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(WE] a6 BT X 24K o« (iver X receptor a, LXRa) 3K X HepG2. 2. 15 40 i 5 57 AL 35 A ¢ 5& K 3 34 10 5%
W, ik WESL AT X IR AL OR B Y AT AT kD) | B M X B 4 (% e B HK R A shLXRa %5 44 241 (5 ¢ shLXRa FiHD) .
P E X LXRa 36 19 shLXRa BB IF 56 Y2 HepG2. 2. 15 4H M L FH 9% ) W 0% J B 10 5% 38 324G I 2 e Bk 24~ 96 h & (6 5%
G FR LXRae 85 Y235 DL BB Y g4 T 40 I 1], AR 408 25 2R 45 37383 700 T0901317 3 40 i, 1 = Bk H il (TG & 46
0T 20 Bl B 5 AR 1 AR B L RT-PCR K DU [ B8 35 78 1 45 & 28 F 1c (sterol regulatory element binding protein-1c, SREBP-1c¢)
mRNA 1283k , & 1 5 EEVEA I 2 T % 2 X (hepatitis B virus X, HBx) 2 [ M8 1 B2 & LB (fatty acid synthase, FAS) % 11
Bk, &8 W shLXRe BRI HepG2. 2. 15 4L, 573 (4 X B 41 70 B 1 X I8 21 4%, shLXRa # 4 41 LXRa
BEARIB T, THYUS 48~72 h RIERM . ZRAHI ¥ L (P<<0. 01 ;B E B3 A T0901317 b B i ] 4E K , 4 240 HBx
M FAS 8 H3KIA TG &t \SREBP-1c mRNA K V-2 #isl i, [/ — B 8] s HBx & A E4& 4 22 7 LRI 8 X (P>0.05),
M FAS #£H . TG &% & .SREBP-1c mRNA /K, 7F shLXRa % 4 20 A1 09 3 35 50 23 1 X B2 T PR BRALAIG , 2 R A ST B X
(P<C0.01), ##  HBx XA A 845 7T fE 4038 13 LXRo/SREBP-1¢/FAS i #2 508H,
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Mechanism on hepatitis B virus X gene-induced hepatic steatosis

ZHANG Qin', PENG Jun*, SHEN Wei'*

1. Department of Gastroenterology, The Second Affiliated Hospital, Chongqing Medical University. Chongqing 400010, China
2. Department of Gynaecology and Obstetrics, First People’s Hospital of Liangshan Prefecture, Xichang 615000, Sichuan,
China

[Abstract] Objective To investigate the effect of liver X receptor « (LXRa) gene silencing on lipid metabolism-related
genes in HepG2. 2. 15 cells. Methods HepG2. 2. 15 cells were divided into blank control group (without transfection) , negative
control group (transfected with HK plasmid), and shLXRa group(transfected with shLXRa plasmid). The shLXRa plasmids
carrying LXRqa gene were constructed and were used to transfect HepG2. 2. 15 cells using PolyJet™ reagent. Green fluorescent
protein and LXRa protein expression were examined by fluorescence microscope and Western blotting analysis 24-96 h after
transfection, so as to identify the best interference time. Then cells were treated with agonist T0901317 for 24 h or 48 h; and
the content of triglyceride (TG) was observed to detect the degree of steatosis by biochemical assay. The expression of sterol
regulatory element binding protein-lc (SREBP-1¢) mRNA was detected by RT-PCR and the expression of hepatitis B virus X
(HBx) protein and fatty acid synthase (FAS) protein was tested by Western blotting analysis. Results The shLLXRq plasmid
was constructed and transfected into HepG2. 2. 15 cells successfully. Compared with blank and negative control groups. LXRa
protein was markedly decreased in the shLXRa group, with the lowest level found at 48-72 h after transfection (P<C0. 01).
After cells were stimulated with T0901317. HBx and FAS protein expression, the content of TG, and SREBP-1c mRNA
expression gradually increased with the prolongation of stimulation period, and there was no significant difference in HBx
expression at the same time point between different groups. FAS protein, TG contents, and SREBP-1¢ mRNA in shLXRa«

group were significantly lower than those in the other two groups (P<C0. 01). Conclusion HBx can regulate lipid metabolism
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through LXRa/SREBP-1¢/FAS pathway.
[Key words |

i 15 TR TR R A O A )RR BE A I A R D AR
PE B 9Y R 18 M 2 B R (chronic hepatitis B,
CHB) FH G fi 1 JF 42 905 % w3k 27 %6 ~51%, 3
EHE2 M KE, HBsAg lHMHE A S & B A O K
718%™ (CHB # % 5 T 25 4 Ak | iF 6 AL , 56 28 3 28
RIS e K A=t L SR CHB %& A& IF 40 i B Wi
AR VE 5 RN % 98 B Chepatitis B virus, HBV) i 5%
ZHM Mz E A, IF X Z1K (liver X receptor,
LXR) {24 LXRea il LXRE FiflE AL, |12 2 51K
JIgE T A L T e A AR A 3 R 58 0 A5 A BT B 1Y
PR o LXRa A TR G I 41 2145
SE MR A Y O S8 I 45 50, W] LU0 2 80 2 5 18 i e
A =BEH W CTG) BB 4an g 15 BR A il (fatty acid syn-
thase, FAS ) &5 I 1 5%, $5c 2 5 SO 41 B g 105 A2 7
AP EE X (HBx) 2E H 4 % B9 HBx H H & —Fh £
TRE & F1 5T, 18 e 25 52 i R AR Bk 2
HBV B & I T 40 i 28 M i & 2 e 7, 3
TR B WF 5% 45 R AR S5 I I 40 B A 105 728 1k iR
Hh L HBx 2 3 2R e B8 KR, 40 58 5 IR Uk S
HBx 76 IF i b7 28 v b2 3= =/ M, B AT 68 - i
LXRa Fl FAS (2R 35 1S ST 40 MO AE 05 24,
— 2T HBx W B A8 38 19 52 i )2 15 38 3 LXRa-
FAS i858, AL LA HepG2. 2. 15 21} Sk Aiff
FXF4 il RNA T4 (RNA interference, RNAi)
HARM . LXRa #7510 shRNA F7ki, W %2 U0 3K
LXRo AT BE A AR OGP 19 £ 3k, %97 HBx
FLAE HBV IR A IF AR 105 22 P b 9/ FH AL

1 #MRITE

1.1 &A1 HepG2. 2. 15 40 th d K E R K
SRR S R B I A N R S 3 DR A R K
pGenesil-1. 1,38 H BA P x5 B HK R (e i 28 24k
YL ARABRA A s /NPT HBx o B S ik
(Chemicon 23 A] , MAB8419) ; St N FAS £ 5 fi
& (Santa Cruz 23 A, sc-20140) ; P AN LXRo #7578
BEBLR (Abcam 723 ], ab41902) 5 Jkz /N #2340 57) &
(BioRad A ®l, Endo-free Plasmid Mini Kit 1,
D6948) s RNA il U5 & . PCR 1057 & (b st | %
SAVEARARA G ;TG M & (KFIL Y
RAERA FD ; #9385 PolyJet™ (SignaGen A H] ,

liver X receptor a; hepatitis B virus X gene; lipid metabolism disorders; RNA interference
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MD21754) ; LXRa F5 #3057 T0901317(Cayman
O ED s BRI (BTN DY 22 A TRA RAFD
A8 AR R BT A 4 O R & (R e L R R
YR R R BRAED

1.2 @3 HepG2.2. 15 MK FHTH 15%
I 4= 1ML ¥ B9 RPMI 1640 85 38 W (WL, % &
0.0625 g/L. & 0.1 g/L) BT 37°C.5% CO:.
TR EE R h 3 9% B 3 ~4 d ] 0. 25 % [ i
(% 0. 2% EDTA) WL AE1,

1.3 @mpas B as F IR O 5 e AT AT T
Ko BT M G BRCZE O gL BT M R BROOHK BT kL) R
shLXRa 5 Y2 4] (5% ¢ shLXRo B K ; % 44 T
10 mmol/L #4307 T0901317 4bH , AR 35 3] 34 s 18] 4
RS 24 h AT 48 h BB [E] B,

L4 ¥ep7l e 8 S0 0 0k £ A I 5 90 ik B A
BT 5 GCA ACT CAA TGA TGC CGA GTT A
PO A, L B X B HK BB /E B 5 LXRa
TG 11 P9 BEAE AT A

1.5 LXRa M #89 # shLXRa WAL A 1Y
DNA it 5 51 1IE L 8E: 5'-CAC CGC AAC TCA
ATG ATG CCG AGT TTT CAA GAC GAA CTC
GGC ATC ATT GAG TTG CTT TTT TG-3"; )% X
B . 5'-AGC TCA AAA AAG CAA CTC AAT
GAT GCC GAG TTC GTC TTG AAA ACT CGG
CAT CAT TGA GTT GC-3', pGenesil-1. 1 i i %%
TR A Sac T BEVIO A A4l A WIEAUT 51 3% 11 2%
Y il P kiR, Wi BR iR KR 7= 5 4tk
PR % 2 | 28 0ok B A BORE 1Y) e AL B S RE 4 S5 D
A LXRo BYFF 5 PEFURL shLXRa,

1.6 JRadse TR/ il B2 3 70 & Bl 62 TR IS
TREVI S s s PR VR 9 1S J5 ik Bl TAEY T
TR AR 55 A B2 w0 T 45 7

1.7 RHEIXRe AR wmmEAMES FAHAKRK
F 70 % ~80 % Al 5 B IR BRI Yy . S FIRT IR AN
B YL AT AT AL, BH R X6 BB 2 RN shLXRa 5% Y2 21 45 B
4.5 pg BIPEFOR. HK B 4 BURL shLXRa 1 12 pl
PolyJet™#% Y4 3 5 43 7l %€ T 100 pl A & 1L 7 19
DMEM $F2i , iR 5 5 min, B S 4.5 pg
Bk B9 G Il 7 DMEM 3 % W A & 12l
PolyJet™ [ JC L& 15 77 W , % I i B 15~20 min,
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RAWIM A A, HK R AE A B % X B8 R,
AN ET XA T ZE R ) siRNA, 55 Y2 J5 78 586 274
BN MBSO E R,

1.8 E @itk LXRe.HBx & FAS & &
9k LXRa EERW. 5550 T shLXRa Bk F%
Qe 24.48.72 M 96 h J5. A 0. 25% MR B IH k.
1 000X g,4°CE L, WAEAI Y, B2 PBS Uk 3 ¥k,
LXRe #1322 3 58 T 4 M A% L S #% & 1 3 UK
F) G Ud B A AR U M A% A . BCA I AR vk
B —70C A% M. LXRa H A IKIE 80 pg
AR 12% SDS-PAGE ', Uk J5 % £ 2 PVDF
.5 % AR 2 W BT 1 ho A LXRa HUiK,4CHER
B PBST W5 N A P = | E 2 h, ECL &
@,

HBx & FAS f FUR . 4 bk 25 500 e fE T
et i), 78 e T et fa] 9 T0901317 338 40 iy
Ja i bRy B ERAE . — s A HBx il FAS it
LBEE S IR B IMA 40, ECL .6,

PIHMEHSMNS pactin K HE £ R H
12 YA XS R 3k 5, IF ) Quantity One #2547
g w AT,

1.9 Bamppn TG &4 ¥ H
T0901317 Zb P 24 F1 48 h J& W 4E 40 il , $2 B 41 i &
EALVIHTEAERE SN TG U & U B it 1r
BAE PR B2 E AN TG &4,

1.10 RT-PCR #m B B®iEY LH%£4%4a lc
(SREBP-1c) mRNA &5 F# sl T0901317 #
AN LS 4% RNA b 32320500 G5 1 20 SR P2 05 20 41
A RNA, 565 L cDNA, SREBP-1c EiiF514) .
5'-CCC AGA AAC TCA AGC AGG AGA AC-3',
T 5l 4. 5-CTT TGC TGT CCT CAA AGA
CTG G-3', /=¥ K & 274 bp; p-actin LiF5I14.5'-
GAC CCA GAT CAT GTT TGA GAC C-3', Fiif
514 .5'-ATC TCC TTC TGC ATC CTG TCG-3',
K EE 625 bp, PCR RN 438 . 94°C AR 4
5 min; 94°C7A81E30 s, 53°C B k30 s, 72°C FEAH 30
s 3L 35 NI, 72°C A FEAR 10 min, &M 6 4l
SREBP-1c.p-actin P17 1. 5 Y0 Bt I 1 5t 1 v vk,
8445 JH Quantity One %P5 384740 01 A HE
ALY B-actin B3 6 % T {E X % & 4 SREBP-1c
mRNA [ FX ik 5,

1,11 %5 a® R SPSS 13. 00 it H ik it
YN SR EE ] s Fon, PIREAR LR ¢ K50,

ZAREAR PR 7 2508 KL 3 K F- (o) 4 0. 05,
2 & B

2.1 ETUMREEHWAMNFLET £ Sac] UK
FE L AR shLXRa £ G & IF 2K (B 1, 0 7 45
BRI A R B R A IR T ST R,

bp M 1 2 3 bp

1 EHBRMN shLXRa Y% E B
Fig 1 Restriction enzyme identification
of recombinant plasmid shLXRa
M: DL2000 marker; 1.2: LXRa+Sac [ ; 3: LXRa

2.2 B LXRa A B AR HepG2. 2. 15
20 i B e SR I B X BR AL A shLXRa 5% e 2 T 5%
Yejs 12 h BRIV R A9 8 M Y 5 48~72 h &
IR, Z 5 GRS 5 &5 A BRZL AR L6 (8 2)
2.3 EafpdngR

2.3.1 %4 LXRa ®EAKRKAKF HAEHXHEA
FIBAE X P 2H HO RS, shLXRo # Y 2H LXRo A B #
IRTE A B ]S TR 22 F A ST L (P<<0.01) 5
shLXRa % YL 20 , B %5 e YL i ] SE K, LXRa 25
FRMAR B Y 96 h LXRe & H 235 XA i A
FHE 3% D, W TR Y5 24 h It A3 A, &
BEMABBNH 24 hOFE YL )5 48 h) Fl 48 h(§E YL )5 72
h) P B ] AT S L

2.3.2 A ##H HBx,FAS & A £&%x KF &£4
A0 HBx I FAS 25 H 3% 35 1 Fifi 25 8 20 550 3 3 s 1)
HE K T2 T 4G L 25 5 A G2 L (P<C0. 01) 5
Hh £ 241 HBx 2 113 35 78 7] — B 8] 5 22 5 o 45 3t 2%
B (E 4A,FE 2), 0 FAS & A, 7 A — B[] 5
shLXRo % Y 41 32 3R 8025 11 6] AL RN B M o R4 70
ERAHGIHE L (P<0.01, 4B, % 2),

2.4 Zawmie TG 4% HFHUAMBEHN TG & &k
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AR R MBI L, ZR A5 IT¥E —0E &S shLXRe PR AN N TG & w8 AK, £
M(P<<0.0); a5 AT BBA MBEAMEX B4 tbdg, [F] SAESKITHEE L (P<0.01), L% 2,

B2 FRHEL72hESEABRKEEERE
Fig 2 Expression of fluorescent protein 72 h after plasmid transfection in each group

A'; Blank control group; B: Negative control group; C: shLXRa transfected group. Original magnification: X100

5 6 7 8 9 10 11 12
——— R VW g% WSSy WS | — LXRa

Mr(x10")

50 —

42—P.— --‘- S S W — — | — (-actin

B 3 HAMMEELRNAERNBES LXRe EEHRIE
Fig 3 Expression of LXRa protein at different time points after plasmid transfection in each group
1-4; 24 h, 48 h, 72 h and 96 h after plasmid transfection in blank control group; 5-8: 24 h, 48 h, 72 h and 96 h after plasmid transfection in
negative control group; 9-12: 24 h, 48 h, 72 h and 96 h after plasmid transfection in shLXRq transfected group

F1 BEAHLEARMES LXRe EEANENRIEZE

Tab 1 Expression of LXRa protein at different time points after plasmid transfection in each group

n=3, xts
Time after plasmid transfection ¢/h
Group
24 48 72 96
Blank control 0.55740.031 0.61040. 02644 0.69340.02144 0.76340.0379¢
Negative control 0.54740. 021 0.6304+0. 02084 0.70740. 02144 0.760+0.0520¢
shlLXRq transfected 0.50740.031" * 0.42740.032" * &4 0.33040. 026" *AA 0.607+0.042% *©C

“* P<0.01 vs blank and negative control groups, 24 P<20. 01 vs 24 h of the same group, 44 P<Z0, 01 vs 48 h of the same group, ¢ P<C

0.01 vs 72 h of the same group

Mr(x10%) 1 2 3 4 5 6 bp M 1 2 3 4 5 6

e e e L o00—
4z_maml_ﬁm
Mr(x10) 1 2 3 5 6

4
— SREBP-1¢
270—}i—- JR— -. B e —FAS

42—‘- —— - aciin

— B-actin
A

B 4 &KEME HBx(A).FAS(B) & B K SREBP-1c mRNA(C) B3R &
Fig 4 Expression of HBx(A), FAS protein(B), and SREBP-1¢c mRNA(C) in each group
1,2: 24 h and 48 h after adding agonist in blank control group; 3,4: 24 h and 48 h after adding agonist in negative control group; 5,6: 24 h and
48 h after adding agonist in shLXRa transfected group
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Tab 2 Expression of HBx, FAS protein, TG content and SREBP-1¢ mRNA in each group
n=3, r+ts
Group T0901317
24 h 48 h

HBx protein Blank control 0.603+0.032 0.683+0. 03844
Negative control 0.617+0.032 0.673£0. 01544
shLXRa transfected 0.60340. 006 0.656+0.01544

FAS protein Blank control 0.63340.029 0.690+0. 02644
Negative control 0.63740.025 0.7204+0. 02644
shLXRa transfected 0.48340.031"~ 0.550+0.030* 44

TG content (pg * mg™ 1) Blank control 32.610+5.095 50.598+5. 48144
Negative control 31.583+3.224 51.14543. 50144
shLXRq transfected 21.2104+3.389" " 44.565+1. 604" <4

SREBP-1c mRNA Blank control 0.47340.033 0.58040.01844
Negative control 0.46540.012 0.58040.02644
shLXRq transfected 0.36840.014" " 0.393+0.032* 44

** P<0. 01 vs blank and negative control group, 24 P<C0.01 vs 24 h

2.5 &t SREBP-1c mRNA ki KF  [iH
T 300 R R[] 4E 4, SREBP-1c mRNA 3 ik 7K -
BT, 22 R A G E X (P<<0.01); 525 FAX)
HEZH B P 0 B 20 L %, [A) — I 8] 5 shLXRa % 44
4 SREBP-1c mRNA FiL D, 25 A5 1F% 5
X (P<C0.01), LBl 4C 3 2,

3 3 i

LXR J& T %52 VR 58 e i 51 5 J2 Mg o A 3 v i1
KR Z I, BN 2 IR AR AZ A 22—,
LXR 45 LXRe Al LXRE P [R] 5 W0 2, i 2 3 22
SIATAERFRE RR W VRN 45 5 S5 B Tz a0 A T A
&AL, LXR FEASE LT ILAE . &0
DNA 254 451580 N 2K v 19 e fA S A0 4k 5 S 30
PR X D4 52 M 2 1 R M B B0 X5 C R g X 35
B B4 TC A 25 5 Sl | T A R P 8 A T 2 B IX
MR ACHE i Fm X 7EJFIE LXRo 500 8 i X
TS TE R R A SR LXR 6T
(LXRE) 1 #¢ 5 & 1 IR J¥ 41 45 & 9 1 #0 & A
SREBP-1¢,.FAS, ACC, SCD-1 % ) % 5%, 1 98 7
JEWFRRACIH Y, HBx J& HBV X % K 4 i1 i) — Ff
ZYiseE A, AT LU AAE T HBV, 52 0 9 35 5 o
RN 38 AT DASE s 5 4 53 D R A B St e 1
MIEAE T 2 518 £ A0S Rk gt iR
SERMFIE R W, HBx v] DLl it 5 LXR A 5 AR H
FERE AR A 56 & K 40 FAS, ACC, PPARY 45 #% 5%,

in the same group

AT S B A A A A AY 9 Y fE DY, FAS &
JH- 448 1 B o 1 A O B L TR L 2 LXR AR L 1A,
FAS 95 s 306 2 LXR HOEPE iy . FRATTHT ) 58 55
IESE HBx 25 7 g 5 48 M9 & 2 L J& HBV iy
FEHOR N R, Bl eE i IR F LXRa
M FAS B0 AR M. FAS M5 SRy
J& LXRa MR 09,0 HBx 5 FF A8 B 28 19 56 & |
HBx % FAS iy 7 & A il it LXRo-FAS #1485
B A i — 5T

HepG2. 2. 15 41}l 2 ¥ HBV DNA ¥ & A
HepG2 20 il 1 )19 40 &2, AT R4k R 35 HBx A .
RNA T2 LA & R K 1 — Fh ifF 5% Jk [ Ty g
WA BHATE T2 T RE I 41 2% B 1 e
I R R YR T At AR S A R 1) LXRa
M RNA 38 5 kL, 8 ok 1 e 5ok % Yy A
HepG2. 2. 15 40 i, ¥ H LXRoa F¢ 5 ¥ 30 7l
T0901317 Hill 40 Ha g 5 28 7 , WL %6 LXRa VUERHT /S
i 105 72 e R RE 0 2 310 LR A3 AH 6 IR 1 A2 4k, DA
WIEEY HBx 2 51 B 5 728 1 Ko i A 5 K FAS
FEHRIBTE R LXR KBS, 458 BR,
LIRS A8~72 h 9O R IB R B YL S
96 h PG P/ ; H 1B 0 I A I A 4 s B Gt S
48~72 h LXRa AR BHEAL, Y5 96 h HE K
K A T IR, U B A S B i Y shRNA BT KL fE
DR LXRo YR IK, HIEFE Y5 48 h F1 72 h UL
BRI o e o AR S 36 8 5 3 1 A B I A A U 8l
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A

AR P B0 30 R 0 45 SR S 7 i 9 8 70 ) e
(R %E K, 4% 20 HBx Fl FAS # 4 & SREBP-1c mR-
NA By F R34, 5 [ — B (8] 2509 HBx 8 1 R ib %
Y22 8] 2 5 T8 G 3 2% 2 X Al — B ]S FAS,
SREBP-1c mRNA 335 shLXRa % 4421 5 %5 ([ %F
R FRA PR X R AL . TG 5 48 46 0 45 SR I8 /% []
— (8] 25 shLXRa % Yo 20 i i 70 1 i 5 A 25 1 ) IR
RIS T BR ZE A 3 55 AR B R R I A 4 R —
., FRATHEWTH T ULER T LXRo %K 5 . ff 40 g
LXRq #ikW /L, FAS il SREBP-1c mRNA fy % ik
PRAR U0 L BT B LXRe FE S 20 M G 15 728 1
FREEWRE . X5 Kim &5 (I8 AR — 2,

ZibW AL, HBx 25 17 CHB &I M4
Jfa B 5 72 P, HBx 2 5 I B 15 728 14 0 fig A3 i 94
P A /3l it LXRo/SREBP-1¢/FAS #4252,
P, LXRa A AT AR CHB AR IR 15 T34 97 1
B,

4 FlEEmR
JIr A VR P AR SO 88 BAT AR R 55 0 5
[Z % x #k]
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