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Abstract

Key words

Background and Aims: Studies have shown that a variety of microRNAs (miRNAs) may play crucial
roles in the occurrence and development of liver cancer, and their action mechanisms still need to be
studied and determined. Therefore, this study was conducted to further screen and validate the key
miRNAs from the differentially-expressed miRNAs that have been reported in liver cancer, and then
investigate their action mechanisms.

Methods: The common differentially-expressed miRNAs in liver cancer tissue and serum/plasm of liver
cancer patients versus normal liver tissue and serum/plasm of healthy subjects were screened from the
published studies. The expressions of goal miRNAs in normal liver cells and liver cancer cells were
verified by qRT-PCR method. Using overexpression and inhibition strategies, the influences of goal
miRNAs on invasion ability (Transwell invasion assay) and proliferation capacity (MTT assay) of
liver cancer cells were observed, and also the expressions of goal miRNAs in 30 samples of clinical
specimens were detected and their impacts on survival of liver cancer patients were analyzed through
KM plotter website. The target genes of goal miRNAs were predicted and analyzed using miRDB and
GEPIA databases and were further validated by reverse experiment and dual-luciferase reporter assay.
Results: There were 4 common up-regulated miRNAs (miR-18a-3p, miR-221-3p, miR-222-3p,
miR-224-3p) and 2 down-regulated miRNAs (miR-26a-3p, miR-125b-3p) in liver cancer tissue (vs.
normal liver tissue) and serum/plasma of liver cancer patients (vs. serum/plasma of healthy individuals).
The gRT-PCR experiment confirmed that miR-18a was highly expressed and miR-26a was weakly
expressed in liver cancer cells compared with normal liver cells (both P<0.05). Overexpression/
inhibition of miR-18a expression promoted/reduced the invasion and proliferation capacities of liver
cancer cells (all P<0.05), while overexpression/inhibition of miR-26a exerted confused influences on the
invasion abilities and proliferation capacities of liver cancer cells. The results of analysis showed that
ADCY was target gene of miR-18a-3p, overexpression of ADCY1 partially reversed the above actions
of miR-18a-3p on liver cancer cells, and meanwhile, the up-regulated miR-18a-3p can inhibited the
expression of ADCY1 by binding to the ADCY1 mRNA 3'UTR.

Conclusion: MiR-18a-3p may play a critical role in the occurrence and development of liver cancer. Its
expression is up-regulated in liver cancer cells and tissues, which can promote the invasion and
proliferation capacities of liver cancer cells by inhibiting the expression of downstream target gene
ADCY1.

Carcinoma, Hepatocellular; MicroRNAs; Neoplasm Invasiveness; Cell Proliferation
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XK IR . A S W B 1 A Integrated DNA
Technologies A 7 (L H) o
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1.2.5 it & ik miR-18a-3p A 4204 #1#2  3F 335 miR-
520F-3p >k FH pLV 12 055 5 R AE b 2k, 1751 (-
f : CGC GTA CTG CCC TAA GTG CTC CTT CTG
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Technologies 2~ F] ([ ) $&4 H7#4 & R 28 /)
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AGC GAG AGG CC) 3 RAMGIYIF I ( L0F:  Fikfol, 458R#R, SERFHAEHL, miR-

CAG TAA TTC TAG GCG ATC GCA GGA GCC CAC 18-3p 7F i 4t il v 3R 3k B, miR-26a-3p 7F T 9 21
GTG GGC CTCT, F % : AGA TAT TTT ATT GCG  JP AT (K 1B-C).

7 L-02 87 L-02
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44 T
61
= o
; ; 1 )
=i L #® ® 4
, , ' 29 =
miR-221-3p miR-26a-3p = T =
miR-18a-3p miR-125b-3p T N T 2] .
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- Ini = =T i = -
0 2 2 2 2 0 .
miR-224-3p SN D T T e WP
A SR W R N IR
E1 ZRREmRNAGERRIE A WO RERICEEH L T R 257 KIK 0 61 miRNA; B: 6 miRNA 7E1EH JTF4H
f3 L-02 K AN HA22T A AL C: 61 miRNA FEIE % 4L L-02 K 41 SK-HEP-1 Hr iy k1 1
Figure 1 Screening and validation of the differentially-expressed miRNAs  A: Six miRNAs screened out from the published
studies; B: Expression of 6 miRNAs in normal hepatic L-02 cells and liver cancer HA22T cells; C: Expression of
6 miRNAs in normal hepatic L-02 cells and liver cancer SK-HEP-1 cells

2.2 miR-18a-3p 5 miR-26a-3p Xt FHE AR A 2 2 TR0 R AR Y AR 28 B BE 1 (1 P<0.05)
K IETEBE SRR ([ 2A-D), Tfii 3 3 X miR-26a-3p/miR-26a-3p 11 il
i %% 1% miR-18a-3p/miR-18a-3p 17 1l 77 A WA 4L {2 FI AR — 3 rEgs R (K 2E-H).
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SK-HEP-1 SK-HEP-1
1 #35 miR-18a-3p g miR-18a-3p M5
T, 5

R R
W i ik miR-18a-3p W miR-18a-3p # i )

L Bop LB
W j K miR-26a-3p W miR-26a-3p i )

2 miR-18a-3p. miR-26a-3p XM AHEMAMELR RILHEAE RN  A-B: i # ik miR-18a-3p/fil miR-18a-3p J5 FFE 4 =
ZRE ML C-D: i #ik miR-18a-3p/ 4 i miR-18a-3p /& i 4 H S S AE J1 197484k s E~F: i 3%7K miR-26a-3p/miR-
26a-3p G I AR 22 119784k G-H: 13335 miR-26a-3p/miR-26a-3p #3754 g ae ) i 24k

Figure 2 Influences of miR-18a-3p and miR-26a-3p on invasion and proliferation abilities of liver cancer cells A-B:

Changes in invasion ability of liver cancer cells after overexpression miR-18a-3p/miR-18a-3p inhibitor; C-D: Changes in
proliferation ability of liver cancer cells after overexpression miR-18a-3p/miR-18a-3p inhibitor; E-F: Changes in invasion
ability of liver cancer cells after miR-26a-3p overexpression/miR-26a-3p inhibiton; G—-H: Changes in proliferation ability

of liver cancer cells after miR-26a-3p overexpression/miR-26a-3p inhibiton
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kmplot.com) 43871 T miR-18a [ #1585 9 19 A= 77 5%
A, HRRY, miR-18a FikBiE, R H M AE
fEfiE#2 (P=0.0019) (K3B),

hsa-miR-18a
— k3L
— |k
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g
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CNEIOED!
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A: 30 XTIl RERAS H miR-18a-3p (9K 1H

W B: KM plotter 35434 miR-18a 13235 S @K EF K R

Figure 3 Validation of miR-18a-3p expression in tissue samples and relationship between miR-18a expression and survival of

liver cancer patients

A: The miR-18a-3p expressions in 30 paired clinical specimens; B: Analysis of the relationship

between miR-18a expression and survival of liver cancer patients using KM plotter website

2.4 miR-18a-3p #UEL [E 43 #r A ¥ e LI 10 iF

R T #E— 5 WF ST miR-18a VA 5 JFF 9 #F J 4 HL 4
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B miR-18a-3p #U 1] P 2 19 R U LA, JF BEHUH A5
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&% miR-18a-3p X A EAEH (E4C-D) .
2.5 miR-18a-3p 5 ADCY1 mRNAHIE B 1R
W 5% miR-18a-3p ¥ #5 ADCY1 By L, T il
ADCY1 mRNA 3'UTR Hij 2 200 bp X 3 fi£ 5 miR-18a-3p
SEG R E , JTb AR LAY BT AR TR R 58 AR TR R
(EI5A) o MFOCR B S SLH A R R, dRB
miR-18a-3p/miR-18a-3p 111 ill 71| G& [4 {1 /385 i & Y Wy A=
A1 ADCY1 3'UTR M9 48 B 19 2¢ D' 2= Wl 3% 1, i %
LR R A U TS A e
miR-18a-3p A il i} B #% 45 & 5 ADCY1 mRNA 3'UTR
X 5% 5 5 2 ADCY 1 [ ik (E5B) .

http://www.zpwz.net


http://kmplot.com
http://kmplot.com
http://mirdb.org/

654 HE AR R K 531 %

Details 1 100 hsa-miR-18a-3p SNX8 sorting nexin 8

Details 2 98 hsa-miR-18a-3p FNDC5 fibronectin type III domain containing 5

Details 3 97 hsa-miR-18a-3p EFNA1 ephrin A1

Details 4 95 hsa-miR-18a-3p 7ZBBX zinc finger B-box domain containing

Details 5 95 hsa-miR-18a-3p ADCY1 adenylate cyclase 1

Details 6 95 hsa-miR-18a-3p PDP1 pyruvate dehyrogenase phosphatase catalytic subunit 1 o

SK-HEP-1

1 # Ik miR- 18a-3p (=) - (+) (+)
ADCY1 (-)

R piEiy

W ADCYL

W i3k miR-18a-3p

W %55 miR-18a-3p+ADCY 1

4 miR-18a-3p 5 ADCYI WX RHT  A: miRDB Mu5TRINIEDE miR-18a-3p ¥ A% 1) 6 1~ FIiF LA ; B: GEPIA %%
SIHTLA L 6 A BERITE A 4 B 55 4P i Rk s C-D: IRl 37k miR-18a-3p & ADCY 1 Ji A6l JHHi 4 e 1) 1=
RGBT

Figure 4 Analysis of relationship between miR-18a-3p and ADCY1  A: The 6 downstream genes potentially regulated by miR-

18a-3p predicted by miRDB website; B: Analysis the expressions of the 6 genes in liver cancer and adjacent tissues using
GEPIA database; C-D: Invasion and proliferation abilities of liver cancer cells after co-overexpression of miR-18a-3p and
ADCY1
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Figure 5 Dual-luciferase reporter assay

A: miR-18a-3p 5 ADCY1 454

B ARSI B M A7 | S8R RUSORIAL A IS0 s B ey A 7

A: Pattern of the binding site between miR-18a-3p and ADCY1, and construction

principle of the wild-type and mutant-type plasmids; B: Luciferase activities of the liver cancer cells after transfection with

wild-type and mutant-type plasmids
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