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Effect and Mechanism of Celastrol on Endoplasmic Reticulum Stress in Hepatic L02

Cells of Nonalcoholic Fatty Liver Disease

JIANG Xia, JIANG Hui-ling, YANG Fan, XIAO Ye-wei, FENG Zhi-qgiang, PAN Qiang-wen "
( Southwest Medical University, Luzhou 646000, China)

[ Abstract | Objective: To explore the effect of celastrol in inhibiting the lipid metabolism disorder in
hepatic 102 cells and its possible mechanism on endoplasmic reticulum stress ( ERS) of non-alcoholic fatty liver
cells by intervening non-alcoholic fatty liver disease ( NAFLD) cell model with celastrol. Method: Hepatic 1.02
cells were divided into control group, model group, low-dose celastrol treatment group ( Cel 0.5 mg-L "), high-

dose celastrol treatment group (Cel 1 mg-L ") and simvastatin group (SIM 6 mg-L~') for cultivation. The
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contents of total cholesterol (TC) and total triglyceride (TG) in hepatic LO2 cells were detected, and the oil red
staining was used to detected the lipid accumulation in hepatic LO2 cells. Reverse transcription polymerase chain
reaction (RT-PCR) and Western blot were used to detect the mRNA and protein expression levels of endoplasmic
reticulum stress ( ERS) -related signal molecules activating transcription factor 6 ( ATF6), glucose regulated
protein 78 ( GRP78) , inositol-requiring enzyme 1 (IRE1), sterol regulatory element-binding protein cleavage-
activating protein ( SCAP ), sterol regulatory element-binding protein-lc ( SREBP-1c ) and sterol regulatory
element-binding protein-2 ( SREBP-2) in hepatic 102 cell model respectively. Result; The contents of TC and TG
in hepatic 102 cells of NAFLD group were significantly higher than those in control group (P <0.05). The TC and
TG contents in hepatic LO2 cells of Cel 0.5 mg-L~" group, Cel 1 mg+L ™" group and SIM 6 mg-L~" group were
significantly lower than those in NAFLD group (P <0.05). Oil red O staining showed that a large amount of red-
stained lipid particles were deposited in the hepatic LO2 cells of the NAFLD group, while the red-stained lipid
particles in the Cel 0.5 mg-L ™" group, the Cel 1 mg-L ™' group, and the SIM 6 mg-L "' group were lower than the
NAFLD group to different degrees. According to the results of RT-PCR and Western blot, the mRNA transcription
and protein expression levels of ERS-related signaling molecules ATF6, GRP78, IRE1, SCAP, SREBP-lc¢ and
SREBP-2 in hepatic 102 cells of NAFLD group were higher than those of control group (P <0.05). The mRNA
transcription and protein expression levels of ERS-related signaling molecules ATF6, GRP78, IRE1, SCAP,
SREBP-1¢ and SREBP-2 in hepatic L02 cells of Cel 0.5 mg-L ™" group, Cel 1 mg-L ™" group and SIM 6 mg-L "'
group were lower than those of NAFLD group (P < 0.05). There was no significant difference in the mRNA
transcription and protein expression levels of ATF6, GRP78, IRE1, SCAP, SREBP-1¢ and SREBP-2 between the
Cel 1 mg-L ™" group and the SIM 6 mg-L ™' group. Conclusion: Celastrol can reduce the lipid metabolism disorder
in hepatic LO2 cells by down-regulating the expressions of ERS-related signaling molecules ATF6, GRP78, IREIL,
SCAP, SREBP-1¢ and SREBP-2 in hepatic 102 cells, so as to improve NAFLD.
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mRNA # R FE A REKERZ A, LETEFEA
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1.2 25 FHABOR SERMTT (KiEE
CE W B R A BR A FL S 4 B A 34157-83-0,
79902-63-9 ) ; KGR , WEME i (MTT) ( 3£ [ Sigma 2%
AL S 4 5 P0500,298-93-1) ;34T O, TAE (dt
R K E R A B A A, L 45 313B058, T1060-
500); 1640 K5 3% Ak (3¢ [ HyClone 24 W], #it &
SH30809. 01B) ; Ji5 2F il i ( Bu M 10 2= % 2= 4 TR 44
BHA RS 7L it HB0205 ) 5 &I [ it (TC) 5 H
=R (TG) W a0 & (B ot LA TR 5E BT,
#5530 A111-1, A110-1) ; B-WL8h & i (B-actin)
Lok (/N EORIE , A I8 3 B A W HoR A BRA &)L it
% BLOO5SA ) ; trizol ( 3¢ [E Ambion 2\ #], #it =5
15596026 ) ; cDNA & ik 7 &, Es Tag Master Mix
(demt Rt R Y R BCA R A W, 5 40 51k
CW2569M,CWO0690M ) ; BCA & (i iR F & (=
KW HAREFE i, 4L PO010S) ; GRP78, ATF6, [#]
Bt 5 T AR 45 G B 1 AL 0 25 1 (SCAP) | [ Pt
I 45 & H H-2 (SREBP-2) , IRE1 £ 3¢ B 4t 1A
(b B AR A W H R A BR A A, #5543 R bs-
1219R, bs-1634R, bs-3862R, bs-2536R , bs-8680R ) ;
SREBP-1 £ wi Sk ( L5 AR A RA
A, #tt5 BS70008 )

1.3 {Y#% BHC-1300 11 A2 %A= ¥y 22 4= # (55 M 55
LA PR F) ;3111 5 CO, ¥ 3540 ( 25 H 9%
BRRAF) s UPT-T-5T AU 4l K AL (AR PG 35 A= 9
BHEAPRAF]) ;201-1A e PofE 38 57 X 46 ()
I BREFE AN B8 AT BR 2N 1) $TX73 2043 B A 22 W s ( H
7 Olympus 23 ] ) ; ELx800 %4 W U S filg 475 A% ( 2 [
Bio-Tek /A #]) ,164-5050 %4 B 3k 1% , 10025025 Rev A
RUHL Y, 1708265 7Y & e iU AR AN ( 36 [ Bio-Rad 24
A]) ;DYCP-31BN AU R AL Pk A (b5 7s — A= Rk 4%
AR ) 52720 7 PCR H 344 [ B BHEE (1)
RO A7 BR 2> 7] ] 5 5424 R R I 5 o B 0 ML (FE [
Eppendorf /A ] ) ; TDZ6B-WS % £5 X% 3 25 .00 AL ( I
VP A O WL S ) s TY -80S 78U i £2 47 IR (R 3 3
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2.1 @B A 5425 WY SCER[15 ] Rl KT
W MTT L a3 0 16 24,48 ,72 h 3 /> B[] 5 1Y JiT i
W 34332k 0.05,0.1,0.15,0.2,0.25,0.3,0.5,1,
2 mg- L7 R AHEL R LW E N R 1,2,4,6,8,
10 ol L™ {2 AR At 7T F5 A5 VR FH ¥ J58 1 ik I A 52
AR, BoR Bt 0.5 mg- L7 1 TH 20 T 41 3 o B

LO2 4t 48 h J5 , 4 Ml A7 1% 22 W] 1 B AIG, Y T 4 Uk
JE T 2 mg- L' LO2 40 48 h S AE G RAL T
50% ,ifi A8t 6 wmol - L ™" fy o A% 1 7T il 4 AT LO2 41
M 48 h J5 A7 TG RAR T 80% . PRItk Sy WY A 7 A i 41
208 AR RGP G D7 AT 102 40 i 4 1 FH 3T R T B AR
TR R B AR AT A B XF I LO2 4f At i) 75 1%
PHCO.5,1 mg- L™ (Y THEABELTE K 6 pmol - L™ [y
FARAMTT 5 T 24 h Ay 5 22 S 56 09 Tk 32 RT B[R]
W BT LO2 4L S x 10° 4~/ mL 435 F0 T 24 FLAR ,
6 FLARHN 10 cm 8535 1,37 °C 5% CO, 4 Fl il Ji&F 55
FAH R ¥ 48 h 5 5 0. 5% BSA 1) 1640 k535
SR DA AR 38 12 W 25 15 SR W, $U 40 L B AL 53 DA
T 5 A R SR (% 5% FBS, 1% H 5%
M 1% TG ER BSA 1Y 1640 5537 3L ) s BB 4 &5
0.2 mmol- L™ F I ik i) JE Rl 1% 97 3 5 8 A E 21 R I
FH (0.5 mg- L") % 0.2 mmol - L™" 4k g 2 M1
0.5 mg-L ' TEABELL R BRI 35 3 WA R
A4 (1 mg- L") £ 0.2 mmol - L™" K Ji§ B2 1
1 mg-L~" 75 70 B £ 2 i S b 8% 5% 35 S R iT A
(6 mg-L_l)é’TO. 2 mmol - L ™" #HE 1R 1 6 p,mol-L_]
FARAMTT B Al 55 IR . 40 I RG 9% 24 h DLSE
B 252 Mo Jm 2l er O Y fa, I [ i (TC) A H il =
fig (TG) Al , RNA $& BOF 8 H fo 58 B 7 ( Western
blot ) 2 12
2.2 febrtain
2.2.1 TC, TG & 7 & & I 4 41 102 41 filg 4 TC
TG & & i 52 B i 5 G 00 20 At B W
1 000 r-min "' B0 10 min, 75 |5 ; FI B R £h 28 v i
(PBS)¥E 2 ¥k,1 000 r-min ' &0 10 min, 35 &,
H 1% TritonX-100 7K |- 24 i 41 g 40 min, 2 ff W B
2z R & 2, 20 W™ A e BRI 5 64T
2.2.2 LT O G (o 4 21 LO2 41 i P R T
BN L 5% 24 fLAR B85 3R W, 11¥ PBS I Bk
2K ,4% Z KB FE 500 wL [E & 40 min, 35 H R [E @
W, 7RI K e 2 R, &AL 500 pLyl4r O T AR,
37 C/K% 30 min J5 M4 O TR, 60% 53 1N I
WA 10 s, 55 5PN R, 28K UE 2 Wk, R K 2 YL 4
MR 15 s 818 B A5 T WL IR e,
2.2.3 RS IR G W EE X SN (RT-PCR) A6 4% 21
JF 102 41 fti N ATF6,GRP78,IRE1,SCAP,SREBP-1¢
F1 SREBP-2 mRNA A X KKK P trizol 5 48 BT
20 s RNA AR 48 045 59 50 RNA Y B #5558 1Y
W S R VAR 2 $ B cDNA A R A & 06 B
A7 3900 88 SR SN, 22 S i L A9 E i 4% 43 F B AR R P
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H: B4 °C AR 30 5,55 CiB k30 s,72 CHEAH 30 s 4
IR 225 30 ANMEIF G, ZIE T2 °C L2 min 521 PCR §
590 454 R T BT IBE L U o B S £
e L4 Bio-Rad IR AR I I i 3% AR
I Quantity one (4. 6.2) 417 2 BRI, F 169 5 4
W AR = AR S IR i/ B-actin B 2 IR
(B, BI9H T TR (W) B AT B A &
LGRS R 1

%1 PCR3|#F3
Table 1 Primer sequences of PCR

519 gl KB /bp

ATF6 b3 5'-CTGAACTATGGACCTATGAG-3’ 284
TU# 5 -GGTGGAGGAATGTAAAGC-3’

GRP78 % 5'-TAATCAGCCCACCGTAACAATC-3' 385
T 5'-ACCTCCCAGCTTCTCTTTATCT-3’

IRE1 7 5'-GCGATGGACTGGTGGTAACT-3’ 234
FU# 5'-GTTTGCTCTTGGCCTCTGTC-3"

SCAP i 5'-TGGGTTGAGGAATGTGTTGGTG-3’ 157
T 5'-GAAGTAGCCGATGAGGATGATG-3'

SREBP-lc¢ ['}f 5'-ACGGGAGGATGGACTGACTT-3’ 129
N 5'-AGGCTTCTTTGCTGTGAGATG-3’

SREBP-2  [Jj# 5'-GACCACAATGCCTGTGATGA-3’ 102
FUF 5'-GTCCGCCTCTCTCCTTCTTT-3'

B-actin i 5'-TGACGTGGACATCCGCAAAG-3’ 205

T 5'-CTGGAAGGTGGACAGCGAGG-3'

2.2.4 Western blot £l £ 41 JiF LO2 4fi ffl P}y ATF6,
GRP78,IRE1,SCAP, SREBP-1¢ fl SREBP-2 & {4 3
ik B R R LO2 41 it i 5 5% L, A TR0Y8 PBS IEE
Uk 3 WE A AR B 0 R ( PMSF) B RTPA 24
ff I 500 oL, Ko 20 AR T WA B0 A8 IS A UK L S AR
15 min, 12 000 r+min "' fIGIR B 0> 15 min, W HE 35
BB B BCA 46 U 28 1 vk B2, B AR b
AV, AR RLUK BRI, 5% G A W5 A 4 °C ok R
% & — i, ATF6, GRP78, IRE1, SCAP, SREBP-2
(1:500) ,SREBP-1c (1:2 000) ,B-actin(1:1 000),
PBST ¥t 3 R, A =40 (1:1 000) % i 18+ 1 h,
PBST % JH ¥ ¥ 3 ¥, 10 min/¥k, ECL & 5, M
Quantity one (4. 6.2) 43§75 4 K BEAA , B 09 & F1AH
XfE = H Y& E P K E H/B-actin 1 - H K
JEAH .

2.3 geilbEatt Gt iR A SPSS 17.0 ik,
AR v =5 FoR, AT IES MR BN R Iy 2

- 102 -

AT, AL R ) LSD 35, DL P <0.05 R 5F
A Gt L

3 #£R

3.1 XF NAFLD Jif LO2 40 fifg i TC 1 TG & & B 5%
o S R BRI T LO2 4l H TC 1 TG
SRR TR (P <0.05) ; SHEAH B, R
2% 0.5,1 mg-L "4 Je AR b 7T 41 4T LO2 41y TC
TG SRR EM(P <0.05); 5F AMAR
0.5 mg-L ™"l TEAMELIE | mg- L™ A4k
T 20 BF LO2 4 ffg TC, TG & & W & FEAR (P <
0.05); Ifii T A ML % 1 mg-L™ 4 5 3 K AT
6 mg-L "M EF R FE L, W2,

F2 BREELEY NAFLD AF L02 ffas TC f1 TG & 2R
(xxs,n=10)

Table 2  Effect of celastrol on contents of TC and TG in hepatic
1

LO02 cells(x £5,n=10) mmol-g~
21 51 J e S /mg - L TC TG
= - 0. 025 0. 009 0. 058 +0. 003
LT - 0.118 £0.015"”  0.132 +0.006"
A TR 0.5 0.080 £0.001%  0.097 +0.007%
1 0.065 £0.007%  0.066 +0.005%%
FEARABTT 6 0.063 £0.014%  0.065 +0.009**

TS A ALY P <0.05; HUMAL LS P <0.05; 5 A
WELT % 0.5 mg- L™ A 4 P <0.05,

3.2 X} NAFLD i LO2 4 i fg i LA A5 i L
HIMLL O Y45 2R /R 25 4 LO2 4 jfy v 21 g4
WURL/D | 102 4 At HE 51 4% 5 5 AR A 20 ) 102 41 g
TR REMWLLYBUR, B R A g 528 P A R R
0.5,1 mg« L~ "4 o= AR b 7T 20 1 Yo Joihr S5 455 0 41 A
[ F2 e b, WK 1,

3.3 X} NAFLD Af LO2 4 fig )y & 47 & & H X W
(UPR) #H6{5 54> F ATF6,GRP78 , IRE1 Fil [& [
WK I RN AR G AF 5 4 F SCAP, SREBP-1c¢ Al
SREBP-2 mRNA E£ik/KFrysgm) 52 A K,
LAY 26 BT LO2 4 ig N ATF6, GRP78, IRE1, SCAP,
SREBP-1c fl SREBP-2 mRNA 3 ik 7K °F B & 7} &5
(P<0.05); 5 AU 4 ¢, FF N4 % 0.5,
1 mg-L~" 4 F1 3% % fte 7T 41 iF LO2 40 i 9 ATFG,
GRP78,IRE1, SCAP, SREBP-1¢ il SREBP-2 mRNA
Fik KW B FEAR (P <0.05) ;0 H A 4L &R
1 mg-L™"20 5 9 4R b 7T 28 18] iF LO2 40 fd iy ATF6,
GRP78 ,IRE1,SCAP, SREBP-1 ¢ fl SREBP-2 mRNA
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1 BEREBELEIF LO2 MR (ML 0, x400)

Fig.1 Effect of celastrol on fat deposition in hepatic L02 cells( oil red O, x400)

kK EF TG E L, WK 2,33,

3.4 X NAFLD ff LO2 40 g N £ #F & & 11 ) I
(UPR) # &5 54> F ATF6,GRP78 , IRE1 I [ iz i
TG BRI AH CAF 5 4 F SCAP, SREBP-1¢ Al
SREBP-2 R HRKIAKF-MEm 525 A e, B
W ZH BF LO2 41 Ml )y ATF6, GRP78, IRE1, SCAP,
SREBP-1c fll SREBP-2 Z& [ A % 3 35 7K °F- BH f2 7 &5
(P<0.05) ; R LAS TR AN HELL R 0.5 mg- L7,
TAMELR 1 mg- L™ L AIE R AT 41 LO2 401 Py
ATF6, GRP78,IRE1,SCAP, SREBP-1¢ 1 SREBP-2 &
FIAHXT R IR ACE B W] B AR (P <0.05) s B A HELL R
1 mg - L™" 41 Al 3 4% ftb 7T 41 AF LO2 40 Jfig 9 ATF6,
GRP78,IRE1,,SCAP,SREBP-1c 1 SREBP-2 % [{ #H %

ATFS ey D GNP IS e 23 r

RET [ - G S S 3 bp
scar [ D D G W 57

SREBP-1c (it (D emw SN G ;.

sresp-2 (D D D D & > »

[-actin - ey - - SN 205 bp
A

B C D E
B2 BF LO2 48 fn Bi ATF6, GRP78, IRE1, SCAP, SREBP-1¢ 71
SREBP-2 mRNA 3% i% B jk
Fig.2 Electrophoresis of ATF6, GRP78, IRE1, SCAP, SREBP-1c
and SREBP-2 mRNA expression in hepatic L02 cells

*®3 TENBELZE3 NAFLD BF L02 ZHii s ATF6,GRP78,IRE1,SCAP,SREBP-1c 1 SREBP-2 mRNA {3t £ X EBH M (x +s,n =10)
Table 3 Effect of celastrol on ATF6, GRP78, IRE1, SCAP, SREBP-1c and SREBP-2 mRNA expression in hepatic L02 cells(x +s,n =10)

- e /e ATF6 GRP78 IRE-1 SCAP SREBP-1¢ SREBP-2
A LA /me /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
23 - 1.338 £0. 195 1. 096 0. 083 0.745 0. 125 0.807 +0. 138 0.619 £0.022 1. 072 +0. 020
s - 2,105 £0.226"  1.978 0. 124" 1.302 £0.049"  1.675 £0.069"  1.520 +0. 141" 1.886 0. 090"
BN A 0.5 1.886 £0.228%  1.766 +0.083>  1.093 0. 1122 1.136 £0.210”  1.124 +0. 080% 1. 450 +0. 066>
1 1.506 £0.156”  1.395 £0.072%  0.887 £0.046>  0.955 £0.162>)  0.929 +0. 086> 1.212 £0. 024%%
FARAIT 6 1.530 £0.327%  1.444 +0.038>  0.896 =0.184%  0.903 £0.189%  0.867 +0. 022> 1.259 0. 059

TR KT FHAML K0S mg- L™ 4 (P <
0.05);MEAMELLE | mg-L "4 53¢ A 77 41 4]
JFF 102 ZH iy ATF6,GRP78 ,IRE1,SCAP,SREBP-1¢
Fil SREBP-2 25 [ AHXT 3Rk K- 22 R LG it = L

JI_LIJ@3’%%4O
4 itig

TN RRLL AR 9ok B R IR 2548 7 T 1 =i 2K
a2 TR 2 R o e R 4 i R R 32
ARG 2 B Z R 2GR KR 258, L LA
PR APUEAL N EL YU F AR B A AL
FRAT S A AR e R A AR AR T A AR O 5 Y v 1T

F R BB I Fs, O 2 figt i 1 s P 3R 48 E S B . Kim
AR I S T THE 21 36 A A AROR BR /1 B
FR ) I i ) 5 2 i I BB PR /N B (db/db ) H
PR, I A AR 5 A R 8 SR AT A
LIU % 58 A AL 55 75 2 Tk 20 3 A7 W IR WL 1A B
A NG ST L B9 VR T, 3 WL 31 L AL ) HT fE =
W TN Bk A MY ERS BTE, SR, TR A R
LI F R HE S WPy Aif 7 NAFLD, HCHL & nfar, [
AN R LA 3E o H AT AR T I R 3R 77 NAFLD
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105 kDa
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-actin

A B C D E
B3 BF L02 48 fa 1 ATF6, GRP78, IRE1, SCAP, SREBP-1¢ #1
SREBP-2 & H &L ik
Fig.3 Electrophoresis of ATF6, GRP78, IRE1, SCAP, SREBP-1c
and SREBP-2 protein expression in hepatic L02 cells
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Table 4 Effect of celastrol on ATF6, GRP78, IRE1, SCAP, SREBP-1c and SREBP-2 protein expression in hepatic L02 cells(x +s,n=3)

20 5] JE AR E/mg- L~ ! ATF6/B-actin GRP78/B-actin IRE-1/B-actin SCAP/B-actin ~ SREBP-1¢/B-actin SREBP-2/B-actin
251 - 0.297 +0. 077 0.795 +0. 127 0.362 +0. 063 0.203 +0. 036 0. 140 +0. 004 0.613 +0. 036
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