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Abstract
Hepatocellular carcinoma (HCC) is a primary malignancy of the liver and occurs predominantly in patients with underlying
chronic liver disease and cirrhosis. Accumulating studies have revealed that microRNAs (miRNAs) play a critical role in the
development and progression of HCC. Through microarray-based gene expression profiling of HCC, miR-370, and BEX2
were identified in HCC. Hence, this study aimed to evaluate their abilities on the cellular processes in HCC. It was
determined that BEX2 was highly expressed and miR-370 was poorly expressed in HCC cell lines and tissues. Then, the cell
line presenting with the highest BEX2 expression and the lowest miR-370 expression was selected for subsequent gain- and
loss-of-function experimentation. The antitumor effect of miR-370 on HCC cell proliferation, invasion, migration, and
apoptosis, as well as the MAPK/JNK signaling pathway was examined. Meanwhile, the interaction among miR-370, BEX2,
and MAPK/JNK signaling pathway was identified. BEX2 is verified to be a target of miR-370. Moreover, miR-370 exerted
antitumor effect on HCC development through suppression of the MAPK/JNK signaling pathway by targeting BEX2. Later,
it was further verified by in vivo experiment that overexpression of miR-370 inhibited tumor growth. Above results provide
evidence that miR-370 could downregulate BEX2 gene and inhibit activation of MAPK/JNK signaling pathway, thus
inhibiting the development of HCC. It provides a worth-trying novel therapeutic target for HCC treatment.

Introduction

Hepatocellular carcinoma (HCC) is a solid life-threatening
malignant tumor ranking as the 3rd leading cause of tumor-
related deaths around the world [1]. For patients with HCC,
metastasis and recurrence are the primary factors resulting in

poor prognoses of HCC patients [2]. The high mortality rates
of HCC can be attributed to a lack of early diagnosis and the
ensuing poor prognosis related with high metastasis and
recurrence rate of patients diagnosed at advanced stages after
nonradical treatment [3]. Furthermore, microRNAs (miR-
NAs) have been reported to participate in several kinds of
cell biological processes, including cell proliferation, dif-
ferentiation, motility, apoptosis, angiogenesis, and metas-
tasis [4]. More intriguingly, a number of miRNAs have been
identified to be capable of alleviating HCC progression by
downregulating genes, which work to inhibit tumor sup-
pressor and enhance the expression of oncogenes [5].

miRNAs serve as both a promoter and suppressor of
tumor growth in numerous types of cancers [6]. Moreover,
various miRNAs have been implicated in the pathogenesis
of cancers, making miRNA involvement an important
biology for cancers [7]. As one of the endogenous non-
coding RNAs, miR-370 plays a vital role in carcinogenesis,
and specifically, miR-370 was found to suppress tumor
development by targeting the forkhead box protein [8].
Brain-expressed X-linked 2 (BEX2) is a member of the
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BEX family, which functions to regulate the development
of nervous system, as well as the process of cancer [9]. It
was reported that downregulation of BEX2 was involved in
the inhibition of cell proliferation and promotion of cell
apoptosis in malignant glioma by regulating the c-Jun NH2
terminal kinase (JNK) signaling pathway [10]. JNK is an
evolutionarily conserved mitogen-activated protein kinase
(MARK) that regulates cell survival, proliferation, and cell
death [11]. In tumorigenesis, the JNK signaling pathway is
frequently dysregulated and is effective in regulating tumor
cell proliferation [12], and thus may also play a role in HCC
treatment. On the basis of aforementioned evidence, it can
be subsequently concluded that miR-370 might participate
in the regulation of tumor progression in HCC by mod-
ulating the expression of BEX2 and the MARK/JNK sig-
naling pathway-related genes, so as to provide a novel
therapeutic target for the treatment of HCC.

Materials and methods

Microarray-based gene expression profiling

Two HCC expression datasets (GSE62232 and GSE45267)
were retrieved from the Gene Expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/geo/), among
which the GSE45267 dataset included both elderly and
young samples. The two groups of samples were comprised
of normal controls and HCC samples. Subsequently, dif-
ferential analysis was conducted for the elderly and young
samples. The R language “limma” package was applied to
analyze the differentially expressed genes with |logFC| > 2
and p value < 0.05 serving as the screening criteria. The heat
map of differentially expressed genes was plotted using the
“heat map” package. The Venn diagram was plotted on the
website (http://bioinformatics.psb.ugent.be/webtools/Venn/)
so as to obtain the intersection of the differentially
expressed genes.

In addition, the MalaCards database (http://www.malaca
rds.org/) was employed to search for known genes of HCC.
Furthermore, the STRING database (https://string-db.org/)
was utilized to analyze possible relation between the known
genes and the differentially expressed genes, and a
gene–gene interaction network map was constructed.

GEPIA (http://gepia.cancer-pku.cn/detail.php), a newly
developed interactive web, serves for analyzing RNA
sequencing expression data of 9736 tumors and 8587 nor-
mal samples from the TCGA and the GTEx projects
through a standard processing pipeline. The BEX2 expres-
sion was further verified in this database. The DIANA
database (http://diana.imis.athena-innovation.gr/Diana
Tools/index.php?r=microT_CDS/index), miRDB data-
base (http://mirdb.org/miRDB/index.html), mirDIP

database (http://ophid.utoronto.ca/mirDIP/index.jsp#r), and
the miRNA searching database (https://www.exiqon.com/
miRSearch) were also employed to predict the miRNAs,
which regulate BEX2. A Venn diagram was drawn to obtain
the intersection of the predicting results in the aforemen-
tioned four databases.

Study subjects

From July 2013 to July 2016, a total of 76 HCC tissues and
adjacent normal tissues were collected from patients (with a
mean age of 54.25 years) who underwent resection of HCC
malignant tumor at the Affiliated Hospital of Qingdao
University. Pathological confirmation was carried out to
verify that all enrolled cases were HCC patients, and no
patients underwent chemoradiotherapy prior to the opera-
tion. Among all subjects, there were 40 cases aged ≥55
years old, 36 cases <55 years old, including 42 males and
34 females. There were 44 cases with liver cirrhosis; 17
cases whose tumor diameter <5 cm, and 59 cases whose
tumor diameter ≥5 cm. A total of 37 cases presented with
vascular invasion and 39 cases with no vascular invasion.
The tumor node metastasis (TNM) stage of HCC tumor:
stage I and II, n= 48; stage III and IV, n= 28. In addition,
there were 40 cases with capsular invasion and 36 cases
without capsular invasion [13]. All HCC tissues and adja-
cent normal tissues were stored in a frozen pipe with liquid
nitrogen, which were later stored at −80 °C.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Total RNA content of HCC and adjacent normal tissues were
extracted according to the instructions of Trizol Kit (5003050,
Shanghai Mingjing Biotechnology Co., Ltd, Shanghai,
China). After performing reverse transcription using an
ABI7500 quantitative PCR instrument (ABI7500, Zhiyan
Scientific Instruments Co., Ltd, Shanghai, China), real-time
PCR assay was further applied to detect the expression pat-
terns of miR-370, BEX2, JNK, extracellular-signal-regulated
kinases (ERK), c-Jun, and c-Fos. U6 was regarded as the
internal reference for miR-370, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was considered as the
internal reference for the other genes. The primer sequences
are shown in Table 1. Relative expression of the detected
genes was calculated using the 2−△△Ct method. Each set of
experiments was repeated three times, and the above experi-
ment was also suitable for cell experiments.

Western blot analysis

HCC tissues were lysed using 1 mL tissue lysis
buffer (EHJSW-109124, Huijia Biotechnology Co., Ltd,
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Xiamen, China). Then, the protein concentration was
determined using a bicinchoninic acid kit (JK-201,
Shanghai JingkeScience and Technology Co., Ltd,
Shanghai, China), followed by electrophoresis separation
using 10% sodium dodecyl sulfate (SDS) separation gel
and concentration gel. Later, the proteins were transferred
onto a nitrocellulose membrane, which was then blocked
by 5% skimmed milk powder overnight at 4 °C. The
following day, the membrane was further incubated with
the following primary rabbit polyclonal antibodies: BEX2
(ab213424, dilution ratio of 1:1000), ERK (ab184699,
dilution ratio of 1:10000), JNK (ab112501, dilution ratio
of 1:1000), c-Jun (ab31419, dilution ratio of 1:1000), c-
Fos (ab190289, dilution ratio of 1: 2000), p-ERK
(ab214362, dilution ratio of 1:1000), p-JNK (ab4821,
dilution ratio of 1:1000), p-c-Jun (ab32385, dilution ratio
of 1:1000), and GAPDH (ab181602, dilution ratio of
1:10000) overnight. Subsequently, the membrane was
incubated for 1 h with horseradish peroxidase (HRP)-
labeled immunoglobulin G (IgG) goat anti-rabbit sec-
ondary antibody (ab109489, dilution ratio of 1:1000). All
aforementioned antibodies were purchased from Abcam
Inc., Cambridge, MA, USA. After that, the membrane
was reacted with enhanced chemiluminescence (ECL)
solution (ECL808–25, Biomiga, San Diego, CA, USA)
for 1 min to observe the results. The ratio of the gray
value of the target band to GAPDH was representative of
the relative protein expression. Each experiment was
repeated three times to obtain the mean value. The above
experimental procedures were also suitable for cell
experiments.

Cell culture

HCC cell lines Hep3B, SK-hep-1, YY8103, MHCC-97H,
C3A, and HepG2 (Shanghai North Connaught Biotechnology
Co., Ltd, Shanghai, China) were cultured in a Roswell Park
Memorial Institute 1640 medium containing 10% fetal bovine
serum in a humidified incubator (IL-161CT, Chengdu
Yuqiang Technology Co., Ltd, Sichuan, China) with 5% CO2

in air at 37 °C. The culture medium was renewed every 24 h
and cell passage was performed every 72 h. The mRNA
expressions of BEX2 in the six cell lines were detected by RT-
qPCR, and the cell line with the highest BEX2 expression and
lowest miR-370 expression was selected for subsequent
experimentation. The above procedures were repeated three
times to obtain the mean value.

Dual luciferase reporter gene assay

Analysis of target gene of miR-370 was performed using the
biological prediction site, www.microRNA.org, and a dual
luciferase reporter gene assay was applied to verify whether
BEX2 was the direct target gene of miR-370. A gene fragment
containing binding sites was introduced into the pEIR-reporter
using the SpeI and HindIII endonuclease sites. Mutant (Mut)
sites on the complementary sequence of the seed sequence
were synthesized on the wide-type (Wt) BEX2. After being
detached with restriction enzyme, T4 DNA ligase was used to
insert the target fragments into the pMIR-reporter reporter
plasmids. The correctly sequenced luciferase reporter plasmids
Wt and Mut were co-transfected with miR-370 mimic into the
Hep3B cells (C01-AW, Shanghai North Connaught Bio-
technology Co., Ltd, Shanghai, China). After 48-h transfec-
tion, the cells were collected and lysed, centrifuged for 3–5
min, and the supernatant was obtained. A luciferase assay kit
(T003, Vigorous Biotechnology Beijing Co., Ltd, Beijing,
China) was employed for detection according to the manual of
the dual luciferase reporter gene detection kit. A luminescence
detector (Biolum, Xi’an Tianlong Science and Technology
Co., Ltd, China) was applied to determine the luminescence
signal intensity in the cells. Each experiment was repeated
three times to obtain the mean value.

Cell grouping and transfection

Cells were grouped into the following groups: blank
(without any transfection), negative control (NC) (trans-
fected with corresponding NC plasmids), miR-370 mimic,
miR-370 inhibitor, siRNA-BEX2, and miR-370 inhibitor+
siRNA-BEX2 groups after transfection. All the primer
sequences were purchased from Shanghai GenePharma Co.,
Ltd, (Shanghai, China). The cells were seeded into a six-
well plate 24 h prior to transfection. When the cell con-
fluence reached around 50%, the cells were transiently

Table 1 Primer sequences for reverse transcription quantitative
polymerase chain reaction

Gene Primer sequences

miR-370 Upstream: 5′-GCCTGCTGGGGTGGAACCTGGTAA-3′
Downstream: 5′-GCGAGCACAGAATTAATACGAC-3′

U6 Upstream: 5′-CTCGCTTCGGCAGCACA-3′
Downstream: 5′-AACGCTTCACGAATTTGCGT-3′

BEX2 Upstream: 5′-AAAGAGGAACGAGCGTTAAACA-3′
Downstream: 5′-TCACTAACATTCAAAGGTAGGGC-3′

JNK Upstream: 5′-TGAGAAACTCTTCCCTGATG-3′
Downstream: 5′-GCTTCAGAAGGATCATACCA-3′

ERK Upstream: 5′-GGAAGCATTATCTTGACCAG-3′
Downstream: 5′-CTCTTGTGTGCGTTGAATGT-3′

c-Jun Upstream: 5′-ATGACTGCAAAGATGGAAACGACC-3′
Downstream: 5′-TGTTTGCAACTGCTGCGTTAGCATG-3′

c-Fos Upstream: 5′-CCTGTACTCCCAGCTGCACTGCTTA-3′
Downstream: 5′-TCACAGGGCCAGCAGCGTGGGTGAG-3′

GAPDH Upstream: 5′-GGAGCGAGATCCCTCCAAAAT-3′
Downstream: 5′-GGCTGTTGTCATACTTCTCATGG-3′

miR-370 microRNA-370, BEX2 brain-expressed X-linked protein 2,
JNK c-Jun NH2 terminal kinase, ERK extracellular-signal-regulated
kinases, GAPDH glyceraldehyde-3-phosphate dehydrogenase
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transfected with human HCC cell line with the mediation of
lipofectamine 2000 (Invitrogen, USA). The culture medium
was refreshed every 6 h, and cells were collected for sub-
sequent experiments 48 h after transfection.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

When cell growth density in each group reached a certain
concentration after transfection, the cells were trypsinized
with 0.25% trypsin and made into a single cell suspension.
After the cell concentration was adjusted to 2 × 107 cells/mL,
the cells were seeded in a 96-well plate (density of 100 μL/
well) and incubated in a 37 °C, 5% CO2 incubator. The cul-
ture plates were removed at the 24, 48, 72, and 96 h time
intervals, respectively. Then the cells in each well of the plate
were incubated with 10 μL MTT solution (GL0247, Beijing
Biolab Technology Co., Ltd, Beijing, China) for 4 h avoiding
exposure to light, and the culture medium in the 96-well plate
was carefully aspirated. Then, the cells in each well were
added with 100 μL dimethyl sulfoxide (DMSO) in dark
conditions, which were gently shaken and mixed for 10min.
The optical density (OD) value of each well was measured at
570 nm wavelength using a microplate reader (SP-Max
3500FL, Shanghai flash spectrum biological technology Co.,
Ltd, Shanghai, China). Each experiment was repeated three
times to obtain the mean value, and a cell viability curve was
drawn with time point as abscissa and OD value as ordinate.

Flow cytometry

After 48-h transfection, HCC cells in each group were col-
lected and centrifuged (178 × g, 5 min), and then the super-
natant was discarded. Next, the cells were suspended with 2
mL phosphate buffered saline (PBS), and centrifuged at
1610 × g for 5 min, with the supernatant removed. Then, 1
mL 75% cold ethanol was used to fix the cells overnight at 4 °
C. Then, the cells were stained using propidium iodide (PI)/
RNase staining buffer in dark conditions for 60min. A flow
cytometer (DxFLEX, Beckman Coulter Commercial Enter-
prise Co., Ltd, Shanghai, China) was used to detect the cell
cycle. The experiment was repeated three times to obtain the
mean value.

The cells were trypsinized, neutralized by adding culture
medium, and triturated gently into a cell suspension. The
cells were collected in a 15 mL centrifuge tube. After cen-
trifugation, cell apoptosis in each group was detected under
the instructions of a cell apoptosis detection kit (KLJC0066,
Shanghai Kanglang Biological Technology Co., Ltd, China).
The cells were resuspended again in 500 μL binding buffer,
added with 5 μL annexin-V and 5 μL PI, gently triturated,
mixed, incubated for 15 in dark conditions, and later
observed on the flow cytometer for cell apoptosis detection.

Transwell assay

Matrigel was diluted at 1:7 ratio with serum-free culture
medium, and the Matrigel-coated wells were placed in an
incubator at 37 °C for 4 h before use. After 48-h transfection,
the cells were treated with trypsin to make a single cell sus-
pension, followed by resuspension with serum-free culture
medium. The cell concentration was adjusted to 3 × 105 cells/
mL. After that, 100 μL suspension was obtained and slowly
dropped into the Matrigel-coated apical chamber; 600 μL 10%
medium with serum was added to the basolateral chamber,
and the whole chamber was incubated with 5% CO2, at 37 °C
for 24 h. After incubation, the cells in the apical chamber were
wiped, and then, the chamber was fixed in 95% ethanol for
15 min and stained with 0.1% crystal violet for 10min. At
last, the chamber was inverted on a slide and five views were
selected randomly for cell number counting and photography
under an inverted microscope. The experiment was repeated
three times to obtain the mean value.

Scratch test

After transfection for 48 h, the cells in each group were
collected and a 200 μL pipette gun was used to draw a ver-
tical line along the center of the culture plate. The scratch
lines were observed and photographed under a microscope.
After further incubation for 24 h, the scratches in each plate
were observed again under a microscope and photographed.
The width of each scratch was measured to calculate the
healing rate of the scratch= (width of scratch at 0 h−width
of scratch at 24 h)/width of scratch at 0 h × 100%. The
experiment was repeated three times to obtain the mean value
and compare the migration ability of cells in each group.

Xenograft tumor model in nude mice

Thirty BALB/c nude mice (aged 4–6 weeks, weighing
16–20 g) (purchased from the Laboratory Animal Center of
Sun Yat-sen University) were randomly divided into the
blank, NC, miR-370 mimic, miR-370 inhibitor, siRNA-
BEX2, and miR-370 inhibitor+ siRNA-BEX2 groups, with
five mice in each group. A xenograft tumor model in nude
mice was established under no specific pathogen conditions.
The HCC cells at the logarithmic growth phase were col-
lected from each group. After the mice were anaesthetized
by aether, HCC cells were inoculated under the skin of the
right scapular of them, and subcutaneous uplift was
observed when the tumor grew ~4 mm in diameter. The
tumor growth condition was observed once every 7 day, and
the length and width of the tumor were recorded in detail,
with the tumor volume calculated as= (length × width)2/2.
Later on the 35th day, the nude mice were euthanized for
extraction of tumors.
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Immunohistochemistry

The tissue slices were baked at 60 °C in an oven for 1 h,
dewaxed with xylene, hydrated with gradient ethanol, incu-
bated with PBS containing 0.5% Triton at room temperature
for 20min. After being repaired with high-pressure antigen
for 2 min, the slices were boiled at 95 °C for 20min in 0.01M
citric acid buffer (pH 6.0) and sealed with 3% bovine serum
albumin blocking solution. Afterwards, the slices were added
with the following diluted primary antibodies: rabbit anti-
human Bex2 (sc-376342, dilution ratio of 1:200, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) and incubated at
37 °C for 2 h. After that, the HRP-labeled secondary antibody
goat anti-rabbit IgG (ab6721, dilution ratio of 1:1000, Abcam
Inc., Cambridge, UK) was added for incubation in a 37 °C
humidity chamber for 30 min. Thereafter, the slices were
counterstained with hematoxylin (Shanghai Fusheng Indus-
trial Co., Ltd, Shanghai, China) at room temperature for 4
min. After being sealed using 10% glycerol/PBS, the slices
were observed under a microscope. The results were scored
by two persons in an independent manner. The experiment
was repeated three times to obtain the mean value.

Statistical analysis

Statistical analyses were processed using the SPSS
21.0 statistical software (IBM Corp. Armonk, NY, USA).
Measurement data were expressed as mean ± standard
deviation. Comparisons between two groups were carried
out by t-test, and comparisons among multiple groups were
analyzed using one-way analysis of variance (ANOVA). A
value of p < 0.05 indicated statistical significance.

Results

BEX2 and miR-370 are involved in the development
of HCC

The GEO database was applied to search for HCC-related
expression data and differential analysis was performed on
the obtained expression datasets. The GSE62232 dataset
comprised of 286 differentially expressed genes were
obtained from the sample patients at young age and 954
from the sample patients at elder age. Simultaneously, 1100
differentially expressed genes were obtained from the
GSE62232 dataset by differential analysis. In addition, 30
genes with significantly differential expression were ana-
lyzed from the three groups of genes, and a heat map was
plotted (Fig. 1a–c). After Venn analysis was performed to
obtain the intersection of the top 30 genes with significantly
differential expression in the three HCC datasets (Fig. 1d), it
was revealed that among the three dataset, six genes

overlapped in the analysis results of all the three datasets.
Then, the MalaCards database was employed to search for
known HCC-associated genes and the top ten genes with
the highest score were selected for subsequent analysis
(Table 2). In order to further screen the HCC-related genes,
further analysis was carried out to probe into the relation-
ship between the ten known genes in the database and the
six genes obtained from the three chips, and then a gene
interaction network map was constructed (Fig. 1e). The
results demonstrated that among these differentially
expressed genes, the BEX2 gene interacted with TP53, and
TP53 was at the core of the entire interaction network.
Therefore, BEX2 expression in the TCGA HCC database
was further analyzed, which revealed that the BEX2 gene
expression was significantly upregulated in HCC (Fig. 1f).
Moreover, former reports have shown that BEX2 can
potentially regulate the JNK signaling pathway to promote
tumor development [10, 14, 15]. While in HCC, whether
the development of HCC was regulated by BEX2 gene
through the MAPK/JNK signaling pathway remained to be
unclear. Subsequently, to further understand the regulatory
mechanism of BEX2 in HCC, the upstream regulating
miRNAs of BEX2 were predicted. The regulating miRNAs
of BEX2 were predicted in four databases such as DIANA
and miRDB, and the prediction results in the four databases
were analyzed to find the intersection (Fig. 1g). It was found
that there was only one intersected miRNA, the miRNA-
hsa-miR-370, regulating the expression of BEX2. These
results and existing records indicate that miR-370 can affect
the MAPK/JNK signaling pathway through BEX2, thereby
regulating the development of HCC.

MiR-370 is poorly expressed while BEX2, JNK, ERK, c-
Jun, and c-Fos are highly expressed in HCC tissues

Next, the expression of miR-370, BEX2, JNK, ERK, c-Jun,
and c-Fos was detected in HCC and adjacent normal tissues.
According to the results of RT-qPCR, compared with the
adjacent normal tissues, miR-370 was found to be poorly
expressed, while BEX2, JNK, ERK, c-Jun, and c-Fos were
highly expressed in HCC tissues (Fig. 2a, b). The findings
of western blot analysis revealed that the protein expression
of BEX2, JNK, ERK, c-Jun, and c-Fos, as well as the extent
of JNK, ERK, and c-Jun phosphorylation was elevated in
HCC tissues in comparison with adjacent normal tissues (p
< 0.05) (Fig. 2c, d).

Expression levels of miR-370 and BEX2 are related
with tumor size, vascular invasion, capsular
invasion, and TNM staging in patients with HCC

Next, in order to elucidate the relationship between the
expressions of miR-370 and BEX2 and the

MicroRNA-370 functions as a tumor suppressor in hepatocellular carcinoma via inhibition of the MAPK/JNK. . . 1207



Table 2 Known genes of HCC
Symbol Description Score PubMed Ids

MET MET proto-oncogene, receptor tyrosine kinase 1381.34 8276372, 7927256, 8778194

AXIN1 Axin 1 1376.21 10700176, 11526492, 18592156

PIK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha

1358.01 15608678, 15016963, 15520168

IGF2R Insulin like growth factor 2 receptor 1033.06 9722161, 1337723, 7639583

APC APC, WNT signaling pathway regulator 1032.92 11466687, 1423316, 10692769

CASP8 Caspase 8 1026.54 15531912, 20403046, 17922191

PDGFRL Platelet derived growth factor receptor like 1008.5 7898930

CTNNB1 Catenin beta 1 678.61 19728763,17908501, 16094707

TP53 Tumor protein P53 665.13 12800224, 7689531, 12772781

TERT Telomerase reverse transcriptase 438.57 19627485, 18753050, 11944954

Symbol, abbreviations of the gene names; Description, the gene description or gene full name; Score, this
score originates from Solr-based Gene Cards search engine score, obtained by querying the disease in Gene
Cards. PubMed Ids, the disease-related reference PMID number for this gene
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is a direct or introductory interaction between any two genes. f The
expression of BEX2 gene in TCGA HCC database. The red box
diagram in the left represents the tumor sample and the gray box
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of miRNA which can regulate BEX2, different colors in the image
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database; microRNA-370; BEX2 brain-expressed X-linked protein 2,
HCC hepatocellular carcinoma
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clinicopathological features of patients with HCC,
Table 3 is listed. According to the table, the expression of
miR-370 and BEX2 was not related to age, gender, and
the occurrence of cirrhosis (p > 0.05), while exhibiting
association with tumor size, vascular invasion,
capsule invasion, and TNM staging in patients with HCC
(p < 0.05).

Hep3B cell line with the highest BEX2 expression
and the lowest miR-370 expression is selected as the
study subject

In addition, RT-qPCR and western blot analysis were
applied to detect the miR-370 expression and the mRNA
and protein expression of BEX2 in the six HCC cell lines
(Hep3B, SK-hep-1, YY8103, MHCC-97H, C3A, HepG2).
The mRNA and protein expression of BEX2 was found to
be similar (Fig. 3a–c). Hep3B cell line exhibiting highest

BEX2 expression and the lowest miR-370 expression was
selected for further experimentation.

Overexpressed miR-370 inhibits BEX2, a target gene
of miR-370 and disrupts activation of the MAPK/JNK
signaling pathway

Online software analysis results (Fig. 4a) indicated the
presence of a specific binding site between the BEX2 gene
sequence and the miR-370 sequence. Dual luciferase
reporter gene assay data verified that BEX2 was a target
gene of miR-370 (Fig. 4b). The luciferase activity of BEX2-
Wt co-transfected with miR-370 was found to be decreased
compared with the NC group (p < 0.05), while that of the
BEX2-Mut co-transfected with miR-370 remained unaf-
fected (p > 0.05). These findings indicated that miR-370 can
specifically bind to the BEX2 gene, and BEX2 is a target
gene of miR-370.
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Then, the expression of miR-370, BEX2, JNK, ERK, c-
Jun, and c-Fos in different transfection groups was asses-
sed using RT-qPCR and western blot analysis. As shown
in Fig. 4c–e, there was no significant difference in the
expression of the above factors between the blank and NC
groups (p > 0.05). Compared with the blank group, miR-
370 expression was noted to be significantly increased in
the miR-370 mimic group (p < 0.05), which was sig-
nificantly decreased in the miR-370 inhibitor and miR-370
inhibitor+ siRNA-BEX2 groups (p < 0.05); however, no
evident difference was observed in the siRNA-BEX2
group (p > 0.05). Compared with the blank group, the

mRNA and protein expression of BEX2, JNK, ERK, c-
Jun, and c-Fos was significantly decreased in the miR-370
mimic and siRNA-BEX2 groups (p < 0.05), while was
elevated in the miR-370 inhibitor group (p < 0.05); also,
they were not significantly different in the miR-370 inhi-
bitor+ siRNA-BEX2 group (p > 0.05). Compared with the
blank group, the extent of JNK, ERK, and c-Jun phos-
phorylation was decreased in the miR-370 mimic and
siRNA-BEX2 groups (p < 0.05), whereas increased find-
ings were observed in the miR-370 inhibitor group (p <
0.05); however, the miR-370 inhibitor+ siRNA-BEX2
group showed no statistical changes (p > 0.05).

Table 3 Relative expression of
miR-370 and BEX2 correlates
with tumor size, vascular
invasion, capsular invasion, and
TNM staging in patients
with HCC

Clinicopathological data Number
of cases

Relative expression of
miR-370

p value Relative expression
of BEX2

p value

Age (year)

<55 36 0.46 ± 0.04 0.342 3.32 ± 0.20 0.411

≥55 40 0.45 ± 0.05 3.36 ± 0.22

Gender

Male 42 0.46 ± 0.05 0.087 3.30 ± 0.20 0.06

Female 34 0.44 ± 0.05 3.39 ± 0.21

Liver cirrhosis

Yes 44 0.44 ± 0.04 0.057 3.37 ± 0.23 0.157

No 32 0.46 ± 0.05 3.30 ± 0.18

Tumor size(cm)

<5 17 0.48 ± 0.05 0.005 3.18 ± 0.17 <0.001

≥5 59 0.44 ± 0.05 3.39 ± 0.20

Vascular invasion

Yes 37 0.42 ± 0.04 <0.001 3.48 ± 0.15 <0.001

No 39 0.48 ± 0.04 3.21 ± 0.17

TNM staging

I/II stage 48 0.48 ± 0.04 <0.001 3.21 ± 0.12 <0.001

III/IV stage 28 0.41 ± 0.03 3.56 ± 0.15

Encroachment

Yes 40 0.42 ± 0.03 <0.001 3.49 ± 0.16 <0.001

No 36 0.49 ± 0.03 3.17 ± 0.10

BEX2 brain-expressed X-linked protein 2, miR-370 microRNA-370, TNM tumor node metastasis
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miR-370 overexpression and BEX2 silencing inhibit
HCC cell proliferation and promote apoptosis

MTT assay was further applied to detect the proliferation of
HCC cells after different transfection. The MTT results
(Fig. 5a) revealed that there was no significant difference in
cell proliferation among the six groups at 24 h after the
transfection (p > 0.05). After transfection for 24 h, there was
no significantly difference in cell proliferation between the
blank and NC groups (p > 0.05). Compared with the blank
group, the HCC cell proliferation in the miR-370 mimic and
siRNA-BEX2 groups was decreased (p < 0.05), while
opposite trends were noted in the miR-370 inhibitor group
(p < 0.05) and was not significantly different in the miR-

370 inhibitor+ siRNA-BEX2 group (p > 0.05). The results
showed that overexpression of miR-370 and
BEX2 silencing could inhibit the proliferation of HCC cells.

In addition, HCC cell cycle and cell apoptosis were
detected by means of flow cytometry. Figure 5b, c showed
that there was no significant difference of cell apoptosis
between the blank group and the NC group (p > 0.05).
Compared with the blank group, the miR-370 inhibitor
group exhibited less G1 phase-arrested cells and more S
phase-arrested cells (p < 0.05), while the miR-370 mimic
and siRNA-BEX2 groups demonstrated opposite trends.
There was no significant difference in the cell cycle between
the blank and miR-370 inhibitor+ siRNA-BEX2 groups (p
> 0.05).
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The results of cell apoptosis (Fig. 5d, e) revealed no
significant difference in cell apoptosis between the blank
group and the NC group (p > 0.05). Compared with the
blank group, HCC cell apoptosis was significantly
decreased in the miR-370 inhibitor group (p < 0.05), while
was promoted in the miR-370 mimic and siRNA-BEX2
groups (p < 0.05). There was no significant difference in the
apoptosis rate of HCC cells in the miR-370 inhibitor+
siRNA-BEX2 group when compared with the blank group
(p > 0.05).

The aforementioned results showed that overexpression
of miR-370 and BEX2 silencing could accelerate HCC cell
proliferation and decelerate cell apoptosis.

miR-370 overexpression and BEX2 silencing impede
HCC cell migration and invasion

The transwell assay was performed to analyze the cell
invasion in each group after transfection, and results
showed (Fig. 6a, b) no significant difference in the number
of invasive cells in the blank group and the NC group (p >
0.05). Compared with the blank group, miR-370 inhibitor

group showed significantly increased number of invasive
cells and enhanced invasive ability; the miR-370 mimic and
siRNA-BEX2 groups presented with significantly decreased
number of invasive cells and diminished invasive ability
(both p < 0.05), while there was no significant difference in
invasive ability in miR-370 inhibitor+ siRNA-BEX2 group
(p > 0.05). The results showed that overexpression of miR-
370 could inhibit HCC cell invasion.

Scratch test was further conducted to analyze the
migration of HCC cells in different transfection groups.
As shown in Fig. 6c, d, the scratches of cells in each group
were observed after transfection at 0 and 24 h, respec-
tively. There was no significant difference in the healing
rate of HCC cells at 0 h in each group (p > 0.05). Also,
there was no significant difference in relation to migration
ability between the blank and NC groups (p > 0.05).
Compared with the blank group, the healing rate of cells
after scratch was significantly increased in the miR-370
inhibitor group, and the migration ability was significantly
raised (p < 0.05). Compared with the blank group, the
cells in the miR-370 mimic and siRNA-BEX2 groups
presented with decreased healing rate and declined
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migration ability (p < 0.05), and no significant difference
was observed in the miR-370 inhibitor+ siRNA-BEX2
group (p > 0.05).

Altogether, the results showed that overexpression of
miR-370 and BEX2 silencing could potentially inhibit the
migration and invasion of HCC cells.

miR-370 overexpression slows down HCC tumor
growth

At last, tumor size was measured in each group after
different transfection. The results in Fig. 7a–c showed
there was no significant difference in tumor size between
the blank and NC groups (p > 0.05). Compared with
the blank group, there was no significant difference in
tumor size in the miR-370 inhibitor+ siRNA-BEX2
group (p > 0.05). After 14 days of transfection, the
subcutaneous tumor of mice was found to be significantly
larger, and the tumor growth rate was the fastest in the
miR-370 inhibitor group relative to the blank group (p <
0.05); while, the growth rate and size of subcutaneous
tumor in mice were significantly slower and smaller in
the miR-370 mimic and siRNA-BEX2 groups than

those in the blank group (p < 0.05). On the 35th day, the
expression of BEX2 was quantified using immunohis-
tochemistry (Fig. 7d). The results showed that there was no
significant difference in relation to the positive expression
of BEX2 protein between the blank group and the NC
group (p > 0.05). Compared with the blank group, the
positive expression of BEX2 protein showed no significant
difference in the miR-370 inhibitor+ siRNA-BEX2 group
(p > 0.05). The positive expression of BEX2 protein was
found to be significantly increased in the miR-370 inhibitor
group, while that of BEX2 was significantly decreased in
the miR-370 mimic group and the siRNA-BEX2 group
when compared with the blank group.

Taken together, miR-370 could downregulate BEX2 and
inhibit tumor growth in mice with HCC.

Discussion

HCC has appeared to be a major cause resulting in cancer-
related deaths, ranking as an urgent priority on the agenda
of medical treatment [16]. MiRNAs are consisted of a group
of small noncoding RNAs who function to mediate a great
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deal of cellular physiological activities, including cell
development, proliferation, differentiation, and apoptosis,
by regulating the target genes at a posttranscriptional level
[17]. BEX2 is a member of the BEX gene family, which
influences the nervous system and neurological diseases
[18]. The current study aimed to investigate the effects of
miR-370 on cell cycle, proliferation, invasion, migration,
and apoptosis of HCC cells by mediating the MARK/JNK
signaling pathway through regulation of BEX2. The find-
ings of this study supported the conclusion that miR-370
overexpression could potentially inhibit the activation of the
MAPK/JNK signaling pathway by negatively targeting
BEX2, thereby preventing the initiation and progression
of HCC.

Firstly, we uncovered that miR-370 was expressed
lowly and BEX2 was expressed at high levels in HCC
tissues. A previous study showed that the downregulation
of miR-370 resulted in promoted tumor cell proliferation,
cell cycle procession, and tumor colony formation in
gastric cancer [19]. It was also revealed by former
researchers that miR-370 upregulation leads to promoted
apoptosis and suppressed proliferation in nonsmall cell
lung cancer tissues and cell lines [20]. In addition, a recent
study reported that miR-370 was poorly expressed in
colon cancer tissues compared with adjacent normal tis-
sues, which is similar to our findings of low miR-370 in
HCC tissues [7]. Furthermore, BEX2 is highly expressed
in a subset of estrogen receptor-positive breast cancers
and glioblastoma, and also plays a vital role in promoting
tumor cell survival and growth in breast cancer [21, 22].
Thus, it can be verified that miR-370 may play an
important role in the development of HCC. It has further
been reported that miRNA profiling can be regulated by
both epigenetic modifications change and late-onset
hypogonadism (LOH). Previous studies have also shown
that LOH is associated with a plasma miRNA expression
profile that was different from normal [23]. Moreover,
miR-212 has also been demonstrated to be downregulated
in human CRC tissues via genetic and epigenetic
mechanisms [24]. These findings could help figure out the
upstream regulatory mechanism of miR-370 profiling
during HCC development. Furthermore, we confirmed
that BEX2 was a target of miR-370 by bioinformatics
prediction and dual luciferase reporter gene assay. More
importantly, our findings revealed that overexpression of
miR-370 downregulated BEX2 gene, inhibited the acti-
vation of the MAPK/JNK signaling pathway by down-
regulating the pathway-related genes. According to a
former study, CASZ1 suppresses HCC growth by inhi-
biting the MAPK/ERK signaling pathway [25]. Naderi
et al. further reported that downregulation of BEX2 could
decrease the extent of c-Jun phosphorylation and diminish
the migration ability of breast cancer cells, which would

make a massive difference in the treatment of HCC [15].
Also, the relatively overexpressed BEX2 in breast tumors
could be explained as an effect of highly regulated c-Jun
factor in the mechanism of breast cancer [15]. C-Fos was
also confirmed to serve as a significant physiological
marker for neural activation [26]. The repression of matrix
metalloproteinase-1 by c-Fos inhibition has also been
previously demonstrated to suppress HCC cell migration
and invasion [27]. In consistent with the above findings,
the expression of MARK/JNK signaling pathway-related
genes was downregulated after treatment of BEX2 inhi-
bition and miR-370 overexpression. Therefore, miR-370
could benefit HCC treatment by negatively regulating
BEX2 and inactivating the MARK/JNK signaling
pathway.

Also, the findings in the current study proved that miR-
370 mimic and BEX2 silencing inhibited proliferation,
migration, invasion, while promoted apoptosis of HCC
cells. Overexpression of miR-370 has previously been
revealed to suppress cell migration and invasion of HCC
cells by inhibition of the oncoprotein LIN28A [28]. Also,
the overexpression of miR-370 speeds up the apoptosis of
HCC cell lines [29]. BEX2 downregulation is known to
promote cell apoptosis in malignant glioma cells and acti-
vate the JNK signaling pathway [10]. What is more, BEX2
plays an important role in promoting cell survival and
growth in breast cancer cells [15]. The above findings were
in consistent with those obtained from our study that miR-
370 overexpression promoted apoptosis and inhibited pro-
liferation, migration, invasion of HCC cells. Furthermore,
in vivo experiment results in our study demonstrated that
overexpression of miR-370 inhibited tumor size and tumor
growth, which also confirmed the above conclusions.

In conclusion, the current study evidenced decreased
miR-370 expression and increased BEX2 expression in
HCC cells and tissues. A negative correlation between
miR-370 in BEX2 was also proved. In addition, miR-370
overexpression can promote apoptosis and inhibit pro-
liferation, migration and invasion of HCC cells through
suppression of the MAPK/JNK signaling pathway by
downregulating BEX2 (Fig. 8). These findings may open
novel avenues for future HCC therapies. However, since
HCC under different background, such as HBV, HVC, or
no virus infection, may have some reverse regulatory
effects on the expression of miR-370, therefore, further
studies are warranted to explore the specific mechanism of
miR-370 in HCC.
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