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miR-330-3p suppresses liver cancer cell
migration by targeting MAP2K1
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Abstract. MicroRNAs, considered as a promising focus for
the treatment of tumors, are key regulators of a large number
of genes. The aim of the present study was to investigate
the biological functions of microRNA (miR)-330-3p in liver
cancer as it had been identified previously that miR-330-3p was
deregulated in liver cancer. In order to identify the function
of miR-330-3p in liver cancer, the expression of miR-330-3p
was determined in liver cancer tissues and adjacent non-tumor
tissues using reverse transcription-quantitative polymerase
chain reaction analysis. To elucidate the function of miR-330-3p
in liver cancer, miR-330-3p was overexpressed using mimic
transfection. Cell migration was inhibited by miR-330-3p in
liver cancer cells. The miRNA target prediction databases
were used to identify potential target genes of miR-330-3p
in liver cancer. The RNA level of mitogen-activated protein
kinase kinase 1 (MAP2K1) was downregulated by miR-330-3p
in liver cancer cells. In conclusion, miR-330-3p suppresses cell
migration by targeting MAP2K1 in liver cancer cells.

Introduction

Liver cancer is the fifth most common type of cancer and the
third leading cause of tumor-associated mortality worldwide,
being particularly prevalent in Asia (1). The most effective
treatment for liver cancer is currently surgery (2). However,
the characteristics of liver cancer, including multifocal devel-
opment or distant metastasis, preclude surgical treatment for
the patients from being curative (3). Therefore, in order to
determine the biology of liver cancer, it is important to gain
a thorough understanding of the underlying molecular mecha-
nisms of tumor growth and metastasis.
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Mature microRNAs (miRNAs) are a group of short
non-coding RNAs containing between 18 and 26 nucleo-
tides, which, at the post-transcriptional level, regulate target
gene expression by targeting the 5' or 3'-untranslated regions
(UTRs) of mRNA (4). miRNAs regulate a number of biolog-
ical processes, and their dysregulation has been demonstrated
to be associated with development, proliferation, stress resis-
tance, metastasis and apoptosis of cancer cells by regulating
oncogenes or tumor suppressors (5), including in liver cancer.
For example, microRNA (miR)-224 promotes liver cancer
proliferation and metastasis (6); conversely, miR-335 (7) and
miR-424 (8) suppress liver cancer proliferation and metastasis.
Furthermore, miR-330-3p has been identified to be deregu-
lated in malignant liver cancer (9). However, the association of
miR-330-3p with liver cancer and its function in liver cancer
remains unclear.

In the present study, the function of miR-330-3p in liver
cancer was investigated, with the aim of providing new insights
into the pathology of liver cancer, which may have value in the
development of diagnostics and therapeutics for liver cancer.

Materials and methods

Patient samples. In total, 30 cases of liver cancer samples
were collected between May 2012 and April 2015 at The
First Hospital of Jilin University (Changchun, China). Prior
to surgery, none of the 30 patients received chemotherapy or
radiation therapy. Prior to use, the tissue samples were stored in
liquid nitrogen. The present study was approved by the ethical
committee of the First Affiliated Hospital of Jilin University.
Table I presents information concerning patient age, sex, and
cancer stage were obtained from patient records.

Cell culture and treatment. The human liver cancer cell
line HepG2 were obtained from the American Type Culture
Collection (Manassas, VA, USA). HepG2 cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM,;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,USA)
supplemented with 10% fetal bovine serum (FBS; HyClone;
GE Healthcare, Logan, UT, USA) at 37°C in a humidified
atmosphere containing 5% CO,. miR-330-3p mimic (5'-CTG
CAGAGAGGCAGCGCTGT-3") and negative control (NC)
(termed as NC, 5'-"ACUACUGAGUGACAGUAGA-3') oligo-
nucleotides were purchased from Guangzhou RiboBio Co.,
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Ltd. (Guangzhou, China). Transfection of cells with 50 nM
oligonucleotides was carried out using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol.

Target gene prediction and verification. The target genes
of miR-330-3p were predicted using three bioinformatics
algorithms: PicTar (https://pictar.mdc-berlin.de), miRbase
(http://www.mirbase.org) and TargetScan (http:/www.
targetscan.org). Mitogen-activated protein kinase kinase 1
(MAP2K1) was identified to be downregulated by miR-330-3p,
therefore, from human genomic DNA, the full-length 3'UTR of
MAP2K1 was amplified and cloned into pMIR-GLOTM lucif-
erase vector (Promega Corporation, Madison, WI, USA) to serve
as the wild-type. The mutations were achieved using site-directed
mutagenesis QuickChange™ Multi Site-Directed Mutagenesis
kit (Clontech Laboratories, Inc., Mountainview, CA, USA). A
total of 1x10* HepG2 cells was plated in 48-well plates, and
co-transfection was performed using 200 ng wild-type, mutant
or pMIR-GLOTM empty vector, and either 80 ng miR-330-3p
expression vector or 80 ng pcDNA3.1(+) empty vector. At 48 h
after transfection, cells were harvested and were assayed for
firefly and Renilla luciferase activity using a Dual-Luciferase
Glow assay kit (Promega Corporation) according to the manu-
facturer's protocol. Overexpression of MAP2K1 was achieved
using a pPCMV-MAP2K]1 expression plasmid. All transfection
experiments were conducted in triplicate.

Wound healing assay. For the wound-healing assay, HepG2
cells were collected and trypsinized, followed by seeding
equally in 6-well cell culture plates. After 24 h, the cells
reached confluence. Using a sterile 100 ul pipette tip, artificial
homogeneous wounds in the monolayer were created. The cell
culture plate was washed with serum-free DMEM. The wound
distance was determined at O and 24 h under a reflected-light
microscope (magnification, x40).

Cell migration assay. To determine cell invasion capability,
a Transwell assay was used. Prior to the experiment, HepG2
cells were transfected with miR-330-3p mimic or NC oligo-
nucleotides. After 16 h, transfected cells were typsinized and
resuspended in DMEM with 10% FBS (Life Technologies;
Thermo Fisher Scientific, Inc.), and 1.0x10* cells were placed
into the upper chambers (8-um pore size; EMD Millipore,
Billerica, MA, USA) with 200 ul RPMI-1640 medium. The
lower chambers were filled with 600 1 DMEM supplemented
with 10% FBS. Following incubation at 37°C for 48 h,
non-invading cells were removed from the top of the chamber.
The migratory cells in the lower chamber were fixed with 90%
methyl alcohol at room temperature for 30 min and stained
with 0.1% crystal violet. Stained cells in five randomly selected
fields were counted under a microscope (magnification, x200).

To verify the function of MAP2K1 in the suppression of
liver cancer cell migration by miR-330-3p, HepG2 cells were
transfected with miR-330-3p together with the MAP2K1
expression vector pCMV-MAP2KI1. For lentivirus-mediated
expression of SNF2H, FLAG-tagged full-length SNF2H ORF
was cloned in pWPI.1 (plasmid no. 12254; Addgene, Inc.,
Cambridge, MA, USA). For RNA interference of SNF2H
expression, DNA fragments encoding the hairpin precursors
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for shSNF2H#1 (5'-CGTCGAATTAAGGCTGATGTT-3") and
shSNF2H#2 (5'-CGACTGCTGATGTAGTAATTT-3") were
inserted into the pLKO.1-TRC cloning vector. A scrambled
small interfering RNA precursor (Scr) of similar GC-content
to shSNF2H#1 and shSNF2H#2, but without sequence iden-
tity to SNF2H cDNA, was used as the control. The MAP2K1
expression vector pCMV-MAP2K1 and miR-330-3p mimic
were co-transfected into HepG2 cell using Lipofectamine
2000 (Thermo Fisher Scientific, Inc.). After 48 h, HepG2 cells
were collected for the following experiments.

Western blot analysis. HepG2 cells were transfected with
miR-330-3p mimic or NC oligonucleotides and incubated
at 37°C for 24 h. Total protein was isolated from cell pellets
with radioimmunoprecipitation lysis buffer supplemented
with Complete protease and phosphatase inhibitor cocktail
(Roche Diagnostics, Basel, Switzerland). Proteins (20 ug)
were separated by 12% SDS-PAGE. Electrophoretically sepa-
rated proteins were transferred onto polyvinylidene difluoride
membranes (Thermo Fisher Scientific, Inc.). Membranes were
blocked with 5% non-fat milk at room temperature for 2 h.
Blots were probed for MAP2K1 (1:10,000, cat. no. ab32134;
Abcam) and B-actin loading control (1:5,000 cat. no. ab8227;
Abcam). Antibodies bound to target proteins were visualized
using the Enhanced Chemiluminescence Western Blotting
Detection Reagent (Santa Cruz Biotechnology, Dallas, TX,
USA). Antibodies bound to target proteins were visualized
using the Enhanced Chemiluminescence Western Blotting
Detection Reagent (Santa Cruz Biotechnology, Dallas, TX,
USA). The images were quantified using the LAS3000 imaging
system (Fujifilm Corporation, Tokyo, Japan).

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). HepG2 cells transfected with
miR-330-3p mimic or NC oligonucleotides were incubated for
24 h and collected using the mirVana Kit (Ambion Inc., Austin,
TX, USA), total RNA was isolated. cDNA was generated using
a PrimeScript™ RT-qPCR kit from total RNA and amplified
according to the manufacturer's protocol (Takara Biotechnology
Co., Ltd., Dalian, China). Amplification was performed with the
following thermocycling conditions: 5 min at 95°C, followed
by 40 cycles of 95°C for 30 sec and 65°C for 45 sec. Primer
sequences are presented in Table II. The expression of the target
gene or miRNA was normalized to GAPDH or U6, respectively.
Analysis of relative gene expression data was performed using
the real-time quantitative PCR and the 2244 method (10).

Statistical analysis. Results are expressed as the
mean + standard deviation. Each experiment was repeated
at least three times. SPSS (version 13.0; SPSS, Inc., Chicago,
IL, USA) was used for statistical analysis. The statistical
significance of the difference between groups was determined
by analysis of variance (two-way ANOVA) with Duncan's
post-hoc test) or an unpaired Student's t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-330-3p is downregulated in patients with liver cancer.
In order to determine the expression level of miR-330-3p in
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Table I. Clinicopathological characteristics of patients with liver cancer and healthy volunteers.

Patients with liver cancer (n=30)

Normal (n=20)

Characteristic BCLCO (n=3) BCLCA (n=12) BCLCB (n=5) BCLC C+D (n=10)
Clinical factors
Age, years 61.2+£9.7 56.2+8.8 56.9+8.4 52.5+11.2
Sex (male/female) 2/1 10/2 1/4 8/2
AST, IU/ 48.6+35.7 56.1£78.2 54.5+44.6 67.8+49.3
ALT, 1U/ 51.8+472 54.8+83.3 49 4+33.1 72.7£58 4
Child-pugh classification 3/0 11/1 4/1 6/4
(A/B) (23)
Tumor-associated factors
AFP, ng/ml 148.0+378.3 256.5+426.6 254 .4+405.2 789.5+628.7
Tumor number
(single/multiple) 3/0 11/1 1/4 4/6
Tumor size, cm® 2.1+0.5 34+1.2 6.1+2.3 7.5+2.7
Vascular invasion (-/+) 3/0 12/0 5/0 3/7
Edmondson grade (I/II/II) (24) 0/1/2 1/9/2 1/2/2 1/7/2

544x12.4
14/6
11.6x54
15.4+8.7
20/0

6.39+£5.85

BCLC, Barcelona Clinic Liver Cancer (25); AST, aspartate aminotransaminase; ALT, alanine aminotransferase; AFP, a-fetoprotein.

Table II. Primer sequence for reverse transcription-quantitative polymerase chain reaction.

Gene Sense primer (5'-3") Antisense primer (5'-3")

U6 TGCGGGTGCTCGCTTCGGCA CCAGTGCAGGGTCCGAGGT

[-actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC

miR-330-3p CAACTGCCTCTCTGGGCCTG CTGCAGAGAGGCAGCGCTG

MAP2K1 CAAGAAGAAGCCGACGCCCAT GACGCCAGCAGCATGGGTTG

miR, microRNA; MAP2K1, mitogen-activated protein kinase kinase 1.
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Figure 1. (A) Detection of miR-330-3p expression in liver cancer tissue or non-tumor tissue using the reverse transcription-quantitative polymerase chain reac-
tion. (B) miR-330-3p expression was increased by transfection of miR-330-3p mimic. miR, microRNA. Results are expressed as the mean + standard deviation

for three independent experimental repeats. "P<0.05.
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Figure 2. (A) Wound healing assay to determine the effect of miR-330-3p on cell migration. (B) A Transwell assay to determine the effect of miR-330-3p on
cell migration. Results are expressed as the mean + standard deviation for three independent experiments. miR, microRNA. “P<0.01, "*P<0.001.
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Figure 3. (A) Complementarity between miR-330-3p and MAP2KI
sequences. (B) Construction of reporter gene plasmids and point muta-
tion plasmids of MAP2K1 3'UTR. (C) A luciferase reporter assay results
demonstrated a significant decrease in the activity of wild-type gene plasmid
MAP2KI1 3'UTR, but no effect on mutant plasmids. Results are expressed
as the mean # standard deviation. “"P<0.01. miR, microRNA; MAP2K1,
mitogen-activated protein kinase kinase 1; UTR, untranslated region; hsa,
human; Wt, wild-type; Mut, mutant.

liver cancer tissue, mRNAs were extracted from liver cancer
tissues and analyzed using RT-qPCR. Compared with normal
tissues, the expression of miR-330-3p in liver cancer tissues
was significantly decreased (P<0.05; Fig. 1A). The results
suggested that deregulation of miR-330-3p was associated
with the progression of liver cancer.

miR-330-3p suppresses migration of liver cancer cells.
miR-330-3p expression was significantly upregulated in
HepG?2 cells by transfection of miR-330-3p mimic (P<0.05;
Fig. 1B). As observed in wound healing assays, cell migration
was inhibited by the expression of miR-330-3p in HepG2 cells
(P<0.01; Fig. 2A). Transwell assays confirmed that overexpres-
sion of miR-330-3p significantly inhibited liver cancer cell
migration (P<0.05; Fig. 2B).

MAP2KI is post-transcriptionally downregulated by
miR-330-3p. To investigate the underlying mechanism by
which miR-330-3p inhibits liver cancer cell migration, poten-
tial targets of miR-330-3p were identified. As predicted using
TargetScan, PicTar and miRanda, MAP2K1 was selected as
the candidate for further research owing to its vital functions
in tumorigenesis and cancer progression. Wild-type and
mutant MAP2K1 3'UTRs were constructed and it was identi-
fied that miR-330-3p significantly decreased luciferase activity
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Figure 4. HepG2 cells were transfected using miR-330-3p mimic or negative control, prior to determining MAP2K1 mRNA and protein expression. Results are
expressed as the mean = standard deviation. "P<0.05. miR, microRNA; MAP2K 1, mitogen-activated protein kinase kinase 1. “P<0.05, “P<0.01.
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Figure 5. Migratory ability of HepG2 cells with the indicated transfections were determined using Transwell assays. Results are expressed as the mean + standard

deviation. "P<0.05. miR, microRNA.

in HepG2 cells transfected with wild-type MAP2K1 3'UTR
(P<0.01; Fig. 3), which was not observed following transfec-
tion with mutant 3'UTR.

Conversely, overexpression of miR-330-3p in liver cancer
cells inhibited the expression of MAP2K1 at the mRNA and
protein levels (Fig. 4). These results suggested that miR-330-3p
regulates the expression of MAP2K1 in liver cancer.

miR-330-3p inhibits liver cancer cell migration by down-
regulating MAP2K 1. To verify the function of MAP2KI1 in
the suppression of liver cancer cell migration by miR-330-3p,
HepG2 cells were transfected with miR-330-3p together with
the MAP2K1 expression vector pCMV-MAP2K1. Compared
with the control group, an increased number of liver cancer
cells transfected with miR-330-3p lost the ability of migration,
while cells co-transfected with pPCMV-MAP2K1 exhibited
increased migration abilities in the Transwell assay (Fig. 5).
The results suggested that the increased expression of
MAP2K1 contributed to the migratory ability of HepG2 cells.

Discussion

Invasion typically leads to metastasis and these events are
primary reasons for the poor prognosis of liver cancer (11). For
liver cancer, surgical resection is the most effective therapy, but
only between 10 and 15% of patients are suitable for surgery; the

majority of the remaining patients exhibit distant metastases at
diagnosis, which renders curing liver cancer difficult (11,12).
Therefore, it is important to identifyfactors vital in invasion
and metastasis and the underlying mechanisms. Investigation
into miRNAs has led to novel studies to identify the molecular
mechanism of cancer cell metastasis (13,14), and therefore
the development of potential therapeutics in the treatment of
human cancer.

Previous results support a fundamental function of
microRNAS in tumor invasion and metastasis; these biological
functions are associated with the deregulation of microRNAs
in various types of cancer (14). Previous studies have suggested
that miR-330-3pis deregulated in the tissues and blood of
patients with non-small-cell lung cancer (15). In the present
study, it was identified that miR-330-3p was downregulated
in patients with liver cancer. Furthermore, miR-330-3p
regulates the proliferation and migration of prostate cancer
cells (16). These results prompted the investigation of whether
miR-330-3p functioned in a similar manner in liver cancer.
Therefore, miR-330-3p was restored in liver cancer cells by
high efficiency transfection. The results revealed that the
migration of liver cancer cells was inhibited by miR-330-3p.
By combining the 3'UTRs of target genes, miRNAs were able
to regulate many genes. Studies to identify miRNA target
genes have identified several novel cancer invasion and metas-
tasis suppressor genes. Identification of new targets involved
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in the metastasis of liver cancer may lead to novel diagnostic
strategies or drug development.

Mitogen-activated protein kinase/extra-
cellular-signal-regulated kinase activation has been reported
to be associated with the malignant progression of liver
cancer. Overexpression of activated MAP2K1 enhances
cancer cell proliferation and confers drug resistance on the
cells (17). Using bioinformatic analysis, MAP2K1 was identi-
fied as one of the targets of miR-330-3p. It was also observed
that upregulation of miR-330-3p in liver cancer cells led to
downregulation of MAP2K1 at the RNA and protein levels.
The negative regulation of MAP2K1 by miR-330-3p was
demonstrated using a luciferase reporter assay. Furthermore,
when MAP2K1 and miR-330-3p were knocked down,
the migratory ability of HepG2 cells was also inhibited.
These results suggested that the function of miR-330-3p in
suppressing migration of liver cancer cells was mediated by
MAP2KI.

As a number of miRNAs have been reported to be asso-
ciated with the progression of liver cancer (18-20), those
miRNAs may have synergistic or expanded effect on biolog-
ical behavior of tumor cells. Compared with pure blocking
reagent, miRNAs may have an advantage on influencing the
tumor microenvironment (21,22). In this regard, the results of
the present study provide novel insights into the suppressor
function of miR-330-3p and network of miRNAs in liver
cancer. The focus of future studies will be on the effect of
miR-330-3p in vivo.
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