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1 | INTRODUCTION

Abstract

The study was aimed to screen out miRNAs with differential expression in hepatocel-
lular carcinoma (HCC), and to explore the influence of the expressions of these miR-
NAs and their target gene on HCC cell proliferation, invasion and apoptosis. MiRNAs
with differential expression in HCC were screened out by microarray analysis. The
common target gene of these miRNAs (miR-139-5p, miR-940 and miR-193a-5p) was
screened out by analysing the target genes profile (acquired from Targetscan) of the
three miRNAs. Expression levels of miRNAs and SPOCK1 were determined by quanti-
tative real time polymerase chain reaction (QRT-PCR). The target relationships were
verified by dual luciferase reporter gene assay and RNA pull-down assay. Through 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide,thiazolyl blue tetra-
zolium bromide (MTT) and transwell assays and flow cytometry, HCC cell viability,
invasion and apoptosis were determined. In vivo experiment was conducted in nude
mice to investigate the influence of three miRNAs on tumour growth. Down-regula-
tion of MiR-139-5p, miR-940 and miR-193a-5p was found in HCC. Overexpression of
these miRNAs suppressed HCC cell viability and invasion, promoted apoptosis and
inhibited tumour growth. SPOCK1, the common target gene of miR-139-5p, miR-9240
and miR-193a-5p, was overexpressed in HCC. SPOCK1 overexpression promoted
proliferation and invasion, and restrained apoptosis of HCC cells. MiR-139-5p, miR-
940 and miR-193a-5p inhibited HCC development through targeting SPOCK1.
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recurrence rates and frequent accompanying cirrhosis.* It is urgent to

Hepatocellular carcinoma (HCC), a primary liver cancer, is character-
ized with poor prognosis and high mortality.! The 5-year survival rate
for HCC is only about 18%, and the death rate rose by almost 3%
per year? Up to now, the therapeutic strategies include surgical
resection and orthotopic liver transplantation for early stage HCC,
percutaneous ablation and chemoembolization for locoregional treat-
ment and oral multikinase inhibitor sorafenib for advanced HCC.2

However, effective treatment for HCC is still limited owing to its high

develop innovative molecular therapies for better treatment of HCC.

MicroRNAs (miRNAs) are defined as small, evolutionarily con-
served, non-coding RNAs with 18-25 nucleotides and able to regu-
late target genes by binding the 3'-untranslated region (3'-UTR).>®
They are widely involved in pathophysiological processes such as
apoptosis, cell differentiation, cell proliferation and organ develop-
ment,” thus suppressing or promoting the progression of human

cancers. MiR-139a-5p is functioned as a suppressor of HCC
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epithelial-mesenchymal transition (EMT) and metastasis, and its
down-regulation is observed in HCC cells.® Li et al revealed the pos-
itive correlation between miR-139 down-regulation and poor HCC
prognosis.” Meanwhile, miR-940 and miR-193a-5p have also been
demonstrated to be remarkably down-regulated in HCC tissues 1%,
MIiR-940 suppresses tumour cell invasion and migration through reg-
ulating chemokine CXCR2,*2 while miR-193a decreases proliferation
and increased apoptosis of HCC cells as well as improved the effect
of sorafenib therapy.'® MiR-193b increased cisplatin sensitivity of
HCC cells and induced apoptosis.** These previous studies suggest
that miR-139, miR-940 and miR-193 play negative roles in HCC
development.

Cysteine-rich acidic secreted protein/osteonectin, cwcv, and
kazal-like domains proteoglycan 1 (SPOCK1), the gene that encodes
the protein core of a seminal plasma proteoglycan, is an oncogene
that involves in cell-cycle control, apoptosis, DNA repair and metas-
tasis.?® According to Li et al's study, SPOCK1 is able to block apop-
tosis and promote metastasis in HCC.*® Its promotive effect was
also found in various human malignancies, such as breast cancer,'”
colorectal cancer,*® prostate cancer'® and ovarian cancer.!’ Yan et
al investigated the relationship between miR-129-5p and SPOCK1
and pointed out that SPOCK1 can be regulated by miR-129-5p in
gastric cancer, and the suppression of SPOCK1 inhibits cancer deteri-
oration.?° Therefore, overexpression of SPOCK1 is adverse to cancer

treatment. Since there are few researches at present to investigate
the functions of SPOCK1 in HCC, further studies about SPOCK1 and
its upstream regulators are essential.

In this study, the expression levels of miR-139-5p, miR-940 and
miR-193a-5p in HCC were investigated and their biological functions
were explored. The target relationships between these miRNAs and
SPOCK1 were also investigated to uncover the mechanisms that under-
lie miRNAs' influence on HCC development. The results could provide

novel insights into potential molecular targets for HCC treatment.

2 | MATERIALS AND METHODS

2.1 | Patient samples

This study was approved by the Human Research Ethics Committee
of the First Affiliated Hospital of Guangzhou University of Chinese
Medicine. Moreover, the experiments were undertaken with the
understanding and written consent of each subject. Forty-six pairs of
HCC and matched noncancerous liver tissues were obtained from
the First Affiliated Hospital of Guangzhou University of Chinese
Medicine. The tissues were from untreated patients undergoing sur-
gery and diagnosed by pathologists before being preserved at
—80°C. The pathological characteristic parameters of the patients

were shown in Table 1.

TABLE 1 Clinical and pathologic characteristics of 46 patients with HCC

miR-139-5p miR-139-5p miR-139-5p
high low high
Characteristics n = 10 n =36 Pvalue n=9
Gender
Male 4 21 0.3032 4
Female 6 15
Age
<55 6 19 0.685
>55 4 17
Tumour grade
G1 5 10 0.2079
G2 5 19 2
G3 0 7 2
AFP
<20 pg/L 7 6 0.0009" 6
>20 pg/L 3 30
Lymph node metastasis
Absence 6 20 0.802 6
Presence 4 16
Distant metastasis
Absence 10 25 0.0681
Presence 0 9 0

The bold type indicates statistical significance.

Data were compared by Chi-square test.

AFP: alpha-fetoprotein; HCC: hepatocellular carcinoma.
**P < 0.01.

miR-139-5p miR-139-5p miR-139-5p
low P high low P
n =37 value n=7 n =39 value
21 0.506 5 19 0.268
16 2 20
20 0.4936 4 25 0.7254
17 3 14
10 0.2066 3 9 0.2289
19 4 19
8 11
17 0.2648 5 16 0.2
20 1 13
22 0.6911 7 27 0.0878
15 0 12
28 0.099 7 35 0.3752
9 0 4
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2.2 | Microarray analysis

The transcriptome profiles of 16 liver specimens, including nine
specimens from the tumour area (HCC) and seven specimens from
normal liver (NL) of patients who underwent hepatic resection, were
determined using the Affymetrix Human miRNA Array 2.0 (HTA 2.0)
GeneChips (Affymetrix) and analysed by GPL570 platform. A volcano
plot filtering (fold change > 2, P < 0.05) was performed between
HCC and NL specimens to identify the differentially expressed miR-
NAs in HCC tissues. Hierarchical clustering was performed based on
the differential expressions of miRNAs. The target genes of miRNAs
were screened out by TargetscanHuman 7.1 (http://www.targetscan.
org/vert_71/), starBase v2.0 (http://starbase.sysu.edu.cn/), and
microRNA.org (http://www.microrna.org/). The common target gene
of these miRNAs was selected by Venn diagram.

2.3 | Kaplan-Meier survival analysis

The mRNA/miRNA normalized gene expression data and clinical infor-
mation of 377 liver hepatocellular carcinoma (LIHC) samples were
obtained from the Cancer Genome Atlas (TCGA) database (https://por
tal.gdc.cancer.gov/projects/TCGA-LIHC). These patients were divided
into two groups according to the median value of expression level of
three selected miRNAs and SPOCK1. All the data were applied to per-
form Kaplan-Meier survival analysis and log-rank statistics. Hazard
ratio (HR) and 95% CI of the association between SPOCK1/miRNAs
and overall survival were calculated using Cox proportional hazards

analysis with R “Survival”, “Survplot”, and “Kmplot” packages.

24 | Cell line and transfection

The HCC cell line HepG2, Hep3b and NL cell line HL-7702 were pur-
chased from BeNa Culture Collection (Beijing, China). HepG2 and
Hep3b cells were grown in high-glucose DMEM (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% foetal bovine serum (FBS, Invitro-
gen), 100 U/mL penicillin and 100 pg/mL streptomycin. HL-7702 cells
were immortalized cell line and maintained in RPMI-1640 (Invitrogen)
containing 10% FBS. All the cells were cultured at 37°C with 5% CO..

Transfections of HepG2 and Hep3b cells were performed by
3000 (Invitrogen). HepG2 and Hep3b cells
transfected with miRNA mimics were divided into four groups: nega-
tive control (NC), miR-139-5p, miR-940, miR-193a-5p and cotrans-
fection groups that being transfected with miR-NC, miR-139-5p

™

using Lipofectamine

mimics, miR-940 mimics, miR-193a-5p mimics and three miRNA
mimics respectively. MiRNA mimics and miR-NC were all obtained
from Sangon Biotech (Shanghai, China). SPOCK1 overexpression was
constructed by inserting full-length SPOCK1 (generated from HepG2
cDNA) into the pcDNA3.1 vector (Life Technologies, Gaithersburg,
MD, USA). Si-SPOCK1 was synthesized by GenePharma (Shanghai,
China). HepG2 cells with SPOCK1 overexpression/si-SPOCK1 were
divided into seven groups: Blank group with untreated HepG2 cells;
NC group transfected with irrelevant sequence; SPOCK1 group
transfected with pcDNA3.1-SPOCK1; si-SPOCK1 group transfected

with si-SPOCK1; SPOCK1 + miR-139-5p, SPOCK1 + miR-940 and
SPOCK1 + miR-193-5p groups transfected with pcDNA3.1-SPOCK1
and miR-139-5p mimics, MiR-940 mimics and miR-193-5p mimics

respectively.

2.5 | qRT-PCR

Total RNA isolated by TRIzol reagent (Life Technologies) was quanti-
fied by NanoDrop ND-1000 Sepctrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA). SuperScript lll First-Strand Synthesis
System kit (Invitrogen) and SoFast EvaGreen Supermix (Bio-Rad,
Hercules, CA) were applied to reversely transcript mRNA into cDNA,
while NCode™ VILO™ miRNA cDNA Synthesis kit (Life Technologies)
was used for miRNA reverse transcription. qPCR of mRNA and
miRNA was performed by SoFast™ EvaGreenH Supermix (Bio-Rad)
and EXPRESS SYBR Green ER miRNA quantitative real time poly-
merase chain reaction (QRT-PCR) kit (Life Technologies) respectively.
Primers used are listed in Table 2. Reduced glyceraldehyde-phos-
phate dehydrogenase (GAPDH) and Ué were internal controls. The

relative expression was expressed by 224,

2.6 | Dual luciferase reporter assay

SPOCK1 3'-UTR and the mutated control were cloned into the plas-
mid vector pmirGLO. MiRNA mimics (miR-139-5p mimics, miR-940
mimics and miR-193a-5p mimics) were then transfected into HepG2
cells containing wild- or mutant-type 3" UTR pmirGLO plasmids by
using Lipofectamine™ 3000 (Invitrogen). Dual-Luciferase Assay Sys-
tem from Promega (Madison, WI, USA) was used to measure the
activities of firefly luciferase and Renilla luciferase in the cell lysates.

PmirGLO, miRNA mimics and NC were all obtained from Promega.
2.7 | RNA pull-down assay
RNA structure buffer (100 plL) was used to incubate biotin-labelled

RNA (3 pg), that is, Bio-NC-probe, Bio-SPOCK1-probe, Bio-GDE1-

TABLE 2 Primer Sequences for gqRT-PCR

Genes Sequence (5’-3')
miR-139-5p Sense TCTACAGTGCACGTGTC
Antisense GAATACCTCGGACCCTGC
miR-940 Sense AAGGCAGGGCCCCC
Antisense GAATACCTCGGACCCTGC
miR-193a-5p Sense TGGGTCTTTGCGGGC
Antisense GAATACCTCGGACCCTGC
SPOCK1 Sense CAGCCTGTCCACACAAAAGC
Antisense CCATCGATTTGGGGGTTCCA
GAPDH Sense GTCAACGGATTTGGTCTGTATT
Antisense CGCUUCACGAAUUUGCGUGUCAU
ué Sense CTCGCTTCGGCAGCACATA
Antisense AACGATTCACGAATTTGCGT
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probe, Bio-TRAF3-probe and Bio-TAOK1-probe. The incubation con-
ditions were 90°C for 5 minutes, ice bath for 5 minutes and in room
temperature for 20 minutes. Approximately 10’ HepG2 cells were
collected and added with 1 mL TRIzol reagent (Life Technologies) to
extract total RNA. Then, 1 mg total RNA was mixed with biotin-la-
belled RNA, and the mixture was incubated with prewashed strepta-
vidin beads for 1 hour before being centrifuged (1006.2 g, 4°C,
3 minutes) to separate beads. The beads were washed to remove
non-specific binding. The hybridized RNA remained was reversely
transcripted and quantified by SuperScript lll First-Strand Synthesis
System kit (Invitrogen) and Maxima SYBR Green gPCR Master Mix
(2X) kit (Thermo Scientific) with GAPDH as internal control.

2.8 | MTT assay

HepG2 cells transfected for 1, 2, 3 and 4 days were seeded into 96-
well plates, with 20-uL 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide,thiazolyl blue tetrazolium bromide (MTT) (Ser-
vicebio, Wuhan, China) in each well for further incubation. After
4 hours, the liquid in each well was replaced with 100 pL dimethyl
sulphoxide (DMSQ). The samples were shaken slightly for 10 minutes.
The microplate reader was used to measure absorbance at 490 nm.

2.9 | Transwell assay

Matrigel (BD Biosciences, San Jose, CA, USA) diluted with serum-free
medium was placed into transwell chamber (50 pL/well) for analysing
cell invasion. The upper chamber was seeded with HCC cells
(1 x 10° cells/well), while the lower one was added with 500 pL
DMEM (supplemented with 10% FBS). After 24 hours incubation, the
medium and cells remaining in upper chamber were removed. Fixation
and staining of invaded cells in lower chamber were performed by 4%
paraformaldehyde (20 minutes) and 0.1% crystal violet (30 minutes).

The number of invaded cells was counted by microscope.

2.10 | Cell apoptosis

Cells harvested after 48 hours transfection were stained by PI
Annexin V Apoptosis Detection kit (BD Bioscience) and then detected
by FACS Calibur flow cytometry (BD Bioscience) to determine apop-

tosis. Data analysis was performed by FACS Diva software.

2.11 | Tumour formation in vivo

Six 8-week-old male BALB/c-nude mice per group were used for this
experiment. HepG2 cell suspension was prepared using logarithmic
phase cells. The miR-139-5p, miR-940 and miR-193a-5p mature
sequences were first cloned after the cytomegalovirus promoter into
the pcDNAS3.1 vector. Then, the vectors were transfected into
HepG2 cells as mentioned previously for G418 (Geneticin) selection.
The suspension was subcutaneously injected into the back of nude
mice (2 x 10° cells per mouse) after selection. The mice were killed
after 4 weeks and the tumour weights were measured. The tumour

volumes were calculated every week by the formula S = 1/2 x ab? (a
is tumour length and b is tumour width). All animal experiments were
approved by the First Affiliated Hospital of Guangzhou University of
Chinese Medicine.

2.12 | Western blot

Tumour tissues obtained from killed nude mice were grinded into
powder in liquid nitrogen with RIPA buffer (Solarbio, Beijing, China).
Total proteins in tissue were extracted by protein extraction kit (Milli-
pore, Billerica, MA, USA) separated by electrophoresis on 10% SDS-
PAGE. After transferring the protein onto polyvinylidene fluoride
membrane (Invitrogen), the membrane was in turn incubated with pri-
mary antibody overnight at 4°C and secondary antibody for 1 hour.
The primary antibodies were rabbit anti-human antibodies: anti-
SPOCK1 (1:2000, ab229935), anti-Ki67 (1:1000, ab92742), anti-cas-
pase 3 (1:500, ab13847), anti-caspase 7 (1 pg/mL, ab69540), anti-cas-
pase 8 (1 pg/mL, ab25901), anti-E Cadherin (1:500, ab15148), anti-E
Cadherin (1:500, ab15148), anti-N Cadherin (1 pg/mL, ab18203), anti-
Vimentin (1 pg/mL, ab45939) and anti-GAPDH (1:2500, ab9485) and
mouse anti-human antibodies: anti-PCNA (1 pg/mL, ab29) and anti-
GAPDH (1 pg/mL, ab9484) and the secondary antibody was goat
anti-rabbit IgG-HRP (1:10000, ab6721) and goat anti-mouse 1gG-HRP
(1:5000, ab6789). The antibodies used were purchased from Abcam
(Cambridge, MA, USA). Electrochemiluminescent (ECL) Detection Sys-
tem (Thermo Scientific) was used for signal detection.

2.13 | Statistics

All statistical analyses were performed using GraphPad Prism 6.0.
Data were expressed as mean + SD. Student's t test and one-way
ANOVA were used to compare the significance between two groups
and among multiple groups respectively. Two-sided P values were
calculated, and P < 0.05 was chosen for statistical significance. All

experiments were repeated for at least three times.

3 | RESULTS

3.1 | MiR-139-5p, miR-940 and miR-193a-5p were
down-regulated in HCC tissues and HepG2 cell

MiRNAs with differential expression (fold change > 2, P < 0.05) in
HCC tissues were screened out (Figure 1A). MiR-139-5p, miR-940
and miR-193a-5p were found to target multiple common genes in
human cancers, which could affect cancer development, thus were
chosen as the miRNAs of interest in this study. Compared with NL
tissues, their expression levels were aberrantly lower in HCC tissues
(Figure 1B). The relative expressions in 46 pairs of HCC and
matched adjacent tissues confirmed the down-regulation of miR-
139-5p, miR-940 and miR-193a-5p in tumour tissues (Figure 1C).
According to Table 1, the expressions of miR-139-5p, miR-940 and
miR-193a-5p were low in most HCC patients, but the correlation

between these miRNAs and pathological characteristic parameters
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such as tumour grade, alpha-fetoprotein (AFP) level and metastasis
were not obvious, which might because of the small size of the sam-
ples. The expression of miR-139-5p, miR-940 and miR-193-5p was
lower in HepG2 and Hep3b cell lines compared with normal HL-
7702 cell lines (Figure 1D). Kaplan-Meier survival analysis based on
TCGA database indicated that higher expression levels of miR-139-
5p/miR-240/miR-193a-5p significantly correlated with longer survival
of HCC patients (Figure 1E-G).

3.2 | MiR-139-5p, miR-940 and miR-193a-5p
restrained growth and invasion of HCC cells

Transfection of miRNA mimics up-regulated the expression of miR-
139-5p, miR-940 and miR-193a-5p in HCC cell line HepG2 and

Hep3b. In addition, cotransfection of miR-139-5p, miR-240 and
miR-193a-5p mimics enhanced the expression of these miRNAs,
which indicated that there was no interference among them (Fig-
ures 2A & 3A). Overexpression of these miRNAs significantly
reduced viability and invasion of HepG2 and Hep3b cells, while
cotransfection of three miRNAs attenuated viability and invasion of
HCC cells more significantly (Figures 2B,C & 3B,C). In contrast,
apoptosis of HepG2 and Hep3b cells was induced after up-regulat-
ing the expression of miR-139-5p, miR-940 and miR-193a-5p. Fur-
thermore, contransfection of miR-139-5p, miR-940 and miR-193a-
5p showed more obvious pro-apoptotic effect on HCC cells (Fig-
ures 2D & 3D). These results indicated that miR-139-5p, miR-940
and miR-193a-5p negatively affected HCC cell growth and inva-

sion.
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FIGURE 2 MiR-139-5p, miR-940 and miR-193a-5p restrained growth and invasion of HepG2 cells. A, Relative expressions of miR-139-5p,
miR-940 and miR-193a-5p were elevated in hepatocellular carcinoma cell line HepG2 after being transfected with miR-139-5p mimics, miR-940
mimics and miR-193a-5p mimics respectively. (B,C) Cell viability of HepG2 cells detected by MTT assay and number of invasion cells detected
by transwell assay decreased in miR-139-5p, miR-940 and miR-193a-5p groups. D, Total apoptotic rate of HepG2 cells detected by flow
cytometry increased in miR-139-5p, miR-940 and miR-193a-5p groups. **P < 0.01, ***P < 0.01 compared with NC group
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FIGURE 3 MiR-139-5p, miR-940 and miR-193a-5p restrained growth and invasion of Hep3b cells. A, qRT-PCR was used to evaluate the
expression of miRNAs after transfection. B, Cell viability was detected by MTT assay. C, The ability of invasion was detected by transwell
assay. D, Total apoptotic rate of Hep3b cells accessed by flow cytometry assay. **P < 0.01, ***P < 0.01 compared with NC group



2482 WI LEY LI T AL

B Human SPOCK1 ENST00000394845.1 3UTR length:4841

A
! A !
MiR-193a-5p MIiR-940 MiR-139-5p
miR-193a-5p j miR-138-5p Human GDE1 ENST00000353258.3 3 UTR length:2950
|
- - 7S
MiR-193a-5p MiR-139-5p MiR-940
Human TRAF3 ENST00000560371.1 3'UTR length:7718
b _~ !
MiR-193a-5p MiR-940 MiR-139-5p
Human TAOK1 ENST00000261716.3 3'UTR length:11652
miR-940 MiR-193a-5p MiR-139-5p MiR-940
c -
S 15 - EE Bio-NC-probe [ Bio-GDE1-probe D 5-
] @ Bio-SPOCK1-probe [J Bio-TRAF3-probe
7]
o . Bl Bio-TAOK1-probe s *
o o=
x i (74 =
< a O
=z x O
x g ]
£ zZ3 ..
2 °] £y
= [0
3 @<
[
4
0 - 0
miR-139-5p  miR-940  miR-193a-5p N = 49) T (n= 46)
SPOCK] e SPOCKT e e e
E 3- GAPDH D ey F - G GAPDH = enmse e e
- ’ 39 »
.E = § o 207 *x kl c * %
% L 24 a X e
oo 29 23 o
5% 50 1.57 ]
> XL S a
v % ¥ 1.0 2%
o 0
25 £2 £8 1]
% 2E s £a
X2 i
0- 0.0 0
N (n = 46) T(n=46) HL-7702 HepG2 Hep3b HL-7702 HepG2 Hep3b
SPOCK! s e e a— — J
o
- HR = 1.8 (1.13-2.86)
- | CAPDH S Gi s e e oy P 6071
1.5+ 1.54 @ |
. NC R NC o
- = MR-1335p o = MiR-139-5p £
8% o = mRsw  BF ) = MR940 8 ©]
g§ = MiR-193a-5p g g2 - 3 MiR-193a-5p & |
gg EE Cotransfection Eg @ Cotransfection
£Z 051 * 2 O 054 v T x X o 4 sPoCK1
cE Sa E% * Expression
¥ *E o |— WF,
o. T— llg L T T L] T Ll
0.0- 0 500 1000 1500 2000 2500 3000 3500

HepG2 Hep3b ' HepG2 Hep3b Time (days)



LI T AL

WiILEY--2%

FIGURE 4 SPOCK1 was up-regulated in hepatocellular carcinoma (HCC) tissues and HepG2 cell. A, Eleven common target genes of miR-
139-5p, miR-940 and miR-193a-5p were selected by Venn diagram. (B) SPOCK1, GDE1, TRAF3 and TAOK1 were common target genes of miR-
139-5p, miR-9240 and miR-193a-5p. C, According to RNA pull-down assay, the three selected miRNAs expressions of Bio-SPOCK1 probes were
all increased. *P < 0.05 compared with Bio-NC-probe. D, The relative mRNA expression of SPOCK1 detected by gRT-PCR was higher in HCC
tissues. **P < 0.01 compared with normal tissues. E, The relative protein expression of SPOCK1 detected by western blot was higher in HCC
tissues. **P < 0.01 compared with normal tissues. F, The relative mRNA expression of SPOCK1 detected by gRT-PCR was higher in HepG2
and Hep3b cell lines. **P < 0.01 compared with normal HL-1107 cell line. G, The relative protein expression of SPOCK1 detected by western
blot was higher in HepG2 and Hep3b cell lines. **P < 0.01 compared with normal HL-1107 cell line. H, The relative mRNA expression of
SPOCK1 detected by gRT-PCR was reduced after overexpression of miR-139-5p/miR-940/miR-193a-5p.*P < 0.05, **P < 0.01 compared with
NC group. |, The relative protein expression of SPOCK1 detected by western blot was reduced after overexpression of miR-139-5p/miR-940/
miR-193a-5p. *P < 0.05, **P < 0.01 compared with NC group. J, Kaplan-Meier curve analysis of overall patient survival between those with
high SPOCK1 expression and low SPOCK1 expression in the TCGA-LIHC database.

3.3 | SPOCK1 was the common target gene of miR-
139-5p, miR-940 and miR-193a-5p

The possible target genes of miR-139-5p, miR-940 and miR-193-5p
were predicted by Targetscan database. Among them, 11 common
target genes were screened out through the analysis of the potential
target genes profile (Figure 4A). Then, we used another two data-
bases, starBase v2.0 and microRNA.org, to verify our prediction. By
literature review, we have confirmed four predicted common target
genes, SPOCK1, GDE1, TRAF3 and TAOKI1, that were frequently
found associated with tumourigenesis. We then conducted RNA
pull-down assay to determine the binding relationship between the
three miRNAs and the four genes. Although all of them were pre-
dicted to be able to bind to miR-139-5, miR-940 and miR-193a-5p
(Figure 4B), only SPOCK1 had strong binding capacity with all three
selected miRNAs (Figure 4C). In 46 pairs HCC tissues, SPOCK1
mRNA and protein expressions were also distinctively elevated (Fig-
ure 4D,E). In addition, the mRNA and protein expression levels of
SPOCK1 were also higher in HepG2 and Hep3b cells (Figure 4F,G).
After miR-139-5p/miR-940/miR-193a-5p was overexpressed, the
level of SPOCK1 was restrained than NC group both in mRNA and
protein expression. However, in cotransfection group, the expression
of SPOCK1 mRNA and protein was lower than those in single
miRNA mimics group, but the difference was not significant (Fig-
ure 4H,l). The SPOCK1 high expression group had a significantly
poorer overall survival by Kaplan-Meier analysis (Figure 4J). We sup-
posed that these miRNAs have other target mRNAs which are
tumour promoter and overexpression of these miRNAs inhibits these
mMRNAs the expression of these mRNAs leading to a better antitu-
mour effect. Because of the limited expression of SPOCK1, cotrans-
fection of three miRNAs does not further attenuate the level of
SPOCK1.

The results of the correlation studies among the three miRNAs
and SPOCK1 expression form the 46 pairs of HCC and matched non-
cancerous liver tissues which we collected indicated that miR-139-
5p/miR-940/miR-193a-5p expressions were negatively correlated
with SPOCK1 expression (Figure 5A-C). The target relationship
between SPOCK1 and three miRNAs was further confirmed by the
decreased luciferase activity of HepG2 cells co-transfected with
wild-type SPOCK1-3' UTR and miRNA mimics. Moreover, miR-193a-

5p had more binding sites with SPOCK1 compared with other two
miRNAs (Figure 5D). In brief, SPOCK1 could closely bind to miR-139-
5p, miR-9240 and miR-193-5p as their common target gene.

3.4 | SPOCK1 promoted growth and invasion of
HCC cells

Overexpression of SPOCK1 in HCC cells was achieved by transfec-
tion, si-SPOCK1 inhibited the expression of SPOCK1 and the high
expression of SPOCK1 could be rescued by miR-139-5p, miR-940
and miR-193a-5p (Figures 6A & 7A); the protein expression of
SPOCK1 was similar with tendency of SPOCK1 mRNA expression
(Figure 6B,C). SPOCK1 overexpression promoted the proliferation
and invasion of HepG2 and Hep3b cells, while si-SPOCK1 inhibited
the proliferation and invasion of HepG2 and Hep3b cells. However,
simultaneous overexpression of SPOCK1 and miRNAs retrieved the
viability and invasive ability of HCC cells (Figures 6D,E & 7B,C).
Meanwhile, cell apoptosis was also suppressed by SPOCK1 overex-
pression and remained stable in SPOCK1+miRNAs groups, si-SPOCK1
promoted the cell apoptosis (Figures 6F & 7D). In short, SPOCK1
could promote growth and invasion of HCC cells, and its promotive
effect could be attenuated by miR-139-5p, miR-940 and miR-193a-
5p.

3.5 | MiR-139-5p, miR-940 AND miR-193a-5p
inhibited tumour growth in vivo

Transfection of miR-139-5p mimics, miR-940 mimics and miR-193a-
5p mimics in HepG2 cells reduced the volume and weight of liver
tumours in vivo (Figure 8A-C). The SPOCK1 expression in these
tumour tissues showed that overexpression of miRNAs significantly
decreased the expression of SPOCK1 (Figure 8D). The protein
expression of SPOCK1 in tumour tissues confirmed the down-regu-
lation of SPOCK1 resulted from miR-139-5p, miR-940 and miR-
193a-5p (Figure 8E). Consistently, miR-139-5p/miR-940/miR-193a-
5p mimics reduced the PCNA and Kié7 expression which were
highly expressed in proliferating cells (Figure 8F). The ectopic over-
expression of miR-139-5p/miR-940/miR-193a-5p promoted the pro-
tein levels of E-cadherin, while reducing N-cadherin and Vimentin
in the tumour tissues (Figure 8G). Moreover, Western blot was
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FIGURE 5 SPOCK1 was the common target gene of miR-139-5p, miR-940 and miR-193a-5p. A, Correlation analysis indicated that the
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negatively correlated with SPOCK1 level. C, Correlation analysis indicated that the expression of miR-193a-5p was negatively correlated with
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mimics groups showed no significant variation. **P < 0.01 compared with NC + SPOCK1-WT group.

used to examined the key cell apoptosis regulators and found that
miR-139-5p/miR-940/miR-193a-5p mimic enhanced the protein
expression of the active forms of caspase 3, caspase 7 and cas-
pase 8 in the tumour tissues (Figure 8H). Therefore, the results
indicated that miR-139-5p, miR-940 and miR-193a-5p inhibited
tumour growth in vivo through down-regulating the expression of
SPOCK1.

4 | DISCUSSION

Down-regulation of miR-139-5p, miR-940 and miR-193a-5p was
identified in HCC, and the inhibitory influence of these miRNAs
imposed on HCC progression was revealed in this study. SPOCK1,
the common target gene of miR-139-5p, miR940 and miR-193a-5p,

enhanced HCC cell viability and invasion. Therefore, the regulatory
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Annexin v

effect of miR-139-5p, miR-940 and miR-193a-5p on down-regulating
SPOCK1 expression resulted in the suppression of HCC.
Down-regulation of miR-139-5p, miR-240 and miR-193a-5p was
observed in HCC. Overexpression of these miRNAs in HCC cells
could distinctively suppress proliferation and invasion, induce apop-
tosis and inhibit tumour growth. MiR-139 down-regulation was com-
mon in HCC. Its inhibitory effect on HCC cell proliferation and
invasion was frequently found.” According to previous studies, miR-
139-5p restrained HCC deterioration through targeting several
genes, such as TCF-4,” ZEB1 and ZEB22 XIST* and c-Fos.?* By con-
trast, miR-940's expression and effect in HCC have not been exten-
sively studied. Ding et al'? and Yuan et al*! found out that the

@ o
MiR-940
+SPOCK1

E - - w e
MiR-193a-5p < g
+SPOCK1 & & o

associations between miR-940 expression and clinical features of
HCC that lower the level of miR-940 showed higher tumour grade,
advanced invasion and reduced survival rate. As for miR-193a, it was
identified as a serum miRNA which was related to HCC.?? Down-
regulation of miR-193a enhanced the proliferation inhibition induced
by sorafenib, thus sensitizing the HCC cells to sorafenib therapy.'®
MiR-193a-3p dictated the deterioration of HCC-clinical analysis*®
and reduced the 5-FU resistance of HCC cells by mediating SRSF2.2°
Similarly, miR-193b also facilitated sorafenib and cisplatin induced

1424 indicating that miR-193 could improve chemosensitiv-

apoptosis,
ity. In summary, the antitumour effect of miR-139-5p has been

reported in many researches. Our study confirmed its inhibitory
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effect on HCC. Limited studies in the relationship between miR-940
and HCC focused on clinical and prognosis analysis. Our study, in
detail, investigated the biological functions of miR-940 in HCC cells,
revealing the underlying reasons for miR-940's predictive role. MiR-
193a-5p's suppressive effect in HCC was reported for the first time
here. However, miR-193a-3p and miR-193b were all proved to exert
antitumour effect in HCC, which was in line with miR-193a-5p, fur-
ther verifying the anti-carcinoma effect of miR-193 family.

After miR-940 and miR-193a-5p,

SPOCK1 was found out as their common target gene. Since

inspecting  miR-139-5p,

SPOCK1 was a tumour promotor that benefited HCC cell prolifera-
tion and invasion and reduced apoptosis, miRNAs exerted their
inhibitory effect on HCC through down-regulating SPOCK1. The
tumour promotive effect in HCC was reported by Li et al, whose
study showed that SPOCK1 could inhibit apoptosis and promote
cancer invasion.*® Meanwhile, SPOCK1 also played promotive roles
in the progression of other cancers,?® so that it was considered as

a novel metastasis biomarker and potential target.?® Many studies
showed that SPOCK1 could activate PI3K/AKT signalling pathway,

7 colorectal cancer'® and gall

leading to the promotion of gliomas,?
bladder cancer.?® In gastric cancer, miR-129-5p could inhibit the
expression of SPOCK1, leading to the suppression of cancer cell
processes.2’ Nonetheless, the target relationship between SPOCK1
and three miRNAs has not been properly investigated before. We
found that SPOCK1 could bind miR-139-5p, miR-940 and miR-
193a-5p, and it was suppressed by these miRNAs directly and
specifically in HCC cells. This finding might be one of the poten-
tial mechanisms in inhibiting HCC development. As a common tar-
get gene of these miRNAs, SPOCK1 played a vital
stimulating HCC progression and had great potential to be a novel

role in
target for HCC treatment.

However, there still existed several limitations in our study. The
sample size in our study is small and the relationships among these

miRNAs need further exploration. In addition, we found that
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cotransfection of these miRNAs can further suppress the progression
of HCC, while its effect on the inhibition of SPOCK1 has no signifi-
cant difference compared with single transfection. We suppose that
these miRNAs have other target mMRNAs which are tumour promoter
and overexpression of these miRNAs inhibits these mRNAs the
expression of these mRNAs leading to a better antitumour effect.
However, its potential mechanism remains to be further investigated
and confirmed. Since many previous studies report the involvement
of SPOCK1 in PIBK/AKT signalling pathway, further researches are
worth conducting to investigate the signalling pathways regulated by
SPOCK1 in HCC and to identify their associations with miR-139-5p,
miR-940 and miR-193a-5p.

In conclusion, miR-139-5p, miR-940 and miR-193a-5p were
down-regulated in HCC and their overexpression suppressed cell
proliferation and invasion, induced apoptosis and inhibited tumour
growth in vivo. SPOCK1, the common target gene of these miRNAs,
was overexpressed in HCC and promoted its development. There-
fore, through down-regulating SPOCK1, miR-139-5p, miR-940 and
miR-193a-5p successfully restrained HCC deterioration.
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