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[ Abstract] Endoplasmic reticulum stress refers to a cellular stress response triggered when cells are stimulated,
which is manifested as the disruption of endoplasmic reticulum homeostasis and dysfunction in various pathological
conditions, resulting in the accumulation of a large number of misfolded and unfolded proteins within the endoplasmic
reticulum and an imbalance of calcium ions. Macrophages are the most abundant immune cells in the liver and play an
important role in maintaining liver homeostasis and various liver diseases. Recent studies have confirmed that the unfolded
protein response caused by endoplasmic reticulum stress plays an important role in regulating macrophage immune
response. This article reviews the mechanisms of endoplasmic reticulum stress regulating macrophage immune response
and its role in liver diseases such as ischemia-reperfusion injury during organ transplantation, liver fibrosis, and
hepatocellular carcinoma, in order to deepen the understanding of the mechanism of macrophage immune regulation and
provide new ideas for research and interventional treatment related to liver diseases.

[ Key words] Endoplasmic reticulum stress; Macrophage; Liver disease; Inflammation; Immune response;
Ischemia-reperfusion injury; Liver fibrosis; Hepatocellular carcinoma
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JUE 5 10 s B A= BRO AR . NI R 3 ( endoplasmic
reticulum stress, ERS ) J&— 7 55 E %) 240 Bt & B 18
ML, w5 & R & 8 H W (unfolding protein
response, UPR) fEZF4HIA A7, (H2d ™ akfs
Szt e 4 ERS, UPR JGIERE N A, I
Lo FEAMMTE T RIEHME KM ERS 2 RHER
Mk 240 B S 5 A ) EEEEHLTRI Y . A SO SR £ ERS 4%
I 24 L B 92 7 25 A [ JHF R v AV FH AT L i 2
ITeriR, DAL T B g 20 A s se R s L o 2R A, i
I AL B A R YT -

1 ARM R

T R LA A RS, TR G . S
A= ) I e R SO LR R Y R A S
YERIP, TERAEOUN, S o3 PR 2 1 s 2
W7 H H 78 ( glucose-regulated protein 78, GRP78)
5N R RS G AL TR TRIRAS, DTTOR KR
BT RS EPE . DEECIRASTT , N B AR A U s
HARMBIHRNTEEANFHHE, X IR
4 ERS, JEdiiE A AN, ERS & A B0
UPR, VPIFHIEBT&E H0A R, BRI & & H R
fif, HZWE ERS LURE NMEEZAS . UPR EZ
3% N BT B AR R B, ol UL SR R 1

(inositol-requiring enzyme 1, IRE1) | F 340G H -+
6 ( activating transcription factor 6, ATF6 ) A% 134
fiff R FEPN 5T X 3§ ( protein kinase R-like endoplasmic
reticulum kinase, PERK ) .

IRE1 i ot B Y] X & 455811 1 ( X-box binding
protein 1, XBP1) K {5 i RNA ( messenger RNA,
mRNA) , 5§ V) J5 1Y XBP1 ik A M P, ik
GRP78 45 B, [7] B 3% 5 P9 o I 2 11 B i, O 0
U 7= e = WD N e il R A S
I, IRED R A] LLES & IR R GE N 7 32 (A G I 5 2

( tumour necrosis factor receptor associated factor 2,
TRAF2) JEMUEGY), NIMEIE T, 7o a2
A4 ( c-Jun N-terminal kinase, JNK ) F1#%H 1

( nuclear factor, NF) -xBPl. [t4, IRE1if GE %
PEHT T INK G B% 8005 28 0 B b AH G /Y 005 2

(‘activator protein, AP) -1°, MG NF«xB, &
5 HAE NI KA o

ATF6 £ ERS i} 5 GRP78 fit B, Jf-78 5 /R He ik
N B A 24 A i 5 U1 T E A4S ERS I

JCUELE S, 0% GRP78. XBP1 WSk, MM &
H A IER TSR 11,

PERK 5 GRP78/f: % Bk 45 & % A ( binding
immunoglobulin protein, BIP) f#E 5, 5l EHZE
I B F 20 ( eukaryotic initiation factor 20, elF2a ) B
Ak, T REAR P I & e i BT S, DAz
HHABG . [FR, BERRAE elF2a i L3 3G s
SV P A2, 4 n C/EBP R 1 ( C/EBP
homologous protein, CHOP ) HJ&HIF",

2 AFRE6g B v fm i

3 200 e A Bk A T RS, O HEA
WBEW SV, AR B L Ren = m k.
HRAEEC IR, JH P A A AT 43k JHE AR S B e 2
RSN (kiipffer cell, KC) . ZMNEBE &R A0
SRR A I 4 DA R A D Y L R A A .
I, KC WA Y BT 15 R S SOy, 4ERe
WERSAS ;s BTG B A 2 2 R SE A 1,
TR SAE S BMR B . BeAh, B IR R 5 E
Aff T ATESFIE 4R 58 . IRAERAEDIRE, W&
WG E A (M1 AL ) KRS ARy B w4
(M2 A1), 33X M1-M2 (973 28 BT BN = A 1
WA, SEBs b ERRAA R BAA R ORR 2, R
NENEFAE R P R P A BRI A A TR
(interferon, IFN) -y. JEZ#E (lipopolysaccharides,
LPS) Al Toll ¥£3Z1& ( Toll-like receptor, TLR ) #{#h
FE RN 5 ARy M1 RS A, i KA
RHEF, BHAPURIEE | ARG B AT E 55 1)
AE; 7E 1410/ % (interleukin, IL) -4, IL-13,
IL-10. L SYRTES TR M2 8, 7] LI
AN, A s

3 WM ORI B 2m e R N A
T AT & 9% P 69 VE )
3.1 BFRESRm-FE TG

JERE IRL 32 A4 T IR VI bk MR A S5 4528
FFEFARH, HEEsZmEE ARG E . AT
TETE AR ARG S e it 320, B AR Mk 3 S 1 S e RAE
Wi R E BN

FFRE IRT (0]t 75 S e i = S B RE=
WL AT 51 A BP0 S J 40 ff AN AE 52 R 48 M9 69 ERS. ERS
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Jri3l UPR il IRE1a ATLAESE KC 197%fk. IREla
TR FH A A 2 I M AR 2 S JE /MR NOD A2 R
M 3 ( NOD-like receptor protein 3, NLRP3) i ,
FEAE IL-1B, (A s S A — S AL A A B R GA
I [) 42 O E R0, S BOUF 1Y, T IREla 6t
Z 0] § % IRIJG KC ' NLRP3 #& 4 /K F F &M,
IRElo i 7] BEif it NF-«B {5 514 5 Hi% S 5 RNE
%, IRE1o/TRAF2/NF-kB {5 5 i i# A G & H H LA
H, b, EF B LB, R IR
e, A ERS INEE 140 miAESE A IRT A,
il ERS W42 741405, $2o5 A [Al A2 B2 A ERS 7 i E
IRT HORHE TORRE M, 2855 BB ik & B ERS
AL 5 R LR AR E 48, HE TS B 2 i A AR
PO NLRP3 {5 536 A0 8 E IRIV,

CHOP & PERK A2 Y T 7y, 7555 B Wi
Y AENG AR T ARE S R AR Ak R B AR .
A e ILE /) SRR IRIAE Y o, 5 i CHOP 4 &
KC ' ERS i BE#IE, Ml KC APiR M2 ik, i
ML 20E , RSB, 35 H
BA 5 3T 1F 5 WL 4% 3] CHOP wi B 19/ BRAE IRT S, %
YRR R IR, A0SRtk [ s i o , 40 e
FET-U R, A W R I ERS J5, BHAE T
elF20/ATF4/CHOP {55 7538 s WS , Il 1 E
WEA TG, JAE T LPS i A0 2t A0,

T = A 7 ( stimulator of interferon
gene, STING) j&—FEsMEE M, FLAAAE TN
Hr, STING B99iE n] LUAE #E NLRP3 ik Al 5 4 S
N, RBOHUESG IS, i ERS B4 7 Sk
KC 1 STING A, B STING Jm A% 1 g
i ffg b b e 2R K AR FE B ( cysteinyl aspartate
specific proteinase, Caspase) -1 4K #fi ¥/ Gasdermin
D BTSN URCER JEAE IRV, PR, A [ 49 o
ERS F1 STING {5 7 1 % 7] e /2 2 HFIE IR A9 A7 3L
5,

3.2 KA <R AT R

R85 A1 ¢ B 105 PE T 9% ( metabolic dysfunction
associated fatty liver disease, MAFLD) J&—f 5t
JHE L RAE . B RARHUE DIAHOC I R FREZE G,
FERI R AN G BT AR 2 . LAl g 5 2
PEFF 4, AT S AR SC IR i P ( metabolic
dysfunction associated steatohepatitis, MASH ) . J-ifl
AR o I A Ao 30 e S . R Al

JFET ARG SRS 7E MAFLD (1 iE bt 95 2 6
BEMEP ) BRZIFE s R

£ MAFLD #FJg i ferfr, E W40 M ERS 9434
W, FEE RN NF-«B #0G B R IK . 0F
FEW, KR FH ERS MOE AT LSS B 4 i
KA M1 RLEAL, SRR ARG AL 0T LIgE ERS 1 1 51
A PERK 57 LT . [RIB, X PERK {5 S i
STAT1 1 STATG6 i % 7 2 E W20 il M1/M2 KAL)
BEARD) G WFSCIN N 8 12 37E PERK-ATF4-CHOP {5
S, WA T ARRERR/LPS 1755 (14 F 4 A A
S A E RO PY . 534, IRElo A1 PERK JUIH A 23
F3( CHOP i) fE ik, WiJ5 58 NLRP3 ififk, 51k
JF4Ife%ET . CHOP 5 T () NF-xB 11 NLRP3 { L. 7]
fiE 2 Al 78 Pk e S MASH A9 G HE R R 1), 2
F BN K BAE MASH (B RS, XBP1 Rk b %
VA AR MR R D AR R R B R = AR /D B
t, BRI S XBP1 AR/ BRI M2 Bk
WAk, IR NLRP3 A5/ M1 28 [ 105 40 i bt
FEFR R K750 b, AR BRI I 92 2521 e,
IRE10a-XBP1-CHOP/NLRP3 {5 Z 4G fL{e it T MASH
HEIERT, CHOP R R bR /N B MASH i gl i) 21
Ak, IREla 451 INK #4355 CHOP At A £
M, ST,

ot S Ak ) T A 1 BE W) U0 A2 AR v ( peroxisome
proliferator-activated receptor y, PPARy) /&4 fifd 531k
M EERE SN T, HAR TR, iR, Wk
AALN S Z M ge™. F5E & B, PPARy ) I
PEAT DA BRI B /N KC A M1 R A ) M2 36
AU AL EO, R & a5 BN R —Fp 20 kB R
K+, TERRNTAL SRS, IR A as @ i)
il eIF2/PERK {5 5 il % 100G /N BRI 7 41 4L iy
PPARYy il B RIRAR SAE R . RItk, 4] elF20/PERK
55 S T E S ERS, [R]A SRPLE PPARY 18 4
e M2 B v 40 0 A 400 1 By 448 e %) 4 P R
SERY, FWIYE MAFLD ', ERS A figi@ 2445 PPARy
I R A M2 1Ak
3.3 B4

LT A AR 5 2 JEF R o) 4340 1) ek 46 52 R N
H BRI IR N E R A R R, F3L
FEFIA BT 2 FN T RS ZALEY . B R e
WELF el it B B G AN T s e, AMUS 5 R
WSROV, 5 Z AN 75 501 4 4 fbad
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PR ERANA . AR . JHSE N R A S 2 R A i
k.

R, YE VR FERET, T 4E s,
JHFEH LR FEAN R SRS, iy M2 5 5 240 i i
AUINE /NS B AR AR FERA S BERS S 0 I AF
AL B3 ERS 175 & (1) UPR AH G %8 (139 1
EUEA . EOVEGN Moy W 2 R AN R, R -
lo fE8F T JF BAR A TE AL s A6l ATF6 nf jsi /b B
i ol 0y B ol S R 1 2 4y S
F A BA R WL ¢ 3 ERS 031G IRELa (Y i % o H 1
XBP1, MIEZEE RN STING {5 514S, ST
SR AN AR B 05 I n R 4R 5

e . AR S A A I R S A R 2
HIRFLF4EAL IR R, CHOP ik & The . HAS I
HOPRE S E A M2 5 1E5T, CHOP {55l fE &
HOCHEDLH - e 22 T 27 4 A ik B
34 FFHRaRE

JFF i A2 v R R R AR U ey . BROOE R i o
iE, JEEVERE AN (hepatocellular carcinoma,
HCC) AE, BRI 759%~85%, HCC B
T, R A R R T M e e, — A T
B . B2 Mg EBREUIRAS, IS 2 ERSM,

ERS #H5¢ PERK . CHOP {5 5 it i G e it 7 B
WG 20 B IR M1 AL G Ak . CHOP Rl /N BRI
ZHA R A R . TFN-y R W20 i 48 A 2 1
1B B {5 {# RNA ( messenger RNA, mRNA ) 7K
WREAL, KW CHOP 7E A 5 e o A58 1 L 3k 248 it
] B IR 2H 200 T R 4 T RS Y AN R R
T EA ) ERS T, 23 5 20 g AH OC E g 4
e ( tumor-associated macrophage, TAM ) F A5k,
TAM i 7RI M2 FERAY, HAFIESZ /- 48
TR AE A LR -, DI 7 A SRR AR A 1) S
Wh, [, TAM A o i 38 A pl A0 i g 240 i 33 5,
BAAEHET HCC iR,

35 H ftu

RS AT (alcoholic liver disease, ALD) 2&H
KM T O OGP A R
BRI NG, 1 — 2 e ] & J RS AR
JFEF itk ROpFtgifl, SEE5RME . 78 ALD B4
t, AR AR BAC I 2L, BB 2 B R R
£, 1S ERS iAW, dEmE$E KC /319 ALD
RAE N . ERS AUAEHE T M2 {4k, 1 H A 1T

M1 AL, IR0 TR ARG 5 | 6 A T IE S 722
P SAEABAL

LPYIVERT RO A P 2 S R BT 7, Rk
gl i) F 2R 22— 7EXT Sy . U1k
B . FRANEE S 0 SR O sh R R, B
ERS HHCAF S0k 7EXS CME S M 75 S (1 S0 e
By g 4 ] ERS A5G IH 7 ( CHOP, ATF4)
PR B B2 5 - R & U8 ( cyclic guanosine
monophosphate-adenosine monophosphate  synthase,
cGAS ) -STING i, 18/ 1 E Wi fe 58 K1 r) 2%
5, AT RO AT . 2B MR Se Rt i
WS STING {7 5 18 #% A fE 2 245 Wy M T 405 1) v
FENRYTHE R, b, ik I A R e
FrA T 2003 4 BUAYAHRS 7315 h 18 Byl PR
Ho, H AR GE R 2r W 52 #) ERS 9 45, o T dE i
MAPK 324430 FL AR IL-10 FRILFIFFE/ET,
s AR A S AT e 2R X SRS 75 T 0 2
JHR AR

HHT, BARCHKREMIIES T ERS 7EHER

Wik 2 0 S I B R P PP A SC BV A, (B T AT

BRI IR 2%, IR k= DX AN R R

ML AR EAR R, BRORRRA 1 X W 4 I

RERVERIOTSE s [T P L W2 A e 16 A e B ) 9

P, ThRESBTiERR, ZATNREHER SRR, 5

I Z R AR S HAE D E 52 2 240y 715 T M 4%

Pada, AHSCHLHI T ST IRIE . andef 5873 F1) FHAC S0

P EZ A r R, HE— LW R G

ERS 4% B W20 M ) o3 IL i SRR IS P 4R

M, AZ AT IR, TR RIS A A

I, A JEWIFE I EE DT .
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