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P 5% I Bz i#i8 iF SCAP/SREBP-1c 845 L02 BT 40 A g iR & B 1 igt
X FETET O MCHME (400010 TP, TIPSR IR BB AN EL

(F8Z] HmY  7EWN MRS T, W8 SCAP/SREBP-1c¢ % [ 41 M i 5t 4 50 A% 65 1 5% i
Jitk HEESHE MR (Tg) 55 A\ L02 15 41 Hd ek i 57 74 5 X R R 7Y, Western blot £l GRP78 E/‘J
BEERIE . HIl =R (TG ) 217 & A1 21 O Y 245 0 248 Jf Py g 728 F% B2 5 S5 I 9% 0% % 1 PCR A
SREBP-1c¢ TSI AH )¢ 3 [ FAS . ACCI ) mRNA 23514 %, Western blot #; ] nSREBP-1¢ , FAS |
ACCl WA N O 38 & miRNA BF B 5% G i 3k SCAP JE [N (1) 3R 35, WLEE b iR 48 hm 19 A8 AL 1 L o

5 SR GRPT8 HE AN Fibk it 5 IRAH oA, 4 WF M (P < 0. 05) , Tg ZEAAS & 7 i
200 PR S P R TR 55 s NS R AT L, T AELIEF 40 I P H il =R 5 W R 3 i (P < 0. 05) , JIg i W

322 ;nSREBP-1e 3R H/K-F IR THE (P <0.05) 5 MifF LR FAS A1 ACCL f9JE PR A 3R 1 /KP4 B
£ EJH(P <0.05), 5 nSREBP-lc [T mRa#—5. F4 SCAP-3 miRNA #K)5 , LI E45AR3 W2 T i
(P<0.05), &5 PN M RL6E i SCAP/SREBP-1e i 2 T 20 g i it 5 s AC 388 , fie kIR B i A, 2
NAFLD HZ AL Z — o #LET0 SCAP, BEWE P 5t 9 L3 BT S04 T 20 i I AL RR JEE , i 2 4
A% NAFLD B if g # i o
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Endoplasmic reticulum stress regulates lipid synthesis metabolism in .02 hepatocytes

through SCAP/SREBP-1c

Liu Jia, Li Chuanfei, Ning Bo, Yang Zhaoxia ( Department of Gastroenterology, the Second Affiliated Hospital of
Chongqing Medical University, Chongging, 400010, China)

[ Abstract |  Objective To determine the effect of SREBP cleavage-activating protein/sterol
regulatory element binding protein-l1¢ ( SCAP/SREBP-1c¢) on the lipid synthesis metabolism in hepatocytes
under endoplasmic reticulum stress (ERS). Methods  An endoplasmic reticulum stress model of human 102
hepatocytes was induced by thapsigargin (Tg). Western blotting was used to determine the expression of
GRP78. Lipid deposition was detected by triglyceride kit and Oil Red O staining. Real-time quantitative PCR
was used to test the expression of ACC1 and FAS at mRNA level, and Western blotting was also applied to
measure the protein levels of nSREBP-1c, FAS and ACCl. Results  Western blot analysis showed that
GRP78 protein in the experimental group was remarkably higher than that in the control group (P <0.05),
indicating the successful establishment of the ERS model. In Tg group, triglyceride content and lipid droplet
were apparently increased (P <0.05), and the nSREBP-1c protein expression was up-regulated (P <0.05)
and the mRNA and protein levels of FAS and ACC1 were also increased, consistent with the trend of nSREBP-
lc protein (P <0.05). In SCAP interference group, the above indicators were significantly down-regulated
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(P <0.05). Conclusion

ERS regulates lipid synthesis metabolism in LO2 hepatocytes through SCAP/

SREBP-1c, and promotes lipid deposition, which may be important in the pathogenesis of nonalcoholic fatty

liver disease (NAFLD). Silencing the gene expression of SCAP can reduce the degree of fatty degeneration

which was induced by ERS, and can be a safe and effective new target for prevention and treatment of

NAFLD.
[ Key words ]

non-alcoholic fatty liver disease; endoplasmic reticulum stress; SREBP cleavage-

activating protein ; RNA interference ; sterol regulatory element binding protein-1c
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ARV RS P g 1 14 BT ( non-alcoholic fatty liver dis-
ease, NAFLD ) 55 I8 Jj .2 BUA DR FHCo A I 585 5% g 55
WOIRC , A LR B AETE I R 2R3, 32200 Jg B2k
72 R T A M P S HE AR R H il =R . 2014 4F2 49 Jm
DI P IEEAIT 50 2 2 A 25 PRSI, NAFLD 2 5k [
HME R R A A B T E T AR, &
R EE2E U A B Pk R . NAFLD B & BIL I 4 oK 5¢
VG R IR YT T AR R BR o T AR SR Y J R 3L
(‘endoplasmic reticulum stress, ERS ) 7E & 77 T i < 5
CRTEMEIF 28 ORI 0 8 55 ) TP 58+ 0
Uz EA A B NAFLD (i % A R J
A ERS 192577 WATHINIBFIT LB, ERS i3 L
J% SREBP-1c ( sterol regulatory element binding protein-
Lo) WS ATANMERG i LB o R o4 A & E
S W 15 25 B ( SREBP cleavage-activating protein,
SCAP) & TN 5T I _E AR 1, 2T e 1A 5T 4%
iz SREBP-lc % 5 R S A BEAT 7K i B0 , BT i 185 4
P BUlE ARG N EAEAE T o AT IR N KA T
Y e ERS ALY 38 H bl =B R 2L g 1 A 1D AR
FEEE, M F Western blot,qPCR 4841l SREBP-1¢ J H
TR AR OCHE ] FAS (ACCT 1943k, Jiid miR-
NA B T4 SCAP JE[H YR 5, OF 58 bR 8 bR il 22
A, TR B SCIRAS T SCAP/SREBP-1¢ X -2 ffd
i S5t AR 8 52 M S BLAHILTR, ol NAFLD 1) B i 2
b 0 S B R A

1 #REFE

1.1 EZXAFetm e

A IS (FUIH U252 7)) s RPMIT640 1 37 4k
(HyClone A ]) ; B 8 b 3K 4L O e (4, 57) ( Sigma
] s Hh = A IR & (KA1 24 | 5 peD-
NA6.2-GW/EmGFP-miR [fi k7 ( L ¥#F Invitrogen 2y H] ) 5
JEORL/N BRI £ (Omega 23 7] ) 5 Poly Jet™ 5 e st
I (SignaGen 23] ) 5 @2 RNA Pt fli 212050 & (4

AR WAT) s FE L E # PCR ] & (TaKaRa
23] ) ;B-actin [FAS (ACCI1 5|9 ( BigETAH]) ;42
FI 2R A R A 3R IO & (R At LR A 7] ) 5
Bt GRP78 (ACCI g EHLA (Epitomics 24 1]) , FHi
SCAP ¥t SREBP-1c. ¥t FAS £ 75 [& 44 ( Santa
Cruz W) o LO2 40 ey 7 DR B2 R R~ i F 5 e
fefto

1.2 sE3drik

12,1 28 3R B PRy o o0 I 0 £ A 7t
L2.1.1 4iffaisse leordl 8 102 R4 A &

10% AR 4RI 1% 555 ST AT RPMI1640 15 57 5Lk 7
fEREEFE . SE A dl s IE O IR (RE 3R P AN I 24
W) FSE B A (R 9 AT 1 SE R, B IR WO o A
1 pmol/L #EdA % P&, 43 HI1EH] 12.24 48 h)
1.2.1.2 Western blot ¥l 4% 20 i 41 it GRP78 185 14
FIREOL WIS PBS PRI 3 Yk, SRS AL A 4
I, BCA MIEE FW . 4 SDS-PAGE HLJKG , i #
% PVDF [ F, 0 1 h, i A fedit GRP78 (1:2 000) it
K4 CHEF R, BB A (LB HRP Fric i iR bt
HH(1:5000)37 CHEEF 1 h, ECL k%68 ¥,
Quantity One {43 B )% B2, GRP78 110 %5 FEH
5% B-actin M EL, 7T GRP78 A ik o
1.2.2  SCAP T #Jt Jit A i 44 2 J% Wi 1 1L
Invitrogen ( ) 2 &) 41X A SCAP FE K (1D, 22937)
B TP S5 8 —%F miRNA THEIR, 05 3 4
miRNA oligos DA K BAPEXTHEF 51 oligo, SEHG 7325 FAXT
HRLL (AR Y JTORE ) 5 BT HR 4 (% Y B ok ) 5 52
B eH . (43 9 %% Yt SCAP-ImiRNA | SCAP-2miRNA Ffi
SCAP-3miRNA ki) . &AM 2EN, &
HLUK IR BT, AR BT SCAP(1:500) $ifAk 4 C
W, PR E P, ECL B 5. Quantity One 5371 6%
JE(E, L B-actin NS B8 115 SCAP (AN SRk & .

1.2.3 K H i =Fa (TC) &/ SRS
FIOTHRZH B N R AL PR B Y BAVEBORL + i
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NERAL PR % Yy SCAP-3 miRNA T JFTkL + 5 i 2
NEAERAL, ARIERTYISC S I N R
FESR 1 pmol/L, I [8] 2 48 h Jz &2 Uk il 234 figk 40 G,
14 000 r/min .0 15 min, B _F 7 4 8803070 & 0d Y 453
1, B AR GNE %% B (E, T3 R 22 s B L BRI 1) TG
it (pg/mg) o
1.2.4  JHZl O Gyt I 44 it N B T A L,
PBS {3k ,4% 225 I [ 52 40 min JHZL O Y137 °C
1 h,60% 5 NEEIBEES 10 s, TRAKE E JL i 10 s, KE
G TE R RS A L P 21 (8 B 1 Dl IR R
1.2.5  SZAF389%5E & PCR 346 FAS (ACCI [ mR-
NA ik SrA1E b, SEHUCA M S RNA, J5% 5%
¢cDNA, FAS 58] 4. 5'-CAGAGTCGGAGAACTTG-
CAG-3", F U514 :5-GGAGGCATCAAACCTAGACAG-
3';ACC1 584 :5'-GAGGGAAGGGAATTAGAAAA-
3, iS4 5 -CTTGAACCTGTCTGAAGAG-3' ; B-ac-
tin 8] 9: 5 -TGACGTGGACATCCGCAAAG-3', T
W5 9.5 -CTGGAAGGTGGACAGCGAGG-3', PCR %%
#4474 :95 °C 1 min,95 °C 10 5,55 °C 40 s, 3£ 40 M§
W, B3 ANEF,65~95 C, 55 s FE0.5C,
T TG S Ew i g, 2722 kit a4
2 FAS (ACCI 1) mRNA FHXf AR .
1.2.6 Western blot ¥l nSREBP-1¢ .FAS ACC1 %
S B 7 26| il 55 e g R B G o AR P
PR AR A, IR fF. nSREBP-1c FAS (ACCI
AR ER EFEAMEE AT, Bk %
T BT, 2l in At SREBP-1c (1:200) fedi FAS
P (1:1.000) Fiedt ACCL(1:2 000) , £ —Hi il
&5 ECL 5%, Quantity One 4§77 )¢ %5 BE{H, i1 &
nSREBP-1c .FAS il ACC1 [rAHX Fi5 5 .
1.3 %itzam

AL x £s FoR, R SPSS 17. 0 Gt 8 Fi 47
SRR, 2 FEARBE LU R R B R 2 0 22500, A
FEASRON LSRR ¢ K559 .

2 HR

2.1 AT A Y 5 s

BERAE PR (1 wmol/L) A FRJH-A ML 0,12 .24 48 h
J& , 5552 12 24 48 h P4 A GRP78 AR 3Rk AR
WA (0.26 £0.02) (0.43 £0.02) F1(0.73 +0.02),
P BEZH 0 h (0. 17 0. 02) &1, 2% F W H 5
IR (P <0.05, 18 1), 48] Tg JIHUS 14 K&
A= T WA ERS, ELAT I RMEAS: , B PA 5T 19 R 3 5
F ]

GRP78(78x10°)—

B-actin(43x10%)—

—
)
w
~

1 ~4: 53 A5ERE FELE 02 i 0.12.24 48 h
El1 Western blot #7148 L02 fF40i8 GRP78 & QYKL
2.2 Western blot # | SCAP-miRNA st SCAP & & %
e )

525 0 BRZH Y SCAP XS £k 5 (0. 61 £0.03)
oA, BHPEXT BEZH (0. 63 £0.03) 22 R o FH M (P >
0.05) , i 4% Y& SCAP-3miRNA (0. 09 +0.01) %} SCAP
B EFIRAIERE &P (P <0.05) , B A 5 22
()52 55 AT A SCAP-3miRNA , £ 4 SCAP 4 [
FiLWE 2,

4

S
SCAP(150x10%)— ' —

B-actin(43x10*)—
;= G 25 B2 2: B M 42 23 18 485 3 SCAP-1miRNA;
4.SCAP-2miRNA ;5 :SCAP-3miRNA
E]2 Western blot #& il 48 102 FF4HAE SCAP EARIRIE

2.3 SCAP-3miRNA s ERS 4k & F 102 I 40 JiL i
ZEAENEa

Tg 41A125 G BRZEAH EE, LO2 T2 M 9 H-iih =g 7
(P <0.05) , 38 ERS AJ 55 S - 40 A i 15 A%
Pho 5 Tg HARECEL, BIVEBORZH Y H il = BE7K-FIF 1%
HH RS (P >0.05) ;1 SCAP T4 kg iy H i =
BEACE- BRI (P <0.05) o BB T4 SCAP JEH AR
ik, R T AR AR A Hh =l S AR, M T ERS 5
HAINRAS . £ A AR H Y = FR S W 1,

R®1 FHL2FABMAEBE=ZEREE(py/mg, n=3, ¥ +s)

451 LO2 41
= PO 23.44 +1.63
Tg 41 39.35+1.71°
SCAP [F1E KL + Tg 21 41.11 £2.41
SCAP T ks + Tg 241 28.12 +1.29"

a:P<0.05, 5% g Bas ;b:P<0.05,5 Tg Ak

2.4 SCAP-3miRNA s} ERS k& F 102 A 4w f2 A s
SR

Tg 41578 0 IRALAH LA, 102 40 g P9 v] LR
LR, A TR LA PG, PR T
ERS BRYE S IR 2 . 5 T AR AL, B
TR ZH 40 i P i 17 R DL B SR sk /b, T SCAP 48 J5t
RLZH A0 AL 2T iR, U] T4 SCAP BT i,
AR T ERS FrE IR TR (K 3) o
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7 %@E’if i ;5 *'ﬁ%;? 5
< 5%& Q’ﬁ‘ ﬁd‘ ﬁv%g}ﬂ
W L * %Q 3@
v LA S g@% i
G G

A @ af BB Ty 40;C. i 4 + Tg 4ﬂ D: FH# Sk + Tg 20
B3 MO RBUMERHEL2 FMAMMAEEEL (x200)

2.5 SCAP-3miRNA s} ERS 3 A& F L02 Af &1 6 A
SREBP-1c¢ TF i# fig X #f /8 % & B FAS, ACCI
mRNA £k 6%

£ mRNA /K, IS AXF AL REN 1,4 T

AbPE 48 h J5,102 fiF4f e FAS | ACCI B’J*HXH%LE

BRI (P <0.05) . 5 Te 4AH LA, 1 YL B S

Ja , W IE A W i 2k 28 (P > 0..05) ;1 5% 4 SCAP-

3miRNA T 5, P& R (P <0.05),

ULE 4, DL EZ5R$ER T ERS | SREBP-1c FiERY

NEACIHAH I FAS (ACC1 ) mRNA &3k /K, 1 H

SCAP-3miRNA RE T8 ERS FFEUH L F38brn0784k

—_ —_

(=] W
1 I
©

FAS mRNA HI%} £k
W

3
151

ACC1 mRNA FHX} ik

1.2 G B4;2. Tg 203 Ak + Tg 4034, FH Ak + Teg 40
a:P<0.05, 5= g3 atkd;b.P<0.05,5 Tg 4 rbix
B4 SLETEESE PCR HE#NE4H 102 FF4HAE FAS(A) |

ACC1(B) iy mRNA %%

2.6 SCAP-3miRNA xf ERS K & F L02 A 4 e,
nSREBP-1c \FAS ACCI & & %A 49 % v

FE 8 FKF, Tg 415 % LA E, 102 i 41 i
nSREBP-Te & 1 1 R K B i T s (P < 0. 05) 5 e ¢
SCAP 4t J5ohi J , nSREBP-1c 8 [ 1) 3 15 W]tk [ 1%
(P <0.05) , ifi B 4% ok 4 Ge 240 B0 A B S eIk (P >
0.05) . [AJif, FATKM 1T 45 20T 41 FAS ACCI 2
FRZIATG UL, & BL Tg 41 FAS (ACCI K3k 35 F i
(P<0.05) , 7555 Ja AR IR (P < 0. 05) , BATE5
R JCH 42 (P >0.05) , 15 nSREBP-1e 3 (4
H—H (5,3 2) o 45RUESE, T SCAP, A{LHEH
il ERS ARZS 5|2 A9 nSREBP-1e & [ HY3RIKIE £, 1
HLAEBE T 98 HLF W 19 IR AL A OCE [H] FAS ACCL Y
HEHKF

1 2 3 4

acc1(265x10°)— | S

Bactin 43610 A —

1. E G2, Te 203 AR + Teg 204 FH G4 +Teg 40
5 Western blot il & 28 102 BT 4 i1 i) nSREBP-1c .FAS |
ACC1 WERBFIX

%2 KAMAAR nSREBP-1¢ FAS ACCl B ERE (7 +5)

2157 nSREBP-1¢ FAS ACC1
75 A IR 0.28+0.02  0.36+0.02  0.42+0.02
Tg ¢ 0.54+0.02"  0.97 £0.02°  0.78 £0.04"
SCAP [k + Tg 4 0.54 £0.02  0.98+0.02  0.80 +0.05
SCAP T4tk + Tg 41 0.28 £0.01"  0.45+0.03>  0.56 +0.03"

a:P<0.05, 5% g Bas ;b:P<0.05,5 Tg Ak

3 W

P R ( endoplasmic reticulum , ER ) & B 4% 41 fitd N
HERANMLAS , L 1T B B R B S E
JIR A5 AN AE SR AN N 85 8 T AR S . TEZ PP A ey
TP (IS RE LA R 5 L 77 Rt B iR I &
HEERES) T, iRy Py 5T 3 S 8 E AR RE ) 2
B B A R 2R 3l B AR R AL ——
J5 )37 3 ( endoplasmic reticulum stress, ER stress) , -
HIBFFE ERS, 224t e R 3t & 4 H OV (unfolded
protein response , UPR) T OER 4D EOR S
I, ER 5 1 A %5 4 4 15 25 78 (glucose regulated
protein78,, GRP78 ) 5 PERK ( protein kinase RNA-like
ER kinase) .IRE1 (inositol-requiring enzyme-1) I ATF6
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(activating transcription factor-6) fi# &5 , {43 UPR {55,
S DL E 3 P s AR 1 S T R N SO R K
BRSO ALR T RE . I SCHk 4B ERS S5 MR
I PR RGBSR R BRI S BN A G I AR
oK, B B2 i pF R 3R, ERS 5 NAFLD %5 Y] AH ¢,
7E NAFLD AR 24U 3] ERS mfrfE™ o 78
ANFEAE PR RS T 1) NAFLD 31477 A1 4H i AsE 7 v 35 &
BA ERS 19 5%, N T — 2%t ERS M
NAFLD [ E#26& , B ERS 2 & B S EURNI A, 3K
TR PN B O 07 3855 SR B & D RN LE 5 4 it
PR 102, ke 3d ERS 7Y, fEi2 7Y v S g o AR A A
KHE R R IR IE DL

FEHE N % (thapsigargin, Tg) J& N i [} Ca’* ATP
FEEIR 50, (58 N 3R B A7 1Y Ca* U820, BB P Ay Ca®*
W TG, S Fa s e i, 51k ERS'™ . GRP78 & ERS
i 23R8 B, 2 ERS MtREEAS . AWFTss
2R Tg RS W40 & 4= 17 B a9 ERS, H B AT B
(A . Tg 2H A9 H- Vil = ER i 21 O G e 53 5] A E
HEFIE PRI AR BEUESE Tg 375 5 40 ML &A= 1 BRI A2 1
V% H B 5E 2 B] NAFLD BRIy ERS 1925,
(B EAMFE 4 % B, ERS 7] B 82175 5 -4 i % A
R e

SREBPs J& 4 435 - 41 e g ot o 25 0 B 22 [ 5, L
o, SREBP-2 F2%22: 5 JJH [H FE /i i )8 45 , SREBP-1c
R WONE W R A A R . A I A 4
SREBP-1c [k 2 1E 3 % BRI 5 /%, SREBP-1c¢
5 ER PSS AR AT AE [ (125 x 10°) , #ia
BERIERZ G, 40 2 R KR, B HoA i 5k
TR 9/ B, B nSREBP-1¢ (68 x 10°) M, A HF 5%
4L R 102 TE% F4H ML Tg 411Y nSREBP-1c {351k
Bos G REAL B B 2 W AE ERS RZSR , SREBP-
Lo i Mh g o . BLZ SR, 7RI AR B 41 e . C57BL/6J
/B Huh7 F1 HepG2 JHF4 40 i e A3 #3527, g
IR & I ( fatty acid synthase, FAS) fE AR 117 R & 1k
i g — 4, R E LR, B4R A R L
(acetyl-CoAcarboxylase, ACC1 ) f£ {k. Z Bt 4 1 A & A
B (AL Y B ALY FAS | ACCI
TEJ 20 MR = 20, t 2 R A At P 7 B g
A5 F W] FAS 8 ACC1 it = 1/ RAZE IR AR B A Ak 2
FET= R ARHIESY M R 1K Mg B, Tg 4
) FAS (ACC1 &3k B S 3811, A1 nSREBP-1c¢ (1) T & i#4
P— 0, Ul B IR BT A A O¢ 38 [l FAS | ACCL 2
nSREBP-1c¢ (1483 A, 78 N 5t X b R &5, SREBP-

Le #5545 PE3GsE i 1 FAS (ACCI [R5k, 34
I J A R Yt = g ) 3

ERS 0] 38 i3 #41% SREBP-1c i iff g i & st
W, N FE LA B B, SCAP & ER | () i 2K
F, H COOH-Rui XA 5 4~ WD FKIGEFRHIE M 2 )7
41, #1 SREBP () COOH-A s i 17 X A8 HAEH , B % 45
A A o A0 P ke = B [ B, SCAP/
SREBP & &4 st LAZE 16 19 B 20 DA PN I3 D9 A8 25, e 7
FERILIR L] SCAP Xt SREBPs 1) /K fift i i %
KEEL, R M R /D BRURE Y SCAP KL [, )R [
W RIS IR & KT R I T 80% % o 76 w5 g sl A
T HINR I T Sh R v | SE R @ bR s U8k SCAP
AIRSRAGIIF o SRR T B RO AR, T4t
SCAP [ 1k BE 5 o036 T 40 i A5 A8, B A ik o8 0
ARFGREEH R, LB SCAP 1 72 35 AR % 0l 35 P4 i )
T IR TR . i ELA Tg 404 L4, SCAP +
W4 %) nSREBP-1¢ B i N, FAS (ACC1 R FifE, 5
nSREBP-1c ¥ —2, LA 455158 SCAP FE K I Bk
ST A SCAP ¥ A 61z Th e, T ZRE% ia sh s
B BV nSREBP-1c Jili /b, e 4B AIL T ERS A7
JHAH LN 08 H 0l =g K CF, s TR TR G, s T
ERS FrEWAR iR, # 5 2, 78 ERS R T, SCAP
X} SREBP-1c [T dE & “ &7 PRFEA1E

25 LR ASHIF ST E — 25 UE S PN 5T I 3 5 g BT
DURLA B #: ¢ R AT ERS J& i i SCAP/
SREBP-1c & & W & 32 JIF 40 i (%) B Jo & A C 38, e
HERR BT R, & NAFLD 3 22 () & 9 Bl il 2 —.
SCAP [K b 45 1 e iz Dy fig, vl R & 2 A 30
NAFLD B i ¥ 5

SE k-

[1] Malhi H, Kaufman R J. Endoplasmic reticulum stress in liver
disease[ J]. J Hepatol, 2011, 54(4) . 795 - 809.

[2] Zhang X Q, Xu C F, Yu C H, et al. Role of endoplasmic re-
ticulum stress in the pathogenesis of nonalcoholic fatty liver
disease[ J]. World J Gastroenterol, 2014, 20 (7): 1768 -
1776.

[3] Jung T W, Hwang H J, Hong H C, et al. Resolvin DI re-
duces ER stress-induced apoptosis and triglyceride accumula-
tion through JNK pathway in HepG2 cells[ J]. Mol Cell En-
docrinol, 2014, 391(1/2) : 30 -40.

[4] ShinJ, He M, Liu Y, et al. SIRT7 represses Myc activity to
suppress ER stress and prevent fatty liver disease[J]. Cell

Rep, 2013, 5(3) . 654 - 665.



37 B S M ¥ = K B OK ¥ ¥ M Vol. 37, No. 5
448 201543 H15 H J Third Mil Med Univ Mar. 15 2015
(5] T, Bl vedk, 5. P95 R 75 3 40 1 s s 3t rat liver and human and rat adipose tissue[ J]. Obesity ( Sil-

(6]

[7]

[10]

[11]

[12]

[14]

[15]

[16]

FRBCRTRERLN [T]. 28 — 428 K4, 2012, 33(10):
1055 - 1059.
Ron D, Walter P. Signal integration in the endoplasmic retic-
ulum unfolded protein response[ J]. Nat Rev Mol Cell Biol,
2007, 8(7): 519 -=529.
Hetz C. The unfolded protein response: controlling cell fate
decisions under ER stress and beyond[ J]. Nat Rev Mol Cell
Biol, 2012, 13(2) . 89 - 102.
Boden G, Duan X, Homko C, et al. Increase in endoplasmic
reticulum stress-related proteins and genes in adipose tissue of
obese, insulin-resistant individuals[ J]. Diabetes, 2008, 57
(9): 2438 —2444.
Cao J, Dai D L, Yao L, et al. Saturated fatty acid induction
of endoplasmic reticulum stress and apoptosis in human liver
cells via the PERK/ATF4/CHOP signaling pathway[J]. Mol
Cell Biochem, 2012, 364(1/2) . 115 -129.
Yang L, Jhaveri R, Huang J, et al. Endoplasmic reticulum
stress, hepatocyte CD1d and NKT cell abnormalities in mu-
rine fatty livers[ J]. Lab Invest, 2007, 87(9): 927 -937.
Rahman S M, Schroeder-Gloeckler ] M, Janssen R C, et al.
CCAAT/enhancing binding protein beta deletion in mice at-
tenuates inflammation, endoplasmic reticulum stress, and
lipid accumulation in diet-induced nonalcoholic steatohepati-
tis[ J]. Hepatology, 2007, 45(5) : 1108 —1117.
Zhang C, Chen X, Zhu R M, et al. Endoplasmic reticulum
stress is involved in hepatic SREBP-1c¢ activation and lipid
accumulation in fructose-fed mice[ J]. Toxicol Lett, 2012,
212(3) : 229 -240.
Chien C S, Ma K H, Lee H S, et al. Dual effect of capsai-
cin on cell death in human osteosarcoma G292 cells[ J]. Eur
J Pharmacol, 2013, 718(1/3) : 350 —360.
Jeon T I, Osborne T F. SREBPs: metabolic integrators in
physiology and metabolism[ J]. Trends Endocrinol Metab,
2012, 23(2): 65 -72.
Musso G, Gambino R, Cassader M. Recent insights into he-
patic lipid metabolism in non-alcoholic fatty liver disease
(NAFLD)[J]. Prog Lipid Res, 2009, 48(1): 1 -26.
Boden G, Salehi S, Cheung P, et al. Comparison of in vivo
effects of insulin on SREBP-1¢ activation and INSIG-1/2 in

[17]

[18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

ver Spring) , 2013, 21(6); 1208 —1214.
Oh Y S, Lee Y J, Kang Y, et al. Exendin4 inhibits glu-
colipotoxic ER stress in pancreatic 8 cells via regulation of
SREBPlc and C/EBPB transcription factors[ J]. J Endocri-
nol, 2013, 216(3) : 343 -352.
Lee J S, Zheng Z, Mendez R, et al. Pharmacologic ER
stress induces non-alcoholic steatohepatitis in an animal
model[ J]. Toxicol Lett, 2012, 211(1): 29 —38.
Choi Y J, Shin H'S, Choi HS, et al. Uric acid induces fat
accumulation via generation of endoplasmic reticulum stress
and SREBP-lc activation in hepatocytes [ J ]. Lab Invest,
2014, 94(10) ; 1114 - 1125.
Fang D L., Wan Y, Shen W, et al. Endoplasmic reticulum
stress leads to lipid accumulation through upregulation of
SREBP-1c in normal hepatic and hepatoma cells[ J]. Mol
Cell Biochem, 2013, 381(1/2) . 127 - 137.
Abu-Elheiga L, Matzuk M M, Kordari P, et al. Mutant
mice lacking acetyl-CoA carboxylase 1 are embryonically le-
thal[ J]. Proc Natl Acad Sci U S A, 2005, 102(34) . 12011 -
12016.
Chirala S S, Chang H, Matzuk M, et al. Fatty acid synthe-
sis is essential in embryonic development: fatty acid synthase
null mutants and most of the heterozygotes die in utero[ J].
Proc Natl Acad Sci U S A, 2003, 100(11); 6358 —6363.
Weber L W, Boll M, Stampfl A. Maintaining cholesterol ho-
meostasis; sterol regulatory element-binding proteins [ J ].
World J Gastroenterol, 2004, 10(21) ; 3081 —3087.
Matsuda M, Korn B S, Hammer R E, et al. SREBP cleav-
age-activating protein (SCAP) is required for increased lipid
synthesis in liver induced by cholesterol deprivation and in-
sulin elevation [ J ]. Genes Dev, 2001, 15(10): 1206 -
1216.
Moon Y A, Liang G S, Xie X, et al. The Scap/SREBP
pathway is essential for developing diabetic fatty liver and
carbohydrate-induced hypertriglyceridemia in animals [ J].
Cell Metab, 2012, 15(2) ; 240 —246.

(1275 :2014-09-05 ; &[] :2014-10-16)

(%4 FEF)



