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[(FWZE] a6 FifmiRNA-544-3p XF CRTF 258 X B A HBx ) iS4 s S o Fhlsl. Fie 55R
SRR EIOLEE (EGFP) F1 HBx Y189 SEA2 7 /N BUK AR fL BT R 40 i bk 14-19 (HBx-EGFP-14-19 4fijifd ) |
I8 2 ) B /I BRUTF T Ik S 3 4 A e ] MR e 635 HBx (AR, SR A qPCR £ Il miRNA-544-3p 7£ HBx-
EGFP-14-19 ZHfs K /N A H F4H 4 3234 . 75 HBx-EGFP-14-19 4l 3044 7% miRNA-544-3p £542%) ( mimic )
s Cinhibitor ) , B FHXR &S SE8G . Transwell 20 i3 4% #4222 55 56040 miRNA-544-3p X HBx-EGFP-14-19
2 0 32 AS PR ZR I 50, SR T qPCR FIAR [ 5T B0 15 #R 98 miRNA-544-3p X — B % It A B B AL R - 6 (Arf6) |
Akt, WFLBIYEINERILEN (mTOR ) KXW, 4 & MO T AR E 35 HBx 1Y/ AR,
1Z/NERAE AR S 360 d AbFERS AT UL 2H 24 P g 26 jli. 5% FRZHAH L, HBx-EGFP-14-19 4 il Fl HBx #5571 /]N B
AW (EEAE 30, 90, 180, 360 d) FZHZI T miRNA-544-3p Fe ik KRG (P 14<<0.05) o SXF IR HL#R,
% Y miRNA-544-3p mimic /] HBx-EGFP-14-19 4l it £ £8 Fl 4= 22 fig J) I BEAIK, %% Y& miRNA-544-3p inhibitor 1) HBx-
EGFP-14-19 i il i 7% AR 22 AE J) H 1558 (P 31<<0.05) . qPCR FIHE [ 5T B8 25 46 00 25 2R 12 7R miRNA-544-3p fik 5%
ik 5 Arfe Fih /K B . Akt-mTOR {5 5 B0 A ¢, £ #  HBx Al G i T 8 miRNA-544-3p 1% Arfo/Akt-
mTOR 15 54l fie i /1N BT 98 40 I 1) f=2 28 R RS i
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Hepatitis B virus X protein downregulates microRNA-544-3p and activates the Arf6/Akt-mTOR signaling axis
to promote liver cell migration and invasion

KUANG Qin, WU Yong, DU Bin, WU Nan, ZHOU Meng-yao, YANG Xin-yue, LU Yang, FENG Tao"
School of Pharmacy, Chongqing Medical University, Chongqing Key Laboratory of Biochemistry and Molecular Pharmacology,
Chongqing Medical University, Chongqing 400016, China

[ Abstract | Objective To investigate the effect of microRNA (miRNA)-544-3p on hepatitis B virus X protein
(HBx) induced hepatocellular carcinoma and its molecular mechanism. Methods By injecting HBx-enhanced green
fluorescent protein (EGFP)-14-19 cells into the hepatic portal vein of Kunming mice, an animal model with long-term
stable expression of HBx was constructed. Quantitative polymerase chain reaction (QPCR) was used to detect the expression
of miRNA-544-3p in HBx-EGFP-14-19 cells and liver tissues of mouse models. miRNA-544-3p mimics and inhibitors
were transiently transfected into HBx-EGFP-14-19 cells. The effects of miRNA-544-3p on the migration and invasion
of HBx-EGFP-14-19 cells were detected by scratch wound healing assay and Transwell cell migration and invasion
assay. PCR and Western blotting were used to explore the regulatory effect of miRNA-544-3p on the expression of
adenosine diphosphate ribosylation factor 6 (Arf6), protein kinase B (Akt) and mammalian target of rapamycin (mTOR).
Results A mouse model that can stably express HBx for a long time was successfully constructed, and malignant
tumors could be found in the liver tissues when the mice were sacrificed 360 d after modeling. Compared with the control
group, the expression levels of miRNA-544-3p in HBx-EGFP-14-19 cells and HBx model mice at different time points
(30, 90, 180, and 360 d after modeling) were decreased (all <<0.05). Compared with the control group, the migration
and invasion abilities of HBx-EGFP-14-19 cells transfected with miRNA-544-3p mimics were decreased, and the
migration and invasion abilities of HBx-EGFP-14-19 cells transfected with miRNA-544-3p inhibitors were increased (all
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P<C0.05). The results of qPCR and Western blotting showed that the low expression of miRNA-544-3p was correlated with the
up-regulation of Arf6 expression and the activation of Akt-mTOR signal axis. Conclusion HBx may promote the invasion and

migration of mouse hepatocarcinoma cells by downregulating miRNA-544-3p and activating Arf6/Akt-mTOR signal axis.

[ Key words | hepatitis B virus X protein; hepatocellular carcinoma; microRNA-544-3p; adenosine diphosphate

ribosylation factor 6; protein kinase B; mammalian target of rapamycin

HBV JE& Y J& 2 BRI A S T A ), 72 3R
=, 24 85% FIRF4n i ( hepatocellular carcinoma,
HCC ) HEA HBV Besh ' SoREe AREHI L,
T8V HBV #8417 & i HCC (& 5 XU 25 15~25
%277 HBV-HCC H A7 i 5 B I . g 7 f J8 i
B2 IR A R SRR, SR TS A 22 A
iz —. ORISR EE X FEH (hepatitis B virus X
protein, HBx ) /& HBV KIA/EFHMZ.OIIREE M,
7E HBV-HCC R/ . RIBhiE SRR .

miRNA J&— 25 K 2 19~24 nt 19 N 5 3F 2 i
HEERNA, |2 AET oW . MY LAY
A Y BT B U W e o U S = w2 1 B2
ZEA ML Y 37- dE B X (untranslated region,
UTR) , KRAEXHEEL B 5% 5 fa PR, dEimi2
S5HRMME KT LA Ad K, 5k, W%
G AT . miRNA RS, Brk KL RS
PR RAERYIMG, S5 TR ELE. Kk,
B . M AR ORI ZG Y L WS &R, HBx REfS
L P81 miRNA 2 - A0 35 . 1o, iF
%M. 127, AN, RIEGZMAY =R, M
#E HBV-HCC R R,

AR A i A R /0N SRR A A0 T R AR 4 Ay
AT RENS K W Fa 8 ik HBx HARPE R 40 1E 1/
SR, HAF 360 d BYBIAL/N FURFIE A & BT g A2
A ARBESY L miRNA 5 1R &, F
968 B DR 41 B 1 o R o A i AL 40 22 S 3k 1)
miRNA, FHEEEMRI T miRNA-544-3p 7Efa e #
A HBx 18 7K A= Ak i A 20 Jf A ) RO FRAAR Y Y
FRIR L, PE—203 5 TP miRNA-544-3p DAFRFY
iR 28 . IERLHE T AR AL RN AL ] ML, R
HBV-HCC MG S A A

1 #EFT %

L1 gmigsk Ay R /N BRI A6 I A 44 40 i i
14-19 H 2 [E 22 NNEF K245 7 B bF oY Hhocs B,
MR AN B AR AR AR, IREE N, B
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¥, BRI BIE, SRR, 55 W Ao i
PRI NFAIME, HiE S L8 50 4840 M 44 J0 B ok
AR B R 4% (558 1 2 1 (enhanced green
fluorescent protein, EGFP) 1 12 J% % fa 4% 40 ity
t EGFP-14-19 & & HBx Fl EGFP Y 1 Ji% & #2 %
20 Jf bk HBx-EGFP-14-19 Hy A PR 820 57 91 44 1 0T
ﬁﬁ[ 13-14] .
6~8 Jl i v B W /N B T HE PR R B R A 51

g ah b [ sh W A = R Tk % SCXK (i)
2018-0003] , & 25 g 247, fRIF%F SPF H L LK
TR E
1.2 £%X#A DMEM ([ Gibco AH) ) ; FBS

[ SR AEY LG (B ) AOSARAR] ;
AL RNA S U0 & . RNA S sk Rl & (r
SHEMERE A PR A A FRZA 7] ) 5 SYBR Green
qPCR Mix i 7| & ( 3¢ [H Bimake 22 7] ) 5 H¥i/b
FUHBx HTLIA (JE[H Abcam A ] ) 5 T/
Tk 12 JUR 2 4 B 4K X -7 6 (‘adenosine diphosphate
ribosylation factor 6, Arf6) HrLik (_LIEIATE 49
PHEA AR 5 bt/ Akt Piik . BER b Akt

( phosphorylated Akt, p-Akt) $iiik. MFL 39 &
f 7% 2 ¥ 2 [ ( mammalian target of rapamycin,
mTOR ) #T &, #% M 1k mTOR ( phosphorylated
mTOR, p-mTOR ) &K GAPDH $iifk ( £ Cell
Signaling Technology /A H] ) ; SDS-PAGE #E/% L il
A& HRP AR i) =9t ( Bl = KRAEYHE R
ABRAF) 3 ECL WA ( WA IEREAEYHAARR
FfE/N Al ) 3 EndoFectin™-Max %% YL ik 77l & (3%
GeneCopoeia 23 F) ); miRNA-544-3p #2484 ( mimic )
#1461 77 Cinhibitor ) . ¥ 2 5 (agomir) . 454 7l

(‘antagomir ) S4% H I FIHXF I (negative control,
NC ) ¥ {5 9 E BB PR A A
13 w3 big HHRATIRA MR
J5 T 37 CARmB RS R R . B0 R 5 B, A
1 mL 5 10% FBS /i DMEM, WXFTIRAT IR ¥4T i 7E
TREREFRILA, 7637 C. 5% CO, 504 FHig% 24 h,
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TR BT RE 58 4 e . M 4R AR B2 K 80% Kt
AR, BOEICA: KA AR T 5 25056

P4 T %5 AR K9 HBx-EGFP-14-19 4 fifi 4%
T 6 fLAR . HRLRE IR, TF 40 MRS R IS 80%
IF, BTN R AR R AR 12 h, BJE s
% 1B 2H . miRNA-544-3p NC-mimic 1. miRNA-
544-3p mimic 4. miRNA-544-3p NC-inhibitor 2 .
miRNA-544-3p inhibitor 2, HH12s (% B AR IEF T
By, HAth 4 A3 nIBEA TR Y . AT e e sl
Fi I EndoFectin'™'-Max 5% Y 257 £ 156 B 45 B 47 #4
1, Y% 24 h 5 AN RN W] T IR 22505
14 ShpBEAME HEERANR 45 5, BV
FHE R K (n=5) . EGFP-14-19 4 (n=5)
A HBx-EGFP-14-19 4 (n=35) . /MR AATZEE &
12 h, WERET ST 2% I L 24N S B T G
o, BUMEMY, 182 CBEH RS AESIE T 2 om
NmdIe, fTHFERS . AR R AR T, #E
TV DK o 48 53 2E1 0 3 ) DAHE T T Bk e AL A 2
£h7K (200 uL ) . EGFP-14-19 5% HBx-EGFP-14-19
YA (200 pL, % 5X10° 40, EATHILE
PBSH) |, 1kimsEe)E, KEEES . Ria/MAAH
POKHE .

HBx-EGFP-14-19 A1 HL 20 HFHHLS A 4 4~
WA (n=5), 43 T 1& 8 J5 30, 90, 180,
360 d i 5T 2% I H 2 AR, KN ERCE T
R T — AR BT A FE . BN BRUHIEA A7 T
—80 Cukffith, T2,

% B HBx-EGFP-14-19 41 ) 43 15 R/ (F
ARG 30 dAZbFE ) FEALOT K 5 ASTA (n=3) ,
T AL BE T 1A 28 R i K o3 ) T S AR PR R UK
miRNA-544-3p NC-agomir, miRNA-544-3p agomir .
miRNA-544-3p NC-antagomir., miRNA-544-3p
antagomir. #5245 1 JilJ5 MR HE T 0 2% G EL U224 R
/N, BT R —E AR IR b Bt . BUNER
JFREEAET —80 CukAh, HT/RLs.

1.5 AW E&EF 54 FIH TargetScan £ Y17 2
Wl (https://www.targetscan.org/vert 72/ ) Tl il
miRNA-544-3p AYHEHEEA

1.6 qPCR # M miRNA-544-3p A= B ¢ L B #
A& R TRIzol 242 UM M A1/ N BRUF2H 40 2
RNA, $ 5 s i8S i B 5 19 20 B0 RNA
5% M cDNA, i H{ NanoDrop 2000 #2 {3 & #% ik 25
1 52 1 ( 2% [ ThermoFisher 23 7 ) #£47 RNA #

FERZiEE R . St S5 A M mAE TAY T
(L) R ABRA A 5SS 5175 HBx
1E 1 5] %) 5'-TGCGGACGACCCTTCTCGGG-3',
B 1 51 ¥ 5'-GGGCAACATTCGGTGGGCGT-3';
miRNA-544-3p IE [1] 5| 4 5'-AGGGGATTCTGCA-
TTTTTAGC-3', [ 5|% 5'-GTTGTGGTTGGTT-
GTTTGT-3'; Arf6 1E 1] 5| ¥ 5'-GTCTGATCTT-
CGTGGTAGACTG-3', K Ia5|%) 5'-CTCATCTCC-
CGGTCATTGATAA-3'; U6 1E [ 514 5'-AGAGA-
AGATTAGCATGGCCCCTG-3', JZIa 5|4 5'-ATC-
CAGTGCAGGGTCCGAGG-3'; GAPDH 1F [v] 5|4y
5'-CTCGTCCCGTAGACAAAATGGT-3', K[54y
5'-GAGGTCAATGAAGGGGTCGTT-3', #1# SYBR
Green qPCR Mix IAFf & UL B THAE, RFEA
W 3 ML,

1.7 FaRepdkien B e E G Rkis DA
JL /N BRUFF A 20 G R A8 1, SR BCA
A ARSI R SR DU A VR B R AR 30 pg 8K
HE4T 10% SDS-PAGE 43 5, 4R 5 85 1 7 %% 2
PVDF i I, ZEMIRR Ry il B0 2 h 5, A
—Hih T 4 CHFE LR, HFEHRP fRICH 4
ZFIRWFE 2 h, A ECL B ERIH1E AU g
HIE AR R Imagel BX 4478008 3BT,
L GAPDH AN 25 H I8 AR Rk 1t

1.8 o7 4L 24k 5 ik Ae ) ) RO 28 4% HBx 89
Fik CHHETFASIRET 4% 2R B EE,
A, YR 4R S-P ik T e e L 24k e g
o, e ™ MEIFHAE,

1.9 H-E &R D FIFALRRmILFR T BUEK
J& 360 d AFER/NRUIFARSY, [ . UIR, Wi T
H-E Zut, HhMmiiesE A, 6 PSR,
1.10 X RS EHemminey 4 s BT
R KA B Al e O I T 1 R 3 B 9 12 h,
1 000 pL A3k AERE AL RR, L% 3 %%, FH PBS
Ve 3 R LABR 2T 40 M. 49 o0l F 85 5% 0 h Al
24 W18, H Imaged A T8I 434, THE AR
IRAER, MERIREER (%) = (4y,—4y,) /
Ay, X100%, HAv A, 4 0 h BFRRPR AR, Ay, R
Kigt 24 h BRI AR

1.11 Transwell 5 35 # | 2 J6 65 i£ #% o 12 £
Ae A ARMERS SR R TR A I A A E
ToIn i 5 F2 F P 335 12 h, 43 BITHEL 2} 10* 40 g
PS5 HRP T 45 Transwell /NE EZEH (£ 200 uL 6
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MFRFEEL ) , FEMA 750 uL 7% 20% FBS # 5%
bk, B3R 24 h e AR SR, /N E A PBS
YRR 2 IR, H 4% 2R R EE 20 ming H
0.1% 25 22 = iR YL {4 30 min, PBS PB4 2 Wa
MR 2 = NI ANAE . 7 S s T OEE, Bl
MLEEE 5 M LEFA IO 15k

PR ZE ST s BRI AN LI 3 R
A1 : 10 B LU RS, 45 Transwell /NEHIMA
70 pnL FRBERE, B S EE AP AN, )5 220 TR ) 20
1.12 %t 4 R GraphPad Prism 5.0 #{f:
TG E T . THE ORI X £5 R, 4Ll A
SRR 27 22500, PR FL R i e/ N bk 22
Seike KRR (a) 4 0.05,

2 & R

2.1 NRAKAMIT AR LT HBx #9 &5  qPCR
K W 45 5 JR, HBx-EGFP-14-19 40 ity vh HBx
mRNA i % % ik £ 11 9223742 496.61, = T
14-19 4ii s (FHXT KB &K 0.52+1.17) 1 EGFP-
14-19 400 (FEXTRIBE N 020£0.95) , ZHFH
Baitrm X (PY<0.05) o & AR E A
ER R, HA HBx-EGFP-14-19 40fiti 45 HBx
ik (E 1), WEB HBx 78 14-19 4iftg R mli 2
22 BRI E R

22.1 /NR T4 4 HBx By %k 3k qPCR K I 4%
7R, HBx-EGFP-14-19 2/ 30, 90,
180, 360 d JIFZH 41 h HBx mRNA HH X} 2235 5 43 71
9 94.561+43.09, 211.66+37.75, 176.61£61.44
170.13+97.75, @ FABER K4l (A X ik &
5 0.85+0.19) FlEGFP-14-19 40 (#HXf ik N

3 REAALFLEEZEM/NNRAFAL B HBx HRIE

0.93+0.25) , ZFHAGI¥E XL (PF¥<0.05) .
B 5 BSR4 SR {7k, HBx-EGFP-14-19 4
/N B AR S 30, 90, 180, 360 dIFH 4L iy A
HBx H 1 RE (K 2) . s b g
4 78, HBx-EGFP-14-19 41 /v [l 3& #% )5 30, 90,
180, 360 d fIF41 21+ ¥m] W HBx FHMEG (E13) o
LRGSR ARSI HE T B/ N R RE RS . R
21k HBx,

1 2 3 Mi(X10°)
HBx —| ‘ 17
GAPDH—{ s s ammmms |37

B 1 FAREEEGN K ELFRTELEM 14-19
HBx HyRiE
Fig1 Expression of HBx in immortalized liver
precursor cells 14-19 detected by Western blotting

1: 14-19 cell; 2: EGFP-14-19 cell; 3: HBx-EGFP-14-19 cell.
HBx: Hepatitis B virus X protein; EGFP: Enhanced green
fluorescent protein; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.

I I m NV VI M (X10°)

S GEER even  ow— —— 37

GAPDH—

2 EBRRELEHERN/NRAFALS S HBx BIRIE
Fig2 Expression of HBx in mouse liver tissues detected
by Western blotting
I : Normal saline group; Il : EGFP-14-19 group; Il - VI: HBx-
EGFP-14-19 groups 30, 90, 180, and 360 d after modeling,
respectively. HBx: Hepatitis B virus X protein; EGFP:
Enhanced green fluorescent protein; GAPDH: Glyceraldehyde-

3-phosphate dehydrogenase.

A

Fig3 Expression of HBx in mouse liver tissues detected by immunohistochemical staining
A: Normal saline group; B: EGFP-14-19 group; C-F: HBx-EGFP-14-19 groups 30, 90, 180, and 360 d after modeling, respectively.

HBx: Hepatitis B virus X protein; EGFP: Enhanced green fluorescent protein.
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222 ANEAF4A L ME L% HBx-EGFP-14-19 41
/N EE LS 360 d AR BEET, JFZH AT UL b A
(K1 4A) . HEZELR (B 4B) oAk
SR, BRE2ATHR, ARk, B IRR, %
ForAi s, AW, AR 2, 2SS
FTE R . ZE SRR/ N UL LR S BUIRIEIRES, I

4 MNEFFELBER R H-E £ BER

Fig4 Formation of mouse liver tumor and

H-E staining results

A: The liver of mice in 360 d HBx-EGFP-14-19 group had
tumor formation; B: The results of H-E staining identified the
suspected cancerous lesions in the liver of mice in 360 d HBx-
EGFP-14-19 group were tumors. Arrow 1: Hepatocytes were
arranged abnormally in multiple rows; Arrow 2: The cells were
enlarged, and the nucleoli were obvious and too large, and the
distribution of nucleoplasm was abnormal; Arrow 3: The cells
were multinucleated and the structure of liver tissues disappeared.
H-E: Hematoxylin-eosin; HBx: Hepatitis B virus X protein;

EGFP: Enhanced green fluorescent protein.

2.3 HBx &/ JK AT AT 4Rk 2a R s ST 448
miRNA-544-3p £ 3L 69770  14-19 4iififl . EGFP-14-19
41 g A1 HBx-EGFP-14-19 21 i miRNA-544-3p X}
FRHE A 1.66+0.36, 1.294+0.23, 0.63+0.11,
HBx-EGFP-14-19 4l Jifi miRNA-544-3p 2 ik /K ¥ 45
14-19 4l . EGFP-14-19 4% (P 1<0.05)
HEREER K2 . EGFP-14-19 4H/NEUIT4H 21 miRNA-
544-3p MEXT RIS 1.31£0.31, 1.2740.36,
HBx-EGFP-14-19 4 /) R i& £ J5 30, 90, 180,
360 d AT ZH 219 miRNA-544-3p AH X} 6 ik & 2 51
0.70+0.12., 0.62+0.13, 0.72+0.24, 0.85+0.24,
HBx-EGFP-14-19 4 /N FUE B 5 AN [R] s 8] 45 21 21
' miRNA-544-3p £ 35 ¥ T i (P#4<0.05) . 45
LW HBx AITER NS miRNA-544-3p (R IA4E
FRERAKT .

2.4 HBx %~ 57K & AR AT 4k 2 foFe /s BT 4147
¥ Arf6 /K -F % Akt-mTOR i@ %549 %57 TargetScan
i 25 SR 7R, Arf6  miRNA-544-3p 1§

PR, B 1 o B3 2 A 0 &5 2R W s, 14-19 41
EGFP-14-19 40 ffi. HBx-EGFP-14-19 Zfl Jitd " Arf6
B F AR IR H 43 38 1.064+0.05, 0.91+0.04,
1.884+0.14, HBx-EGFP-14-19 4l Jify | Arf6 7
H#£5 i (P1<0.05, K 5A) ; A F 5K
2. EGFP-14-19 2 /)N U 40 21 v Arfe 4 1 AH
X 6k 4 4> B 0.70+0.21, 0.70£0.51, HBx-
EGFP-14-19 41/NGE RIS 30, 90, 180, 360 d Jif
HEU Arfo B AT SR I 435 1.09£0.37,
1.27+0.69. 1.114+0.11, 1.10£0.25, HBx-
EGFP-14-19 4 /N [ 38 B 5 4% 0[] o i 20 41
Arf6 £ 18 ¥ 1 (P $<0.05, Kl 5B) . qPCR
K I 4% R 2 7R, HBx-EGFP-14-19 41 8 1 Arf6
mRNA A% 5 (1.0240.05) & T 14-19 41 iy
(0.2940.26 ) F1EGFP-14-19 #ifif1 ( 0.30+0.30 ) ,
HBx-EGFP-14-19 4 /) i & £ J5 30, 90, 180,
360 d I 2H 21 v Arf6 mRNA A X £k & (43910
1.40£0.40, 1.55+0.14, 1.360.29., 1.62+0.20)
i TR k4 (0.67£0.21) Fl1EGFP-14-19
41 (0.73+0.11, P#1<<0.05) .

R REI L LS R 7R, HBx-EGFP-14-19 4l
o p-Akt & AT R A (0.86+0.19) =T 14-19
il (0.57+0.31) F1EGFP-14-19 4t (0.434+0.37)
(P#J<<0.05) , Akt# Ak & (093+027)
5 14-19 41ifif1 (0.90+0.28 ) FIEGFP-14-19 4fififd ( 0.86+
026) ML 2R TG E L (PI>0.05) ;
HBx-EGFP-14-19 4 fifd "' p-mTOR & 1 #H X} 5% i&
i (1.84+038) 7 T 14-19 40 g (1.00£0.36) F1
EGFP-14-19 4fijfifi (1.104+0.71, PJ<0.05) , mTOR
FEHAXT AR (1.17+0.26) 5 14-19 40 (1.19+
0.16) F1EGFP-14-19 4l (1.10£0.11) AHH2ERH4T0
Guit2#mE L (P4>005, [ 5C) . HBx-EGFP-14-19
ZH /N B R S 30, 90, 180, 360 d JIT2H £ p-Akt
A eIk (439020 0604037, 0.73£0.50,
0.68+044, 0.82£049) ¥ /5 T 4 # #h K 4
(0.24+0.47 ) FIEGFP-14-19 41 (0.394+0.26, P#<
0.05) , Akt FIAHX Rk &E (7510 0.79£0.43,
0.90+0.30. 0.69+0.27, 0.87+£0.38) 5 4 B £h /K
2 (0.79£0.58) Al EGFP-14-19 #H (0.81£0.39)
LS LG5 L (PY>005) ; HBx-
EGFP-14-19 4H/NRIER S 30, 90, 180, 360 d JiF4H
AP p-mTOR & FIAXTRIEE (70910 1.93£0.55,
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047, 1.80+0.56, 1.874+0.53, 1.91+040) 5=
kel (1.74+0.36) F1EGFP-14-19 4 (1.68+0.54)
MR TG T E X (PH>0.05, FI5D) .

2434+0.75. 2.1110.69, 1.90+0.62) ¥ TA:FEL
JK4H (1.25+041) FIEGFP-14-19 41 (1.0940.57,
P1<0.05), mTOR & FIAAX FeiA & (43500 1.81+

1 2 3 Me (X107 I I I NV VI m(X10)
Arfo—  — -.— — 20 Arfo—| —— S —— ()
GAPDH | s s w37, GAPDIT ol e wfs ot e, gt "373
1 2 3 Me (X107 I I I IV V. VI M(X10)
p-mTOR—| i b |—289 PMTOR—{ e o ! ﬁ!—%"
mTOR—| —— — —|—289 mTOR“-. — - — -
p-Akt—| PR — —|—60 p-Akt—I -— e -p-—-|—60
Akt*| N Tlee -|~60 AL o — — A — d— )
GAPDH—| wis "D S 37C GAPDH*‘ - s e ————
B 5 FEBRENEERTEENR K ELFRMEAM 14-19 FUNRAFHL B Arf6. Akt. mTOR BRI

Fig5 Expression of Arf6, Akt, and mTOR in immortalized liver precursor cells 14-19 and liver tissues of mice
in each group detected by Western blotting
A: The expression of Arf6 protein in 14-19 cells; B: The expression of Arf6 protein in the liver tissues of mice; C: The expression
of Akt and mTOR proteins in 14-19 cells; D: The expression of Akt and mTOR proteins in the liver tissues of mice. 1: 14-19 cell;
2: EGFP-14-19 cell; 3: HBx-EGFP-14-19 cell. I : Normal saline group; I : EGFP-14-19 group; Il - VI: HBx-EGFP-14-19 groups
30, 90, 180, and 360 d after modeling, respectively. Arf6: Adenosine diphosphate ribosylation factor 6; Akt: Protein kinase B; mTOR:
Mammalian target of rapamycin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; p-mTOR: Phosphorylated mammalian target

of rapamycin; p-Akt: Phosphorylated protein kinase B; HBx: Hepatitis B virus X protein; EGFP: Enhanced green fluorescent protein.

2.5 miRNA-544-3p 4% 3 % & 25 [ X B4,
miRNA-544-3p NC-mimic Z| Fll miRNA-544-3p NC-
inhibitor 1 HBx-EGFP-14-19 4i /i ' miRNA-544-3p
A XF #3584 il S 0.16+0.03, 0.16+0.05 £
0.11£0.06; 5 X HEZHAH L, miRNA-544-3p mimic
2 HBx-EGFP-14-19 4 ig ' miRNA-544-3p AH X} &
kBT (4.1342.07) , miRNA-544-3p inhibitor
2l HBx-EGFP-14-19 4fl }d " miRNA-544-3p #f X}
Feikw AR (0.02+£0.01, P¥<<0.05) . X £ A
5 Yt miRNA-544-3p mimic 7] = i miRNA-544-3p
() 23k K -, %5 Yt miRNA-544-3p inhibitor A] i
miRNA-544-3p {) kK.
2.6 miRNA-544-3p % HBx-EGFP-14-19 %1 &, it #%
ol it A ¥ IR GSEmE R (Kl 6A)
R, 25 X R 41, miRNA-544-3p NC-mimic 41
A1 miRNA-544-3p NC-inhibitor 21 HBx-EGFP-14-19
9 R IR A A R 4 i ol (59.13+£8.83) %,
(62.71£10.74) %. (56.594+11.25) %; 55X}
ZH A 1, miRNA-544-3p mimic 2H 20 }g %) R &1 &

RPE K[ (38.25+4.71) %], 1 miRNA-544-3p
inhibitor £ 41 g ¥ IR A & F 1 & [ (80.45+
20.29) %, P}J<<0.05] . Transwell 40 i i #% 55 46
258 (KBl 6B) 7w, 25 FIXTHRZH . miRNA-544-3p
NC-mimic £ #1 miRNA-544-3p NC-inhibitor £H % i%
/N JE 5 () HBx-EGFP-14-19 41 Jitd %5 & 43 5 A
504.33+64.49, 482.33+75.87 Fl 486.67+77.53;
55 FRZHAH HE, miRNA-544-3p mimic 2H 5555 /)Vas gk
B R 2> (97.33+£7.02) , 1fif miRNA-544-3p
inhibitor 21 %5 175 /)N 35 U 5 ) 4 A AR 3G - (823,67 £
23.35, P#J<0.05) . Transwell 40 ify 12 28 52 &
255 (Kl 6B) IR, 25 FIX 4], miRNA-544-3p
NC-mimic £ Fll miRNA-544-3p NC-inhibitor £ % i% %&
J5T I 5 /1N 28 DB JEE 1) HBx-EGFP-14-19 24 i 45 £ 4353
N 221.67+1422, 226.00+11.53 il 223.334+11.37;
AR T X MR 2H, miRNA-544-3p mimic 20 % i 3t 5
JBE 5 /0N 3 DR R ) A L S Dsl /) (40.33£4.04) , 1T
miRNA-544-3p inhibitor £ 2 1% 3 i1 g 5 /N2 JE AR Y
MBI (384.00429.87, P#1<<0.05)
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Fig 6 Detection of migration and invasion abilities of HBx-EGFP-14-19 cells in each group

A: Scratch wound healing assay; B: Transwell cell migration and invasion assay. 1: Blank control group; 2: miRNA-544-3p NC-mimic

group; 3: miRNA-544-3p mimic group; 4: miRNA-544-3p NC-inhibitor group; 5: miRNA-544-3p inhibitor group. HBx: Hepatitis B

virus X protein; EGFP: Enhanced green fluorescent protein; miRNA: MicroRNA; NC: Negative control.

27 miRNA-544-3p 2+ HBx-EGFP-14-19 %1 it % Arfo
KT % Akt-mTOR i@ %69 %% qPCR A& 45 5 i
R, 25 H X R ZH . miRNA-544-3p NC-mimic 2 |
miRNA-544-3p mimic Z . miRNA-544-3p NC-
inhibitor 21 . miRNA-544-3p inhibitor 21 A7f6 mRNA
AHXFFEA RN 1.01+£0.24, 0.99+0.12, 0.53+
0.06. 0.91+0.16, 1.54+0.03, # & T xF Mg 41,
miRNA-544-3p mimic ZH Arf6 mRNA F%} 25 5%
i, 1fii miRNA-544-3p inhibitor 21 Arf6 mRNA A8 %}
FIRaIEM (P<0.05) o 25 AN EZ] . miRNA-
544-3p NC-agomir 241, miRNA-544-3p agomir 4 .
miRNA-544-3p NC-antagomir Fll miRNA-544-3p
antagomir ZH Arf6 mRNA HXF F ik &4 5k 1.57+
0.16, 1.46+0.21, 0.69+0.06, 1.67+0.06,
2.67+0.13, M TFXHEL4, miRNA-544-3p agomir
2 Arf6 mRNA AHX} R A S FEAL, T miRNA-544-3p
antagomir 2 Arf6 mRNA AHXTFIA TN (P F41<<0.05 ).
B 0T B0 VA R I 25 R R, 28 P R A
miRNA-544-3p NC-mimic 2 . miRNA-544-3p mimic
2H . miRNA-544-3p NC-inhibitor Z{ fl miRNA-544-3p
inhibitor 21 Arf6 £ FHAHXT KA #7314 0.98+0.06
1.15+0.10. 0.6440.10, 1.37+0.12, 2.09+0.17

(K 7A) , AH%3F X B 41, miRNA-544-3p mimic
21 Arfo £ 1A X I8 JEBE AR, 1 miRNA-544-3p
inhibitor 41 Arf6 & [ AH X & ik &t 8 i (P¥<
0.05); Z¥HXTAEZ . miRNA-544-3p NC-agomir 2 .
miRNA-544-3p agomir 41 . miRNA-544-3p NC-
antagomir 2 Fll miRNA-544-3p antagomir 2 Arf6 £
1A X 3R 3K i 4 00 o 2.54+£0.24, 1.89+0.23,
1.18+£0.24, 1.68+0.18, 4.144+0.63 (K 7B) , #H
BFXTIRA], miRNA-544-3p agomir 2 Arf6 5 A
Kt FE R E A, 1 miRNA-544-3p antagomir ZH Arf6
HEAD AR (P 1<0.05) .

BT BRI VA RN 25 R R, 28 O IR
miRNA-544-3p NC-mimic 4. miRNA-544-3p
mimic 41 . miRNA-544-3p NC-inhibitor 21
Fl miRNA-544-3p inhibitor 21 p-Akt 75 [ 40 % ¢ 15
2 % M 0.61+0.11, 0.70£0.22, 0.29+0.07,
0.714+0.51, 1.11+0.19, Akt 2 1 A0 XF 2 35 4
W K 0.744+0.18, 0.7740.15, 0.97+0.12, 1.07+
0.14, 0.81£0.19, p-mTOR 7 [ 40 %} % 35 2 3 5l
90.48£0.12, 0.60+0.12, 0.2240.09, 0.43£0.15,
1.16£0.16, mTOR & [ AHXF ik it 43514 0.64 +
0.03.0.68+0.12.0.75+0.14.0.63+0.14.0.99+0.11
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(K 7C) o H% T X E 4, miRNA-544-3p mimic
2 p-Akt Fl p-mTOR [ FRIIFEAL, 1M miRNA-544-3p
inhibitor £ p-Akt #l p-mTOR 2 ik 4 14 fin (P <
0.05) ; 4% 4 [A] Akt Z& 1 F1 mTOR & [ 1Y 3 ik

S TG (P>0.05) o 25 X
2l . miRNA-544-3p NC-agomir 41, miRNA-544-3p
agomir 1, miRNA-544-3p NC-antagomir 21 #I
miRNA-544-3p antagomir 41 p-Akt &5 FH #H X} % ik
i 43 9l o8 0.7540.15, 0.71£0.15, 0.42+0.13,
0.81+0.15, 1.56+0.21, Akt |44 Xf % ik &
739k 0.834+0.15, 0.894+0.11, 0.96+0.15, 1.07+

1 2 3 4 5 M (X10%)
Arf6—| o — —— - |—20

GAPDH—I- R R S |—37A

1 2 3 4 5 M (X10%)

p-mTOR 289

Cenll 1 1 8 E B
e I T 3
2| |

GAPDH_| —— — — — |_37C

p-Akt —

0.17. 1.1540.25, p-mTOR & FIAHXSFik i35
0.74%0.13, 0.86%0.15, 0.50+0.16, 0.89+0.12.,
1.27£0.23, mTOR & FAHX KRI85 5098 0.93+
0.15.1.16+0.14.1.02+0.08.1.09+£0.17.1.26 +0.11

(K 7D) o #HE T XTI, miRNA-544-3p agomir
ZH p-Akt, p-mTOR AL /L, 17 miRNA-544-3p
antagomir 2 p-Akt, p-mTOR F¥ZF k438 (P <
0.05) ; 4% 41 [A] Akt £ 1 F1 mTOR 2K [ 19 3% 1k 22
R LGIT%E X (PY>005) . [ikgs R
miRNA-544-3p %I Arf6/Akt-mTOR 15 5 #ll £ i
YEH.

L0 NV M(x10Y
Aff6—| A o, g, S |—20
GAPDH—I e ——— — |_37B

I 0 I NV M(x10)
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Fig 7 Expression of Arf6, Akt, and mTOR in HBx-EGFP-14-19 cells of each group detected by Western blotting
A, B: Expression of Arf6 protein; C, D: Expression of Akt and mTOR proteins. 1: Blank control group; 2: miRNA-544-3p NC-

mimic group; 3: miRNA-544-3p mimic group; 4: miRNA-544-3p NC-inhibitor group; 5: miRNA-544-3p inhibitor group. I : Blank

control group; II : miRNA-544-3p NC-agomir group; Il : miRNA-544-3p agomir group; IV: miRNA-544-3p NC-antagomir group;

V : miRNA-544-3p antagomir group. HBx: Hepatitis B virus X protein; EGFP: Enhanced green fluorescent protein; Arf6: Adenosine

diphosphate ribosylation factor 6; Akt: Protein kinase B; mTOR: Mammalian target of rapamycin; GAPDH: Glyceraldehyde-3-

phosphate dehydrogenase; p-mTOR: Phosphorylated mammalian target of rapamycin; p-Akt: Phosphorylated protein kinase B;

miRNA: MicroRNA; NC: Negative control.

VE R iF 22 FE R 0 5% 53 J5 PR 19 T 7, miRNA i
TR R A . R RS2 R, A
00 N7 A N 6 7 AN <IN || = 4 Y
IO & miRNA-544 75 ZF e h R i8R0, W
LR 2N 177 A=A 17 A
2 X AR miRNA-544 5REREAFAE & — EFERE IO
B, Chen %5 HF5E#5 1, miRNA-544 7EE k46
SEANMIIETE T R YE T T B NIEN, el B
PEFE L HE D Al 3 6 X F 2 (axis inhibition protein 2,
AXIN2 ) BIE3K 5 5B B 10 % 1E . Yao 251 B

FER I, miRNA-544 7625 B 9 40 il 3 Al 4 41
rh ek 2R K B L PR S HE 7 1 Ol ( forkhead box
Ol, FOXOI) myFRHgm, 2k mife i 45 5y i 20
i £ 384 5 12 28, Mao 2617 WF 5 W, HE 2L N
1i% 2R 3/ 2R 5 BN &IOS 5 1 € (tyrosine
3-monooxygenase/tryptophan 5-monooxygenase
activation protein {, YWHAZ) ik BRI FT 51 %
(1R800 2 miRNA-544 % ¥ 21 it J&] 390 84 040 1 ey
U A G A . TR R B E A R . LA
EWFIE AR, miRNA-544 76K [ 355 (1) 85 5E
SRR P NEE SSRNITE 2B 2 EN eIt
FERAEI . RELERR, AR TR R s
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FEVEFH . ARBFFE4E 3 /R, miRNA-544-3p 1 HBx
1776 B 522 R % miRNA-544-3p mimic 5§,
miRNA-544-3p inhibitor 5444 HBx-EGFP-14-19 4fi
M, SEO6ZE FLHE R miRNA-544-3p AE %40 210 i 1T
MR Z8, AWE5TE I TargetScan AL ¥ {5 B2F Mk
T miRNA-544-3p (WHEEEA], I8 2ok SC 9 50 ik 1
Arf6 W HE N miRNA-544-3p (YZHAEFESLIA

Arf6 J& Ras @A HEH I 1 /N GTP 45 5 R
F, AT AR, . FUR . AR
LUET, S 5RERIENIE RIS . 155
SR SR AR AR AR, IS R
Mg BB RRBHEIIRRE . HF5 kB,
Arfo 78 2 FhOGAE IR SR Ak, e
FFL R ™ . H AT & T Arfe 5 HCC #2619 BT
FHE B D, Wang 2 BESE & B, Arfe £ HCC
40 = N HCC 2H Arp ik, B HAE AL
MATEE . A2EE IR, Ao @i EH T — &5
2 J S 7% IR 22 AH DG Y T il B, B IR
T4 22 18 )1k 28 I e 25| & MR > . Hashimoto
a2 4l Arf6 & Akt-mTOR 3 6 (1 | Ui 6 45
+, & BF9E 3 I HBx 38 i S Akt-mTOR {5 5
AR HE T I K2 . BB L AR 4 R
W, Arfo 78 HBx fA7Eff 2 L% FMsT
P miRNA-544-3p J5 Arf6 5 Akt-mTOR il % & £
24k, $ER miRNA-544-3p A GERL ] P85 Arfo I3
] Akt-mTOR 3 % .

Zi b ik, AT S R W miRNA-544-3p 7]
fig 38 1 545 Arfe/Akt-mTOR {5 5 il £ HCC & 2E Fl
R R HEIHIER- . (A2, miRNA 5EEAY5C
I NEARM MKW RS, [F]—F miRNA 7]
PEZ AR M ZAMF Sl g, el e R
A 52 Z2 7 miRNA Ht [W] 35 75, miRNA-544-3p X% H Al
SR MR E AR 2 — PR A . (EAS 40
J&, AWFEE ARSI LASh 285 i 75 205 ¢
T M HBx JEH4 3| HCC &A= 3 7 miRNA-544-3p %
AR, AR T miRNA-544-3p TR/
YL HBx i FE R DR AR S, i HBV-HCC F TR0 |
TRIT RGO AR AL T B A BRI,
i HBV-HCC BYAERI Tt 7B Ve IR
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