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Expression and significance of activating transcription factor 4 in oleic acid-induced

hepatocyte steatosis in vitro

Wang Wandong, Chen Dongfeng ( Department of Gastroenterology, Institute of Surgery Research, Daping Hospital, Third Military

Medical University, Chongqing, 400042, China)

[Abstract ] Objective To investigate the expression and significance of activating transcription factor 4

(ATF4) in the hepatocyte steatosis models induced by oleic acid, and to explore the relationship between the
expression of ATF4 and nonalcoholic fatty liver disease (NAFLD). Methods 1.02 cells were treated by 20
mg/ml oleic acid for 0, 24, 48 and 72 h respectively to induce the hepatocytes steatosis, and then the cells

were collected and the total RNA and protein were extracted. Reverse transcriptional polymerase chain reaction

(RT-PCR) and Western blot analysis were used to detect the expressions of ATF4 gene at different time points.

Results  With the development of deterioration of steatosis, the expression levels of ATF4 mRNA were
1.01 £0.12, 1.87 £0.24, 2.01 £0. 13, and 1.79 +0. 19 respectively correspondingly from 0 h to 72 h. The
peak of ATF4 mRNA expression was reached at the 48th hour, and then showed the tendency of down-regula-
tion. At the same time points, the protein expression of ATF4 were 0.31 £0.16, 0.57 £0. 14, 0.91 =0. 20,
and 0.89 +£0. 17 separately, and the protein expression was maintained at a high level up to the 72nd hour.

There were significantly differences compared with the control group (P <0.05). Conclusion In the oleic

acid-induced hepatocyte steatosis model, the expression of the ATF4 is enhanced persistently, suggesting where

the endoplasmic reticulum stress response may happen. ATF4 may play an important role in the development

and progression of NAFLD by up-regulating ATF4 expression.
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HIFFIE AR R B 1 R e At A

JFF4 L F T BR A 2 S R e = AR T fg
& A+ 5 BN B M (endoplasmic reticulum, ER) , 4
JoT P 2 2 BT AR A A 5 4 LA RO X 4% L
S EZEIG T 62 RO R BURR, A A 2 B
s 5 R R AR e A DG E P 52 Bl 25 il
FHAE A1 R 2R AR s 35 R e 75 & P9 5t 9 1 384 ( endoo-
plasmic reticulum stress, ERS) . 4l it 7] 38 3o 3@ 24 )
PRI M SN AN A 37 28 B (1 )V (unfolded protein re-
sponse, UPR) 2RI % ERS [ £ IR0 N , (H S Fpak ol it
SR I%) ERS 5025 38 B 240 P4 5t 9 1z 38052 1 ( endoplas-
mic reticulum stress response, ERSR) , Hi&: ERSR Xt Jif
2R3 B B3 S T T R, AR A
3 A0 S KGR I I A A b 3 A A Sk 1 4
(activating transcription factor 4, ATF4 ) JE[R [ 215748
b, BT HAE NAFLD KB R BT ITER .

1 RS

1.1 ##

LO2 JIF40 i B Rk BE i A , RPMI1640 B TR 5L AR
4 IME I Gibeo 23 H] ,RT-PCR (AMV) i3 £ \DNA Marker
i H TaKaRa 2\ ], Tripure IR & 2K 4 i 1 ] 57 Comlete EDTA-
free Protease Inhibitor Cocktail Tablets & Roche 2\ &] 7= &, ATF4
—3i (ab1371) Wl H Abcam 2\ ], § 2 Beta Actin Antibody
(NB600-501) Ity | Novus Biologicals 2y &), —fui 1l 3 IgG-HRP
(A4174) Fndi/EL 1eG-HRP ( A4416) ¥y Sigma 2 &) 7= i, 1k
2 %3617 £ Super Signal West Pico Chemiluminescent Substrate
(34079) K Pierce 23 w77 i, B E 7743 B4t
1.2 Fi&%
L2.1 gifEEsr syl SMOCHIT 105, 1% A 102 JiF
YA BEAR TS 10% JR 4 5 1Y) 1640 BEFREEREFR T 25 ml K559,
BT 37 C SRR & 5% CO, Wy F IR b B 95 . B B R By
FIITFAMAL I F5 24 h 5 R AR KR e (L& i 2034
80% I, JA 20 mg/ml JliER (JHER LA 0. 5% DMSO % fi# ) 175 3T
SRR V2P , 2 B SRR I AR BC R R R o 8 4331
FIMAMER SR 0.24 .48 .72 h WA AL, 1520 h 228 (XTI
41,24 48 72 h R .
1.2.2 8|93t % Primer Premier 5.0 & {45+ ATF4 %
(NCBI %55 NM_001675) #4775 | ¥y icit, 5138 i b2k
TAY TR AMS A RA R G M. FilE: 5 -GTCTCCGTG
AGCGTCCAT-3", Fif:5'-CAGAAGCCAACTCCCATT-3"; H¥x K
BLKBE 166 bp, M2 M8 GAPDH | 3j#:5'-ACCACAGTCCATGC-
CATCAC-3"; F i#: 5'-TCCACCACCCTGTTGCTGT-3", ¥ 44 A Bk
K 450 bp,
1.2.3 405 RNA $2HUK ATF4 mRNA (675 8%
FM PR T 2L O TR 1Y PBS PRk 1 IR, W T8 3
KAyo FHEHIMA 1 ml Tripure 3R 71, 54255 sh (1 57 ¥ 50 78
SEANMRE TS, AR RS U T 1.5 ml L8 T, R

Roche A & Tripure 3771 45 VF 158 B $2 A0 ffL & RNA, RNA #:4E
FIEH 54594 RNAse Free, $4 RNA A260/A280 e #47E 1.8 ~
2.0 Z[i], 4 RNA 558 TaKaRa RT-PCR(AMV) &7 &
ULIABEESETT, ATF4 JE[R PCR J 1 4514 : 94 °C TAE 5 min;
94 °C 30 5,53 C 30 5,72 C 1 min,30 AMEFF;72 C 10 min, &
Ja 4 CLR1F. WZHH GAPDH PCR J W 5 f4::94 °C Wi AE Pk
5 min;94 C 30 5,59 °C 30 5,72 C 1 min,30 G FF;72 C
10 min, 55 4°CARAF o 1% S5t W6 I v ik , 88 i 1% R G
i PCR 7=y s ik 25 3, 52 1843 MR i Bandscan 5140 52 45 2%
MBI B A5 A L ] 5 [ B Bactin 25415 BLo0 K (H
M LA B AR ek
1.2.4 YA AE IREL ATF R A ERTh HIEs
TR IR 2 IR HA Y PBS PR 1 ¥R, Wi T35 3R i oK
4o BHRPAIA 100 wl RIPA S, SR sh il 4 14 5)
T AR MU, B T UK L2 10 min, 5 P40 M 504 41
WETH—TFW 1.5 ml Z.08E$, 4 °C,12 000 x g #0015
min, B3, BCA 358 (4 5€ i )5 4T SDS-PAGE HLJk , LK 58
B85 1) 30 VB R IR O ENZE PVDF JIE B 55 BN 50 ¢/
JB IR Wy 35t P4 2 b, TBST PRAK 3 WK, 15 min/ W —HiiFE T4 C
S, TBST YEfE 3 WK, 15 min/ ¥ ZHUEE FH IR TR 1 h,
TBST #efi 3 ¥k, 10 min/ IR, et &tk B . BRI AR
FAOY T A W025 BRI R G R A S BT R AL
1.3 “it$ o

SEEREHR LA & x5 7R, SR A SPSS 13. 0 Ge il 8, 41 [R5
Pt LR I LR 207 225007 o

2 #R
2.1 HBRF STy T HAER f ATF4 mRNA
4 F K AL

RT-PCR 255 g7~ ATF4 mRNA FKEREN ARG A AR B
JRIT T 57,024 (48 72 h 4421 AH X AR 43 K BB 430 2 (1. 01 =
0.12) (1.87 +0.24) (2.01 £0.13) (1.79 +0.19) , &5 %
G575 110 R 1L 2 5 AT 2 8 3L (P < 0.05) ., ATF4
mRNA FE7KF M 24 h TR G218 T 55,48 h Rk = 2,
72 h R EEE(E 1) .

1 2 3 4

1:0h;2:24h;3.48h; 4,72 h
E1 RT-PCR &M ERF S A E Bt B RE A - BT 40 Al ATF4
mRNA i RIE

2.2 mBRE T R B R AR P ATF & a8
Rk T
Western blot 438745 5 B~ , T 1 735 5 mRNA Fik g
FEA B, B 2 R R 5 A8 PR AR BE IR, ATF4 ()8R 3Rk K
FIRE ETHES REFRA T 48 h kB &g, 72 h 4ERRTE UK
PR (E 2) o BHRGIREAE S35 4 (0.31 £0.16) (0. 57 +
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0.14) ,(0.91£0.20) ,(0.89 £0.17) . 5 HZH BR=S 1 X HEZH
M ZERA G E R (P <0.05)

«—ATF4 38x10°

1 2 3 4
_ HB_aCtin 42x 10’;

1:0h;2:24h;3:48h;4.72h
& 2 Wesern blot iUl it 8% 5 7~ 5 Bt 18] B B 25 AT 48 ffn
ATF4 EHMIRIE

3 it

R RS PR 05 P s (NAFLD ) 2 fh 543 Bl N f
LS VI Y E Z — A RIS JCiikG i
SRR T LA FSE 5T 240 J60 A 175 25 P Sy s BUREAE 09 )
I PRERAAE . HH M JCERAR IR YT 25, A9 o
R 22 ] DLBE Ok A BR 7R I P BE — 4 TR,
NAFLD fu$§— RV L H L2484, .48 1 8 5
5 B ARV RS P4 B 5 14 T 4 ( nonalcoholic steatohepati-
tis, NASH) , 20l SOBRFEAS FNAF 4EAL , B m] e il
SRFREAL HE 2P . NAFLD (9 95 HL i 224 i
KRR T, HAT# T Z 32 12 kR dATd " IR,
ST AR S R AP R BU A M A 2 A Hi g
IR (free fatty acid, FFA) 15 | & AR 5 28 7 5 55 — W4T
AL AR AT L AR s R B ok A A B S A4 L IR
FAE P S BT /N Jay i g8 A8 A s J g W P JF 6
NAFLD ()55 J5 i /2 20 B 9 e s A Y i, FFA 3
TN & A D e s, B 10 DR % S ATP & AN
TEAERE ST T B, R BUN A0 X A 0L P i S ny M AT
AT i AT Z00 58 47 R0 48 S JS2 7 1 2 A1 A P
FH T AR IR A T e b 67 17T B 25 PN B A, P ) )
UIRe e 8 AU A B Jin TAB A , [R) Aot 2 440 i Ry S At A
PR A 1 ORI, R NI R Ge b b A G HLy, X
N AR R R AR PN R A S s R
JoT 18 (ERS) () H 2 2, ERS B2 240 M K He b 3
P A RSN, Sz I RS S 200 LA A 1) T AL, ERS
X TR I VR A0 P ) 485 S (ARG s 0 R T A ) A R
FMEM . ERS ¥F NAFLD 9 & 4 & B M i A 3 A v
P OCHE A 0, ST AR KA O AR 538 B 5 8800 1 i 5
AEHAE R, FISE R B A b AR R 16 B 10 12 £6 A RN 2E
RE WG G Bt T KA X TAE, HRI R At F
— RN HEZE AR 5 R 1z i 5 11 (fatty acid transport pro-
tein, FATP ) . fig Bl B8 &) 57 B ( fatty acid translocase,
FAT) .8 Wi /2 45 & & 1 (fatty acid binding protein,
FABP) 54 i i 25 AL i PR 9045 LLAS TR A SR T I

JHF 44 L PR A 5 - 8 2 53 DL R DG PR g
IMSIHAN 53 4T, B AT 985 A 4 v i 2 ] i s
Jul 45 4 1 (sterol regulatory element binding pro-
teins , SREBPs ) (i 7K Ak 5 038007 Te 445 4 35 1 ( carbo-
hydrate responsive element binding protein, ChREBP) _ Jif
X Z Ak o (LXRa ) % K 3R 35 A %5 5 NAFLD fy 3¢
E A

DA JBIE 1) 2 A 7 TR e 30 3 A L ) A 4
A 55 Fa 24 R 78 B8 (1 2 W ( heat-shock response,
HSS) FiART & E H RN (UPR) . GRP78 AR v i
F1 70 SR 0L 22—, 2 PN BT I 1 38 ) A o 2 1, 7
AL A A R gE Y | % B M A R
AT A GRP78 K3k i , JA 3l A J5z 9 1oz 385 [T, 76K
FRABEARY s RS T [ B3 5 455 82 1 -1e (SREBP-1¢ )
FEIRHE R0 RIALAA R oA B A 3 P S R
WA RAR MR R SRS HSS /B
SRR Y N IR AN ], UPR ] & A F B AZ 40 i 46 K 22
BOW A gs A 2 —Fh i A= B AR, B Bh e g A e
WPT S M iis . WUE RNA AR A o9 T ) 2
F11% B ( double stranded RNA-dependent like ER-resi-
dent protein kinase , PERK) J2& PN it ® I B B 19 {25, &
AT DAIE T S BRI b LA S B IR Ak A% 4 L S 3 7 Sk A
¥ 2a (eukaryotic translation initiation factor 2-alpha,
elF2a) KM T A ) o elF2o0 Bl IR TL IS
AL S A - 4 (ATF4 ) %55 & W] R 34, ATF4 BR
CHOP J5 8l 745575 T7E ERS 500 T A G EE N i 323k
AR B HE 1R E 80 3T S AL BE AR B AR R
f#"'°' . PERK ¥ 2 ERS UPR i 7 2538 I , o 2% it
ER 25 F s A Y He 77, 9820 400 i i) 4 0 A i A
FAY . FEABFE R, A UPR B PERK & 42453 T ERS
RN 5 NAFLD [5G 2, ik 20 285 Wi B o o) 2838
AR N N D572 PR RS vh ATF4 56 PR Y Rk 15 O, & 30
ATF4 LA mRNA FIE H R IK K F- B 06 4 405 115 28
PEAREE AR S T ORAE 72 h R R E R IR R
KT mRNA AR R H, 43 Hr J5UA AT e b T 40
2L ERS J5 18 80N o1 ) N7 38 s iy ( ERSRY) |, 40 ff 2 A4
s, ATF4 B352E m Ik, RIS UPR 4R 775 i K
iz %%, UPR 7E ERS R B DA [E) A1 500 I 2UAE X
N G ERSR, DA T 4545 200 i 1) o PR SRS 28, SR,
K E] UPR 25 5 S48 ML BRI 25 SR ——ERSR 1y H
5 BRI, ATFA LR /55 2% 5K 1 [R] e 375 10 AH DG 358 PR 1) e
SRS, XA — o R AN T 8 A SR P
D Py A= B HH . ERSR o 248 0 37 1 4 1 A A R
PEXE T, 25 5 5 | A A A Ak B ORT — S8 48 5 P - 1 7
Ao PG, ATF4 175 3R 7S T 40 ERSR 4b T35 Bk
ARDE , e 1 78 AT T2 B0 I 40 M A9 — Ok 4T i DT 5
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NAFLD #:% NASH [ H # .

A58 N UPR 1 PERK fllf o1 jIE B T ERS 5
NAFLD G F . SR, 4 N A B 24 05 5 R 4% ¢
#, HHiF5 R ERS /-4 M8 17 5 24475 & NAFLD
Z/u 4% 2 FpALE, B UPR Al Ca®* (55 . UPR S04
M ER FI4NHA% I — R 515 Sl # Ca* ' 55 0
HEENFE AGHEAGS 5T HRNE S ST
&, I Hob 2 ML Z A R P, AN i & Y
JE W8 A8 B R 2 NAFLD A= (9 JCHE R 22, AR T
RS 20 B PN AR R T 0 52 2% B I 245 O R ) A B
N A & B NAFLD R PR A o 5 R S | Bt 5 9T 19
RA LA R TR Fy i ERS 4515538 1% X 45 119
PRI G R BT 245 78 NAFLD 19 & s HL i B B8
YER, RIS AT X NAFLD B 1B A 97 BORT S 2590 1
TF R AL PRSI o
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