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Endoplasmic Reticulum Stress in Hepatic Glucose and Lipid Metabolism

and Metabolic Liver Diseases

CHENG Hanbo, LU Songya, LIU Yong*
(Hubei Key Laboratory of Cell Homeostasis, College of Life Sciences, Wuhan University, Wuhan 430072, China)

Abstract In eukaryotic cells, the ER (endoplasmic reticulum ) is the most abundant membrane network
that not only regulates the intracellular Ca®* homeostasis, but also controls the folding and maturation of secretory
and membrane proteins. The ER is also the critical site for the biosynthesis of various carbohydrates and lipids.
When the workload of protein synthesis and folding exceeds the ER’s processing capacity, excessive accumulation
of unfolded or misfolded proteins results in a state known as ER stress, activating the cellular UPR (unfolded pro-
tein response). The ER-localized transmembrane proteins IRE1a, PERK, and ATF6 mediate the three classical UPR
signaling pathways, which act to alleviate ER stress to maintain cell functions and survival in mammals. Liver cells
possess a great number of both smooth and rough ER, which can sense changes in nutrient availability and metabol-
ic stimuli. Activation of the UPR in the liver has important roles in the regulation of glucose and lipid metabolism.
This review will summarize recent advances in our understanding of the UPR regulation of hepatic metabolism as
well as its potential connections with the development of metabolic liver diseases. Elucidation of the metabolic ac-
tions of hepatic UPR signaling pathways will provide new insights into the UPR physiology/pathophysiology with

respect to ER stress-related mechanisms underlying the pathogenesis of obesity, type 2 diabetes and non-alcoholic
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fatty liver disease.
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T HATHE_E 2K 6L 2 3 ESREBPH; 3% A1 1 577 ¥
TEARURTFHE AR AU 1 2 R0, iR 4E BAER, IRE1ail
R 24 R P IO T S A~ i 4 S 2 B )
WEER .

T 71, R AR IR R GLAEIRE Lo
(1) P 170 il v A 2 AR, DT 52 Ml e 2 Y0 6 I (2 i
BT AR 2R o 7 = T MR TR IR /N SRR JIE A, IRE1adk
1R 2 R 1) 30 2 AR A B4k, SR
PN U] i GO 1k BRI . RIDDIR 4% i #0341 3k
miRNA(£L$5 miR-200F1 miR-34) {1 & ik, 18 PPAR0.
SIRT1 LA K i i T S8 A0 R i I3 9 i A 5% IR - () R I8
FRAK, 2 S 8O IR NG o (0 B AR ZR (B12)P . 1 [
FETEE FR L FPIRGL T, W4T AL HIRE 1ol B35 e 1%

BEL3E i 177 423 P9 E G 200 A RO M2 A Ak, 38T 5
TR LR RRE . PR RE BV FE, 5 SO EAD N 17 JH
(R A R B TR I, R 5 dn Ao A 2H 2 R0 48 i /K T
R MR IRE L od B PR 5 1, X T R 5280 b
PRIGEEAREHEIR D7 16 B B Z 1A .

IE Ak, o T XBP LT JH I B AR o i kS A 7
PR BEFL RN, 7S K I IRIR N, XBP1s
REW 5 R TR & G I, WnDgar2 . ScdFlAcc2 (Acach)
(11 )8 2 &b G R 3 LG SRk kP I XBP1)
B 2 S BUFFENG B AR B9/, 7 A B B AR AR
] 2 1 PR H 9e = RE, o £ Bl B Mg 7 28 1
BER (1 W T RE SZ B L B3, (H IR A STk,
R JHE R i B 2% HEHT A /S BRUFH IR, XBP1sRE #2411
i1l A W7 G s TR P 3R R A TG AT H i BB 0 & &
BEAR, [F) I 3L B 9% 4R 0 G 107 0 M I AR, e 2% S T
JIE I RE R R4, G R B 2 S, AT RE R
THERFE FR 4 N XBP1s H 547 Thfg (st
T2 2 B e R I, AT E JFF IR o2 AT
RIEATFRBIER: 16 @K KSR T, XBP1shg
{12 148 i 17 TR 5 IR % 114) 56 R 3% 0k 3194 i U B I 1
B T AR PR A R A T 5 AR 1) /0 U i o,
XBP1s2x K5 BLESRAAS [F I 1E R, BR i g s iR
(G B2 i T R 1) S A 20 ik «

PERK-elF20if #% th 2 55 JIF JIE g AX 1 1) o =55
M. ERGECIR LT, FF4H A - PERKGE o % 12 1k,
elF2afE 1 ATFA[Y £ 3k, kM 155 % 5 X - C/EBP[A]
Y555 1 (C/EBP homologous protein, CHOP), it i
INC/EBPI) Ty e Sk ) AR AR AH DG B R ) R 3k,
7 51 RS e W R A I B 1 4 AR LB R AR
FERI ALY, BB Hh elF 20 il R Akt 2 (i 3k C/
EBPaflIBHIZRIE, 31 I PPAR viFs 5 i it 1) & 1%,
RN, Ak, PERK-p-elF20id G 11 il ApoB 100
A R, BETT B & VDL B B A%, 5 30U R NE 7 1)
HERPVEIZ) .y MR TR/ B IE, ATFAHE R
FiHPPARy. SREBP-Ic. ACCHRISCD%% Jig A i A 2%
BRI IA (B13), NI 75 5 FE g o f ok FEE AR 2R BT
SR A B F R, 7Em IR IR AR S A
JoR P SRR, elF2a0m] d i 380 4 H o 22 IR IR
456 o B I CPEB4- 3 BUR 41 4E AL ¥ 2035, CPEB4
[ 71N BB A 08 1) 3G K 2 o A P I IR D AT, 31X
2 A PR T 2ok A IR I R BAEL A (R A DA K = T
A RS 258, Bk e] L, PERK-elF20i #% 7] LA



PRI TS AR SR BT A A Qo B AR R R AR

2215

TEARTF AT, LA B 42 8 22 B AT A 4,
A B2 2 R A e AR IR AL

Xk ATF6 [T 7T 715, ATF6RE % 3 i 52 1) ik
JERR R, A AR P 5 1 R 2B . ATF6RT DL
PPARoUK AE W) B8 AH B A FH, 3 9RPPARGIT) B4 SR %
P RIS T 40 B HHPPA R i I #EJE K], 4nCPT1af
MCAD. Rk, TR &S R S RPN A, FFAE
rhe A E M A ATF6 AT 42 35 BT S I R S8 AL 738
H1 BT 1 A2 (P4, TR, ATF6tH {2 32t ApoB100
ik, dEimi - VLDLI A -5 43, J8/b 2991
SIS PR 5 I LIS R I AR R0, e Ah, 4
Jitl t ATF6JR A1 SREBP2 1) S i, k1M T I g
JR IS (B4, BTLL, ATF6E 518 B 7 T i A8 1
HH IR R E A

2% LRTR, 3% UPRAE 5 il % 45 2 5 T IERE AKX
W R, R AT REMIEA AR IREla
FIXBPIs7E A fig ARG 4% HH 30 85 AN R 1 o
XBP1sHIE ] it H 4+l ; PERK-elF200# 1% () 0% £
T BB By ZAHCPURIT I B AR 2R, T ATF6 B0
W) 6 2% A B AR MR I R LB R . A IR 9T
5 LR 7 UPRAS 5 308 B 428 FFF R 038 I A ) 52 24
PRI S AR, AT P P ) 0 2 A 0 T R BE AL
KB AR AR )T 22 e F 2

3 AN S RE AR S

JESE RS 14 HE 7 FF (nonalcoholic fatty liver disease,
NAFLD)5 JE 235 UIAH G, J& 32 A7 B I 5 0,
22 MR B BE AR R BIAR TR 2%, kiR RN
JH-HEE A0 S5 BRI AR, B E 2Tl R R A K E.
KIAEE RN S AR A 77 2, FEUE N IR 5
Tt B AR B AR i 2 AR, WO A 23 A 1) P Joi
L, T SEORE PR A DA B A O 1 A
SEBENE R (glucolipotoxicity), B 2175 KNAFLD.

£ BE B i3 A1 25 5L 13 A UPRIE 26 1 57 75 B0,
_ERNF-«B 40 3 # 3 SUF . IRELaff) 30 RE
B30 I TK KA - RINF-kBRRIE ), 51 R RIE. H
B A, A A b 1 E B B AR b R R NF -k B PR X
T4 BA Ry 1EH, e8| INAFLD K J&;
IMINF-«BiF ML 7L — & BE PA L, 4R 3k -4 g 28 0
A7 AL R 1 3 i, S EUH A ) Dhae Ak, It
gl L £F 44k, FEKupfferdl il N, NF-xB I #0E 2
FHUL-1BATNFa ) B 8, 7 FF 5 S0 IE 2 5E A1 )

REA 151, PERKGH i #11 il Ik B oK 14 HINF-«B ) 3% 4
IR AAE, MATF6ar] LB B AL AK TR BOE
NE-kB. AT, 7608 /N BRI A G R X ATF6 2
P& v R B R AUBAE kA, KA P 5T R s
POE JORE /MRS A iR T, SEUFR . B,
FERE /N B 9 AR 55 28 B0 TG 2 WK 3 A
PRI, WOETRE1oFIPERK, JHECHOP & K1k,
T FENLRP3 98 0E /MAR, 75 3 FH4H i 28 58 A T2 1Y
A, Ak, IRE1ood AT DLE I 5 s SR A6 R 152
A FH 5 Kl F-2(tumor necrosis factor receptor-associated
factor 2, TRAF2)%: A i H S caspase-1243 25, M 1L
iHicaspase-121) 5 SN T,

L™ A R A AT E H 2R 22 5] KNAFLD.
S i T T R AN Ca? ()3 FE AR 3R R 2 R AR D e, &
FUE 4 (reactive oxygen species, ROS)HI¥E I Al iz
JR sk Ak, 3 T 2 98 40 g K] F-(TNF-a. TGF-B.
FasLZ5) A2 ik, FEANRRAET. . RIEM A4 e s
KHEAMER . T i S A B R (B- 48 A ) AR AR (w-
AL 2 PP A IS R RO, AT = A R
Z I H H A, 84 R D R S A AL T A IR A,
AR 3 H i -3- W IR R0 T 1D %) A i, = BUTR o i
RSO, OF BRI, UPRS AL B [ 17
TE N TE R BL R IRE1oFTPERK GE % B35 it 8008 JiH B
1 H.AE 2% [ (thioredoxin-interacting protein, TXNIP),
SHROSHI K RE/MENLRP3HI TG AL, M TS 25
Al FIL- 1B 75 3 B4R AL FE 120071, {H P Joid I 97 30
3 38 1 WO E AL S, N RINAFLDAFE 28 58, 15
A it — B I BUR L -

NALFD = B35 K g 0 A8 14« I v it 25 1 i
R 7K P iR PN O IO N S8R JH 4 B R T T IR B
NALFD & 3 1) i 88 01 28 DX - AH OC ) T2 45 3 B 44
(TRAIL)FET 524 5(death receptor 5, DRS) 3 Tt 5,
A5 i 0 14 AT 40 B 6 TRATL Ay 5 1 41 Bl 26 12 58 A
K. AR, AFEIR 2 58U 20 R T PERK A
IRE1aff13 1% 7, 2 1fi 5 $ CHOP# &, F 3DRS
AR IR E AN TR B4R, B S 5F S caspase-81F A T2
AT (BCL-2 associated X protein, BAX), i £k fi
DR K A AT, F5 S 4 BRAE T A AT

JHRE AR H i 3 5 T8 M e, 3 32 S0
FAHENALFD., o SN0 ST K. R
Jib IR T A 358 T PR S 8 TR = R 1 R AR
RGN R, {23k b A e A AR
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T 27N, IRELof 5 18 2% 1] fe 7 I8 & A2 il #2
HR O, PERKAE 5 180 5 JUI 76 Ji g 44 82 % e i %
B S, T ATF6afs 5 3 B 7E T B B 988 v 4 38
WE FEE IR ROR SR, IRE1odd i in il AT 28
JiE B T4 PR G A SO0 M e ) PO AR R,
T FFF 200 it A 4 P R BR TR E 1 oA B 5 01 STAT 3
BRI S A ST A PR e . 7 = IR MR 2% A
T, IRE 1ol 2 8 IKK B-NF-k Bl i 0% 7K BRI, 3k
TR 7 FE 98 RE 7K 7, HH 4 I TL-6-S TAT3 38 i
S5 00 R 4T P G A, R A R 1 R A S R T
AME B IE S, A6 NI 40 i XBP s k7K
ik T 5, XBP1sHE 7] 075 H G 2% 1 (alphaFP, AFP)
[P IE] (e s i R 2B . FEIRE1afJRIDDJK YY)
Hh SR AH O (1) 23 160 45 25 ot 40 W 2K 1 (secreted
protein, acidic and rich in cysteine, SPARC). miR-17
&, AR SPARCHE 8 It 57 1) 5 200 e 11%) ¢ W A5 FH 1
) FHF 9 1 A A4206), PERK AL g 8 41 14E Ji 988 1) % %,
AHRT DR U E T . ZEREIA L T, PERK
REAS L 10F 15 4 MO 80 P ik o o 998 RN 441 it &1 22 i 2 1
I AR Ik AR A DG IR L A sk TR P 3R 3, e T i v
e 240 L R EG A0 R O Y e e e Ak, A I T
B AR, ATF6IR A W0, 8 B AT HAE H A B
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B 732 UPRIEK B i@ %, JIT ()R @ik /R 2 £
Bl BT 5> FFEAE I 2 5 B WGRP78 RE WS 4 K5
0 %) A A RH E AR 2E EA  h A IL A AR k, IF
H ke 2k m, 1EAZES8URE S T4
U8, TR A 5 B (PDI) A % 1 12 B0 8 R %
iK DL K g A 1 4795 7%, CHOPRE 6 12 i3k 2 A i
JF 95 60, 45 T 988 1) A A=, TRV, B T JRE < WU £F 4
v 41 HLERBE LA B AR 5 386 B 9 7K S0, 7 BB S
FF S5 A4S FR, CHOPER (/K5 g it A & dE
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4 BREERE

PR I A g 40 L 1A = B T T 5, kA
AR L R ST AZE S 5 4 A 0 6 W 54 T
BEIEEF, AU R A BN T4 8 A B
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R4 9% . P R 9030 o SRS A 1 8 9 S AR PRI,

RS B 0 AR S5 S R DA B RORE B, B A4
H AR T2 5 e AR At dris .

TR 2 AR FEAESE R B, PR BEALAA A 3L
Y P J5iE DX IS SRS PR 9 R T 7 P S AR s 110 A
RFETEEJEE CHEIEM . 32UPR(E 5 18 2 8
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1(receptor-interacting serine/threonine-protein kinase 1,
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