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Abstract. MicroRNAs (miRs) participate in the development 
of several cancers. miR‑361‑5p suppresses the proliferation 
of hepatocellular carcinoma (HCC) cells. However, its func‑
tion and potential underlying mechanism of action in the 
chemoresistance of HCC remains unknown. Therefore, 
cisplatin (DDP)‑resistant HCC cells were used to study 
the role and potential mechanism of action of miR‑361‑5p 
in HCC resistance to chemotherapy. TargetScan software 
and dual‑luciferase reporter assays were used to determine 
whether MAPK kinase kinase 9 (MAP3K9) is a target gene 
of miR‑361‑5p. Subsequently, reverse transcription‑quan‑
titative PCR and western blot analyses demonstrated that 
miR‑361‑5p mimic decreased MAP3K9 expression levels in 
Huh7 cells and this change was reversed by transfection with 
the MAP3K9‑plasmid. In addition, compared with THLE‑2 
cells, miR‑361‑5p was downregulated, while MAP3K9 
was upregulated in Huh7 cells. MAP3K9 also reversed the 
miR‑361‑5p‑induced HCC cell apoptosis. A DDP‑resistant cell 
line, Huh7/DDP, was established and MTT analysis revealed 
that the IC50 value of DDP treatment in Huh7/DDP cells was 
higher compared with that in Huh7 cells. miR‑361‑5p expres‑
sion was lower in Huh7/DDP cells compared with that in Huh7 
cells. Similarly, miR‑361‑5p downregulated the expression 
levels of MAP3K9 in Huh7/DDP cells. Furthermore, MAP3K9 
reversed miR‑361‑5p‑induced sensitivity of Huh7/DDP cells 
to DDP and miR‑361‑5p induced Huh7/DDP cell apoptosis. 
Therefore, the findings of the present study demonstrated that 

the miR‑361‑5p/MAP3K9 axis may serve as a new potential 
biomarker and therapeutic target for DDP‑resistant HCC.

Introduction

Hepatocellular carcinoma (HCC), one of the most common 
malignant tumor types in China originates from hepatocytes or 
hepatic progenitor cells. There are obvious regional differences 
in the distribution of HCC (1,2). The main characteristics of 
advanced liver cancer include liver pain, keratitis, jaundice and 
ascites (3). Recent data indicate that the cases of liver cancer have 
increased to one million annually, of whom 700,000 patients will 
eventually succumb to the disease (4,5). Previously, the highest 
incidence of liver cancer was observed in the age group of 
45‑65 years; however, the incidence of liver cancer is exhibiting 
an increasing trend among younger individuals (6). At present, 
there are several clinical treatment options for liver cancer, 
including tumor resection, chemotherapy and radiotherapy (7). 
However, the 5‑year survival rate for patients with liver cancer 
is not satisfactory and a number of patients exhibit drug resis‑
tance (8). Cisplatin (DDP) is a common chemotherapeutic drug 
that can be used to treat a variety of cancer types (9,10). However, 
DDP‑based chemotherapy is usually limited by intrinsic and 
acquired resistance, which leads to chemotherapy failure. 
Therefore, it is imperative to identify new targets in order to 
improve the prognosis for patients with HCC (11,12).

MicroRNAs (miRNAs/miRs) are a group of RNAs 
that are endogenous, non‑protein coding, single‑stranded 
small molecules, which are 18‑24 nucleotides in length 
and regulate downstream gene expression at the post‑tran‑
scriptional level  (13‑15). miRNAs participate in a number 
of biological processes and changes in the expression and 
function of miRNAs are implicated in several diseases (16). 
Accumulating evidence has demonstrated that multiple 
abnormally expressed miRNAs are associated with the devel‑
opment of HCC, including miR‑3174, miR‑383, miR‑361‑5p 
and miR‑330‑5p (17‑21). Wang et al (18) demonstrated that 
miR‑383 suppresses cell proliferation and induces apoptosis. 
A previous study has demonstrated that miR‑3174 is highly 
expressed in HCC (17). miR‑361‑5p has been reported to be 
downregulated in HCC (20) and Sun et al (19) reported that 
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miR‑361‑5p inhibits HCC cell growth. However, the function 
of miR‑361‑5p in the chemoresistance of HCC and the poten‑
tial molecular mechanism of action remain unknown. In the 
present study, DDP‑resistant HCC cells were used to study the 
function and potential mechanism of action of miR‑361‑5p.

MAPK kinase kinase 9 (MAP3K9) is an upstream activator 
of the MAPK kinase/JNK signaling pathway, which plays crit‑
ical roles in the regulation of cell apoptosis (22). The MAPK 
family consists of three subgroups: ERK1/2, stress‑activated 
protein kinase/JNK and p38 MAPK  (23). Furthermore, 
Nie et al (24) demonstrated that MAP3K9 is a target gene of 
miR‑148b and Zhao et al (25) indicated that there is an inter‑
action site between MAP3K9 and miR‑1247. In the present 
study, bioinformatics software analysis was used to determine 
whether miR‑361‑5p and MAP3K9 have direct binding sites, 
as well as to elucidate whether miR‑361‑5p regulates cell apop‑
tosis in HCC by mediating changes in MAP3K9 expression.

Materials and methods

Cell line acquirement and culture. Human normal hepa‑
tocytes (THLE‑2) and the human HCC cell line Huh7 
were obtained from American Tissue Culture Collection. 
THLE‑2 and Huh7 cells were cultured in DMEM (Corning, 
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) and incubated at  37˚C in a 5% CO2 incu‑
bator. A DDP‑resistant cell line, Huh7/DDP, was established 
by exposing parental Huh7cells to increasing concentra‑
tions of DDP for 1 year, as previously described (26). Huh7 
or Huh7/DDP cells were transfected with 100  nM mimic 
control (5'‑UUCUCCGAACGUGUCACGUTT‑3'; Shanghai 
GenePharma Co., Ltd.), 100  nM miR‑361‑5p mimic 
(5'‑ACGCCUGGAGAUUCUGAUAAUU‑3'; Shanghai 
GenePharma Co., Ltd.), 1 µg control‑plasmid (cat. no. sc‑437275; 
Santa Cruz Biotechnology, Inc.), 1  µg MAP3K9‑plasmid 
(cat. no.  sc‑410886‑ACT; Santa Cruz Biotechnology, Inc.), 
100 nM miR‑361‑5p mimic + 1 µg control‑plasmid or 100 nM 
miR‑361‑5p mimic + 1 µg MAP3K9‑plasmid at 37˚C for 48 h 
using Polyplus transfection reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
48 h after the transfection procedure was completed, subse‑
quent experiments were performed.

Reverse transcription‑quantitative PCR (RT‑qPCR) assay. 
Total RNA was extracted from cells using TRIzol® reagent 
(Takara Bio, Inc.) according to the manufacturer's instructions. 
The RNA purity was confirmed based on A260/A280 using 
NanoDrop 2000 (Thermo Fisher Scientific, Inc.) in accordance 
with the manufacturer's instructions. When RNA extraction 
was completed, RNA was reverse‑transcribed into complemen‑
tary DNA (cDNA) using a Reverse Transcription kit (Vazyme 
Biotech Co., Ltd.) following the manufacturer's protocol. 
Subsequently, cDNA was used for amplification. qPCR was 
performed using a SYBR Green PCR kit (Vazyme Biotech 
Co., Ltd.). Thermocycling conditions used for qPCR were as 
follows: Initial denaturation at 95˚C for 10 min, followed by 
37 cycles of denaturation at 95˚C for 15 sec, annealing at 55˚C 
for 40 sec and extension at 72˚C for 34 sec. GAPDH (for mRNA) 
or U6 (for miRNA) were used as endogenous controls. Primer 
sequences used for qPCR were as follows: GAPDH forward, 

5'‑TTT​GGT​ATC​GTG​GAA​GGA​CTC‑3' and reverse, 5'‑GTA​
GAG​GCA​GGG​ATG​ATG​TTC​T‑3'; U6 forward, 5'‑CTC​GCT​
TCG​GCA​GCA​GCA​CAT​ATA‑3' and reverse, 5'‑AAA​TAT​
GGA​ACG​CTT​CAC​GA‑3'; miR‑361‑5p forward, 5'‑ATA​AAG​
TGC​TGA​CAG​TGC​AGA​TAG​TG‑3' and reverse, 5'‑TCA​AGT​
ACC​CAC​AGT​GCG​GT‑3'; MAP3K9 forward, 5'‑GAG​TGC​
GGC​AGG​GAC​GTA​T‑3' and reverse, 5'‑CCC​CAT​AGC​TCC​
ACA​CAT​CAC‑3'. The 2‑ΔΔCq method (27) was used to quantify 
relative gene expression. All samples required three replicates.

Western blot assay. The cells were lysed and total protein 
was obtained using RIPA lysis buffer (Beyotime Institute 
of Biotechnology). A BCA assay kit (Pierce; Thermo Fisher 
Scientific, Inc.) was used to quantify the total protein. Equal amount 
of proteins (40 µg per lane) were separated by 15% SDS‑PAGE 
for 40  min and then transferred to PVDF membranes 
(EMD  Millipore). The membranes were blocked at room 
temperature for 1.5 h with 5% non‑fat milk and incubated with 
primary antibodies, namely, anti‑MAP3K9 (cat. no. ab228752; 
1:1,000, Abcam), anti‑cleaved caspase‑3 (cat.  no.  ab32042; 
1:1,000, Abcam) or anti‑caspase‑3 (cat. no. ab32351; 1:1,000, 
Abcam) at 4˚C overnight. On the following day, the membranes 
were incubated with the horseradish peroxidase‑conjugated 
secondary antibodies (cat. no. 7074; 1:2,000; Cell Signaling 
Technology, Inc.) for 2 h at room temperature. The protein bands 
were visualized using the enhanced chemiluminescence method 
(Cytiva). GAPDH (cat. no. 9485; 1:1,000, Abcam) served as the 
loading control for normalization. Band densities were quantified 
using the Gel‑Pro Analyzer densitometry software (version 6.3; 
Media Cybernetics, Inc.).

Flow cytometry (FCM) assay. Cell apoptosis was assessed using 
an Annexin‑V/PI Apoptosis Detection kit (Beyotime Institute 
of Biotechnology). Briefly, cells (5x104 cells per well) were 
plated in 6‑well plates overnight. On the following day, cells 
were transfected with the plasmids or mimics as aforemen‑
tioned. Subsequently, the cells were collected, centrifuged 
with low temperature at high speed (1,000 x g at 4˚C for 
5 min) and resuspended in 100 µl of FITC‑binding buffer 
(Beyotime Institute of Biotechnology). Subsequently, ~5 µl 
ready‑to‑use Annexin  V‑FITC (BD  Bioscience) and 5  µl 
PI were added into the buffer. The cells were incubated for 
30 min at room temperature in the dark. Annexin V‑FITC and 
PI fluorescence were assessed using a BD FACSCalibur flow 
cytometer (BD Biosciences). CellQuest software (version 5.1; 
BD Biosciences) was used to analyze flow cytometry data.

Dual‑luciferase reporter assay. Bioinformatics software analysis 
(TargetScan version 7.2; http://www.targetscan.org/vert_72/) 
was used to predict the potential targets of miR‑361‑5p. The 
results revealed the potential binding sites between miR‑361‑5p 
and MAP3K9. To confirm this, the wild‑type (wt) or mutant 
(mut) 3'untranslated region (UTR) of MAP3K9 was cloned into 
the pmiRGLO vector (Promega Corporation). The recombinant 
plasmids were acquired using EndoFree Plasmid Maxi kit 
(Vazyme Biotech Co., Ltd.). Huh7 cells seeded (5x104 cells per 
well) in 24‑well plates were co‑transfected with miR‑361‑5p 
mimics or negative control and the mut or wt 3'‑UTR of 
MAP3K9, together with the Renilla luciferase pRL‑TK vector 
as a control. After transfection at 37˚C for 48 h, firefly and 
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Renilla luciferase activity was measured using a dual‑luciferase 
reporter assay kit (Promega Corporation). Firefly luciferase 
activity was normalized to Renilla luciferase activity.

DDP sensitivity assay. Different concentrations of DDP (0.5, 1, 2, 
4, 8, 16, 32 and 64 µg/ml) were used to treat Huh7 and Huh7/DDP 
cells (5x104 cell per well) at 37˚C for 48 h. Cell viability was 
then measured using MTT assays and 150 µl DMSO was used 
to dissolve the resultant purple formazan. The IC50 value of DDP 
was calculated from these data. After the cells were processed 
according to manufacturer's instructions, 20 µl MTT (5 mg/ml; 
Sigma‑Aldrich; Merck KGaA) was added into each well and the 
wells were further cultured for 4 h. The absorbance was then 
measured at 570 nm. The data were analyzed and presented as 
the mean ± SD of three independent experiments.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 6.0 (GraphPad Software, Inc.). The statistical 
significance of the differences between groups was determined 
using unpaired Student's t‑test or one‑way ANOVAs followed 
by Tukey's post hoc tests. Data are expressed as the mean ± SD 
from at least three independent experiments. P<0.05 was 
considered to indicate statistically significant differences.

Results

Target association between miR‑361‑5p and MAP3K9. The 
present study found that miR‑361‑5p has hundreds of target 

genes, which includes MAP3K9 (Fig. 1A). As MAP3K9 is 
an activator upstream of the MAPK kinase/JNK signaling 
pathway, which plays critical roles in cell apoptosis regula‑
tion (22), and the role of MAP3K9 in HCC remain largely 
unclear, MAP3K9 was chosen for further investigation. 
The association between miR‑361‑5p and MAP3K9 was 
confirmed using dual‑luciferase reporter assays. The 3'‑UTR 
(either wt or mut) of MAP3K9 was inserted into a pmiR 
luciferase reporter and Huh7 cells were co‑transfected with 
miR‑361‑5p mimic or mimic control and MAP3K9‑wt or 
MAP3K9‑mut. The results indicated that miR‑361‑5p mimic 
co‑transfection with wt MAP3K9 3'‑UTR reporter inhibited 
luciferase activity, but miR‑361‑5p mimic did not exert any 
effect on the reporter containing the mut MAP3K9 3'‑UTR 
(Fig. 1B). These findings confirmed MAP3K9 as a target gene 
of miR‑361‑5p. Subsequently, Huh7 cells were transfected 
with mimic control, miR‑361‑5p mimic, control‑plasmid, 
MAP3K9‑plasmid, miR‑361‑5p mimic  +  control‑plasmid 
or miR‑361‑5p mimic  +  MAP3K9‑plasmid for 48  h and 
RT‑qPCR was performed to detect the transfection effi‑
ciency. In comparison with the mimic control group, 
miR‑361‑5p increased miR‑361‑5p expression (Fig. 1C); and 
compared with the control‑plasmid group, MAP3K9‑plasmid 
increased MAP3K9 expression at the mRNA level (Fig. 1D). 
Furthermore, miR‑361‑5p markedly decreased MAP3K9 
protein expression and significantly decreased MAP3K9 
mRNA levels in Huh7 cells, with this reduction being reversed 
by the MAP3K9‑plasmid (Fig. 1E and F). Therefore, MAP3K9 

Figure 1. Association between MAP3K9 and miR‑361‑5p. (A) Prediction of MAP3K9 targeting by miR‑361‑5p using TargetScan. (B) Dual‑luciferase reporter 
gene assays were used to verify the association between miR‑361‑5p and MAP3K9. (C) RT‑qPCR analysis was used to detect miR‑361‑5p expression levels 
following Huh7 cell transfection with mimic control or miR‑361‑5p mimic. (D) RT‑qPCR analysis was used to detect MAP3K9 mRNA expression levels 
following Huh7 cell transfection with control‑plasmid or MAP3K9‑plasmid. (E) RT‑qPCR analysis and (F) western blot analysis was used to detect MAP3K9 
mRNA and protein expression levels, respectively, following mimic and plasmid transfections. **P<0.01 vs. mimic control; ##P<0.01 vs. control‑plasmid; &&P<0.01 
vs. miR‑361‑5p mimic + control‑plasmid. MAP3K9, MAPK kinase kinase 9; miR, microRNA; mut, mutant; RT‑qPCR, reverse transcription‑quantitative PCR; 
UTR, untranslated region; wt, wild‑type.
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expression was negatively regulated by miR‑361‑5p in Huh7 
cells.

Expression levels of miR‑361‑5p and MAP3K9 in HCC 
cells. Subsequently, the expression levels of miR‑361‑5p and 

MAP3K9 in normal human hepatocytes (THLE‑2) and Huh7 
HCC cells was examined. RT‑qPCR indicated that compared 
with the THLE‑2 cells, the miR‑361‑5p expression levels were 
lower in Huh7 cells (Fig. 2A), while the MAP3K9 expression 
levels were markedly higher (Fig. 2B and C).

Figure 2. miR‑361‑5p is downregulated and MAP3K9 is upregulated in hepatocellular carcinoma cells. (A) RT‑qPCR analysis was used to detect (A) miR‑361‑5p 
and (B) MAP3K9 mRNA expression levels in THLE‑2 and Huh7 cells. (C) Western blot analysis was used to detect MAP3K9 protein expression levels in 
THLE‑2 and Huh7 cells. **P<0.01 vs. THLE‑2 cells. MAP3K9, MAPK kinase kinase 9; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR.

Figure 3. MAP3K9 significantly reverses miR‑361‑5p‑induced apoptosis of hepatocellular carcinoma cells. (A) MTT analysis was used to measure cell viability 
following Huh7 cell transfection with mimic control, miR‑361‑5p mimic, miR‑361‑5p mimic + control‑plasmid or miR‑361‑5p mimic + MAP3K9‑plasmid for 
48 h. (B) Flow cytometry analysis was used to measure cell apoptosis. (C) Cell apoptosis rate was quantified using GraphPad 6.0. (D) Western blot assays 
were used to examine the protein expression levels of cleaved caspase‑3 and caspase‑3. (E) The cleaved caspase‑3/caspase‑3 ratio was quantified using Gel‑Pro 
Analyzer densitometry software. **P<0.01 vs. mimic control; ##P<0.01 vs. miR‑361‑5p mimic + control‑plasmid. MAP3K9, MAPK kinase kinase 9; miR, 
microRNA.
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Effects of miR‑361‑5p on the viability and apoptosis of 
HCC cells. The effect of miR‑361‑5p and MAP3K9 on the 
viability and apoptosis of Huh7 cells was next investigated. 
Huh7 cells were transfected with mimic control, miR‑361‑5p 
mimic, miR‑361‑5p mimic + control‑plasmid or miR‑361‑5p 
mimic + MAP3K9‑plasmid and a series of experiments were 
performed after 48 h. MTT assays demonstrated that compared 
with the mimic control group, miR‑361‑5p reduced Huh7 cell 
viability (Fig.  3A). FCM assay indicated that miR‑361‑5p 
promoted Huh7 cell apoptosis (Fig. 3B and C). In addition, 
western blotting demonstrated that miR‑361‑5p increased 
cleaved caspase‑3 expression (Fig.  3D) and increased the 
ratio of cleaved caspase‑3/caspase‑3 (Fig.  3E). All these 
effects were notably reversed by co‑transfection with the 
MAP3K9‑plasmid.

Expression levels of miR‑361‑5p in Huh7/DDP cells. DDP 
is currently the most widely used antitumor drug in clinical 
practice; however, due to cancer cell resistance to DDP, novel 
treatment options for HCC are needed. In the present study, 
the DDP‑resistant cell line Huh7/DDP was established by 
exposing parental Huh7 cells to increasing concentrations of 
DDP for 12 months. Subsequently, after treating Huh7 and 
Huh7/DDP cells with various concentrations of DDP (0.5, 1, 2, 
4, 8, 16, 32 and 64 mg/ml) for 48 h, the viability of Huh7/DDP 
cells was found to be higher compared with that of Huh7 cells 
at 4, 8, 16, 32 mg/ml DDP treatment (Fig. 4A). The IC50 value 
of DDP on Huh7/DDP cells was higher compared with that of 
Huh7 cells (Fig. 4B). Subsequently, RT‑qPCR demonstrated 
that the expression levels of miR‑361‑5p in Huh7/DDP cells 
was lower compared with that in the Huh7 cells (Fig. 4C). 
Moreover, it was found that the protein expression levels of 
MAP3K9 were increased in Huh7/DDP cells compared with 
the Huh7 cells (Fig. 4D). RT‑qPCR also demonstrated that 

the mRNA expression levels of MAP3K9 in Huh7/DDP cells 
was significantly higher compared with that in the Huh7 cells 
(Fig. 4E)

MAP3K9 is negatively regulated by miR‑361‑5p in Huh7/DDP 
cells. Huh7/DDP cells were next transfected with mimic control, 
miR‑361‑5p mimic, control‑plasmid, MAP3K9‑plasmid, 
miR‑361‑5p mimic  +  control‑plasmid or miR‑361‑5p 
mimic + MAP3K9‑plasmid for 48 h. The transfection effi‑
ciency of MAP3K9 and miR‑361‑5p was detected after 48 h. 
In comparison with the mimic control group, miR‑361‑5p 
increased miR‑361‑5p expression levels in Huh7/DDP cells 
(Fig.  5A). In comparison with the control‑plasmid group, 
MAP3K9‑plasmid transfection increased MAP3K9 mRNA 
expression levels in Huh7/DDP cells (Fig. 5B). In comparison 
with the mimic control group, miR‑361‑5p significantly reduced 
MAP3K9 mRNA expression levels and notably reduced the 
protein expression levels in Huh7/DDP cells. This reduction 
was reversed following transfection with the MAP3K9‑plasmid 
(Fig. 5C and D).

Effect of miR‑361‑5p on the sensitivity of Huh7/DDP cells. 
Finally, the effects of MAP3K9 and miR‑361‑5p on the 
viability of Huh7/DDP cells was examined. The MTT assay 
indicated that miR‑361‑5p mimic significantly decreased 
Huh7/DDP cell viability and reduced the IC50 value of DDP 
on Huh7/DDP cells, whereas these effects were reversed by 
the MAP3K9‑plasmid (Fig. 6A and B). Compared with the 
mimic control group, miR‑361‑5p mimic increased apoptosis 
of Huh7/DDP cells (Fig. 6C and D); moreover, miR‑361‑5p 
mimic increased cleaved caspase‑3 protein expression levels 
and the cleaved caspase‑3/caspase‑3 ratio in Huh7/DDP cells. 
However, all these effects were reversed by transfection with 
the MAP3K9‑plasmid.

Figure 4. miR‑361‑5p is downregulated and MAP3K9 is upregulated in Huh7/DDP cells. (A) MTT analysis was used to measure the viability of Huh7/DDP 
and Huh7 cells after DDP treatment. (B) The IC50 values of DDP on Huh7/DDP and Huh7 cells was calculated using GraphPad 6.0. (C) RT‑qPCR was used 
to determine miR‑361‑5p expression in Huh7/DDP and Huh7 cells. (D) Western blot assays and (E) RT‑qPCR were used to measure the protein and mRNA 
expression levels, respectively, of MAP3K9 in Huh7/DDP and Huh7 cells. **P<0.01 vs. Huh7 cells. DDP, cisplatin; RT‑qPCR, reverse transcription‑quantitative 
PCR.
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Discussion

The development of HCC represents a major health concern 
worldwide  (2). Despite advances in medical techniques in 
recent years, the mortality rate of HCC remains high due to the 
difficulty of early diagnosis, relative lack of therapeutic targets 
and poor postoperative recovery  (7,8). Following surgical 
resection, the number of patients with HCC who survive for 
1 year has been reported to be >80%, but the 5‑year survival 
rate decreases to >50% (28). Therefore, there is a continued 
need to identify novel targets for the treatment of patients with 
HCC. Previous studies have demonstrated that miR‑361‑5p 
expression is downregulated in HCC cells (19,29). The present 
study also demonstrated that miR‑361‑5p was downregulated 
in Huh7 cells. Additionally, Zhang et al  (30) reported that 
miR‑361‑5p expression is decreased in lung cancer, whereas 
Li et al (31) demonstrated that the expression miR‑361‑5p was 
low in papillary thyroid carcinoma.

The present study demonstrated that there was an interaction 
site between miR‑361‑5p and MAP3K9. RT‑qPCR revealed that 
was a negative association between MAP3K9 expression and 
miR‑361‑5p expression in Huh7 cells. MAP3K9 is a member 

of a mixed‑lineage family of kinases, consisting of the SH3 
domain, the Ser/Thr kinase domain and the Cdc42/Rac inter‑
action binding domain (32,33). Moreover, this kinase has also 
been found to be an upstream activator of the JNK and ERK 
signaling pathways (34). A number of studies have demon‑
strated that MAP3K9 is a target of several miRNAs, including 
miR‑574‑5p (35), miR‑490‑5p (36) and miR‑15a (37). However, 
the role of MAP3K9 in HCC remains unclear. The results of the 
present study indicated that MAP3K9 was able to significantly 
reverse miR‑361‑5p‑induced apoptosis of HCC cells.

HCC cells commonly become resistant to DDP, resulting 
in chemotherapy failure (38). The present data and those of 
previous reports demonstrated that miR‑361‑5p significantly 
inhibited the proliferation and induced apoptosis of HCC 
cells (19,20). However, only the ratio of cleaved caspase‑3 and 
caspase‑3 (apoptosis‑related proteins) were used to measure 
cell apoptosis in the present study. To make the results more 
convincing, changes in expression levels of apoptosis‑related 
proteins Bax and Bcl‑2 should also be investigated, which was 
a limitation of the present study. To the best of our knowledge, 
prior to the present study, the exact role of miR‑361‑5p in HCC 
chemoresistance remained elusive. Therefore, the present 

Figure 5. MAP3K9 is negatively regulated by miR‑361‑5p in Huh7/DDP cells. (A) RT‑qPCR analysis was used to determine miR‑361‑5p expression levels in 
the mimic control and miR‑361‑5p mimic groups. (B) RT‑qPCR analysis was used to determine MAP3K9 mRNA expression levels in the control‑plasmid 
and MAP3K9‑plasmid groups. (C) RT‑qPCR analysis was used to determine MAP3K9 mRNA expression levels and (D) western blot assays were used to 
determine MAP3K9 protein expression levels in Huh7/DDP cells following the various treatments. **P<0.01 vs. mimic control; ##P<0.01 vs. control‑plasmid; 
&&P<0.01 vs. miR‑361‑5p mimic + control‑plasmid. MAP3K9, MAPK kinase kinase 9; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR.
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study used DDP‑resistant HCC cells to study the function 
and potential mechanism of action of miR‑361‑5p. Huh7/DDP 
and Huh7 cells were then treated with various concentrations 
of DDP and the IC50 value of Huh7/DDP cells was found to 
be higher compared with that of Huh7 cells. In addition, the 
expression levels of miR‑361‑5p were lower in Huh7/DDP cells 
compared with that in Huh7 cells. Finally, MAP3K9 signifi‑
cantly reversed the miR‑361‑5p‑induced increased sensitivity 
of Huh7/DDP cells to DDP.

It should be noted; however, that the present study was only 
a preliminary in vitro investigation into the role of miR‑361‑5p 
in HCC chemotherapy resistance. To identify the role of 
miR‑361‑5p/MAP3K9 in HCC chemotherapy resistance, further 
studies are required. For example, the role of miR‑361‑5p/MAP3K9 
on the Huh7 and Huh7/DDP cell migratory, invasive and clone 
formation abilities should be explored using wound healing, 
Transwell and clone formation assays. Furthermore, the effect 
of miR‑361‑5p on HCC chemotherapy resistance should be 

investigated in vivo. Moreover, the expression of miR‑361‑5p and 
MAP3K9 in HCC cancer tissues need to be explored.

In conclusion, the findings of the present study demon‑
strated that miR‑361‑5p induces HCC cell apoptosis and 
enhances drug sensitivity by targeting MAP3K9.
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