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Antitumor effect of miRNA-144 gene overexpression and modulation of
intestinal flora in a mouse model of liver cancer

WANG Yu, XU Dafeng” , ZHOU Kailun, WU Jincai, DING Yichao, GU Haiqiang, XIE Mingwei, LIU Xiangmei
( Department of Hepatobiliary Surgery, Hainan Provincial People’s Hospital, Haikou 570031, China)

[ Abstract] Objective To analyze the antitumor effects of microRNA-144 (miRNA-144) gene overexpression and
corresponding changes in intestinal flora in a mouse model of hepatoma. Methods First, we transplanted ascites hepatoma
cells in mice. To observe the general effects of overexpression of the miRNA-144 gene, we evaluated the histopathological
morphology of the liver and intestine, abundance and diversity of the intestinal flora, and function of the intestinal barrier in
a mice model of liver cancer. Occludin, ZO-1, miRNA-144, and ZO-1 proteins were detected using real-time fluorescence
quantitative PCR and a western blot. Conclusions Overexpression of miRNA-144 can inhibit the development of primary
liver cancer, as well as improve the intestinal microecological environment and intestinal mucosal function in mice. The
mechanism may be related to the up-regulation of mRNA and protein expression of Occludin and ZO-1.
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KV FREALET , fi7 B RS 15 3 = 5 P i AN e
AN 5 P AP P9 2 2L 25 D) AH S 28 T 3 A4 i o
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o P EA SRS R, B8 A
9, miRNA-144 75 JH4S S 20 23R IHAS 9 240 it 25 b 1)
FEIRFEAR, eI miRNA-144 7] 310 5] BT 985 40 A0 B 184
fE BB AR ZE, HAT, X T miRNA-144 5% M
SR AR DGR T 48 2 | (H 5 T HOG 98 I i 1 v
S WF T G 2D, ASBIEFE X miRNA-144 5 [H i 3%
TR /0N B P98 1 FH Bk g T 1R BRE %) 5 T
FRERTT, B R I (0 2L KR )T M g i T REZE ALY
PG et =%,

1 #RFnFx

1.1 SR

SPF 2% C57BL/6J TR, 4 4,43 H A 20~
22 g, W [ b 5T 4 A 4 S8 B W) B R A R 2
[ SCXK( 5)2016-00117 , §i 3% T 5 L= 24 B sh ) 52
Edr[ SYXK(51)2017-0033 ], H kKR E, IR
FEAERFAE 23°C ~25°C , AR 50% ~60% ,12 h/12
h B IS AC R 22 i PR 08 I 38 ) 95 1, S A9
A RRE] T AR DAY 3R I, Bl S
FFIE 1T 35 A5 52 06 3 4 18 BE 2% 51 4 W 4t (TACUC-
20180509-44) .
1.2 FERFSNE

RE K AU H22 240 bk (o B2 B b Vi 240
J) smiRNA-144 725 2 3518 95 35 J00RE (_E I35 T 2B )
BHEABR A ] s BCA 8 1 il & (L kAR
YR BR A F]) s DAB B A3 (Jb R =R
HBRAF]) ; BRI I H (occludin) BNV
HH-1(zonula occluden-1,Z0-1) £ Fa Pk (£ H
Santa Cruz 2\ H)) ;SP S yE ALK H & TR AR K e
(hematoxylin and eosin HE ) 4e {035 & SUE AT FL,
FRAFIR  KIAFE R Bk B R () AR AL
YR AR ;288 QlAamp® DNA Stool Mini
Kit (F2[E Qiagen /A F]) 5 LA RE B 2R A W% [ by

(polymerase chain reaction, PCR) 1 4> B BfpR % ( 38
[ Bio-Rad 23] ; A #5U) AL (#2[E SLEE 23 #]) 506
A ( HAS Olympus A H]) .
1.3 XWAHE
1.3.1 il B AR M N K TR T

B33 HUNRR, B KR H22 0 ARk 5, 1A
AR FRALAR X8 K ,1 000 r/min B S min,
PBS 2 HBE e 2 Wk BUh B2 4, AR AR K 4 4%
ke, B H/INRAT AT R JCE B R 3 0.2 mL, 3%
Tl e S IR R SR 2 J8 ., I AR R RO /) B
R P A R e K AR 0.8~ 1 em B R
B 58 I o e M 18
1.3.2 SEEerd et

VEHCHE R B 2l /N B 30 L B AL 2> M A R 4
SR IR, 4 10 2, AR 10 B
X HE/INER R BRAE AR R D) /N BT AR S 24 h
HEAT R Bk 1 0, 25 2k /0 BT 5 28 R A A2 0 57
W 0. 1 mL, 3 Fak 4 1 5 miRNA-144 5 £ 51855
BV 0. 1 mL, X HEZH 55455780 24 /)N BRT (] BsF ] 3 S
AEFREEK 0. 1 mL, 1 S 58 B8 Je AR L1 57 3 d, 151
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ST IR O, 3 5 g 2 20 B A A 2] il ek A
A THRAER  FBUE 20 s 20 e 2
L BT -80°C vKAR 45 . IR %8 = [ A AU ZH
SRR (g) il RIA YR E (g) 1 /BRI 3
JEH (g) x100% . JCECEE/NRALSERT 48 h P43 fif
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F-80°C VKA £ H .
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B4 DNA, #1741 " PCR ¢35, i@ 519
forward primer(5’ =3 ) J#51 : ATGCTCGACTGTAGCT
AGTG-3(F341) reverse primer (5’ =3’ ) ; GCTCGAT
CGCATCGATATCG (R806) , 4" 3% £ B £ B /& RNA
LR V3~ V4 X, 155 500 bp 247 H B, PCR [
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254, 95°C S PE 3 min;98°C 284 25 s,58°C 1B & 15
s,72°CHEf 20 s, A 30 MEFR, 72°C ZEfH 5 min,
N Mlumina Misq % AKX PCR 7= 4 3547 g 1
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T3 BEZ B (shannon ) #8801 3 & & ( chao)
SR
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FHXT R35 T S
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Table 1 Primer sequences of genes

B YA FK Primer name 5| #1751 Primer sequence

F:5’ -ATCGATCGATCGTAGCTAGCTACG-3’

Occludin
R:5’ -GATCAGCAGATGTATCGTACATC-3"
Joul F:5’ -TACGATCATCCGATGCTAGTATCA-3"
) R:5’ -CGATAGTACGTACATGGTCCGAT-3"
o F:5’ -ACCTATAGATAGTCGCAGTCTACC-3
-acl
aetn R:5’ -CGCTAGTCTGTCTATAGTACGAT-3’
F:5’ -CTGTACGTACGACTAGATCTGCTA-3"
miRNA-144
R:5’ -ATCTGCTACGCAGCTAGCTACTAG-3’
v F:5’ -CGTATTACCGTAGTAGTCGAATCA-3’

R:5’ -CTATGACTGAGTTAGCGCGATC-3’
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5 Z0-1 —H1(1:500) 4°C £ R B 1 7%, TTBS ¥k
3 Uk, LIS L AL P AR L 19 — BT (1:10 000)
FIREE 2 h, EYE S ECL MG RUE, UL H M E H
OD {ii/ N2 B-actin F OD {H FLH MR A,
1.4 FitFEHE

K HH SPSS 20. 0 GebH#4: o B Ak BB N 3 i
TRHILL (2 s ) Hiid, ZREATH OB BCR H
T5 225307, PP AEAS FL A R ] SNK-g K25, P<0. 05
NEFAGIHE L,
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+5.32) %,
2.2 HRFGEHAREZEIER

HE Ye a5 fow , X B2 20 20 b e 75 0, T
YRR/ N 5 B S e B R BT K | T v 5 g 1
SER RS IE R, BRI K 2s SR AL P AL 2UIE H 45
FREREIR , R A5 R T 2%, AR /AN 2 HESAS
F5 AR R R Gy AT LA AR 2L /N LK
AYRE R IRIRFE , IR BE J] Bl B B K A% P 4 e 32 3
B A (R 2T 2 A0 M 5 P T RE SE R B IR T I B 2
a5 HEFIRREE , ZIEE T 2 AT UL JAE 40 iR, 1
AL HMIRIE R A g Z B, R A A
EAE AR Er N DRV S T o = U 1% N
(P14 , BB 5 20 B S8 A , O (0 B Tk 4, 4% 1 4 A 12 T A
52 1B RESE R PR SR AR, A /D i ) 90T A R
W12,
2.3 JEZHZ7 miRNA-144 mRNA Rix{ER

BRI | 75 404 | i 35 4] miRNA-144 mRNA
AHNT 2 K 20 51 R (0.38£0.06) . (0.39+0.07) .
(0.65+0.10) ,3 A K EFAGIT¥E X (F=
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38.000,P=0.000) , #2075 2% 2 () miRNA-144 AU AT B FLER B  shannon &2 chao #8503 F
mRNA X R T 2R (¢ =7. 321 ,6. 736, XTHRZH (P<0.05) , KIGATIE W3k 34 i T X0 R4
P=0.000,0.000) , A2 525 A L, 25 5% 45 (P<0.05) ; #5720 5 23 2040 i BUBLFT 187 | LR T4 |

2 X (1=0.343,P=0.736) . shannon & chao ¥§EUKTF i F ik 41 (P<0.05) , K
2.4 BENBTYESHEREELR JHFF oA A ER B 34 5 T ad 3k 4 (P<0.05) s p AL ZH
0] i FHE  shannon M chao $8 AL L %L, 22 5238 BB E#f  shannon } chao FE LA, 22
SHE G E L (P<0.05) 8R4 2534 G Fak SRG A L (P>0.05) , L3 2,
XA ? Ui ERA

Control group * 1 Model group [N s No—load group'

B 1 HT“?EV/J%E%IE)#(HE ’é)

Figure 1 Pathological picture of liver tissue ( HE staining)

bopicE| o EiL) > TR kA
Control group Model group -~ No-load group Over-expression group

! 200 pm 200 pm
o - e

2 LEIHU BRI T (HE )

Figure 2 Histopathological picture of colon( HE staining)

200pm P FEARGH )

K2 BHENBEYEBZHEMNE R FEE B (2 £5, n=10)

Table 2 Diversity and abundance of intestinal microflora

e Rl BUSFF B (16CFU/g) - FLREAT B (16CFU/g) RKIGHT I (1CFU/g) FRE (16CFU/g)  Shannon 454X Chao 1544
Groups Bifidobacterium Lactobacillus E.coli Enterococcus Shannon index Chao index
X AR A A A A A A
9.01+0. 80 8.75+0. 88 7.55+0. 88 6. 85+0. 65 4.10+0.55 836.32+65. 32
Control group
BRI Ax Ax Ax A A Ax
5.35+0.55 5. 68+0. 66 12.01+0. 98 10. 32+0. 85 2.02+0.45 585.63+55. 30
Model group
2R A A A Ak A % A x
5.30+0.57 5.60+0. 70 12. 10+0. 95 10. 28+0. 88 2.05+0. 50 584.20+56. 32
No-load group
o ke . . y
HERAL 6.55+0. 60" * " 7.12+0.80% " 10.32£0.85%*"  9.01x0.76"* 2.85£0.524 " 703.02260. 32 *#

Over-expression group
T4 LI EAE, 2 P<0. OL; 1500 2R LA, ™ P<0. OL; S BERIEH LA, * P<0. 01 528 3R Lh g%, € P<0. 0L,
Note. Compared with the control group,” P <0. 01. Compared with the control group, * P <0. 01. Compared with the model group,*P < 0. 01. Compared
with the no-load group,*P < 0.01.

x3 HEREIRELK(x £5, n=10)

Table 3 Comparison of intestinal barrier function

20531 DAO(OD {8) MR (OD fH) YR S0 3 (%)
Groups DAO(OD value) Endotoxin (OD value) Bacteria ectopic rate
X} EZH Control group 0. 132+0. 010 0.178+0.0114 16.32+4.012
FEHI2H Model group 0.401+0.030%* 0.385+0. 0282~ 60.01+8. 024~
22334 No-load group 0.405+0. 0354~ 0. 380+0. 030~ * 59.63+7.80% "
i F3k 4 Over-expression group 0.252+0. 0224 *#& 0.298+0. 0254 *#& 32.33+5. 404 %%

T4 L EEE, 2 P<0. OL; 1500 2R LA, ™ P<0. 015 5 BERILH LA, * P<0. 01 28 3 Lg%,  P<0. 01,
Note. Compared with the control group,” P<0.01. Compared with the control group, * P<0.01. Compared with the model group,*P<0.01. Compared
with the no-load group,* P<0. 01.
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2.5 MEREINELE

A MILTE DAO  NHEZR OD 1B A A1 7 7 i %
Fei, 25 A G4 8 L (P<0.05) ; AU 25 4%
2] G FIRA AT DAO  NFEE OD 1B K 21 1 1
R T X IR (P<0.05) ;3 KA M LT DAO,
NEEZ OD S AN P A R BIL F AL 4 5 75 24l
(P<0.05) ; #2405 25 20 4 09 1L 7 DAO N # R
OD B M S R LA, 2 5 g it E X (P>
0.05), W3,
2.6 ZEFAHLR Occludin,ZO-1, miRNA-144 mRNA
RiEER

£4H [A] Occludin,ZO-1, miRNA-144 mRNA #H %
Fakm R, ZRAGIT2HE L (P<0.05) , W HRA
FERIZ 23 220 A miRNA-144 mRNA A XF 26k 81
Tt RIBH (P<0.05) B 25 4R T X R 2
(P<0.05) ;BRI 2 75 g 4l it R IB A B Occludin
70-1 mRNA FXT IR E LT X AL (P<0.05) B
RIS a2 g 4R Tt F ik 4 (P<0. 05) ;iR 23 3%
ZH 1) Occludin . ZO-1, miRNA-144 mRNA A% 2 35 &
Fe#, 22 G L(P>0.05) . VLRI 3 3Kk 4,
2.7 AR Occludin,ZO-1 EARIEER

£ Occludin ZO-1 25 AN Rk HUdE, 22594
Guit2E i L(P<0.05) s f 7] 25 3l i R4y
Occludin ,ZO-1 & H A X} e 18 B K F X 4 (P<
0.05) ARAIZH | 25 ZR AR T ik 3K 2H (P<0. 05) s 1BE AN
21 234 Occludin , ZO-1 B AN I8 & LA, 25 57
TS Fm X (P>0.05) , WK 4 %5,

*x4
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occludin(434 bp)
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70-1(642 bp)
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100 bp
XA REH FHE oOXRE4

Control  Model  No-load Over-expression

B3 RT-PCR /rHraiiR
Figure 3 RT-PCR analysis results

Marker

70-1 WD S e S
N —— —
-ay a9 - =

XA BMABAH FRE  dRAA

Control Model  No-load Over-expression

B4 sipdgirh REE R E AR

Figure 4 The expression of tight junction

215D

Occludin 84 kD

B-actin 43 kD

protein in colonic tissue

ZEMH A Oceludi .ZO-1 . miRNA-144 mRNA #HXF Rk B ( & £5, n=10)

Table 4 Relative expression of Occludi, ZO-1 and miRNA-144 mRNA in colon tissue

ZH 51 Groups miRNA-144 Occludin 70-1
XF B2 Control group 1.10+0. 15 0.95+0. 104 1.55+0.20%
HIRIZ Model group 0.50+0. 10~ * 0.50£0. 074~ 0.95+0. 154~
25320 No-load group 0.51£0.094 " 0.49+0. 084~ 0.96+0. 16°

1L FE 4 Over-expression group 2.56+0. 225 *#&

0. 66=0. 084 * 1.2020. 184 *#

T4 AL FE, 2 P<0. 01 S50 IRALLLEL, * P<0. 01 SERLL AL, P<0. 01 5 AL LA, € P<0. 01,
Note. Compared with the control group,” P < 0.01. Compared with the control group, * P < 0. 01. Compared with the model group,*P<0. 01. Compared

with the no-load group,*P < 0.01.

x5 WAL Oceludin  ZO-1 WE AN FREE (% +5, n=10)

Table 5 Relative expression of Occludin and ZO-1 proteins in colonic tissues

25| Groups Occludin 70-1
Xt B2 Control group 0.90+0. 134 0.62+0. 104
FERIZH Model group 0.35+0. 072" 0.20+0. 06°
25340 No-load group 0.36+0. 08" 0.19+0. 074~

L FE 4 Over-expression group 0. 62+0. 102 *#&

0.40+0. 084 *#&

T4 2RI LA, @ P<0. 01 SXHIRE LA, * P<0. 05 SBURIL LA, # P<0. 05 52 8R4 LA, ¥ P<0. 05,
Note. Compared with the control group,® P < 0. 01. Compared with the control group, * P<0. 01. Compared with the model group,*P < 0. 01. Compared

with the no-load group,*P < 0.01.
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3 itig

R B G R e e R B R R A
PERR PR, BT AR IR O yT 45 T BT U
B ek s a9 AR 1) kB (B A B 2 R
B ¥ Il S (HLMAR R 3 5 P I 14 28 AR
FH L RTE P 2 AL T R A EZ R A, 718 1
FRASTAEE XS I B R 470 B LA P A B8 0 e e 3 T 22
YERD) W R 5 I Ve 2 305,
JF s i B WL R 8B i B0 AR Bl L A
Bt ik 25, miRNA 76 8 & A= ke P A E I %2
FNFEW, NIRRT BT iS4, T miRNA 767 &
PRI v 2 38 1 7 SR /N BB T8 TR S R BRI
S, A MG R IR YT B AR I

miRNA J& 3545 5 5 & B — 258 /N (T
LGRS RFERY BABE RNA 20 7, &K 21 ~25 M
MR T2 B A h 2 5 ik Ja R R s, K
SR IR AT A0 M A T b AR
RO XEE AT I miRNA 25 0 A &
A S J ; A ST R S ST & B, miRNA-144 - 3p BE
A HDGF £ 5 85 F1 9 2R3k 4 1 T8 40 i
FIPET:, ABFGTEE R BRI Ah , Hgy 3 41/l
Bt I R) A SE R MOIR S AR 25, BB, R
s IR TR, B S S L, 4L
L85 4L 2356 N TR R BE 0 IR, T ok R R 4 8K
B2 RERIZH 25 240 I 4120 miRNA-144 mRNA AH
PRI EAR T i R IAH . IESE miRNA-144 5 Kk
AP 0 % 8 o o 38 28 8 5 B mT 7 1k B s
A E Yy R A b A 2 KA e
ZHIE 5 BT RESZ 401 I, 3 P9 A0 B A S i R T R
ITRRIK RS, 5| A 9 0 A9 28 RN, #F — 20 N o
T 28 R 405 O s o B R, T g AR
T2 40 L 8 9 0 R 2 % A e 3 B2 R PR B2 400 i 11
FEVES 5 B B T AR 00 IR, 40 M [ 1) 5 % i 4 A2
B, FEOAE RS ERAE AN, B iE
AR AR A A2 1 T 068 £ — 968 9 0 728 1) 00k A
A 38 L I T g 2 TR R BEL LR 20 B 1 A 6 I BEL I A

SRAG T %, A AE % R 1 IR 988 i 2 B4R A
ENEREAE . ARBTTEEE AR SRR LR, A 3 4

HBUECFT 7 | LR 7 | shannon B chao $8 FCHE A, &
TR TR S5 3 SX IR g, HiAx 3
K IHFF R HERE L T DAO N # R oD (X
e B AR N = [ P L o a1 B2 E S R =1

H, PhESE R miRNA-144 33 3235 REBUR AT 5
A TB 20 23 3 405, V815 T T TR AR, o035 B B I B
Tifg,

BB 7 B J2 iz 55 R 5 s 0y g v %) 2 22 2 i
a3, B R AR I 1 WA b B WL P ) g
M EEH W . Occludin 5 Z0-1 2 B %58 % 15
() B RSy, Oceludin B8 H HY SN 45+ K 5
45K % 5 g R BRI 20-1 fE B E R
WRVEH , 5 20-2.20-3 JE L E A1k, il i H PDZ
X5 Occludin BRI 45 A, HR Ko 5 40 i 9 &
WEALSE, EEREENIIREN, HEEAAE L
F2 A0 M35 3 M S5 4E R A0 AR 1 b & ¥ AR
R 2Rk R Y UK AR 2E AT R B
JE DR RRU 40 K BRUA o 268 o s ok, LWL 5
P/NHA L BB R AR L, TA
N, BRI miRNA |, 203% TNF-a 55
(i b S A0 3E a7 1, S R A3 ) Z0-1 ik, AR
MR g b B ot Fak 4 ah, HoAy 3 A4 4 20
miRNA-144 mRNA FHX} I8 35T B BIAILH | 25 4%
ZH IS T B4 5 Bas 6k B ZH 41, Hi4y 3 4H Oceludin .
Z0-1 mRNA & Occludin . ZO-1 & AN A8 F
F%. $275 miRNA-144 i3 %3568 E M Occludin, ZO-1
mRNA FIEE [ 163k, IR I8 A2 o
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