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Abstract:    Objective: Hepatocellular carcinoma (HCC) is still one of the most common death-related malignancies 
worldwide. Because the way onset and progression are hidden most, HCC diagnoses are made at an advanced stage, 
when they are unsuitable for surgical resection. MicroRNAs are a class of small non-coding RNAs, participating in 
many aspects of cancers. In this study, we tried to establish the role of microRNA-718 (miR-718) in the malignant 
phenotype of HCC cells and its possible role in HCC diagnosis. Methods: Here we first used a methylthiazolyldiphenyl- 
tetrazolium bromide (MTT) assay, Transwell migration and invasion assays, and colony formation assay to evaluate 
the impact of miR-718 on the malignant phenotypes of HCC cells. Then, we used bioinformatic methods to predict the 
target gene of miR-718 and used green fluorescence protein (GFP) reporter assay, Western blot, and quantitative 
real-time polymerase chain reaction (qRT-PCR) to validate the regulation relationship. Finally, we determined the role 
of the target gene in the HCC phenotype. Results: We found that the expression of miR-718 was significantly reduced 
in various HCC cell lines and HCC tissues. Re-expression of miR-718 significantly reduced the cellular viability and 
colony formation ability as well as inhibited the migration and invasion abilities of HCC cell lines. Early growth response 
protein 3 (EGR3) is a direct target of miR-718 and is negatively regulated by miR-718. EGR3 could increase the via-
bility and proliferation of HCC cells, and promot the migration and invasion of HCC cells. Conclusions: miR-718 acts as 
a tumor suppressive microRNA in HCC via regulating the expression of EGR3, which may provide a new diagnostic 
marker and treatment target for HCC. 
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1  Introduction 
 

Hepatocellular carcinoma (HCC) is one of the 
most prevalent and aggressive human malignancies 

worldwide, and it has a very poor prognosis (Waller  
et al., 2015). Men are more susceptible to HCC than 
women and it is a leading cause of cancer-related 
death of men around the world (Fong and Tanabe, 
2014; Kimhofer et al., 2015). The onset and progress 
of HCC are not evident, and thus most HCC cases are 
diagnosed at an advanced stage, which may mean that 
they are not then suitable for surgical resection. Ad-
ditionally, the drugs for advanced HCC are limited 
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and ineffective, which contributes to the poor prog-
nosis (Bronte et al., 2015; Sugimachi et al., 2015). 
Thus, novel strategies for the early diagnosis and 
therapy of HCC need to be developed. MicroRNA, 
about 21–23 nucleotides in length, is one of the most 
important regulators of gene expression in eukaryo-
cytes (Shukla et al., 2011; Ameres and Zamore, 2013). 
In most cases, microRNAs downregulate the expres-
sion of their target genes through repressing the 
translation of targeting mRNA or mediating the deg-
radation of targeting mRNA via binding to the 3' 
untranslated regions (3' UTR) of their targets (Bartel, 
2009; Shukla et al., 2011). Dysregulation of mi-
croRNAs has been reported in many kinds of human 
diseases, including cancers (Felekkis et al., 2010; Hu 
et al., 2010). MicroRNAs participate in many aspects 
of HCC, including cell proliferation, apoptosis, mi-
gration, invasion, and vasculogenic mimicry (Wan et al., 
2014; Singh et al., 2015). Although the role of mi-
croRNAs in the pathogenesis of HCC has been ex-
tensively studied, the role of microRNA-718 (miR-718) 
in HCC onset and progression is still unknown. 

Our present work demonstrated that miR-718 
may function as a tumor suppressive microRNA 
through targeting early growth response protein 3 
(EGR3) in HCC, but EGR3 has an opposite effect on 
HCC cell lines. This may shed new light on the 
mechanism of how microRNA affects the onset and 
progression of HCC. 

 
 

2  Materials and methods 

2.1  Materials 

Five pairs of hepatic tissue, consisting of human 
HCC and matched normal hepatic tissue from the 
same patient, were used in this study. All samples 
were obtained with the patients’ informed consent. 
The samples were received from the Department of 
Oncology, Affiliated Hospital of Taishan Medical 
University (Tai’an, China). Total RNA was extracted 
from the tissue samples and purified using the mir-
Vana miRNA Isolation Kit (Ambion, Austin, TX, 
USA) according to the manufacturer’s instructions. 

2.2  Cell culture and transfection 

HepG2 was cultured in minimum essential me-
dium (MEM) with 10% fetal bovine serum (Gibco, 

USA), 100 U/ml penicillin and 100 μg/ml strepto-
mycin (Hyclone, China). SMMC-7721, LO2, and 
QGY-7703 were cultured in RPMI 1640 medium with 
10% fetal bovine serum and 100 U/ml penicillin and 
100 μg/ml streptomycin. HepG2, LO2, QGY-7703, 
and SMMC-7721 were maintained in a humidified 
incubator at 37 °C with 5% CO2. HepG2, LO2, and 
QGY-7703 were transfected with the target vectors, 
respectively, using Lipofectamine™ 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s 
instructions. 

2.3  Antibody 

Anti-EGR3 antibody was purchased from Univ- 
Biology Company, Tianjin, China. 

2.4  Plasmid construction 

For the miR-718 expression vector (pri-miR- 
718), the region containing miR-718 precursor was 
amplified from genomic DNA and cloned into the 
pcDNA3 vector. Pri-miR-718-S-BI: CGCGGATCC 
ACCCAGGGCGGCACCTCGTA; Pri-miR-718-AS- 
EI: CCGGAATTCGCCGTTCGTCCTCCAGAGCC. 
The 2'-O-methyl-modified miR-718 antisense oligo-
nucleotide (ASO-miR-718) was commercially syn-
thesized as an inhibitor of miR-718. ASO-miR-718: 
CGACGCCCGGCGGGGCGGAAG; ASO-NC: CA 
GUACUUUUGUGUAGUACAA. The segment of  
3' UTR of EGR3 containing miR-718 was acquired by 
polymerase chain reaction (PCR) with gene specific 
primers, and then cloned into pcDNA3/luciferase 
following the stop codon of luciferase with BamHI 
and HindIII sites. EGR3-UTR-BI-S: GATCCCGTG 
GGGGCGGAAAGGTGGCGTCAAGCTTG; EGR3- 
UTR-EcoRI-AS: AATTCAAGCTTGACGCCACCT 
TTCCGCCCCCACGG. 

To construct EGR3 over-expression plasmid, 
PCR products, acquired with EGR3 specific primers, 
were cloned into pcDNA3, with BamHI and EcoRI 
sites. EGR3-S-BI: CGCGGATCCATGACCGGCAA 
ACTCGCCGAGAAGC; EGR3-AS-EI: CCGGAAT 
TCGGCGCAGGTGGTGACCACGGGGGCC. 

2.5  RNA isolation and detection 

Total RNA was isolated with TRIzol reagent 
(Sigma, Shanghai, China) as per the manufacturer’s 
instructions. The quality and integrity of the RNA 
were evaluated by Nanodrop and gel electrophoresis, 
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respectively. For reverse transcription, 1 μg of total 
RNA was reverse-transcripted with miR-718, U6 RT 
primers, or Oligo (dT) with Moloney murine leuke-
mia virus (M-MLV) revertase. Real time PCR was 
performed with kits. 

2.6  MTT assay 

Cells, post-transfected with pri-miR-718, ASO- 
miR-718, pEGR3, or shR-EGR3, or in the control 
group, were seeded in a 96-well plate at 5000 cells/ 
well, and cell viabilities were detected by methylthi-
azolyldiphenyl-tetrazolium bromide (MTT) assay at 
the indicated time. 

2.7  Colony formation assay 

Cells transfected with pri-miR-718 or EGR3 
expression plasmid or respective controls were 
seeded in a 24-well plate in 300 cells/well, and then 
cultured for about 14 d before staining with crystal 
violet, and any colony with more than 50 cells was 
counted. 

2.8  Target prediction 

The potential targets of miR-718 were predicted 
by Targetscan 7.1 (http://www.targetscan.org) and 
MicroCosm Targets (http://www.ebi.ac.uk/enright-srv/ 
microcosm/htdocs/targets/v5), and the predicted tar-
gets were selected in accordance with the phenotype 
of miR-718. 

2.9  Luciferase reporter assay 

The enhanced green fluorescence protein (EGFP) 
reporter plasmid with EGR3 3' UTR containing 
miR-718 targeting sites was transfected into 
SMMC-7721 and HepG2 cells with Lipofectamine™ 
2000 reagent (Invitrogen, Carlsbad, CA, USA), and 
red fluorescent protein (RFP) expressing plasmid was 
integrated as the transfection efficiency control. Cells 
were lysised 48 h post transfection, and the intensities 
of EGFP and RFP fluorescence were determined with 
a spectrophotometer. 

2.10  Statistical analysis 

Two-tailed Student’s t tests were used for com-
parisons, and each experiment was performed at least 
three times. A P-value less than 0.05 was considered 
significant (* P<0.05, ** P<0.01, *** P<0.001, **** P< 
0.0001, ns = not significant). 

3  Results 

3.1  Tumor suppressive function of miR-718 in 
HCC 

miR-718 has been reported to be downregulated 
in many kinds of cancers, but its role in HCC is not 
well studied. In order to find out the possible function 
of miR-718 in HCC, we determined the expression of 
miR-718 in several HCC cell lines and the normal 
hepatocellular cell L02 by quantitative real-time PCR 
(qRT-PCR). In contrast with the L02 cell, the ex-
pressions of miR-718 in SMMC-7721, QGY-7703, 
and HepG2 HCC cell lines were significantly reduced 
(Fig. 1a), implying a tumor suppressive function of 
miR-718 in HCC. To validate this speculation, we 
used serial cellular experiments to investigate the 
function of miR-718 in HCC cells. The expressing 
plasmids of miR-718 and specific ASO-miR-718 
could efficiently increase or reduce the mature 
miR-718 level in HCC cell lines (Fig. 1b), and 
miR-718 significantly reduced cellular viability  
(Figs. 1c and 1d) and colony formation ability  
(Figs. 1e and 1f) of HepG2 and SMMC-7721 cells as 
detected by MTT assay and colony formation assay, 
respectively. We further used Transwell migration 
and invasion assays to measure the influence of 
miR-718 on the mobility ability of HCC cells. In 
accordance with the above results, miR-718 inhibited 
the migration and invasion of HepG2 and SMMC- 
7721 cells (Figs. 1g–1j), further supporting the tumor 
inhibitory function of miR-718 in HCC cells.  

3.2  Regulation of miR-718 in the expression of 
EGR3 in HCC 

Most microRNAs elicit their bio-functions 
through regulating the expression of their target genes. 
In an attempt to find out how miR-718 performs its 
tumor suppressive function, we first predicted the 
potential target gene of miR-718. As shown in Fig. 2a, 
there is a predicted target site of miR-718 in EGR3 
mRNA 3' UTR in mammals, indicating that miR-718 
might regulate the expression of EGR3. To experi-
mentally explore whether EGR3 is a bona fide 
miR-718 target, we detected the expression of EGR3 
in L02 and several other HCC cell lines. Interestingly, 
compared with the L02 cell, the protein level of EGR3 
was significantly increased in SMMC-7721, QGY- 
7703, and HepG2 HCC cell lines (Fig. 2b), while the  
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expression of miR-718 in these cells had the opposite 
trends (Fig. 1a), which demonstrated that EGR3 
might be regulated by miR-718 in HCC cells. We then  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

constructed an EGFP reporter plasmid containing 
miR-718 targeting sites in EGR3 3' UTR. The plas-
mid was co-transfected with miR-718 overexpressing  

Fig. 1  Function of miR-718 in HCC cells 
(a) Expressions of miR-718 in L02 and HCC cell lines were determined by qRT-PCR. (b) Efficiency of pri-miR-718 expression 
plasmid or ASO-miR-718 was confirmed by qRT-PCR. (c, d) Impacts of miR-718 on HepG2 and SMMC-7721 cellular viabilities 
were determined by MTT assay. (e, f) Colony formation abilities of HepG2 and SMMC-7721 cells with indicated treatment were 
determined by colony formation assay. Impacts of miR-718 on the migration (g, h) and invasion (i, j) abilities of HepG2 and 
SMMC-7721 cells were evaluated by Transwell migration and invasion assays, respectively. Data were expressed as mean±standard 
deviation (SD). All experiments were repeated three times. * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 vs. the control group 
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plasmid or ASO-miR-718 into HepG2 or SMMC- 
7721 cells. As indicated in Fig. 2c, the expression of 
EGFP was significantly affected by miR-718 in both 
cell lines, and mutations of miR-718 seed targeting 
sites abolished the impact of miR-718 on the expres-
sion of EGFP, indicating that miR-718 is directly 
targeting EGR3 3' UTR. To further investigate the 
relationship between miR-718 and EGR3, we detected  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

the impacts of miR-718 on endogenous EGR3 mRNA 
and protein levels. In accordance with the results of 
EGFP reporter assay, miR-718 significantly reduced 
EGR3 mRNA and protein in both HepG2 and 
SMMC-7721 cells (Figs. 2d and 2e). All the above 
results demonstrated that EGR3 is a bona fide target 
gene of miR-718, and is negatively regulated by 
miR-718 in HCC cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) (b)

(c) 

 
(d) 

 
(e)

Fig. 2  Regulation of miR-718 in the expression of EGR3 in HCC cells 
(a) Targeting sites of miR-718 in human and other mammal EGR3 mRNA 3' UTR are shown. (b) Expressions of EGR3 in normal 
hepatocellular cell L02 and SMMC-7721, QGY-7703, and HepG2 HCC cells were detected by Western blot. (c) EGFP intensities 
of HepG2 and SMMC-7721 cells with indicated treatment were determined by spectrophotometer, and the value of the control 
group (pcDNA3 or ASO-NC) was set to one. (d) EGR3 mRNA levels in HepG2 and SMMC-7721 cells with indicated treatment 
were measured by qRT-PCR. (e) EGR3 protein levels in HepG2 and SMMC-7721 cells transfected with pri-miR-718 or 
ASO-miR-718 and respective controls were determined by Western blot. Data were expressed as mean±standard deviation (SD). 
All experiments were repeated three times. * P<0.05, ** P<0.01 vs. the control group. ns:  not significant 
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3.3  Tumor promoting function of EGR3 in HCC 

The above results showed that miR-718 is 
downregulated in HCC cells and functions as a tumor 
inhibitory microRNA, and EGR3 is negatively regu-
lated by miR-718. We sought to find out whether 
miR-718 performs its tumor inhibitory role through 
EGR3. To answer this question, we tested the role of 
EGR3 in the malignancy phenotype of HCC cell lines. 
The expression of EGR3 was significantly increased 
in HCC cell lines (Fig. 3a), and the overexpression or 
knockdown plasmid of EGR3 was effective in HCC 
cell lines (Fig. 3b). Overexpression of EGR3 in 
HepG2 and SMMC-7721 cells increased cellular 
viability, while knockdown of EGR3 reduced it  
(Figs. 3c and 3d). The colony formation ability of 
HepG2 and SMMC-7721 cells was also increased by 
EGR3 (Figs. 3e and 3f), indicating that EGR3 func-
tions as the tumor promoting factor in HCC cell lines. 
The increase of migration and invasion ability of 
HepG2 and SMMC-7721 cells by EGR3 further 
supported its tumor promoting function in HCC cells 
(Figs. 3g–3j). We also examined the levels of 
miR-718 and EGR3 in hepatocellular cancer and 
normal tissue by qRT-PCR, and the results showed 
that miR-718 had lower expression in hepatocellular 
cancer tissue than in normal tissue, but the level of 
EGR3 was highly expressed in hepatocellular cancer 
tissue (Figs. 3k and 3l). In all, these results demon-
strated that EGR3 functions in the opposite direction 
to miR-718, and promotes the malignancy phenotype 
of HCC cells. 

3.4  Rescue assay of the functional target of 
miR-718 in HCC cells 

A microRNA can have many targets to elicit its 
bio-function, and in a given cell line microRNA may 
perform its function via a specific target gene. To find 
out whether EGR3 is a functional target of miR-718 
in HCC cells, we conducted a rescue assay. Simul-
taneously transfected HepG2 and SMMC-7721 cells 
with an EGR3 expression plasmid were refractory to  
microRNA regulation, and miR-718 could restore the 
expression of EGR3 in these cells. Enhanced expres-
sion of EGR3 significantly increased the cellular 
viability, colony formation ability, and migration and 
invasion abilities of HCC cells, and the inhibitory  
effects of miR-718 on the malignancy phenotype  

of HCC cells were partially rescued by EGR3  
(Fig. 4). Taken together all the above results indicated 
that miR-718 performs its tumor inhibitory function 
via downregulating the expression of EGR3 in HCC 
cells. 

 
 

4  Discussion 
 

miRNAs are important regulators of many genes 
at the post-transcriptional level, and much more evi-
dence has demonstrated that abnormal expression of 
miRNAs is closely related to the formation of cancer 
in human beings. Furthermore, increasing number of 
cancer-specific miRNAs have been considered as 
potential tumor biomarkers in various types of cancers 
(Hu et al., 2010; Lin et al., 2011). However, the func-
tions of many miRNAs have not been elucidated so far. 

Prior reports have suggested that miR-718 is 
downregulated in ovarian cancer cells and HCC cells 
(Leng et al., 2014; Sugimachi et al., 2015). miR-718 
can exhibit inhibitory effects against ovarian cancer 
through VEGF repression and it also can suppress cell 
proliferation in HCC cell lines (Huh7 and PLC/PRF/5) 
by targeting the HOXB8 gene. In the present study, 
qRT-PCR results validated that miR-718 expression 
was significantly downregulated in other HCC cell 
lines, such as SMMC-7721, QGY-7703, and HepG2. 
In addition, our results demonstrate the tumor inhib-
itory function of miR-718 in HepG2 and SMMC- 
7721 cells. 

miRNAs can take effect by depending on the 
degree of complementarities with the 3' UTR of their 
target genes (Farazi et al., 2008). In this study, bio-
informatics was used to predict target genes, and 
EGR3 might be a candidate target. Interestingly, we 
found that the expression of EGR3 was significantly 
increased in SMMC-7721, QGY-7703, and HepG2 
HCC cell lines, which was inversely correlated with 
the miR-718 expression level. Furthermore, EGFP 
fluorescence reporter assay showed that EGR3 was a 
bona fide target gene of miR-718, and is negatively 
regulated by miR-718 in HCC cells. 

EGR3 belongs to the EGR family of transcrip-
tion factors that can regulate a wide range of biolog-
ical processes (Fang et al., 2013), including central 
nervous system development, muscle stretch receptor 
function, angiogenesis, immunity, and cancer (Li et al., 
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2007; Gomez-Martin et al., 2010; Perez-Cadahia  
et al., 2011; Baron et al., 2015). Although evidence of 
EGR3 playing certain roles in cancer remains scant, it 
has been shown that EGR3 was relevant to the 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
breast cancer cells, gastric cancer and prostate cancer 
cells (Suzuki et al., 2007; Liao et al., 2013; Pio et al., 
2013). However, whether EGR3 displays correlation 
towards HCC remains unknown. 

Fig. 3  Effect of EGR3 on the malignancy phenotype in HCC cells 
(a) Expressions of EGR3 in L02, SMMC-7721, QGY-7703, and HepG2 cells were determined by qRT-PCR. (b) Efficiency of 
EGR3 overexpression plasmid or knockdown plasmid was confirmed by qRT-PCR. (c, d) Impacts of EGR3 on HepG2 and 
SMMC-7721 cellular viabilities were determined by MTT assay. (e, f) Colony formation abilities of HepG2 and SMMC-7721 
cells with indicated treatment were determined by colony formation assay. (g–j) Impacts of EGR3 on the migration and invasion 
abilities of HepG2 and SMMC-7721 cells were evaluated by Transwell migration and invasion assays. (k, l) Levels of miR-718 
and EGR3 in HCC and normal tissues were examined by qRT-PCR. Data were expressed as mean±standard deviation (SD). All 
experiments were repeated three times. * P<0.05, ** P<0.01, *** P<0.001 vs. the control group 
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The current study indicated for the first time that 

EGR3 is highly expressed in HCC cells, enhancing 
HCC cell viability, colony formation, and migration 
and invasion abilities. Suzuki et al. (2007) found that 
overexpression of EGR3 in breast cancer cells in-
creased cell invasion in vitro and in vivo. However, 
other evidence also showed that EGR3 expression 
was lower in gastric cancer tissue than in normal 
tissue (Liao et al., 2013). This indicated that EGR3 
may exert its function in tissue and in a tumor-specific 
manner. In particular, our results demonstrated that 
EGR3 promotes the malignancy phenotype of HCC 
cells in the opposite direction to miR-718. The  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

dysregulation of miR-718 performs its tumor inhibi-
tory function via downregulating the expression of 
EGR3 in HCC cells. Although we have confirmed 
that EGR3 is another target of miR-718, the mecha-
nism of EGR3 promoting the malignancy phenotype 
of HCC cells remains unclear. In addition, the 
mechanism that regulates the expression of miR-718 
in HCC cells is not well understood. Therefore, the 
detail mechanism needs further investigation.  

In conclusion, miR-718 functions as a tumor 
suppressive microRNA in HCC cells, and inhibits the 
growth of HCC in vitro through downregulating the 
expression of EGR3. 

Fig. 4  Rescue assay of the functional target of miR-718 in HCC cells 
(a, b) Viabilities of HepG2 and SMMC-7721 cells with indicated treatment were tested by MTT assay. (c, d) Colony formation 
abilities of HepG2 and SMMC-7721 cells with indicated treatment were measured by colony formation assay. (e–h) Transwell 
migration and invasion assays were performed in HepG2 and SMMC-7721 cells with indicated treatments. Data were expressed as 
mean±standard deviation (SD). All experiments were repeated three times. * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 vs. the 
control group 
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中文概要 

 
题 目：miR-718 和 EGR3 参与调控肝癌细胞系的恶性表

型的研究 

目 的：研究 miR-718 和早期生长反应蛋白 3（EGR3）在

肝癌细胞系 HepG2及 SMMC-7721中对细胞恶性

行为的作用。 

创新点：首次在肝癌细胞系 HepG2 和 SMMC-7721 中发现

miR-718 作为抑癌基因及 EGR3 作为促癌基因起

到调控肿瘤恶性行为的作用。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

方 法：采用聚合酶链反应（PCR）方法构建 miR-718 和

EGR3 的过表达及敲降质粒，并采用实时定量

PCR（qRT-PCR）方法验证质粒有效性；采用

MTT 法和克隆形成实验检测肝癌细胞系 HepG2

和 SMMC-7721 的生长增殖能力；采用 Transwell

迁移侵袭实验检测肝癌细胞系 HepG2 和

SMMC-7721 的迁移和侵袭能力；采用增强型绿

色荧光蛋白（EGFP）荧光报告载体实验验证

miR-718 的靶基因；采用 qRT-PCR 和蛋白质印迹

（Western blot）检测相关基因表达水平的变化。 

结 论：miR-718 在肝癌细胞系 HepG2 和 SMMC-7721 中

起到抑癌基因的作用；EGR3 在肝癌细胞系 

HepG2 和 SMMC-7721 中起到促癌基因的作用；

miR-718 是通过靶定 EGR3 mRNA 3' UTR 下调

EGR3 的表达起到抑癌基因的作用。 

关键词：miR-718；小非编码 RNA；早期生长反应蛋白 3；

肝癌；表型 


