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Abstract. Hepatocellular carcinoma (HCC) is one of the most 
common types of cancer worldwide with a high morbidity and 
mortality rate. An increasing number of studies have demon-
strated that microRNAs (miRNAs) serve an important role in 
HCC. The present study investigated the role of miR-939-3p in 
HCC. It was demonstrated that miR-939-3p was upregulated in 
HCC cell lines and HCC tissues compared with normal liver 
cell lines and paired normal tissues, respectively. It was also 
found that upregulation of miR-939-3p expression levels in HCC 
tissues was associated with a less favorable prognosis. Moreover, 
the overexpression of miR-939-3p in LM3 cells enhanced 
the metastatic capacity of these cells and promoted epithe-
lial-mesenchymal transition (EMT). In contrast, miR-939-3p 
inhibition decreased the invasive capacity of HCC cells and 
EMT. Potential binding target of miR-939-3p to estrogen 
receptor 1 (ESR1) were predicted using TargetScan. The expres-
sion levels of miR-939-3p were negatively associated with ESR1 
in HCC tissues based on data from The Cancer Genome Atlas. 
A luciferase reporter assay was used to confirm ESR1 as a direct 
downstream target of miR-393-3p. The miR-939-3p/ESR1 axis 
may be a potential novel target for the treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is a type of primary liver 
cancer and is one of the most common malignant types of cancer 
worldwide, with high morbidity and cancer associated mortality 
rates (1). The incidence rate of HCC in China is the highest in the 
world due to an increased rate of hepatitis B virus infection (2). 
Furthermore, the overall survival rate has remained unsatisfac-
tory for the last decade at 22-35% (3). Although numerous studies 

have been performed, the carcinogenesis and progression of HCC 
remains unclear (4-6). Therefore, identifying and clarifying the 
molecular mechanisms involved in development and progression 
of HCC may improve prognostic outcomes. 

It has been reported that microRNAs (miRNAs/miRs), which 
are highly conserved, small non-coding RNAs, 19-25 nucleotides 
in length and abundantly expressed in animals (7,8), may bind to 
the 3'-untranslated region (UTR) of target genes and inhibit the 
expression of these genes through post-transcriptional regula-
tion of mRNAs (9). A number of studies have demonstrated that 
miRs, including miR-21, miR-197-3p and miR-497-5p, serve an 
important role in apoptosis, cell proliferation, differentiation 
and metastasis (10-13). A previous study reported that inhibi-
tion of miR-939-3p may suppress the development of human 
non-small cell lung cancer (NSCLC) via the upregulation of 
metalloproteinase 2 (14). However, to the best of our knowledge, 
the function of miR-939-3p in HCC remains unknown.

Estrogen receptor 1 (ESR1), a ligand-activated transcrip-
tion factor, may directly bind to the transcription factor (TF) 
complex and lead to altered functions of proteins in the cyto-
plasm, for examples activation of eNOS or regulation of gene 
expression through phosphorylation (15). Numerous studies 
have demonstrated that ESR1 acts as a tumor suppressor in 
various cancer types. Yang et al (16) reported that ESR1 directly 
regulates the hypoxia-inducible factor 1 or the pathway associ-
ated with the anti-estrogen response in breast cancer. An ESR 
α inhibitor activated the unfolded protein response, blocked 
protein synthesis and induced tumor regression in HCC (17). 
Hishida et al (18) predicted that ESR1 is a tumor suppressor 
gene in HCC by triple-combination array analysis. Additionally, 
Tu et al (19) demonstrated that ESR1 overexpression medi-
ated apoptosis in Hep3B cells by binding with SP1 proteins. 
However, to the best of our knowledge, the effect of ESR1 on 
the metastasis of HCC cells has not been studied. Therefore, 
the aim of the present study was to determine the potential gene 
binding of miR-939-3p and the function of miR-939-3p in HCC. 

Materials and methods

Tissue samples. The present study was approved by The 
Institutional Ethics Committee of Zhejiang Provincial People's 
Hospital (Hangzhou, China). The clinical data were obtained 
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from The Cancer Genome Atlas (TCGA, portal.gdc.cancer.
gov/).

Cell culture. The HCC cell line (HCCLM3) was obtained from 
the American Type Culture Collection. Cells were cultured at 
37˚C with 5% CO2 in Minimum Essential Medium (MEM; 
Thermo Fisher Scientific, Inc.) containing 10% FBS (Thermo 
Fisher Scientific, Inc.). This cell line was authenticated by 
short tandem repeats profiling.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). RNA was then reverse transcribed to 
cDNA using PrimeScript™ RT Master mix (cat. no. RR036A; 
Takara Bio, Inc.), according to the manufacturer's protocol. 
qPCR was performed using an ABI 7500 (Thermo Fisher 
Scientific, Inc.). The primer sequences were as follows: 
miR-939 forward, 5'-TGG GGA GCT GAG GCT CTG-3' and 
reverse, 3'-AGT GCA GGG TCC GAG GTA TT-5'; U6 forward, 
5'-CTC GCT TCG GCA GCA CA-3' and reverse, 3'-AAC GCT 
TCA CGA ATT TGC GT-5'; and ESR1 forward, 5'-CCG GCT 
CCG TAA ATG CTA CG-3' and reverse, 3'-TCC AGC AGA CCC 
CAC TTC AC-5'. U6 was used as the internal control. 

Transfection. miR-939-3p mimic, miR-939-3p inhibitor 
and ESR1 small interfering (si) RNA were obtained from 
Shanghai GenePharma Co., Ltd. Cells were seeded in 6-well 
plates (3x105/well) and cultured for 24 h before transfection. 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used for transfection, according to the manufac-
turer's protocol. The sequences of the miRNAs were as follows: 
hsa-miR-939 mimic sense, UGG GGA GCU GAG GCU CUG 
GGG GUG and antisense, CCC CCA GAG CCU CAG CUC CCC 
AUU; mimics negative control (NC) sense, UUC UCC GAA CGU 
GUC ACG UTT and antisense, ACG UGA CAC GUU CGG AGA 
ATT; and hsa-miR-939 inhibitor, CAC CCC CAG AGC CUC AGC 
UCC CCA; and inhibitor NC, CAG UAC UUU UGU GUA GUA 
CAA. The sequences of the ESR1 siRNA were as follows: Sense, 
GCA AGU UGA UCU UAG UUA AGU and antisense, UUA ACU 
AAG AUC AAC UUG CUG; siRNA NC (cat. no. siN05815122147; 
Guangzhou RiboBio Co., Ltd.,) was used as the siRNA negative 
control, but the sequence was not provided by the supplier. 

Western blot. Tissues or cells were lysed with RIPA lysis buffer 
(Thermo Fisher Scientific, Inc.) containing 1% protease inhibitor 
cocktail. The concentration of the extracted protein was analyzed 
using BCA kit (Beyotime Institute of Biotechnology). Microplate 
reader and Gen5 software version 2 (BioTek Instruments, Inc) 
were used to detect the quantification of protein expression.12% 
SDS-PAGE was used to resolve the proteins, which were then 
transferred to PVDF membranes. PVDF membranes were 
blocked with 5% fat-free milk at room temperature for 2 h, 
followed by incubation with primary antibodies (all 1:1,000) 
against ESR1 (cat. no. MA5-14501l; Invitrogen; Thermo 
Fisher Scientific, Inc.), matrix metalloproteinase (MMP) 2 
(cat. no. MA5-14186), MMP9 (cat. no. MA5-15886), vimentin 
(cat. no. MA5-11883) and GAPDH (cat. no. AM4300; all from 
Invitrogen; Thermo Fisher Scientific, Inc.) at 4˚C overnight. 
Subsequently, the PVDF membranes were incubated with the 
secondary antibody (1:2,000; cat. no. ab6721; Abcam) for 1 h at 

room temperature. Signals were visualized using ECL substrate 
(Pierce; Thermo Fisher Scientific, Inc.).

Dual‑luciferase reporter assay. PmirGLO plasmids containing 
the wild-type (Wt) or mutant (Mut) 3'UTR of ESR1 were 
purchased from Shanghai GenePharma Co., Ltd. PmirGLO 
plasmids were transfected into LM3 cells with miR-939-3p 
mimic or inhibitor with Lipofectamine® 2000 reagent (Thermo 
Fisher Scientific, Inc.). Cells were cultured for 48 h prior to 
measurement of luciferase intensity. At 48 h post-transfection, 
the cells were lysed using radioimmunoprecipitation assay 
buffer (cat. no. P0013C; Beyotime Institute of Biotechnology) 
according to the manufacturer's protocol. A F‑4500 fluores-
cence spectrophotometer (Hitachi, Ltd.) was used to measure 
the luciferase intensity according to the manufacturer's protocol 
and normalized to that of Renilla luciferase. 

Migration and invasion assays. Cell migration and invasion 
ability was evaluated using a Transwell assay. LM3 cells (5x104) 
were seeded in the upper chamber with FBS-free MEM and 
the lower chamber contained MEM supplemented with 10% 
FBS. For invasion assays, membranes were coated with 50 µl 
growth factor-reduced Matrigel (BD Biosciences). Cell migra-
tion and invasion were measured after incubation for 24 h. 
Cells were stained with crystal violet dye solution for 5 min 
at room temperature, and the number of cells were counted in 
five randomly selected fields with a light inverted microscope at 
x200 magnification. Each experiment was repeated three times.

Bioinformation analysis. We predict the target gene of miRNA 
with TargetScan (version 5.0; genes.mit.edu/targetscan). The 
level of miR-939-3p in the adjacent normal tissues and HCC 
tissues and the Kaplan-Meier survival curve analysis in HCC 
patients in The Cancer Genome Atlas (TCGA) were analyzed 
with miRpower (kmplot.com/analysis/) (20).

Statistical analysis. Data are presented as the mean ± standard 
deviation unless otherwise shown. Statistical analysis was 
performed using SPSS 19.0 (IBM, Corp.). Significance between 
groups was analyzed using an unpaired Student's t-test. The 
correlation between miR-939-3p and ESR1 expression levels 
was examined using a Pearson's correlation coefficient. The 
log rank test was used for survival analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results 

miR‑939‑3p is upregulated in HCC tissues and is associ‑
ated with prognosis. miR-939-3p was upregulated in HCC 
tissues compared with paired normal tissues based on data 
obtained from The Cancer Genome Atlas (TCGA; P<0.05; 
Fig. 1A). Furthermore, patients with upregulated expression 
levels of miR‑939‑3p exhibited significantly improved overall 
survival compared with patients with low expression levels 
of miR-939-3p in two different datasets (kmplot.com/anal-
ysis/index.php?p=background) (Fig. 1B).

miR‑939‑3p regulates migration, invasion and EMT of LM3 
cells. To investigate the function of miR-939-3p, miR-939-3p 
mimics and inhibitors were used to increase or decrease the 
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Figure 1. miR‑939‑3p expression is upregulated in HCC tissues. (A) miR‑939‑3p expression levels were significantly higher in HCC tissues compared with 
paired normal tissues. (B) Low miR-939-3p expression levels were associated with improved overall survival in two different datasets obtained from The 
Cancer Genome Atlas. *P<0.05 vs. normal tissues. HCC, hepatocellular carcinoma; miR, microRNA; PERI, peri-tumoral tissue; HR, Hazard ratio. 

Figure 2. miR‑939‑3p promotes invasion and EMT in a HCC cell line. (A) Transfection efficiency of miR‑939‑3p mimic and inhibitor was detected by reverse 
transcription quantitative PCR. *P<0.05 vs. NC. (B) Transwell assay were performed to assess the migration of LM3 cells treated with miR-939-mimic 
or miR-939-inhibitor. *P<0.05 vs. NC. (C) Western blotting was used to examine the effect of miR-939-3p on EMT in LM3 cells. miR, microRNA; HCC, 
hepatocellular carcinoma; EMT, epithelial-mesenchymal transition; NC, negative control.
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expression levels of miR-939-3p, respectively (Fig. 2A). LM3 
cells transfected with miR-939-3p mimic exhibited an increased 
migratory and invasive capacity (P<0.05; Fig. 2B). In addition, 
western blot analysis demonstrated that overexpression of 
miR‑939‑3p significantly upregulated the protein expression 
levels of MMP2, MMP9 and vimentin (Fig. 2C). Knockdown 
of miR-939-3p resulted in a reduction of invasion and expres-
sion of EMT-associated proteins in LM3 cells (Fig. 2C). 

ESR1 is downregulated in HCC tissues and cell lines, and is 
associated with a less favorable prognosis. ESR1 expression 
was downregulated in HCC tissues compared with paired 
normal tissues based on data obtained from TCGA (P<0.05; 
Fig. 3A). Furthermore, patients with lower expression levels 
of ESR1 exhibited improved overall survival and disease-free 
survival compared with patients who exhibited increased 
ESR1 expression levels in TCGA dataset (P<0.05; Fig. 3C).

ESR1 regulates the invasion and EMT of LM3 cells. The 
mRNA expression levels of ESR1 were lower in LM3 cells 
transfected with siRNA-ESR1 compared with LM3 cells 
transfected with siRNA-NC (P<0.05; Fig. 3B). It was demon-
strated that ESR1-knockdown significantly increased the 
invasion of HCCLM3 cells (P<0.01; Fig. 3D). Additionally, 
western blotting revealed that ESR1-knockdown increased the 

protein expression levels of MMP2, MMP9 and vimentin in 
HCCLM3 cells (P<0.05; Fig. 3E). 

miR‑939‑3p directly targets ESR1 and regulates ESR1 expres‑
sion levels in HCC cells. Binding of the ESR1 3'UTR with 
miR-939-3p was predicted using TargetScan. The Wt and Mut 
sequences were constructed and inserted into a PmirGLO 
vector (Fig. 4A). A significantly negative correlation between 
miR-939-3p and ESR1 was observed in the TCGA dataset 
(Fig. 4B). A dual-luciferase report assay was performed to detect 
the effect of miR-939-3p on ESR1 promoter activity. Decreased 
luciferase activity was observed in the Wt group, whereas no 
changes were detected in the Mut group compared with the NC 
group (P<0.05; Fig. 4C). Western blotting demonstrated that the 
protein expression levels of ESR1 were downregulated following 
transfection with miR-939-3p mimic in HCCLM3 cells (Fig. 4D), 
whereas, the reverse was observed following the transfection of 
miR-939-3p inhibitor in HCCLM3 cells (Fig. 4D). 

Discussion

HCC is one of the most common tumor types worldwide, with 
high morbidity and mortality rates (1). Although numerous 
oncogenes and tumor suppressors have been reported in 
HCC (21-24), the underlying mechanisms of development and 

Figure 3. ESR1 is downregulated in HCC tissues. (A) ESR1 mRNA expression levels in HCC tissues and paired normal tissues. *P<0.05 vs. paired normal 
tissues. (B) mRNA expression levels of ESR1 in LM3 cells transfected with siRNA-ESR1 and LM3 cells transfected with siRNA-NC. *P<0.05 vs. siRNA-NC. 
(C) Increased ESR1 expression levels were correlated with improved disease-free survival. (D) ESR1-knockdown enhanced the migration of LM3 cells. 
(E) Western blotting was used to evaluate the effect of ESR1 on EMT in LM3 cells. **P<0.01 vs. NC. ESR1, Estrogen receptor 1; HCC, hepatocellular carci-
noma; NC, negative control; si, small interfering; T, Tumor tissue; N, Normal tissue; LIHC, Liver hepatocellular carcinoma; HR, Hazard ratio; MMP, matrix 
metalloproteinase. 
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recurrence of HCC remain unclear. Over the past decade, the 
overall survival rate of HCC has remained unsatisfactory and 
is only 22-35%. A number of genes such as CAV1, SPOCK1 
and PRMT1 (25-27) may contribute to the metastasis of HCC 
cells, aberrant expression of which results in a worse prog-
nosis. Therefore, there is a need to determine the molecular 
mechanisms underlying metastasis of HCC.

miRNAs may bind to the 3'UTR of target genes and inhibit 
expression via post-transcriptional regulation (7). A number of 
studies have demonstrated that miRNAs participate in the occur-
rence, progression and metastasis of tumors, including gastric 
cancer and colorectal cancer (28,29). miRNAs are also involved 
in the pathogenesis and progression of HCC. Hu et al (24) 
reported that miR-665 promotes HCC cell migration, invasion 
and proliferation by decreasing Hippo signaling by targeting 
protein tyrosine phosphatase receptor type B. Wang et al (30) 
demonstrated that downregulation of circDYNC1H1 is associated 
with inhibitory effects on cell proliferation and migration in HCC 
via miR-140-5p. Yu et al (31) demonstrated that miR-501 acts 
as an independent prognostic factor which promoted EMT via 
targeting Jun dimerization protein 2 in HCC. However, the func-
tions of miR-939-3p in tumors have not been extensively studied 
in HCC to the best of our knowledge. The present study demon-
strated that the expression levels of miR-939-3p were increased 
in HCC tissues and HCC cell lines compared with paired 
normal tissues and normal cell lines, respectively. Furthermore, 
it was demonstrated that low expression levels of miR-939-3p 
were correlated with a more favorable prognosis. Inhibition of 
miR-939-3p decreased the metastatic ability of HCCLM3 cells 
and western blotting revealed that miR-939-3p may promote 
EMT via upregulation of MMP2, MMP9 and vimentin. 

An increasing number of studies have demonstrated 
that ESR1 may act as a tumor suppressor in various cancer 

types (16,19). The present study demonstrated that the 
expression levels of ESR1 are downregulated in HCC cell 
lines compared with normal liver cells. It was demonstrated 
that inhibition of ESR1 decreased the metastatic ability of 
HCCLM3 cells, therefore ESR1 inhibition was associated with 
a more favorable prognosis. Finally, through a dual-luciferase 
report assay and western blotting, a direct binding association 
was identified between miR‑939‑3p and ESR1. miR‑939‑3p 
may influence EMT via ESR1, although the present study did 
not directly show this. Limitations of the present study include 
the fact that rescue experiments were not performed therefore 
in further studies these experiments should be performed.

In conclusion, the present study demonstrated that 
miR-939-3p serves a role in HCC cell invasion and metastasis. 
miR-939-3p negatively regulated ESR1 by binding to its 
3'UTR, therefore the miR-939-3p/ESR1 axis may present a 
potential target for treatment of HCC in the future.
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