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Background: Recent researches have suggested that microRNA (miR)-19a-3p and miR-
376¢-3p might function as initiators in diverse cancers. Based on which, in this current study,
we aimed to probe into the combined effects and mechanisms of miR-19a-3p and miR-376¢-
3p in hepatocellular carcinoma (HCC) cells.

Methods: Tumor tissues and adjacent normal tissues from 21 cases of HCC patients, HCC
cell lines, and human normal liver cell lines were used in this study. RT-qPCR and Western
blot were implemented to detect the expression of miR-19a-3p, miR-376¢-3p, SOX6, and
Wnt/B-catenin pathway-associated factors in HCC tissues and cells. The direct relationships
between miR-19a-3p or miR-376¢-3p and SOX6 were confirmed by luciferase activity assay.
HCC cells were treated with miR-19a-3p inhibitor, miR-376c-3p inhibitor, or 0oe-SOX-6 to
figure out their functions in HCC malignancy. The in vivo assays were conducted for the
confirmation of in vitro results.

Results: In both HCC tissues and cells, miR-19a-3p and miR-376¢c-3p were highly
expressed, and SOX6 was poorly expressed. Depleted miR-19a-3p or miR-376¢-3p was
found to result in retarded HCC development. Bioinformatics analysis and luciferase activity
assay revealed that SOX6 was the common target gene of miR-19a-3p and miR-376¢-3p.
Overexpressed SOX6 was demonstrated to block the Wnt/B-catenin pathway, thereby slow-
ing down HCC progression. The in vivo assays showed that suppressed miR-19a-3p or miR-
376¢-3p and elevated SOX6 could reduce the tumor volume and weight of nude mice.
Conclusion: This study suggests that miR-19a-3p/miR-376¢-3p activates the Wnt/B-catenin
pathway via targeting SOX6, contributing to promoted biological functions of HCC cells.
Keywords: hepatocellular carcinoma, microRNA-19a-3p, microRNA-376¢-3p, SOX6, Wnt/
B-catenin signaling pathway, malignant progression

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent types of cancers
around the world and becomes a leading reason of cancer-related mortality due to
its increasing incidence.' Obesity, diabetes, excess alcohol intake, metabolic dis-
eases, and infection with hepatitis B or C are the primary risk factors of HCC, and
these factors contribute to progressive fibrosis and cirrhosis.” The diagnostic and
therapeutic methods have made great advancements, but the long-term prognosis of
advanced HCC patients remains dismal because of the high metastasis and
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recurrence post-operation.’ In addition, HCC patients
often display different clinical outcomes even with the
same clinicopathologic features, suggesting the compli-
cated cellular and molecular events involved in HCC
development.* Thus, it is extremely urgent to seek for
the optimal biomarkers for early diagnosis and efficient
therapy of HCC through clarifying the molecular mechan-
isms of HCC progression.

microRNAs (miRNAs) can complementarily bind to
the 3’ untranslated region (UTR) of their target messenger
RNAs (mRNAs), resulting in mRNA degradation or pre-
vention of translation.” It is reported that miRNAs could
potentially function as new biomarkers for the diagnosis
and prognosis of HCC.® MiR-19a, which belongs to the
miR-17-92 cluster, is located on chromosome 13g31.3.
Some researchers have suggested that miR-19a is involved
in HCC occurrence and development.*®° miR-376c-3p
has been found to be elevated in HCC tissues and predicts
poor prognosis of HCC patients.'® Moreover, overexpres-
sion of miR-18a and miR-25, which belong to miR-17-92
and miR-25-106b clusters, respectively, was associated
with poor survival of HCC patients and promoted prolif-
eration in HCC cells.!' Yet, the combined functions of
miR-19a-3p and miR-376¢-3p, as well as their down-
stream target are scarcely explored in HCC progression.
In this current study, dual-luciferase reporter gene assay
confirmed the binding relationship between miR-19a-3p
and sex determining region Y-related high mobility group
box 6 (SOX6), or miR-376¢-3p and SOX6, respectively.
As a member of the D subfamily of the SOX transcription
factors, SOX6 harbors a long 3'-UTR that shares various
miRNA targets and is of great significance for cell prolif-
eration, metastasis, as well as apoptosis.'> For example,
Guo et al have stated that SOX6 is a novel prognostic
marker for HCC patients owing to the close association
between poor expression of SOX6 and its poor
prognosis.'* Considering this, our study elaborated a new
miR-19a-3p/miR-376¢-3p-SOX6 regulatory pathway in
the development of HCC, aiming to provide potential
biomarkers and therapeutic targets for HCC.

Materials and Methods

Ethics Statement

This research was ratified by the Medical Ethics
Committee of The First Affiliated Hospital of Xinjiang
Medical University. All patients signed the informed con-
sent. The experimental procedures were implemented

following the Guidelines for Care and Use of Laboratory
Animal with the ratification of Ethics Committee of The
First Affiliated Hospital of Xinjiang Medical University.

Clinical Sample

The liver biopsy tissues and adjacent normal tissues of 21
HCC patients (aged 4673 years) were obtained from The
First Affiliated Hospital of Xinjiang Medical University
from June 2016 to June 2017. All HCC patients were
diagnosed via pathological examination and had not
received any radiotherapy and chemotherapy before
enrollment. Additionally, all patients had no history of
other cancers. The clinicopathologic characteristics of
patients with HCC are presented in Table 1. The expres-
sion of miR-19a-3p, miR-376¢-3p, and SOX6 in HCC
patients was obtained from The Cancer Genome Atlas
(TCGA) database (https://cancergenome.nih.gov/), and

the patients were divided into two groups using the survi-
val program (version 3.6.3, R) with the median gene
expression as the criterion. Prognostic analysis was per-

formed by Kaplan-Meier analysis.

Table | Clinicopathologic Characteristics of Patients with HCC

Clinicopathologic Characteristics Number
Sex

Male 13

Female 8
Age (Years)

<55 8

=55 13
Tumor size

<5 cm 14

25 cm 7
Etiology

Viral 15

Non-viral 6
Child Pugh stage

A 7

B I

C 3
BCLC

A 3

B 10

C 5

D 3

Abbreviations: HCC, hepatocellular carcinoma; BCLC, barcelona clinic liver
cancer.
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Microarray-Based Analysis

For the analysis of differentially expressed miRNAs and
mRNAs, the corresponding probes (Agilent Technologies,
Palo Alto, CA, USA) were recovered in a 50 mM
SpotArray 24 Microarray Printing System (SSC). Total
RNA was extracted with RNeasy Mini Kit (Qiagen,
Valencia, CA, USA), and 30 pg of which was purified on
15% denaturing polyacrylamide gel. The reverse transcrip-
tion kit (RR047A, Takara, Shiga, Japan) was used to gen-
erate complementary DNA (cDNA). Next, the cDNA was
amplified by polymerase chain reaction (PCR) and labeled
with miRNA Complete Labeling and Hyb Kit (Agilent).
PCR product was supplemented with hybridization buffer
(Ambion, Austin, TX, USA), and the solution was hybri-
dized with the probe at 42°C overnight. ScanArray
Express Microarray Scanner (PerkinElmer, Waltham,
MA, USA) was utilized for scanning, and the obtained
data were subjected to QC analysis and normalization.
Differentially expressed genes were screened based upon
the criteria of p < 0.01 and |log, Fold change| > 1, and the
expression heat map was plotted.

Cell Culture and Transfection

Human normal liver cell line THLE3 and HCC cell lines
(Hep3B, American Type Culture Collection, Rockville,
Maryland, USA; MHCC-97L and Huh7, Shanghai
Zhonggiao Xinzhou Biotechnology Co., Ltd., Shanghai,
China) were, respectively, seeded in Roswell Park
Memorial Institute (RPMI)-1640 cell culture medium
(Gibco, Grand Island, NY, USA) containing 10% fetal
bovine serum (FBS), 100 U/mL penicillin and 100 pg/
mL streptomycin. Cells were cultured at 37°C with 95%
saturated humidity.

The cells were seeded onto a 6-well plate 24 h before
transfection, and the transfection process was performed in
the light of Lipofectamine 2000 (11668-019, Invitrogen,
New York, CA, USA) upon reaching 30—50% confluence.
The cells were treated with miR-19a-3p inhibitor, miR-
376¢-3p inhibitor, miR-19a-3p inhibitor + miR-376¢c-3p
inhibitor, overexpressed (0e)-SOX6, 0e-SOX6 + miR-
19a-3p mimic, or 0e-SOX6 + miR-376¢c-3p mimic, as
well as their corresponding negative controls (NCs). The
plasmids were available from Shanghai GenePharma Co.,
Ltd. (Shanghai, China). The cells were cultured in an
incubator at 37°C, and the complete medium was renewed
6 h later. The subsequent experiments were carried out in
cells after a 48-h culture.

Immunohistochemical Staining
Paraffin-embedded sections were dewaxed, dehydrated
with gradient alcohol, treated with 3% methanol H,O,
for 20 min, and rinsed with distilled water for 2 min and
0.1 M phosphate-buffered saline (PBS) for 3 min. After
retrieving with water bath in antigen repair solution, the
tissues were reacted with normal goat serum blocking
solution (C-0005, Shanghai Haoran Bio Technologies
Co., Ltd., Shanghai, China). Afterwards, the tissues were
cultured at 4°C overnight with the primary rabbit anti-
human antibody against SOX6 (ab64946, 1:200, Abcam,
Cambridge, UK) and secondary goat anti-rabbit antibody
against IgG (ab6785, 1:1000, Abcam) at 37°C for 20 min.
Subsequently, the tissues were reacted at 37°C for 20 min
with streptavidin and biotinylated horseradish peroxidase
complex (0343-10000U, Beijing Imunbio Inc., Beijing,
China). Next, the tissues were developed by diaminoben-
zidine (ST033, Guangzhou Whiga Technology Co., Ltd.,
Guangzhou, Guangdong, China), counterstained for 1 min
with  hematoxylin  (PT001, Shanghai  Bogoo
Biotechnology. Co., Ltd., Shanghai, China), treated with
1% ammonia, dehydrated with gradient alcohol, cleared
with xylene, and blocked with neutral resin. The tissues
were captured under a microscope (Carl Zeiss, Jena,
Germany), and SOX6 was mainly expressed in the cyto-
plasm with yellowish brown staining observed.

Cell Counting Kit-8 (CCK-8) Assay

The cells with 48-h transfection were detached and resus-
pended, and the cell concentration was modulated to 1 x
10° cells/mL. The cells were seeded onto 96-well plates
with 100 pL/well, and then routinely cultured overnight.
After that, the cells were treated based upon the require-
ments of the CCK-8 kit (Beyotime, Shanghai, China).
CCK-8 detection solution (10 pL) was appended at O,
24th, 48th and 72nd h and incubated for 4 h. The optical
density (OD) value at 450 nm was measured by
a microplate reader (elx800, BioTek, Winooski, VT,
USA), and the growth curve was plotted accordingly.

Transwell Assay

The mixture of Matrigel (356234, BD Biosciences,
Franklin Lakes, NJ, USA) and serum-free medium
(1:3) were added into the Transwell chamber at 50 pL/
well. Matrigel was polymerized into gel in a 37°C incu-
bator. Treated in serum-free medium for 12 h, the
detached cells were resuspended to 1 x 10° cells/mL in
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serum-free medium. The culture medium with 10% FBS
was appended in the basolateral chamber, and the cell
suspension (100 pL) was supplemented into the apical
chamber. The cells were placed in a cell incubator with
5% CO, saturated humidity at 37°C for 24 h. The cells
that did not invade the Matrigel membrane were gently
wiped off with cotton swabs, fixed with 4% paraformal-
dehyde, and stained with crystal violet (Sigma-Aldrich,
St. Louis, MO, USA). Migration assays were performed
without the addition of Matrigel and the remaining steps
were the same as for the invasion assays. The stained
invasive and migratory cells were counted in 5 visual
fields under an inverted light microscope (Carl Zeiss).

Flow Cytometry
The
V-fluoresce in isothiocyanate/propidium iodide (FITC/PI)
apoptosis detection kit (MA0220, Dalian Meilun Biotech
Co., Ltd., Dalian, China). In brief, the cells (2~5 x 10°
cell/mL) were harvested and centrifuged at 500 g for 5

cell apoptosis was performed with Annexin

min, followed by reaction with 195 pL binding buffer and
5 pL annexin V-FITC in the dark for 10 min at room
temperature. Afterwards, the cells were reacted with 10
pL PI (20 pg/mL) in the dark for 5 min at room tempera-
ture. Apoptosis was detected by a flow cytometer (attune
NXT, Thermo Fisher Scientific, Waltham, MA, USA).
Apoptosis rate = (number of apoptotic cells/total number
of measured cells) x 100%.

Reverse Transcription Quantitative PCR
(RT-qPCR)

Total RNA was extracted by RNeasy Mini Kit (Qiagen),
and the cDNA was obtained based on a reverse transcrip-
tion kit (RR047A, Takara). For miRNA detection, the
miRNA First Strand cDNA Synthesis (Tailing Reaction)
kit (B532451-0020, Sangon Biotech, Shanghai, China)
was used for reverse transcription to obtain the cDNA.
SYBR™ Premix Ex Taq™ 11 (Perfect Real Time) kit
(DRRO81, Takara) was utilized for sampling, and the
samples were subjected to RT-qPCR reaction in real-time
fluorescent qPCR (ABI 7500, ABI, Foster City, CA,
USA). The universal reverse primers for miRNA and for-
ward primers for U6 (internal reference) were provided by
miRNA first strand cDNA synthesis (Tailing Reaction) kit,
and other primers were synthesized by Sangon (Table 2).
U6 and glyceraldehyde

phosphate  dehydrogenase

Table 2 Primer Sequence

Targets Sequence (5'-3")
ué F: 5-CTCGCTTCGGCAGCACA-3’
R: 5-AACGCTTCACGAATTTGCGT-3’
GAPDH F: 5'-TGCACCACCAACTGCTTAGC-3
R: 5-GGCATGGACTGTGGTCATGAG-3’
SOXé6 F: 5'- CGCGCCCTTGAATGCGTAGG-3
R: 5- GGTCCTGAGTCCGTAGAATGT-3’
miR-19a-3p F: 5'- TGTGCAAATCTATGCAAA-3’
R: 5- GTGCAGGGTCCGAGGTATTC-3’
miR-376c-3p F: 5-AACATAGAGGAAATTCCACG-3’
R: 5-GCAGACAGCCGAGTACATCTT-3’

Abbreviations: F, forward; R, reverse; GAPDH, glyceraldehyde phosphate dehy-
drogenase; SOX6, sex determining region Y-related high mobility group box 6; miR,
microRNA.

(GAPDH) were the internal reference of genes. The

expression of products was tested by 2-**“" method.

Dual-Luciferase Reporter Gene Assay

Binding sites of miR-19a-3p and miR-376¢-3p to the
SOX6-wild type (WT) and the SOX6-mutant type
(MUT) of the SOX6 3'UTR were artificially synthesized.
The pmiR-RB-REPORT™ plasmid was digested by
restriction endonuclease. The synthetic target gene frag-
ments WT and MUT were inserted into the pmiR-RB-
REPORT™ Guangzhou RiboBio Co., Ltd.
(Guangzhou, Guangdong, China). The empty plasmid

vector

was transfected as a control group. The luciferase reporter
plasmids WT and MUT with correct sequence were used
for subsequent transfection. The vectors containing MUT
and WT were co-transfected into HEK293T cells (ATCC)
with miR-19a-3p mimic, miR-376¢-3p mimic or mimic
NC, respectively. A renilla luciferase detection kit
(YDJ2714, Shanghai Yuduo Biotechnology Co., Ltd.,
Shanghai, China) was utilized to determine the relative
light unit (RLU). A dual-luciferase reporter analysis sys-
tem (Promega Co, Madison, WI, USA) was used for
analysis. Relative luciferase activity was calculated by
the RLU value of renilla luciferase/the RLU value of fire-
fly luciferase.

Western Blot Analysis

The cells were lysed with 1 mL cell lysis buffer (BC-WB
-018, Nanjing BioChannel Biotechnology Co., Ltd.,
Nanjing, China) at 4°C for 0.5 h, and centrifuged for 20
min at 12,000 r/min (4°C) to remove the lipid layer. With
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the supernatant as the protein extract, the protein concen-
tration of protein was detected by a bicinchoninic acid kit
(20201ES76, Yeasen Biotech Co., Ltd., Shanghai, China).
Next, the protein was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis and then electroblotted
onto polyvinylidene fluoride membranes. Blocking with
5% skim milk powder at 4°C overnight, the membranes
were incubated overnight at 4°C with specific antibodies,
such as rabbit-anti SOX6 (1:1000, ab64946), wnt-5a
(1:1000, ab229200), B-catenin (1:2000, ab6302), or
GAPDH (1:1000, ab9485) (all from Abcam), as well as
HRP-labeled goat anti-rabbit IgG (ab6721, 1:5000,
Abcam) diluent at room temperature for 60 min, followed
by washing and development. The gray value of the pro-
tein band was processed by Quantity One software.
GAPDH was taken as the loading control.

In vivo Experiment

Lentivirus was utilized to infect Hep3B cells with inhi-
bition of miR-19a-3p and miR-376¢-3p and stable high
expression of SOX6. A total of 25 BALB/c nude mice
aged 4-6 weeks were randomly divided into five groups
(n = 5 mice). Hep3B cells in exponential growth phase
were collected resuspended. The cell suspension (100
uL, 1 x 107 cells/mL) was subcutaneously injected
into the axillary subcutaneous tissues of nude mice.
The
every day after injection. The short diameter (a) and

tumor growth of nude mice was observed
long diameter (b) of the tumor were recorded weekly,
and the tumor volume was calculated based on the
formula a x b%2. Thirty-five days later, the nude mice
were euthanized by overdose sodium pentobarbital at
150 mg/kg. The tumors were dissected, and the weight
of tumors was weighed. The tumor tissues of mice fixed
with 4%
embedding, sectioning, and immunohistochemical stain-

paraformaldehyde, followed by paraffin-

ing analysis.

Statistics

All data were processed by SPSS 21.0 statistical software
(IBM Corp., Armonk, NY, USA). The measurement data
were depicted as mean =+ standard deviation. After verify-
ing that the data are normally distributed, parametric tests
were conducted. The data between the two groups were
compared by unpaired #-test and/or the data among multi-
ple groups were compared by one-way analysis of var-
(ANOVA) or two-way ANOVA. Significant
difference was set at p < 0.05.

iance

Results

miR-19a-3p and miR-376c-3p are
Upregulated in HCC Tissues and Cells
For detecting the differentially expressed miRNAs in HCC
tissues and exploring the mechanism of HCC develop-
ment, we performed the microarray-based analysis on
HCC tissues and adjacent normal tissues of three patients
(Figure 1A). The results suggested that miR-19a-3p and
miR-376¢-3p expression in HCC tissues was higher than
that in the adjacent normal tissues. The high expression of
miR-19a-3p and miR-376¢-3p in HCC tissues was further
verified by RT-qPCR detection (Figure 1B). In addition,
RT-qPCR was also implemented for the detection of miR-
19a-3p and miR-376¢-3p expression in human normal
liver cell line THLE3 and HCC cell lines (Hep3B,
MHCC-97L, and Huh7). Similarly, miR-19a-3p and miR-
376¢-3p expression in HCC cell lines was elevated versus
THLE3 cell line (p < 0.05; Figure 1C). These results imply
that miR-19a-3p and miR-376¢-3p are highly expressed in
HCC tissues and cells. The expression of miR-19a-3p and
miR-376¢-3p was detected in TCGA database, and miR-
19a-3p was found to be highly expressed in HCC patients
(p < 0.05; Figure 1D). Moreover, the expression of miR-
19a-3p in each stage of HCC patients was higher than in
normal subjects (p < 0.05; Figure 1E). Prognostic analysis
of patients with aberrant expression of miR-19a-3p
revealed that patients with high expression of miR-19a-
3p had significantly shorter and poorer survival than
patients with low expression of miR-19a-3p (p < 0.05;
Figure 1F). Analysis of miR-376¢-3p revealed the identi-
cal results (p < 0.05; Figure 1G-I).

Suppression of miR-19a-3p/miR-376c-3p
Inhibits HCC Cell Progression
Since the above results proved that miR-19a-3p and miR-
376¢-3p were highly expressed in HCC tissues and cells,
we wondered whether inhibiting miR-19a-3p and miR-
376¢-3p could retard the malignancy of HCC. In order to
verify this conjecture, we transfected Hep3B and Huh7
cells with miR-19a-3p inhibitor or miR-376¢-3p inhibitor
to silence their expression. The results from Figure 2A and
Figure 2C show that miR-19a-3p and miR-376¢-3p
expression in Hep3B and Huh7 cells was reduced after
transfection with miR-19a-3p inhibitor or miR-376¢-3p
inhibitor, respectively.

The malignant phenotypes of HCC cells were tested by
CCK-8 assay, Transwell assay and flow cytometry.
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Figure | miR-19a-3p and miR-376c-3p are highly expressed in HCC tissues and cells. (A) Microarray-based analysis of differentially expressed miRNAs between HCC
tissues and adjacent normal tissues. (B) miR-19a-3p and miR-376c-3p expression in 2| cases of HCC tissues and adjacent normal tissues tested by RT-qPCR. (C) miR-19a-3p
and miR-376c-3p expression in human normal liver cell line THLE3 and HCC cell lines (Hep3B, MHCC-97L, Huh7) determined by RT-qPCR. (D) detection of miR-19a-3p
expression in the TCGA database. (E) detection of miR-19a-3p expression at different stages of HCC. (F) analysis of the prognosis of patients with differential expression of
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Abbreviations: miR, miRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription quantitative PCR; TCGA, The Cancer Genome Atlas; ANOVA, analysis of

variance; hsa, homo sapiens.

Findings demonstrated that Hep3B and Huh7 cells upon
treatment of miR-19a-3p inhibitor or miR-376¢-3p inhibi-
tor exhibited suppressed proliferation capacity, decreased
number of migratory and invasive cells, and elevated
apoptosis rate. Moreover, the inhibition of proliferative,
migratory, and invasive capacities, together with the pro-
motion of apoptosis rate of Hep3B and Huh7 cells were
the most significant when transfected with both miR-19a-
3p inhibitor and miR-376c-3p inhibitor (Figure 2B and
Figure 2D-G). These findings imply that depleted miR-
19a-3p and/or miR-376¢-3p can inhibit the malignant

phenotypes of HCC cells, and the combined effect is
stronger than that of individual miRNA.

SOX6 is a Downstream Target of
miR-19a-3p/miR-376c-3p

When searching for the targeted genes of miR-19a-3p and
miR-376¢-3p, we first performed microarray-based analysis
on the differentially expressed mRNAs in HCC tissues and
adjacent normal tissues, and screened out the mRNAs with
poor expression in HCC tissues (Figure 3A). TargetScan
database (http://www.targetscan.org/) was then utilized for
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Figure 2 miR-19a-3p/miR-376c-3p deletion inhibits proliferation and invasion while promotes apoptosis of HCC cells. (A) miR-19a-3p and miR-376c-3p expression in
Hep3B cells of each group after transfection determined by RT-qPCR. (B) Hep3B cell viability in each group after transfection measured by CCK-8 assay. (C) miR-19a-3p and
miR-376c-3p expression in Huh7 cells of each group after transfection determined by RT-qPCR. (D) Huh7 cell viability in each group after transfection measured by CCK-8
assay. (E and F) The invasion and migration abilities of Hep3B and Huh7 cells in each group after transfection determined by Transwell assay. (G) The apoptosis rate of
Hep3B and Huh7 cells in each group after transfection determined by flow cytometry. The measurement data were depicted as mean * standard deviation. Comparison
between two groups was conducted by unpaired t-test or and comparisons among multiple groups were analyzed by one-way ANOVA or two-way ANOVA. The

experiment was repeated three times. *p < 0.05, **p < 0.01 vs the inhibitor NC group.

Abbreviations: miR, miRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription quantitative PCR; CCK-8, cell counting kit-8; ANOVA, analysis of variance;

NC, negative control.

searching targeted genes of miR-19a-3p and miR-376¢-3p,
which was intersected with the results of microarray-based
analysis (Figure 3B). In the results, we found that both miR- For verifying

19a-3p and miR-376¢c-3p had specific binding sites with

SOX6 (Figure 3C), suggesting that miR-19a-3p and miR-
376¢-3p are likely to jointly target SOX6 gene expression.

this, dual-luciferase reporter gene assay

was performed, and the results indicated that miR-19a-3p
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Figure 3 SOX6 is a downstream target of miR-19a-3p or miR-376c-3p. (A) Microarray-based analysis of differentially expressed mRNAs between HCC tissues and adjacent
normal tissues. (B) Venn map for screening mRNAs that bind to both miR-19a-3p and miR-376c-3p and are down-regulated in HCC tissues. (C) Predicted binding sites of
miR-19a-3p or miR-376c-3p and SOX6. (D) Dual-luciferase reporter gene assay for verifying the relationship between miR-19a-3p or miR-376c-3p and SOX6. (E) SOX6
expression tested by RT-qPCR and Western blot analysis after inhibiting miR-19a-3p or miR-376c-3p in Hep3B cells. (F) SOX6 expression detected by RT-qPCR and Western
blot analysis after inhibiting miR-19a-3p or miR-376c-3p in Huh7 cells. The measurement data were depicted as mean * standard deviation. Comparisons among multiple
groups were analyzed by one-way ANOVA. The experiment was repeated three times. *p < 0.05, **p < 0.0] vs the mimic NC group.

Abbreviations: miR, miRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription quantitative PCR; SOX6, sex determining region Y-related high mobility
group box 6; ANOVA, analysis of variance; NC, negative control; 3'UTR, 3'untranslated region; WT, wild type.

and miR-376¢-3p inhibited SOX6 expression. As shownin  SOX6 is POOFl)’ Expressed in HCC
Figure 3D, both miR-19a-3p mimic and miR-376¢c-3p Tissues and Cells

mimic suppressed the expression of SOX6-WT luciferase SOX6 mRNA expression in 21 cases of HCC tissues and

reporter gene (both p < 0.05), but miR-19a-3p mimic adjacent normal tissues was tested by RT-qPCR, and the

and miR-376¢-3p mimic failed to affect SOX6-MUT
luciferase reporter gene expression (both p > 0.05). This

corresponding results revealed that SOX6 mRNA expres-
sion in HCC tissues was reduced in contrast to adjacent
shows that both miR-19a-3p and miR-376c¢-3p can inhibit  ormal tissues (»p < 0.05; Figure 4A). SOX6 positive
SOXG6 expression by targeting the 3'UTR of SOX6. expression in HCC tissues was detected by immunohisto-

After transfecting miR-19a-3p inhibitor and miR-376¢-  chemical staining, and SOX6 positive rate in HCC tissues
3p inhibitor into Hep3B and Huh7 cells, SOX6 expression  was decreased versus adjacent normal tissues (p < 0.05;
was detected by RT-qPCR and Western blot analysis. The  Figure 4B).

results revealed that cells with miR-19a-3p inhibitor, miR- In addition, RT-gPCR and Western blot were also
376c¢-3p inhibitor, or combination of miR-19a-3p inhibitor ~ implemented for the detection of SOX6 expression in
and miR-376¢-3p inhibitor all elevated SOX6 expression  human normal liver cell line THLE3 and HCC cell lines
(Figure 3E and F). (Hep3B, MHCC-97L, and Huh7). Similarly, SOX6
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Figure 4 SOX6 is poorly expressed in HCC tissues and cells. (A) SOX6 mRNA expression in 21 cases of HCC tissues and adjacent normal tissues determined by RT-qPCR.
(B) The positive rate of SOX6 protein expression in 2| cases of HCC tissues and adjacent normal tissues detected by immunohistochemical staining. (C) SOX6 mRNA
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by unpaired t-test or and comparisons among multiple groups were analyzed by one-way ANOVA. The experiment was repeated three times. *p < 0.05 vs adjacent normal
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expression in HCC cell lines was reduced versus THLE3
cell line (p < 0.05; Figure 4C and D). Detection of the
expression of SOX6 in the TCGA database revealed that
SOX6 was lowly expressed in HCC patients (p < 0.05;
Figure 4E) and poorly expressed in HCC patients at dif-
ferent stages relative to normal controls (p < 0.05; Figure
4F). The survival rate of patients harboring high SOX6
expression benefitted from higher survival (p < 0.05;
Figure 4G). Correlation analysis of miR-19a-3p and miR-
376¢-3p with SOX6, respectively, revealed that miR-19a-
3p and miR-376¢-3p expression were negatively correlated
with SOX6 expression (p < 0.01; Figure 4H). These results
suggest that SOX6, poorly expressed in HCC tissues and
cells, has prognostic value and negatively correlated with
both miR-19a-3p and miR-376¢-3p expression in HCC.

miR-19a-3p/miR-376c-3p Participate in
the Occurrence of HCC Through

Inhibition of SOX6

For the purpose of verifying whether miR-19a-3p and
miR-376¢c-3p were involved in the growth of HCC cells
by targeting SOX6, we transfected Hep3B and Huh7 cells
with 0e-SOX6 alone or in the presence of miR-19a-3p
mimic or miR-376¢-3p mimic. RT-qPCR was implemented
to detect miR-19a, miR-376c, and SOX6 expression. The
findings indicated that cells introduced with 0e-SOX6
exhibited no difference in miR-19a and miR-376¢ expres-
sion but elevated SOX6 mRNA expression. Increased
miR-19a-3p expression or miR-376¢-3p expression but
reduced SOX6 mRNA expression was found in cells intro-
duced with combination of 0e-SOX6 and miR-19a-3p
mimic or with 0e-SOX6 and miR-376¢-3p mimic in com-
parison with the cells treated with combination of oe-
SOX6 and mimic NC (Figure 5A).

The effects of SOX6 on the malignant phenotypes of
HCC cells were verified. Findings suggested that Hep3B
and Huh7 cells upon treatment of 0oe-SOX6 presented with
suppressed proliferation capacity, decreased number of
migratory and invasive cells, and elevated apoptosis rate,
while the tendency was opposite in cells with combination
of 0e-SOX6 and miR-19a-3p mimic or with 0e-SOX6 and
miR-376¢-3p mimic versus the cells treated with combina-
tion of 0e-SOX6 and mimic NC (Figure SB-E).

Expression of SOX6 and Wnt/B-catenin pathway-
related factors (wnt-5a and [-catenin) was tested by
Western blot analysis, and the findings indicated (Figure
5F) that increased SOX6 expression and reduced wnt-5a

and B-catenin expression were observed in Hep3B and
Huh7 cells upon treatment of 0e-SOX6, while expression
of which was inverse in cells with combination of oe-
SOX6 and miR-19a-3p mimic or o0e-SOX6 and miR-
376¢-3p mimic versus the cells introduced with combina-
tion of 0e-SOX6 and mimic NC.

This indicates that miR-19a-3p and miR-376¢-3p acti-
vate the Wnt/B-catenin pathway by targeting SOXG6,
thereby participating in the HCC cell progression.

miR-19a-3p/miR-376c-3p Inhibitor Inhibit
Tumorigenesis of HCC Cells in vivo

In order to confirm that miR-19a-3p and miR-376¢-3p
retarded the HCC occurrence through regulation of
SOX6 in vivo, Hep3B cells with miR-19a-3p or miR-
376¢-3p inhibitor or 0e-SOX6 were injected into nude
mice. The results demonstrated that the tumor volume

and weight were decreased with treatment of miR-19a-
3p/miR-376¢-3p inhibitor or 0e-SOX6 (Figure 6A—C).

Discussion
Even though many advances have been made in HCC
tumor diagnostic and therapeutic approaches, little

improvements have been achieved in clinical outcome
for HCC patients.'® The predictors of HCC recurrence
are largely depended on the clinical or morphological
features, and novel researches are necessary for finding
new prognostic markers.'* In our study, we aimed to
clarify the mechanisms of miR-19a-3p and miR-376¢c-3p
in HCC development, and the corresponding conclusion
indicated that miR-19a-3p and miR-376¢-3p could target
SOX6 to promote the malignant phenotypes of HCC cells
in a coordinated manner (Figure 7).

Several articles have demonstrated the important roles
of miR-19a-3p in HCC growth. A recent study has
revealed that miR-19a-3p is highly expressed in HCC
which to HCC metastasis
chemoresistance.® Another study has indicated that miR-

specimens, leads and
19a-3p is overexpressed in HCC tumors in comparison to
respective adjacent tissues, and the knockdown of miR-
19a-3p hampered HCC proliferation and invasion, yet
promoted cell apoptosis.” To verify the functions of miR-
19a-3p in HCC growth, we detected miR-19a-3p expres-
sion in HCC tissues and cells and confirmed its functions
in HCC malignancy. The obtained results suggested that
miR-19a-3p was highly expressed in HCC, and depleted
miR-19a-3p retarded the HCC progression. In accordance
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Figure 5 miR-19a-3p and miR-376c-3p are involved in HCC progression through inhibition of SOX6. (A) miR-19a-3p, miR-376c-3p and SOX6 expression in Hep3B and
Huh7 cells determined by RT-qPCR. (B) Hep3B and Huh?7 cell viability in each group after co-transfection measured by CCK-8 assay. (C and D) The invasion and migration
abilities of Hep3B and Huh7 cells in each group after co-transfection determined by Transwell assay. (E) The apoptosis rate of Hep3B and Huh7 cells in each group after co-
transfection determined by flow cytometry. (F) Expression of SOX6 and Wnt/B-catenin signaling pathway-related factors (wnt-5a and B-catenin) in Hep3B and Huh?7 cells in
each group was determined by Western blot analysis. The measurement data were depicted as mean * standard deviation. Comparisons among multiple groups were
analyzed by one-way ANOVA or two-way ANOVA. The experiment was repeated three times. *p < 0.05 vs the oe-NC group; *p < 0.05 vs the oe-SOX6 + mimic NC group.
Abbreviations: miR, miRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription quantitative PCR; SOX6, sex determining region Y-related high mobility
group box 6; ANOVA, analysis of variance; NC, negative control.
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The tumor volume after tumorigenesis in nude mice. (C) The tumor weight after tumorigenesis in nude mice. The measurement data were depicted as mean * standard
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Figure 7 Schematic diagram illustrating possible regulatory roles of miR-19a-3p and
miR-376c-3p contributing to proliferation, migration and invasion in HCC. miR-19a-
3p or miR-376c-3p activates the Wnt/fB-catenin signaling pathway by targeting and
inhibiting SOX6 expression, thereby promoting HCC cell proliferation, migration
and invasion, and inhibiting apoptosis.

Abbreviations: miR, miRNA; HCC, hepatocellular carcinoma; SOX6, sex deter-
mining region Y-related high mobility group box 6.

with our finding, a recent article has shown that miR-19a-
3p promotes HCC cell proliferation in vitro and acceler-
ates liver tumor growth in vivo.'> Similarly, the expression
and capabilities of miR-376¢ in HCC have been discussed
before. A recent study has stated that miR-376¢c-3p is
overexpressed in hepatitis B virus-related HCC, indicating
its oncogenic roles in HCC.'® Functionally, an article has
shown that downregulated miR-376¢-3p contributes to
suppressed HCC cell progression in vitro and restricted
tumor growth in nude mice with HCC.'® In line with prior

researches, we found that miR-376¢c-3p was highly
expressed in HCC, and depleted miR-376¢c-3p also
blocked HCC progression. Furthermore, the roles of
miR-376¢-3p in other diseases have also been demon-
strated. For example, it is suggested that restored miR-
376¢ increases the gastric cancer cell growth ability, while
depleted miR-376¢
Furthermore, we confirmed the combined effects of
depleted miR-19a-3p and depleted miR-376¢-3p could
better inhibit the malignant phenotypes of HCC cells

suppresses these phenotypes.'’

than that of the individual miRNA, as evidenced by more
pronounced effects on proliferation, migration, invasion,
and apoptosis. However, their combined effects in vivo
warrant further exploration.

Subsequently, based on microarray-based analysis and
TargetScan database prediction, we found that miR-19a-3p
and miR-376¢-3p could both target SOX6. SOX6 is con-
sidered as an anti-tumor gene, which leads to restricted
proliferation and tumorigenicity in diverse cancers, includ-
ing esophageal squamous cell carcinoma and colorectal
cancer.'®!” Xie et al have proposed that miR-155,
enhances HCC cell tumorigenesis by targeting SOX6.?
Guo et al have revealed that SOX6 is regarded as
a prognostic biomarker for HCC patients,"* and upregu-
lated SOX6 has been revealed to reduce HCC cell
progression.”’ The ability of SOX6 in HCC malignancy
in our study conformed to the aforementioned evidences,
which demonstrated that overexpressed SOX6 resulted in
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suppressed HCC cell proliferation and invasion. Targeting
Wnt/B-catenin signaling constitutes a new avenue for treat-
ment for HCC.*? In the Wnt/B-catenin pathway, abnormal
modulation of the transcription factor, B-catenin plays
a vital part in the progression of early events in HCC.?
The next investigation was concentrated on whether miR-
19a-3p and miR-376¢-3p were involved in HCC progres-
sion via the Wnt/B-catenin signaling by targeting SOX6.
As a consequence, wnt-5a and B-catenin expression was
then determined. SOX6 is able to bind to B-catenin for 3-
catenin dissociation from transcriptional complex, thereby
preventing its nucleus localization.?* It has been suggested
that downregulated SOX6 could alleviate the inhibition of
the canonical B-catenin branch through elevating protea-
somal degradation of B-catenin.”® Furthermore, the inter-
action between miR-19a-3p/miR-376¢ and the Wnt/B-
catenin pathway has been highlighted in colorectal cancer
and osteoblastogenesis.’®?’ Altogether, this article indi-
cated that miR-19a-3p and miR-376c-3p participate in
HCC growth by targeting SOX6 and modulating the
Wnt/B-catenin pathway.

Conclusion

To conclude, this present study could provide a basis for
future research, as miR-19a-3p and miR-376¢c-3p may
have latent capacity as molecular makers for HCC,
which could be helpful for HCC therapy. Further discus-
sion of the crosstalk of miRNAs, target gene and their-
related pathways may result in future breakthroughs in
HCC treatment.
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