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T IR S ST i i 5 S At Bea G A S 05 28 PR i 7
W RIS Lk E o IR aasd, BT FALRY IR sk R A
[' ZHEHAKRFEABEFEEDILES > T AMFHIET, A0 230032,
PR EMRRFRBELIEER(ASRTEH ARER), AR 230012]

mE B RRABMEIERTE SRS SRR A A R P AR . iR SRR K/ B R 3 DAy 5 3 e 4 (O
H) mIEEE (B IE4L) s HepG2 HHIAEAY 7)) DMEM 75 G2 (X BRZH ) FRAAR (PA) B2 (R llR4) o FANRILAC R G =i
4 RUIR AR/, HE KAhZL O H g8/ BRI IE & HepG2 2 MR 5 A8 VRGO . SEIS 98 %E 1 PCR(qPCR) M 8 T Bl
(Western blot) SpHr /e sRisiG IN 1 6 (ATF6) \FEBELS &8 (Bip) Ml C/EBP [R5 4 (1 (CHOP) 75 1 iR Xf I 20 15 o g 2 fr) SR
A N REZZ ) HepG2 AR IR KK S5R SREEKEES | L5 %] IRZEL A LU , w5 MR 2EL SR 14 i s 4 I 2 8O, I My it
FEHEIN 5 W EL G AU S R 2L A9/ BUTPBE & PA 375 1) HepG2 A IEHIE MU Je 250 fl o IR 4L A SR 4l L /s BRUTFIIE B2 PA
751 HepG2 4 ifg 3 % B ATF6 Bip 1 CHOP Kk /K424 A X IR TH (3 P <0.05) o S5 Wil ialRhn] e i i 35

PAJBT IO g 3815 TR AR 7 A8 1 e A e

KB NI =0 s B i T SR s AR ; e i A8 1
PESES Q5915

MHEERER A XEHS 1000 -1492(2025)06 - 1086 —05
doi;10. 19405/]. cnki. issn1000 — 1492.2025.06. 016

AR5 I 5 A DA A 017 728 P 5 ( metabolic dys-
function-associated steatotic liver disease, MASLD ) &
—ZH DIEAT o I A8 e B R 2R 08 g 07 722 T 0
LA < IR A G W AR PR JIF A 2 4k Al I i
BEA, L 5% R U AR AP 0 MASLD %
BAE BT, R E R 2k 32. 5% , 7 P N 2 Ak
FERT o BEgE T R AN R s 2 N R R A ik
P FC PN S5 I J S B R T 5 PN JB R TR Y 5
PETT5 -5 N 5T I 0 98, 4 s P9 J5T I 7 AT RE S 5
MASLD {4 % A g8 , AR A AL TS AS 1 0 i 4
Jge W sz —, HAEH 5 AN B A
K TA% 1 [P , A P 55 0 7L sh W) A 4 e AR B
(R RE S AP AL ] , 2 s A I 58 A S 1Y
RAFRCRL IR IR 2 R g A P Y B 2 40, R g )y
HURN R AR A 17 T RE = S AE AR, 2 5B SR
PRI BRI A B, 5 N 2R IE S fE
ML T RS 3o 5 I i 3% SR e 4 ot /N B S
FENE R ( palmitic acid, PA) 55 1) HepG2 i, ¥] &

2025 - 04 -21 FEk
BEETH LR WA BARANIRTIE (4’5 :2023AH050564)
(i P R =0 I I T R ) S oY
TRFEAME, 2, BB, WL AE 00, B AR /ER , E-mail : zhang-
sumei@ ahmu. edu. en

" XA SCRAT RS BTRR

PR P IO 38 v i 075 1 SR e R/ BT A 7 1
KRR

1 #MR5EFZE

1.1 #8

L1.1 %3zhap B AR TR E R (Drosophila-
melanogaster ) w1118 7F Mg s FE 40 vh B 75 S5l , 1595
(25 £1) °C AHXE)E 60% ~70% , C57BL/6]
/NERAE SPF R 8l br N i 3% 55 BE0H, T 7R I 18 ~
22 C,FHXEE 40% ~70% , GG 12 h/12 h,
A i R AOK

1.1.2 2 ZA AR SR I8 T I Rk 1
2B BE AR AT BR 2 ) 5 BB 5~ g 8 b i Bl hr T
AR B A R 2 R (535 :8001-31-8) 5 2L O
g B 2& [E Sigma-Aldrich ( 525 :1320-06-5) /i) ; PA
Wy A & [E MCE 24 7] (185 : HY-NO830 ) . 33 % 5%
PCR (reverse transcription-polymerase chain reaction
RT-PCR) iR 7] & Al 3L B ¢ ) 7€ 7 PCR ( quantitative
real-time polymerase chain reaction, (PCR) i&57] &5
H H 74 Takara 4= ¥/ @] (48 5: 9109-036-820 ) ;
PVDF JEE g { 3% [© Millipore 24 & (4% 5.
ISEQ00010) ; TRIzol i&7 ( %5 :15596018CN) .BCA
HEE IR & (1845:23227) (ECL 4627 & 6l
G (75 :34577) 5% 51405 ] F 6 (activating tran-
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scription factor 6, ATF6) ( 535 : PA5-20216; 4t & 1 -
400) | H £% 45 & 25 H (heavy-chain binding protein,
Bip) (52 . PAI-014A ¥k 1 : 500) il C/EBP [l
 H (the C/EBP homologous protein, CHOP) (%% .
PA5-102305 ;¥ iE 1 ¢ 500) 55 —Ji i AR i A ALY
filg (HRP) HRic th SF 50/ B 1eG (55452314305 9 2
1 : 50 000) #1 HRP #ric 1L SE40 45 1gG (525 :31460;
W1 50 000) Wy H 36 [E Thermo Fisher Scientific
NGIE B-actin Pk A 2 H Cell Signaling Tech-
nology /3 &) (575 :8457 ;¢ E 1 : 11 000)

1.2 A&

1.2.1 RuZHMaa 10 HEpE A 20 H ik
L R MRBEAL A3 B X B T R 4, Rl 5 HUbEPE
SR 10 HAb 2 FL i, R A 4R 0 B R
B SR A GO B AR AR R IR 25 T TR s R
(HTH& E KKy 85.5 ¢ Itfig 6.65 g T M & hy
20.25 g BEME 92.10 g B K 11.72 g NFR 6.5
ml) ; R 2H 25 T R R B 5 ik (BB 53 % 97 4k - 72 O
HREFRILILRN F RN 10% (R0l o BE SRR
TR BERME G R B SR 10 d i), B gR AR 2 i
PR, 22 f5 R &)y 25 B2 ) 3% 5 RE 2R
J&, I 7 SR A8 R T BRI i SR &)y B Ry =% 2)
H K6 R B /O IRCT , ] PBS THUE 3 i,
MBS B T 1.5 ml EP 4 A - 80 “Cukdfh
A

1.2.2 D AZEAE 8 Ak CSTBL/6J ME R/
XTRRZL AR AR AL, Bl 5 L, A3 il 45 T A et
s AR DR 77 , B K MEAE RS TG Sl s 5% .
W% 27 JJa K G R IR T SRR, SO I 20
A, OCT {3 sl il FOE R e PR A7 T - 80 “CUkAf. 3l
Py S 22 4 U BE B R S0 B W 1 B R D s At v
(#t=:20201102) .,

1.2.3 Zigmfesgsl 2T x0 8 K HepG2

B 0. 25% JE it i1 A 5 FhoiE T 2 A JE TR 5 3%
Ji 24 U b BREAE 4 24 b, 35 5 TG LT 9 3% 77 ik
YLk 24 h J5, 14 0.5 mmol/L PA A58 43537340
YA 24 h,

1.2.4 JFFIEA PA 22269 HepG2 @m it 4r O
Fe&  WOCT (3 Y i IEFEA7 V8 R U0 F, B PA 4b
PR A 2H HepG2 41 € Fr, 4% 2 5 H & ] & 30
min,60% (1) 5 I EEH R I 5 FIAL O TARM AT
Jeft 5 ~ 10 min, SR 5 ] 60% 1) 55 PN 53 64 )5 Z5 10
IKHEATIRGE , AR 2 e R R oAk T 4 2518
KSR G R N ST,

1.2.5 qPCR A& A T M e X A& B & ik K -F
TRIzol & 825 2H i =12 41 1t [z PA A0 3 HepG2
i) B RNA, 255 5% 8 ¢DNA )5 % ] SYBRGreen 33k
17 qPCR 434 H B9 L mRNA /K P33k, WK £
H 10 pl, HrA SYBRGreen MasterMix 5.0 wl, | Fiif
514 (10 pmol/L) 45 0.4 ul, cDNA 2.0 pl, JGfif
DEPC /K 2.2 pl. JZ R 4 fF 495 °C HiAEHE 3 min
J& HEATEH 95 CAEME10 5,55 C /i 30 s, 4773 38
AEIR R 3 AR I, R 2R S
X RB R, SIYH B TAEY) TR A R
FlS I, SR N HepG2 AR 179 L3 1,
1.2.6  Western blot #:-] P fit M 58 AR % & & & ik
KF BOHT EERAE I EZH 21 S PA 4 B £ 4
HepG2 4 fifd, i A RIPA 2 (4 4 W 21 3K 9 7843 24
g 4 CHRURELOHLE.O, B ETE R BCA g &
MEH, HTEOEE. LIPImAES B
WOt A W 10 min J5, JCAF & 5 B3R 5 AT SDS-
PAGE HiJk , #5%5 % PVDF Jii I 5% WG 4 Whdt 4] 2
h G A —$t 4 CHER SR, RS A HRP ARid
ZPUP IR 2 b, BT ECL Ak ki)
TR,

1.3 Sit=4biE SCRESREDEREIW, HEY

#1 qPCR3|¥F3
Tab.1 qPCR primer sequences

qPCR primer sequences (5'-3")

Genes

Drosophila Mice HepG2 cells

ATF6 F:AACGTAATTCCACGGAAGCCCAACA  F.GTCCGGTTCTTCCTCATGGA F:AGTGTGAGCCCTGCAAATCA
R:GCGACGGTAGCTTGATTTCTAGAGCC R:TGGAGTCAGTCCATGTTCTGTT R:TCACTCCCTGAGTTCCTGATAC

BiP F. GCTATTGCCTACGGTCTGGA F: GTGTGTGAGACCAGAACCGT F:TCTTGCCGTTCAAGGTGGTT
R:CATCACACGCTGATCGAAGT R:AACACACCGACGCAGGAATA R:TCTTTGGTTGCTTGGCGTTG

CHOP F:GCACCTCCCAGAGCCCTCACTCTCC F:AACCTGAGGAGAGAGAACCTGG F:ACCTCCTGGAAATGAAGAGGAAG
R:GTCTACTCCAAGCCTTCCCCCTGCG R:ATGTGCGTGTGACCTCTGTT R:TCCTGCTTGAGCCGTTCATT

Beta-actin F:TGCCCATCTACGAGGGTTAT F:CCAGCCTTCCTTCTTGGGTAT F:CCACGAAACTACCTTCAACTCCATC

R:AGTACTTGCGCTCTGGCGG

R:GGGTGTAAAACGCAGCTCAG

R:AGTGATCTCCTTCTGCATCCTGTC
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R JAHAT GraphPadPrism 8. 0 X5 R AT L2773
Bro MR LR ¢« K, P <0.05 22 5
CEMEI -

2 #HR

2.1 SEREFSREZRYRENEHEEE
e R SR A T WA SR = 4, ATET 1A W]
L e R R 2 SR e — % &)y Hhe IR P ) A A
Py Aot R A B B 30 K. qPCR 45 5L B R . 5% B4
PO, BB AR — R 4l s i ATF6 \Bip Al CHOP
() mRNA JKF- T, AR 2 38 10 70531 2 % ot B 241
195.5.7.6 3.8 1, 2T geit = L (B 1B) .

A Ordinary feed High-fat feed

r EBip

%k
3 Chop T
=P -

i :

t =

Relative mRNA expression (multiple) &
S — N W A L O W X O

B

Ordinary feed

High-fat feed

Bl BiEESRE=R4RENEREEE
VAN EIVE- GEESEASE e
Fig.1 High fat induced fat body hyperplasia and endoplasmic
reticulum stress-related protein expression in third-instar
larvae of Drosophila flies

A': General photograph of the third instar larvae of Drosophila, in
which the red arrows point to the fat body of the third instar larvae of Dro-
sophila; B: qPCR analysis of the mRNA expression of endoplasmic retic-
ulum stress-related proteins in third-instar larvae of Drosophila flies (n =

5); "P<0.05, "*P<0.01 vs oridinary feed group.

2.2 BieReR#E/NRIFMRERITTR R4 A
DIAAL OA e o /i, i R MR 57 /) Uik 4 Mg o

I AR IR LA K s il SR m IR IR R
AL S 6 105 PR s (18l 2A) o qPCR f Western
blot 437 A 5T I J0RH DG A ) mRINA 3R3K S8R 1 T
FIR K-, R BIR, 5 IEH R BN R A,
Bip (CHOP Fl ATF6 1£ = fig /> BRUH Wk 22 35 2 7 5
(KI2B.C),

A Ordinary feed High-fat feed
B D 9- 3 Bip
o
-:; sl O Chop "
gl O ATF6 -
s *
Z6r T
g o
25T
:3 4+ %
5 =
o 2
=
Q
~ 0
Ordinary feed High-fat feed
C Ordinary feed  High-fat feed .
u
ATF6 90
CHOP 27
Bip 72
B-actin 43

2 MRETBEALMAR B qPCR K Western blot 5347 45R
Fig.2 The results of Oil Red staining, qPCR and Western
blot analysis of mouse liver tissue

A': Mouse liver Oil Red staining photos; B: qPCR analysis of mR-
NA expression of endoplasmic reticulum stress-related protein in mouse
liver (n=5); C: Western blot analysis of endoplasmic reticulum stress-
related protein expression in mouse liver; *P < 0.05 vs ordinary feed

group.

2.3 PA%EJZ HepG2 i ASRRM  PA 43
HepG2 24 h J5 ,PA Zb 38 HepG2 40 it i 2120 4 5
LT RR I Ar  E 1G T B2 AR B £, 32
7~ PA 55 HepG2 41 fid iS5 28 ¥ (18 3A) o $2 4%
ZH HepG2 40 i 5. RNA & B4 H, qPCR K Western
blot 7347 N 5T P = 7R T i (&1 2B .C) ¢
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A DMEM DMEM-+PA
B .
o 40 EBip
£ 351 B Chop -
g I ATF6 T
~ 30 L
=]
S
2 251
2
20 $kk
< =
15+
Z
E 10+ x
g
£ st
& 0 | e e— —
DMEM DMEM-+PA
C DMEM DMEM+PA |
ATF6 90
CHOP 27
Bip 72
B-actin 43

E 3 HepG2 ffEil4l Q & .qPCR K Western blot 531745 R
Fig.3 The results of Oil Red staining, qPCR and Western
blot analysis of HepG2 cells

A: HepG2 cell Oil Red staining photos x20; B: mRNA expression
of endoplasmic reticulum stress-related protein in HepG2 cells detected by
qPCR; "*P<0.01, """ P<0.00l, “***P<0.000 1 vs ordinary
feed group; C: Western blot analysis of endoplasmic reticulum stress-re-

lated protein expression in HepG2 cells.

3 g

MASLD i 52 4F BT, R E )Y = e BREh
FEEM AR TR &N Z — fEHHAFEARET R
WEFRBTE " . MASLD %9 J5 IR 52 % , e it 4 0 A 85
PURICIRE AR TR AR 500 o0 5 138 o A Pk s
Jit SRR, 5 JAE SO, 5 R A 2T 4k 46 T2 3R
BE A S EUF AL 2 AR o IR
A RS AR 1) B S I DR AR TP RIEAT S B JE T 1
LG R AR 5 S R AR /N BRASE
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PACH PR AR R , 725 i 65 35 1 /N BT B £ 90 1) 8 g s
ASPEFIBE LA, PA W] LU S HepG2 4 Jid g 1 7%
Pk 2R, 2 W i S SO0 MO 5 74 1k 75 S G 0 T
Koo WHoE 22 S M TR 2 S BT 40 L v 7
PG SRS B, 5 5 DA 5 0 7 3850 e A e PR T
513 S SR , S ECA M5 RIS R LR, 2 5 F 4
B I A VERIBE 05 T B % 2 . S ARFFL 45 R —3
ATF6 3y P4 5 ) Y — S 22 M54 A%, TR IR I 33
WAET, 45 BIP E R R &4, 8 i BIP %) GLS
F AU/ PRV T 452 B 7 AR IR B 0 g J5 0
KA I JE AR AT B 2 1 SR AR BE B ATFG 4
15 BIP 4359, BIP % GLS #1014 JF9 # fift Bk 5 5%
ATF6 $ERS T IR A, phy 5 SR SR B (A X% 20 1
PEATYIE, 72 ATF6 (pS0) /N B o 1%/ Fr B ]
HEEUASAE W A0 A AR AR AT e 2R 1 M3 T
BIP I CHOP 4558 [ {6 55 , 41 il IS 5 1R B-48 AL 70
BEE 140 WY S [RI N, CHOP 2 1 RERS 15 S T
FHETE P e A R = 0 LA T P B 38
EAR O SR BRUR A0 S , T 5 R
AR AR TFLT Ak 2
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Endoplasmic reticulum stress involved in high-fat induced

metabolic dysfunction-associated steatotic liver disease
Hu Weikang' , Zhou Wenjing' , Zhang Jun', Yang Zhen', Bai Hongmei',
Wang Zihan', Qi Yinliang”, Zhang Shengquan', Zhang Sumei'
[ ' Dept of Biochemistry and Molecular Biology, Anhui Medical University, Hefei 230032 ; *Affiliated Hefei
Hospital of Anhui Medical University Hefei ( The Second People's Hospital of Hefei) , Hefei 230012 ]

Abstract Objective To investigate the role of endoplasmic reticulum stress in the occurrence and development of
fatty liver induced by high fat. Methods In the high-fat Drosophila model, the high-fat group was fed with high-fat
medium, while the control group was fed with normal medium; in the mouse fatty liver model, the high-fat group
was fed with high-fat diet, and the control group was fed with normal diet; in the HepG2 cell steatosis model, the
high-fat group was induced by palmitic acid (PA), and the control group was cultured with DMEM. The fat body
size of the third instar larvae of Drosophila melanogaster was photographed. Steatosis in mice liver and HepG2 cells
was observed by H&E and Oil Red staining. The expression levels of ATF6, Bip and CHOP in the third instar lar-
vae, liver tissues of mice and HepG2 cells were analyzed by quantitative real-time polymerase chain reaction
(qPCR) and Western blot. Results In Drosophila model, fat body and fat storage were obviously increased in
high fat fed flies when compared with control group. The formation of liver fat droplets and cells vacuolation were
confirmed by H&E and Oil Red staining in mice livers fed with high fat and HepG2 cells with palmitic acid treat-
ment. The expression levels of ATF6, Bip and CHOP were significantly increased in third instar larvae and mice
livers fed with high fat and palmitic acid treated HepG2 cells with palmitic acid treatment. Conclusion High fat
may induce the occurrence and development of hepatic steatosis by activating endoplasmic reticulum stress.
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