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WE: BB NRAEET ML, A ICHE 7 W (metabolic dysfunction-
associated fatty liver disease, MAFLD) HJ&EW AR ZRIY 5K, HRIMAFLDAL T4 74
YRR E AL, MAFLDA] I — 30 Kk O AF4ed . R4k B 28 R B deg , 7™ o g bl
N (HH AT AEILEA B, WERtAER R FB. B, BeRRZ 5
W FRAMAFLDR A RALE], 105N (endoplasmic reticulum stress, ERS) 5] A& )
KB EAKRMN (unfolded protein response, UPR) XTMAFLD /& &£ %5 HE 0, H
Z5RBFERIPL. PR, RAEMBWRSEZ DT A SO S S5 MAFLD SR FHIE &
ERSTEMAFLDHIE FHHLHI AT LR, X A IIMAFLDIR YT 4L i B S
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Abstract: As human’s lifestyle changing, the number of patients with metabolic dysfunction-
associated fatty liver disease (MAFLD) has expanded dramatically, MAFLD now ranks first in
chronic liver disease worldwide. MAFLD may develop to liver fibrosis, liver cirrhosis and even
hepatocellular carcinoma, which is a serious threat to human health. However, the pathogenesis of
MAFLD is not clarified, and there is no approved treatment at present. Therefore, more and more
scholars are devoted to the study of MAFLD. Importantly, unfolded protein response (UPR) induced
by endoplasmic reticulum stress (ERS) is involved with insulin resistance (IR), lipid metabolism,
inflammation, autophagy and so on, which has a great influence on the development of MAFLD.
This article summarized the clinical characteristics of MAFLD and the mechanism and research
status of ERS in MAFLD, which was crucial to discover therapeutic targets of MAFLD.
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AR A S HE i P HF 9% (metabolic dysfunction-
associated fatty liver disease, MAFLD) & —2R% /i
PEG, SRRE. 228 IR AR 45 A AE 2 DA
5, MAFLD 20204 p [F bt iR 4L 415 H it
TG P AE B YERTR  (non-alcoholic fatty liver disease,
NAFLD) [(f 5 # & X B A% 2 2 6t
MAFLDIE BN AU O 07 1 s 7 38 Rl gt
W, BRIAMAFLD S5 Th R s om0 S & LR,
7 EXTMAFLD A\ B N T2 Wi fG T, A jskds
#2515 MAFLDYE A& ERIF B R L) N25%,
B 2)°829.1%, TR 4 T 5 B L 102 PR
™. MAFLD % 3R A1 4t ST [ Y 2 s Kt
B, L EHI205EK, R EMAFLD S5 86 Koyt
2%, JEHEREARNE, @i AR
TRMI20164F 2220304 71 [E 4 s AMAFLD B8 3 2 50l
KigthiE xR, HEN BT ANOZ4, N8
WA A SE R 2 DS, At Ak
B KI5 e, BIMAFLD %A [ 75 % tH 5
R 5 AR LR ) B A R 1) T
1 MAFLDiZ ¥R

MAFLD UL 9 fig 53 57 A RO J 25 RR AE
SIS 2 LSS5 T TH SR A TR AR A
PERIESE, JHEEHAIFLLF3mFE D10 O E/
NERE: @2AUREIRI: @ F /DAFAE2TACH 25 fa
HE: aANBHERM LR = 102/88 cm (BT
BRI L= 90/80 cm) , b.IfilJE= 130/85 mmHg
(1 mmHg = 0.133 kPa) 45 EMZ906TT, ol
H=HE= 150 mg/dl (1.70 mmol/L) B4 E 254
YRIT, dL IR R AR R T RE L A 5 P << 40 mg/dl
(1.0 mmol/L) Fl4PE<< 50 mg/dl (< 1.3 mmol/L)
BUREE NIRTT . e BEPRIG AT, 2s E p K P
100~125 mg/dl (5.6~6.9 mmol/L) E{# 52 hifil 4
KF140~199 mg/dl (7.8~11.0 mmol/L) HihEk i
Y1 EEH5.7%~6.4% (39~47 mmol/mol) , fFAZSH:
TUPRAL B B ARPIE = 2.5, g M miC B
K> 2 mg/L™,

2 MAFLD#f 33 E04R

KTMAFLDR R T, R e« kT
7 2, BIIR A E  A0  RE 35495 3 1R 1 FH 51
EMAFLD; F|20104F “Z ST 7 W& E 8 B
CTUATHR” UL, A BERREILFEEH SR
SR EORY . 22 & N AME R R BL, MAFLD
RIGGER . WL Sy IR . N R A R &
mEY. shZiash. mEmMAEY RRETE. I
A2 g DL T R B AR =% %2 [ R I 9%,
HUABEZ KA — RPNV NAT, FEE NS RIR

BRD ) 20244F 164 1M

Pro BEIRTE . WHEARRE. B IR KO g o i R
WS, JLEER S IE T PR AT 28R A £F
YL, MAFLDHA A FZRH B Ok
A& i i (non-alcoholic fatty liver, NAFL) , El= 5%
(%) JH 4 A 0 B AR 1D A8 1 TG JH A B ROBR R AR T
P ; @AR RS ERE M PERT %6 (non-alcoholic
steatohepatitis, NASH) , B[ % /5% 1T 4 it fig il 28
PRI HL IR B 200 () 28 e R 30, AF B 47 4
™. NASHTE A SRR % N 1% ~3%, {EAEHER
Pt I B, kP R RO AL . 4
(hepatocellular carcinoma, HCC) ',

H il O — e U~ MAFLD R &L, (H
AR T A, J697 i = Z DR B AE S 7 X
NE, WA ZIETT FEAE 2 RN K
RN (endoplasmic reticulum stress, ERS) 1E Afih
KMAFLDFIR RN 3R, FERRE 238 PT. AR
Ut JOREAN E R T TR PR R R . A0
IRAIRITERSHEMAFLDY o AR I 70T A LA 7Tt
&, BENIGRICHR S FNET T SRR 7 o
3 ERSRIRHEMAFLD & = fk RAV K HE =
3.1 ERS#HER A EEZEARM WJFEM (endoplasmic
reticulum, ER) REHBEA MK Fr&. B
Hia W EE I P, (RN I 5T A R 3 i A A
. Ar@EOE R & EOEERELE, itk
ERSTUE IIHUAR & M [ B, BIR 4 8 8 B RO

(unfolded protein response, UPR) . ERS¥iFUPR
= ANEBERA, 0008 R RAE 5
Wl (protein kinase R-like endoplasmic reticulum
kinase, PERK) . HLIEEK#iF1o (inositol-requiring
enzyme la, IREla) FIEIEF; K -F6a (activating
transcription factor 6a, ATF6a) , —FHI¥ANENLE
ER FEEIREH . EAENBURE T, =& R
BORE RGBS, SN = F W EERBE A M 5 5 1
AR AR R T B L 78/45 & Bk (glucose
regulated protein 78 / binding immunoglobulin
protein, GRP78/BiP) 4if; MERH I RITE
BCRPTBHE AR, GRP78/BiP5IX L (4%
&, FEIS5UPRP =FN AR, BUFUPR=%Z
#idEx. OPERKN [ Mg H, 5GRP78/BiP
fie B J5, PERKHIS H BRI Z 5k, (FH%H
PFHRUG A T2a (eukaryotic translation initiation factor
2 alpha, elF2a) BEERAL, & E FEIELE,
IR elF2aif 5 T il I 4% K G LA 14 (activating
transcription factor 4, ATF4) FiEA¥hn, #imifE
FCCAAT/HE R T4 G EHAREEH (CCAAT/
enhancer binding protein homologous protein,



CHOP) #%ik; @IRElaNHEEMTFHEHR, 5
SFx&G445EHA] (x box-binding protein 1,
XBP1) mRNAMBIY), LiXBP1ls#*kik, XBPls
W emERAH O & H i F4 i (ER associated protein
degradation, ERAD) FIfgH & K& ThEE; @ATF6a
MR R mEBEEN, BOEEHEAMBEZ, K
R E AR TS . ERAD M UPRGE B kH ¢ 3 K]
(s, Ak, UPRIE AT 4 45 75 g 250 B0
2 5& A FAAE FAC .

EAEFRS T, &M MEUPREE BIER AT &8
FHRTENEAR, 4ERFERIEA:; H YA
RRFEAEAE, BOE IS MRS UPRYS 5 2 A i o
HERR . BRI, SOER B VRS, 75 T AR B
VERIF BT, IR MAFLDy S ik et
3.2 ERSH5 M B &4kt MAFLDW SRR, 270k
PRI A0 A Bl B, T g B R AP (insulin
resistance, IR) {E NI ZRELIE ZRHE, M2 H
HIMAFLDWF 7T 3 s 2 — o IRGE $8 AL &5 0 51
FABERG, (G R R ACPAREE R I, 38 il = R
BRIMAE. EAE. BB HEIEHS S, IR1
FEAEHERS, RE. AR A HoE, =4
F T UPR S >3 5 4 % BEACHI AR A OC . 4 Al
A —MES TERME S 1, RIFROR 35 IR
HAMPH N e 45 A5 A3FEE A3 (cyclic AMP-
responsive element-binding protein 3-like protein 3,
CREBP) , H &M FIHLE] 5 ATF6atHL, 1EZ
MM (S S T, CREBHEIOE G, MR MNAL
i B = R IR, SR AR Sk R CREB, 1543k
(R B 20 G 5 A1 18 47 BR - B 2 55 4 0 0 A 1
KB N FRE, B TR R B,
RE W L, R 5 2R IR E 1o R XBP1s,
XBPI1s7RA] _FifIE R Z4KEY1 (insulin receptor
substrate 1, IRS1) FIAKT ( X 4 & HI¥4EB,
protein kinase B, PKB) g ¥ /K {2 2 ik 5 25 7=
g, KBRS E S5 XBP s (A 47 1E 1F Ak 8 AL
s [FFXBP s A R EE R B Wb, a3k T #0 ) g iy
R ER, TR E R R SR AE R Fo (tumor
necrosis factor alpha, TNFa) Fl1H% 40 M a1k 5 A
1 (monocyte chemotactic protein 1, MCP-1) 5%
JiE PR 43 W K, F0HI) 2RE SOBE L 2 T T R )
RIS, ATV R AR AR R 2515 5 00 6 7 40 IRIR,
AR, XBP1s5 g 7 40 o fig & 22 802 2 1R AH O
P IRATREH 2ORE TS, KimSEPURF 7RI, 55
PERER /N R E R4 I GRP 78 K 5, A S UPR
FATF4, FREM2A B R4 it fb . TL-65)Whsg
., WEEKEE SR, CHEMAENR, F£LE

S RINE

2 LR FEFNIR /N R, B FE24H R A 72
(nuclear factor E2-related factor 2, Nrf2) [({¥7E
R AN PERKEOE , WIRIR, o508 IE
AP, YR T NASHAITLF4E4L . £EARE /N R
ORI, ERSIE 2 38 i 4% P B2 s 41 i - 40 i 2.
I ZR, ARSI N, 5 IRA AT fig i 25
ERSHIR[FIAMAFLDY i i AR I G R &R, —
FHAER, FABEE, AR EEL, nE
MAFLD,
3.3 ERSH g ARt ERNR BTG BRI i = A= i =
Bhr, Z25RRMNEE, MRS 2 8 E R A
MAFLD & i #2 Hp ) B 23R, /E NERS 5
KINZE, MERSESHUPR =4S 5858
JRE R S d TR ER B AN i B 3 il o,
CAW R, IREla-XBP1s5 5[l & . 2
WA P e B 3 UIAHOC,  XBP s g 1 A= sl ik
KR a4 &, RiFEHFIE, mblamtHnEA %1%
M1 (stearoyl-CoA desaturase 1, Scdl) . £t
AR ALEE2 (acetyl-CoA carboxylase 2, Acc2)
MH MW B REO-BL R % 2 (diacylglycerol
O-acyltransferase 2, Dgat2) , i [E oo
454 8 H-1c (sterol regulatory element-binding
protein-l1c, Srebplc) FARNIBR & Wl (fatty
acid synthase, Fasn) 53K M5 FKFs YLk
RAET, XBP1sid n] 38 i SO ok 40 Y il 44 3 58
Ys 52 /& -0 (peroxisome proliferator-activated
receptor-o,, PPAR-a) #3%/KF, hnosAg iR 4
AL R A A2 2o BIF 9T 2 W AE A AN IR 9 40 e o
XBP1sfg 51 JRPPAR-y )31k, PPAR-y ] LAY
G 17 A B R R 0 GRS, 982 T o R 1O R
B, LinZPR P YL & A3 (forkhead box A3,
FOXA3) fENAFLD/) BB th ik T s,
FOXA3 5% Z ERS S XBP1siE S, #iMiE
it A 45 Srebp 1 e 5 [K 7E P 1 i o1 A8 B2 (R ) Rk
INEAFHEAE AR B . 5IRE1o-XBP 1sifl #1181,
PERK-elFa- ATF4if i 0 s i b 5 7 & Bot
KEER, (Rt H AR A . 1 ATF6a 15 15 AH
s TEFFEfEEPPAR-a I HE T BR EALVE Uk
A fig 5 9 fer, 4 FMAFLDAR R 4% 2 A 2 4.
ERSIE 55 4 fi A B 3O BAE A, 315 JIg B AR
e HESPIF R, EEE T AN ERSH
BN REHE SN RER R, SRR R IE
£ H60 (mitochondrial stress protein, HSP60) 7K*F
HERSH B IE A Eg, BAHMERE, 8T iR E e
FRE GV 11 (mechanistic target of rapamycin
complex 1, mTORCI1) F1H FJ#SREBP1/KF{¢ ¥



HE Wi & B

g J53 AR 25 6L - B0 40 i B 1 o el v A
NEWiEHIEE, AERMERAEAER . WRSE, Lu#
o 28 WA T3 4% fish 2 PERKMTIR E 1o/ 5 1 45 48
P c-JunZ FE R it B (c-Jun N-terminal kinase,
INKD AMCHOPHE, B H0E Btk LA g JrE -2 40 %
X# H (B-cell lymphoma-2- associated X protein,
BAX) /- SaEsET-"" . ERSIEAGFRA M52
IR BAHBC R, HIA Bk R MR 22 E Y, )
frik— PR E
3.4 ERSEHIFIEKE RS FFEEMEUPRE S %K %
SE SN R ABMIEE 7, {R2{ENAFLi R NASH.
e, UPRE M BEFININK, 2 (¥#EER (protein
kinase R, PKR) Fl#%H T«BH| K Foiilif (nuclear
factor-kappa B inhibiting factor kinase, IKK) HJ¥iE
A%, UPRI"Z55 KRN NG SE S, s
IRE1 G IKKAIINKS, 25 0% (e 2 980 S B Fl
fEBHE T A % 5. ERSI, IRE1afIPERK-elF2a
IH IS Z A T-xB  (nuclear factor-kB, NF-«xB) il
P, WOE TR SRR R, W SRER T TNFa.
I/ 21p (interleukin-1p, IL-18) B, CHOPELIE
NF-kB, %5 HAEH T 40 0 WIL-8FITNFa, fi&
HERGE ROV AR TP, ATF6asl i i i AK TH
FRACBOENFRB, 774 R0E RN . IR 7T 4R~ 3F
MIIRNA CEFEFU/PRNA, eSS KRNAZ) &5
MAFLD ) 5 Jx B2 o 3 WA — SO 7638 i e o
A B YMAFLDIE R, 457~ JEw S KRNA (long
noncoding RNAs, LncRNA) -gm9795iHiLERS% S
NF-«BAINKI& I E 4RE B, JHENASH,

A, ERERERSE EH-E & AR
S K- E E 458383 (nucleotide-binding
domain, leucine-rich-repeat-containing family, pyrin
domain-containing 3, NLRP3) Z&E /MK )05 %5
PIAHOE, NLRP3#AGE/IMABEE (2 2EIL- 1 BFIIL- 1811
Gt TE BATNASHI /N AT SR IE A R B
NLRP3 R IE/MEDIREIEH 1 ER, NLRP3 ZERE/MA K
PRI ARE . P2 IR A0 M S S AT AT 415
Lebeaupin i it @ /N A K% S 10 S HEERS
BRI DL S IR IR B 75 FINAFLD &Y, Bax i il
#-1 (bax inhibitor-1, BI-1) iR/ AR 20 AT
FIRE10-XBP1sfICHOPER AT, FEIRElaif
SHINLRP3 2 i /NMABOE FITL- 1B, TL-6. FAkZ4H
Mt 251 (monocyte chemoattractant protein 1,
MCP1) Fifh [ 1C-X-CHFHIAAT (chemokine
C-X-C motif ligand 1, CXCL1) £ % TR,
TNE AR 2R difstT. RRFARMIEEL. Kk,

BRD ) 20244F 164 1M

ERSAM T (1) 9 i 5B A I MAFLD % 5 12 g
3.5ERSEH A EEWE (MHREW) e R
B — ol e B R 51 B RE LR P Al L 2 E A7 R LR, 3
MAE R BWEAIRE . B EREEAR, A
T W2 0 PN P R i PR L W, WA S v
TREE TR VRS R, B A AR
H AL 5 P95 Zh e R 55 — > B ELEE R 2 ER
BRI RE, BPERM S 1 — 5620 il ik 5 2 4k,
PR B IR P TR 71, 3% B WRAA SR, R85 805 i
PR, PN SR I 7 A BT P 5 IR 4 S
I 5 R R S| & IUPRAE Y, BRI Fe R,
IRE 1 aifs 5 1] VA HEER -1 05 52 A8 &5 4 F 46 fh 25 4 3k
VA BT BEARAEIR A LY, ERSS S:TUPR - 25
IF ATFARIXBP 1Bl H W & A, H I8 m] ) g
D3 i B R A, BRI
mTORC& H W I R85 50+, HAME A
W, fEdbEYE . A FE AR K. TERS
WA mTORCLIYfg, #imE T HEE. AR
R, MEAEEEASILEE] (acyl-CoA oxidase 1,
Acox1) N AR BEAL IR LEEE, FBUE
FECHFIEAK- T E, H5mTOREE 2 1EAH
5%, T B R AR e, = AT AR A AR RN
bb, TFARMIAEZER XM T, XBPLsii#E 5 M
BRI RE AR IS FE IR, 38 %o FF 400 it % €20 5 S 2 30
¥€ (chromatin immunoprecipitation, ChIP) 43#,
XBPls i #& | Tfeb)d 3l 1)-743 2-523 /1 55, Tfeb
& E WA B E D R AR R E BT, N
I 5k S XBP 1s T #01| Tfeb [l i s Al g e, i %
(IR AR R 2o S A e 5 e D e, {2 EERS; TG
0B W38 B AT IGE AR  E fE,  FIH PERK-elF20 5
SE SR, ATF6odE 4 7 H 7 TH 1178 F L
MAE N, BeAh, BWESG EIHERSEE I c-Jun
A IERIGEEE (c-Jun N-terminal kinase, JNK) ,
JNEIR, ERSHIKKE W SUIRIET:, gL
BEA PR EE R B, ke, AR E AR
W BERR AR A A T R R AL, T
MAFLDH Wi 5 ERSEAH B 5CIE H 71 W oK 56 218
Ny AR —RETS .
4 RE
EMAFLDE G 2R, ERSAMY S 575 b g
R, RAE. ARSI, 55N iRt
o SE TS VIR, BIHHERSTEMAFLD
M S ERHCCE R R IE E X EERERY. H
A, ERSTEMAFLDY 5 H (1) 5% B8 18 42 L A7 A 52
Sl B, BRI 4 1) P AR ERSAH 5215 54> 7 T B
FRKRMAFLDIZIT 1T TR
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