liver injury and fibrosis via
stimulator of interferon genes. J Biol Chem, 2016, 291:
26794-805

Bian M, Chen X, Zhang C, et al. Magnesium
isoglycyrrhizinate promotes the activated hepatic stellate
cells apoptosis via endoplasmic reticulum stress and
ameliorates fibrogenesis in vitro and in vivo. Biofactors,
2017, 43: 836-46

He L, Hou X, Fan F, et al. Quercetin stimulates
mitochondrial apoptosis dependent on activation of
endoplasmic reticulum stress in hepatic stellate cells.
Pharm Biol, 2016, 54: 3237-43

Bian M, He J, Jin H, et al. Oroxylin A induces apoptosis
of activated hepatic stellate cells through endoplasmic
reticulum stress. Apoptosis, 2019, 24: 905-20

Hartmann RM, Licks F, Schemitt EG, et al. Protective
effect of glutamine on the main and adjacent organs
damaged by ischemia-reperfusion in rats. Protoplasma,
2017,254: 2155-68

Wu JS, Chiu V, Lan CC, et al. Chrysophanol prevents
lipopolysaccharide-induced hepatic stellate cell activation
by upregulating apoptosis, oxidative stress, and the
unfolded protein response. Evid Based Complement
Alternat Med, 2020, 2020: 11

Liu H, Wang L, Dai L, et al. CaMK 11/Ca’” dependent
endoplasmic reticulum stress mediates apoptosis of



1408

G gEEd

344

hepatic stellate cells stimulated by transforming growth
factor 1. Int J Biol Macromol, 2021, 172: 321-9

HOPCH, i e, Fate, 55 AR KA E I 0] P e
IV SR REYAR AR X RAN W R AR RO S LR i3
&, 2021, 24: 172-5

Paridaens A, Raevens S, Devisscher L, et al. Modulation
of the unfolded protein response by tauroursodeoxycholic
acid counteracts apoptotic cell death and fibrosis in a
mouse model for secondary biliary liver fibrosis. Int J] Mol
Sci, 2017, 18: 214

Qi L, Tsai B, Arvan P. New insights into the physiological
role of endoplasmic reticulum-associated degradation.
Trends Cell Biol, 2017, 27: 430-40

Rashid HO, Yadav RK, Kim HR, et al. ER stress: autophagy
induction, inhibition and selection. Autophagy, 2015, 11:

[44]

[45]

1956-77

Lodder J, Denaes T, Chobert MN, et al. Macrophage
autophagy protects against liver fibrosis in mice.
Autophagy, 2015, 11: 1280-92

Chen W, Zhang Z, Yao Z, et al. Activation of autophagy is
required for Oroxylin A to alleviate carbon tetrachloride-
induced liver fibrosis and hepatic stellate cell activation.
Int Immunopharmacol, 2018, 56: 148-55

Ding WX, Li M, Chen X, et al. Autophagy reduces acute
ethanol-induced hepatotoxicity and steatosis in mice.
Gastroenterology, 2010, 139: 1740-52

Lucantoni F, Martinez-Cerezuela A, Gruevska A, et al.
Understanding the implication of autophagy in the
activation of hepatic stellate cells in liver fibrosis: are we
there yet? J Pathol, 2021, 254: 216-28



