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Abstract: The primary objective of this study was to investigate the role of miR-200a in cell proliferation and epithe-
lial-mesenchymal transition (EMT) through regulating targeting aspartate-β-hydroxylase (ASPH), which may further 
affect the activation of ERK/PI3K/Akt pathway. Liver cancer and adjacent tissues were collected from 72 cases 
of liver cancer patients with surgery in our hospital. In this study, the mRNA expression level of miR-200a was sig-
nificantly decreased by real-time PCR (RT-PCR) detection. ASPH expressions, however, had an opposite tendency 
compared to that of miR-200a. We found a significantly negative correlation between miR-200a expressions and 
ASPH expressions. The survival rate of liver cancer patients with the low expressed ASPH was significantly higher 
than those with the high expressed ASPH. RT-PCR and Western blot results showed that low expressed miR-200a 
and highexpressed ASPH were found in liver cancer cell lines. Further research discovered that miR-200a transfec-
tion could significantly decrease the relative luciferase activity when it was integrated with ASPH 3’-untranslated 
region (3’-UTR) in HepG2 cells. Cell Counting Kit (CCK-8) detection showed that treatment with miR-200a mimics 
reduced cell viability, while the over-expressed ASPH increased cell viability by regulating the c-mycmrna (c-Myc) and 
Cyclin-D1 expressions. The EMT-related genes including E-Cadherin, N-Cadherin and Vimentin expressions were sig-
nificantly increased, whereas the over-expressed ASPH exerted the opposite effects. In addition, extracellular signal 
regulated kinase (ERK), phosphoinositide-3-kinase (PI3K) and serine threonine kinase (AKT) were suppressed by 
miR-200a mimics. In conclusion, miR-200a inhibits cell proliferation and EMT in human hepatoma cells by targeting 
ASPH and affecting ERK and PI3K/Akt signaling pathways.
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Introduction

Primary hepatocellular carcinoma (HCC) is, clin-
ically most prevalent primary liver cancer that 
seriously endangers human lives and health 
and ranksthe 2nd highest cancer mortality rate 
[1]. Although treatments for liver cancer have 
been improved, the average five-year survival 
rate for liver cancer patients is only 5%-9% [1, 
2]. The pathogenesis of liver cancer is a multi-
step and multistage process which is a set of 
behavior habits, hereditary factors and envi-
ron-mental factors [3]. In this process, the 
malignant phenotype of liver cancer cells 
including intrahepatic metastasis and distant 

spread gradually turns to be apparent through 
malignant proliferation and abnormal differen-
tiation of liver cancer cells, which involves in 
cell-cycle regulation, invasion and migration of 
cancer cells [4, 5]. Therefore,research on liver 
cancer would focus on learning molecular 
mechanism and searching relative genes. Past 
researches mainly focused on some key genes 
and proteins in the initiation and progression of 
liver cancer [6, 7]. Recent years, with the 
advanced development of molecular biology, 
correlational research on tumor genesis and 
epigenetics has already become an important 
research content in tumor etiology, and espe-
cially microRNAs’ (miRNAs) findings [8-10]. 
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MiRNAs-mediated regulation after transcrip-
tion provides a new sight on the research of the 
pathogenesis of malignant tumors.

MiRNAs are common in various cells and are a 
family of small, endogenous non-coding RNAs, 
which exhibit specific tissue, high conservation 
and time sequence, and are involved in the reg-
ulation of multiple biological processes [11]. A 
large number of studies have confirmed that 
miRNAs can regulate cell proliferation, differen-
tiation, apoptosis, migration and invasion 
through regulating transcription of a series of 
target genes [12-15]. Under some pathological 
conditions, a disorder of miRNAs expression 
can cause the abnormality of processes of cel-
lular biology result in the occurrence of many 
diseases including cancer [16, 17]. miRNAs 
play an important role in many liver diseases 
(HCC, viral hepatitis, liver fibrosis, etc) [18-20]. 
MiR-200a, miR-200b, miR-200c, miR-141 and 
miR-429 belong to miR-200 family [21]. Current 
research on miR-200 family focused on tumor 
field. Many research showed that has-miR-200 
can inhibit cellular transformation, prolifera-
tion, invasion, migration, tumor growth and 
metastasis in breast cancer, cervical cancer, 
ovarian cancer, liver cancer, colon cancer, etc 
[22]. Some studies found that miR-200a was 
down-regulated in liver cancer [23]. In addition, 
the occurrence and development of liver can-
cer can be inhibited by up-regulating miR-200a 
expressions [24]. Therefore, we speculated 
that miR-200a played an important role in liver 
cancer as a suppressant miRNA.

ASPH is a Type II transmembrane protein and 
belongs to the α-ketoglutarate-dependent diox-
ygenase family [25], which can catalyze the 
hydroxylation of aspartyl and asparaginyl resi-
dues located in the epidermal growth factor 
(EGF)-like domain of various proteins. ASPH is 
expressed at high levels in many malignant 
neoplasms of different histogenesis, and at 
very low levels in most normal cells and tissues 
[26]. Correspondingly, some research showed 
that the over-expression of ASPH can promote 
cancer cell production, proliferation, invasion 
and migration in liver cancer, lung cancer, gas-
tric cancer and so on that is considered to be a 
potential broad-spectrum tumor marker [27-
29]. It suggested that ASPH may be an onco-
gene involved in the occurrence and develop-
ment of liver cancer. In this study, we found that 

ASPH is the target gene of miR-200a. If these 
two could be combined and researched, it 
would make great contribution to further learn 
the pathogenesis of liver cancer.

Materials and methods

Patients and tissue samples

This research included a total of 72 samples of 
HCC patients, and all tissue specimens were 
obtained from surgical tumor resections in 
Zhejiang Provincial People’s Hospital. The adja-
cent normal liver tissue specimens were also 
collected from these patients as negative con-
trol. Ethical approval for the study was provided 
by the ethics committee of the hospital. Written 
informed consent was obtained from the study 
subjects. Preoperative clinical and pathological 
follow-up data were completed by all patients.

Cell lines and grouping

Normal liver cell line (L02) and HCC cell lines 
(HepG2, SMMC7721, Bel-7402, PLC and LM3) 
were purchased from the Jining Real Co. 
(Shanghai, China). Cells were cultured in DMEM 
(Invitrogen Life Technologies, Carlsbad, CA, 
USA) with the supplements of 10% heat-inacti-
vated fetal bovine serum (Invitrogen Life Te- 
chnologies), 100× penicillin-streptomycin solu-
tion (Invitrogen Life Technologies), and incubat-
ed in the incubator (Thermo, Fisher Scientific 
Inc., Waltham, MA, USA) set at 37°C, 100% 
humidity and 5% CO2. 

HepG2 cells were further allocated into seven 
groups: control group (cells without any treat-
ment), miR-200a mimics group (cells were 
transfected with miR-200a mimics), miR-200a 
inhibitors group (cells were transfected with 
miR-200a inhibitors), mimics NC group (cells 
were transfected with mimic control), inhibitors 
NC group (cells were transfected with inhibitor 
control), ASPH group (cells were transfected 
with pLKO.1-EGFP-ASPH plasmids), vector-NC 
group (cells were transfected with pLKO.1-
EGFP-vector). All groups were incubated in a 
normoxia incubator containing 21% O2 for 48 h.

Dual-luciferase reporter assay

The 3’-UTR fragment of ASPH containing the 
miR-200a binding site was amplified using PCR 
with the prime sequences shown in Table 2 and 
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cloned into the luciferase vector (Promega, 
USA). Other sequences in the binding site were 
intentionally mutated using the GeneTailor Site-
Directed Mutagenesis System (Invitrogen, 
USA), the mutated 3’-UTR was then cloned into 
the same vector. The two types of sequences 
were named as ASPH 3’-UTR and ASPH mutat-
ed 3’-UTR [30]. The sequence of miR200a mim-
ics and miR-200a inhibitors were listed in Table 
1.

HeGp2 cells (2×105 cells per well) were seeded 
in 24-well plates, one day prior to transfection, 
and co-transfected with miR-200a mimic or 
inhibitor (50 pmol; Santa Cruz Biotechnology, 
Inc), 500 ng luciferase reporter and 50 ng pRL-
TK vector (Santa Cruz Biotechnology, Inc) 
together with ASPH 3’-UTR or ASPH mutated 
3’-UTR or the control vector. After cells were 
incubated with DMEM for 24 h, the miR-200a 
mimics/inhibitors/control transfected HepG2 
cells were analyzed by RT-PCR or identification 
and the luciferase assay and subsequent lumi-
nescence calculations were performed using 
the Dual-Glo luciferase reporter assay system 
(Promega). Three independent experiments 
were performed in triplicate. 

Construction and infection

Cells in logarithmic growth phase were seeded 
in a 6-well plate for culturing 24 h. The recombi-

CCK-8 assay

HeGp2 cells (1×105 cells per well) were seeded 
in 96-well plates for culturing 24 h, and the 
CCK-8 assay (Dojindo Molecular Technologies, 
Gaithersburg, USA) was used to detect HepG2 
cell proliferation. The cells that were transfect-
ed with miR-200a mimics/mimics control/
ASPH were cultured for another 12, 24 and 48 
h. Subsequently, all cells were treated with 10 
μl CCK-8 solution at 37°C for 4 h. The plate  
was then read at 450 nm to obtain the cell 
growth curve using iMark microplate absor-
bance reader (BioRad Laboratories, Inc., Her- 
cules, CA, USA). All experiments were repeated 
in triplicate.

RNA preparation and RT-PCR

Cultured cells were collect with Trizol (Life 
Technologies) and RNA was extracted accord-
ing to the manufacture’s protocol. 5 μg of RNA 
were reverse transcribed to cDNA with MMLV 
RT reagent kit (Thermo Fisher Scientific, Inc.) as 
described in the instruction manual. RT-PCR 
was performed using SYBR® Green 10× Su- 
permix (Takara, Japan) in a 25 μl total volume 
and on Roche Light Cycler® 480 II System 
(Roche Diagnostics Ltd., Switzerland). The 
expression level of target genes was normal-
ized to that of glyceraldehyde-3-phosphate 

Table 1. The sequence of miR-200a mimics and miR-200a 
inhibitors
Name Sequence
MiR-200a mimics Sense: 5’-UAACACUGUCUGGUAACGAUGU-3’

Anti-sense: 5’-AUCGUUACCAGACAGUGUUAUU-3’
Mimics NC Sense: 5’-UUCUCCGAACGUGUCACGUTT-3’

Anti-sense: 5’-ACGUGACACGUUCGGAGAATT-3’
MiR-200a inhibitors 5’-ACAUCGUUACCAGACAGUGUUA-3’
Inhibitors NC 5’-CAGUACUUUUGUGUAGUACAA-3’

Table 2. Relationship between ASPH and clinical data of HCC 
patients

Cancer staging Male/Female Age (<45/≥45) ASPH expression 
(Lower/Higher)

TNM I 10/12 11/13 13/7
II 15/12 10/12 10/13
III 13/10 12/14 8/21

P-values 0.710 0.999 0.034*

*P<0.05, Chi-square test.

nant pLKO.1-EGFP-vector and 
pLKO.1-EGFP-ASPH vector expre- 
ssing ASPH plasmids (Sangon 
Biotech Inc. Shanghai, China) were 
transfected into cells according  
to the manufactures’ directions  
of Invitrogen LipofectamineTM LTX 
(Invitrogen, Shanghai, China). Ne- 
xt, 2 μg of pLKO.1-EGFP-vector or 
pLKO.1-EGFP-ASPH, 5 μL of Lipo- 
fectamineTM LTX and 250 μL Opti-
MEM® were prepared well mixed 
and then incubated for 25 min at 
room temperature. 500 μL of mix-
ture was added into 6-well plate 
with RPMI 1640 medium for cul-
tured 48 h. The transfected cells 
were harvested and used for next 
experiment. The pLKO.1-EGFP-
vector/pLKO.1-EGFP-ASPH trans-
fected HepG2 cells were analyzed 
by RT-PCR and Western blot for 
identification. 



Effect of miR-200a on HepG2 cell proliferation and EMT

1120 Am J Transl Res 2018;10(4):1117-1130

dehydrogenase (GAPDH) and was calculated by 
the method of 2-ΔΔCT method. Primers used 
were: ASPH, forward: 5’-GTTACCACGTGGAAG- 
AGAC-3’ and reverse: 5’-GCTTGTTCCTCATAG- 
ACTTG-3’; Cyclin-D1, forward: 5’-TTTGTTGTGTG- 
TGCAGGGAC-3’ and reverse: 5’-TTTCTTCTTGAC- 
TGGCACGC-3’; c-Myc, forward: 5’-ATTCTCTGCT- 
CTCCTCGACG-3’ and reverse: 5’-CTGTGAGGA- 
GGTTTGCTGTG-3’; E-cadherin, forward: 5’-ACAC- 
TGGTGTGTCCCTCTGC-3’ and reverse: 5’-AAGG- 
CTGCAGTGAGCTGTGA-3’; N-cadherin, forward: 
5’-ATATTTCCATCCTGCGCGTG-3’ and reverse: 
5’-GTTTGGCCTGGCGTTCTTTA-3’; Vimentin, for-
ward: 5’-GAGTCCACTGAGTACCGGAG-3’ and re- 
verse: 5’-ACGAGCCATTTCCTCCTTCA-3’; U6, for-
ward: 5’-CTCGCTTCGGCAGCAGCACA-3’ and re- 
verse: 5’-AACGCTTCACGAATTTGCGT-3’; GAPDH, 

forward: 5’-CGGGAAACTGTGGCGTGATG-3’ and 
reverse: 5’-ATGACCTTGCCCACAGCCTT-3’.

Protein preparation and Western blot

Total protein was extracted from cells using 
ProteoPrep® Total Extraction Sample Kit (Si- 
gma). Cell lysis was centrifuged 12,000× g at 
4°C for 10 min and the proteins in supernatant 
was separated by 10-15% SDS gel electropho-
resis and transferred to polyvinylidene fluoride 
membranes (Millipore, Shanghai, China). 
Protein expressions were analyzed by Western 
blot using various antibodies at the following 
dilutions: ASPH antibody (1:800), Cyclin-D1 
antibody (1:1000), c-Myc antibody (1:1000), 
E-Cadherin antibody (1:600), N-Cadherin anti-

Figure 1. MiR-200a and ASPH expressions in liver cancer tissues. Seventy-two liver cancer tissues and their adja-
cent normal ones were collected. A. The mRNA expression level of miR-200a in liver cancer group was lower than 
that of adjacent group through RT-PCR analysis. B. The mRNA expression level of ASPH in liver cancer group was 
higher than that of adjacent group through RT-PCR analysis. C. Linear correlation was applied to analyze the cor-
relation between the miR-200a and ASPH in mRNA expression level. D. The survival rate of 72 liver cancer patients 
showed that higher ASPH expression of patients was significantly shorter than that of lower ASPH expression of 
patients. U6 and GAPHD were detected as the control of sample loading. Data are expressed as the mean ± SD for 
three independent experiments. **P<0.01 versus adjacent normal tissue. 
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body (1:1000), Vimentin antibody (1:1000), 
ERK antibody (1:800), p-ERK antibody (1:500), 
PI3K antibody (1:800), p-PI3K antibody (1:400), 
Akt antibody (1:1000), p-Akt antibody (1:500) 
and GAPDH antibody (1:2000).

Statistical analysis

Statistical analyses were performed using 
SPSS software, version 22.0 (SPSS, Inc., Chi- 
cago, IL, USA). Each experiment was repeated 
three times, with all data presented as the 
mean ± standard deviation. Student’s t-test 
and one-way ANOVA were used in two or multi-
ple groups for statistical significance. Spearman 
rank order was used to analyze the correlations 
between variables. The method of survival 
analysis was used for testing divided phase. 
P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expression of miR-200a and ASPH in HCC 
specimens and liver cancer cell lines

This research included a total of 72 patients, 
with an average age of 48.23 ± 15.66 years old 
(Table 2). All HCC patients were selected from 
Zhejiang Provincial People’s Hospital between 
March 2013 and Jun 2014. The expressions of 
miR-200a and ASPH were investigated in surgi-
cally resected RCC specimens and correspond-
ing adjacent normal liver specimens. RT-PCR 
results showed that the mRNA expression of 
miR-200a was lower and that of ASPH was 
higher in liver tissues compared with adjacent 
normal liver tissues (Figure 1A and 1B). The 
correlation analysis showed that miR-200a 
expression was negatively related to ASPH 
expressions, which indicated miR-200a had 

Figure 2. MiR-200a and ASPH expressions in liver cancer cell lines (HepG2, SMMC7721, Bel-7402, PLC and LM3). 
A. The mRNA expression levels of miR-200a in liver cancer cell lines (HepG2, SMMC7721, Bel-7402, PLC and LM3) 
were lower than that of normal hepatocytes (L02) through RT-PCR analysis. B. The mRNA expression levels of ASPH 
in liver cancer cell lines (HepG2, SMMC7721, Bel-7402, PLC and LM3) were lower higher that of normal hepato-
cytes (L02) through RT-PCR analysis. C and D. The protein expression level of ASPH in liver cancer cell lines (HepG2, 
SMMC7721, Bel-7402, PLC and LM3) were lower higher that of normal hepatocytes (L02) through Western blot 
analysis. U6 and GAPHD were detected as the control of sample loading. Data are expressed as the mean ± SD for 
three independent experiments. **P<0.01 versus normal cell (L02). 
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Figure 3. Binding site prediction and results of luciferase report. A. Mimics NC, miR-200a mimics, inhibitors NC  
and miR-200a inhibitors were transfected into HepG2 cells, miR-200a mRNA was highly expressed in miR-200a 
mimics group and lowly expressed in miR-200a inhibitors group by RT-PCR analysis. B. Mimics NC, miR-200a mim-
ics, inhibitors NC and miR-200a inhibitors were transfected into HepG2 cells, ASPH mRNA was lowly expressed 
in miR-200a mimics group and highly expressed in miR-200a inhibitors group by RT-PCR analysis. C. Mimics NC, 
miR-200a mimics, inhibitors NC and miR-200a inhibitors were transfected into HpG2 cells, ASPH protein was lowly 
expressed in miR-200a mimics group and highly expressed in miR-200a inhibitors group by Western blot analysis. 
U6 and GAPHD were detected as the control of sample loading. Data are expressed as the mean ± SD for three 
independent experiments. **P<0.01 versus control and mimics NC, ##P<0.01 versus control and inhibitors NC. D. 
The cervical-loop structures of pre-miR-200a. E. Putative targets predicted by microRNAdb. F. Relative luciferase ac-
tivity resulted from binding of ASPH 3’-UTR reporter and miR-200a in HepG2 cell 48 h after transfection. **P<0.01, 
##P<0.01, t-test.
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significance to ASPH (Figure 1C). Besides, sur-
vival analysis showed that the survival rate of 
HCC patients with lower expressed ASPH was 
significantly higher than those with higher 
expressed ASPH (P<0.05; Figure 1D).

Furthermore, the miR-200a and ASPH expres-
sions were confirmed in liver cancer cell lines 
(HepG2, SMMC7721, Bel-7402, PLC and LM3) 
and normal liver cell L02 by RT-PCR and 
Western blot. In our results, the miR-200a with 

Figure 4. Effect of miR-200a and ASPH on the cell viability. A. RT-PCR was used for detecting the transfection ef-
ficiency of ASPH over-expressed plasmid. B and C. Western blot was used for detecting the transfection efficiency 
of ASPH over-expressed plasmid. D. CCK-8 assay was used for detecting the cell viability after cell transfection with 
miR-200a mimics and ASPH over-expressed plasmid. E. The mRNA expression levels of Cyclin-D1 and c-Myc were 
decreased after cells transfection with miR-200a mimics and increased after cells transfection with ASPH over-ex-
pressed plasmid by RT-PCR analysis. F and G. The protein expression levels of Cyclin-D1 and c-Myc were decreased 
after cells transfection with miR-200a mimics and increased after cells transfection with ASPH over-expressed 
plasmid by Western blot analysis. GAPDH was also detected as the control of sample loading. Data are expressed as 
the mean ± SD for three independent experiments. **P<0.01 and *P<0.05 versus control and NC groups. ##P<0.01 
and #P<0.05 versus ASPH.
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lower expression and the ASPH with higher 
expression were found in liver cancer cell lines, 
respectively. Compared with other cells, miR-
200a expressions in HepG2 cell were the low-
est and ASPH expressions in HepG2 cell were 
the highest (Figure 2).

Down-regulation of ASPH gene in HepG2 cell is 
mediated by miR-200a

Based on the above analysis results and results 
of miR target prediction databases (miRBase, 
miRDB and microRNAdb), we found that miR-
200a with predicted targeting ASPH had high 
target score that was 92. Therefore, HepG2 cell 
was transfected with miR-200a mimic/inhibi-
tor/con to test the predicted effect. The trans-
fection efficiency of miR-200a was confirmed 
by RT-PCR, ASPH expressions were detected by 
RT-PCR and Western blot. We found that the 
mRNA expression level of miR-200a was signifi-
cantly increased in miR-200a mimics HepG2 
cell, while dramatically decreased in miR-200a 
inhibitors HepG2 cell, compared to control, 
mimics NC and inhibitors NC groups (Figure 
3A). The ASPH expressions in miR-200a mimics 
HepG2 cell was lower than that of control, mim-
ics NC and inhibitors NC groups. In addition, the 
ASPH expressions in miR-200a inhibitors 
HepG2 cell had an opposite trend to miR-200a 
mimics HepG2 cell (Figure 3B and 3C). 

The target prediction databases indicated that 
one highly conserved miR-200a binding site 
was predicted in ASPH 3’-UTR (Figure 3D and 
3E). Direct interaction between miR-200a and 
ASPH was determined by the luciferase activity 
assay. miR-200a mimics transfection signifi-
cantly decreased the relative luciferase activity 
of ASPH 3’-UTR, while miR-200a inhibitors tr- 
ansfection significantly increased the relative 
luciferase activity of ASPH 3’-UTR in HepG2 cell 
(P<0.05); there was no significant difference 
among the control group, mimics NC, inhibitors 
NC and ASPH mutation 3’-UTR group (P>0.05; 
Figure 3F).

Effect of miR-200a and ASPH on HepG2 cell 
proliferation 

Firstly, ASPH expressions were determined by 
RT-PCR and Western blot after transfecting 
plasmid which carried ASPH gene for 24 h in 
HepG2 cell. ASPH expressions in ASPH group 
were significantly higher than that of control 

and vector-NC groups (Figure 4A-C). CCK-8 
results showed that miR-200a mimics could 
obviously inhibit cell viability in a time depen-
dent manner. When over expressed ASPH gene 
was transfected into cell, the cell viability was 
increased significantly in a time dependent 
manner (Figure 4D).

Cyclin-D1 and c-Myc, as cell cycle-related 
genes, can reflect cellular proliferation activity. 
In our results, the expression levels of cyclin-D1 
and c-Myc were significantly down-regulated in 
cell with miR-200a mimics compared with con-
trol and mimics NC groups by RT-PCR and 
Western blot assay (Figure 4E-G). Moreover, 
the expression levels of cyclin-D1 and c-Myc in 
cell tranfected with ASPH plasmids were signifi-
cantly higher than that of control, mimics NC 
and miR-200a groups.

Effect of miR-200a and ASPH on EMT in 
HepG2 cell

In this study, mRNA and protein expressions  
of E-Cadherin, N-Cadherin and Vimentin were 
detected by RT-PCR and Western blot. As 
shown in Figure 5, the E-Cadherin expressions 
in miR-200a mimics group were dramatically 
higher than that of control and mimics NC 
group, whereas E-Cadherin expressions in 
ASPH group were significantly lower than that of 
control, mimics NC and miR-200a groups. 
N-Cadherin expressions in miR-200a group 
were significantly lower than that of control and 
mimics NC groups, whereas N-Cadherin expres-
sions in ASPH group were dramatically higher 
than that of control, mimics NC and miR-200a 
groups. Vimentin expressions in miR-200a 
group significantly lower than that of control 
and mimics NC, whereas dramatically higher 
than that of miR-200a group. 

Effect of miR-200a and ASPH on ERK and 
PI3K/Akt signalling pathways 

The phosphorylated ERK, PI3K and Akt pro-
teins were obviously detected by We- 
stern blot in HepG2 cell. Have cell transfected 
with miR-200a mimics, the phosphorylation 
levels of ERK, PI3K and Akt proteins were inhib-
ited (Figure 6A-C). We further found that phos-
phorylation levels of ERK and Akt proteins in 
ASPH group were significantly higher than that 
of control, mimics NC and miR-200a mimics 
groups. In addition, the phosphorylation levels 
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Figure 5. Effect of miR-200a and ASPH on EMT. A. The mRNA level of E-cadherin was increased after cells transfection with miR-200a mimics and decreased after 
cells transfection with ASPH over-expressed plasmid by RT-PCR analysis. B. The mRNA level of N-cadherin was decreased after cells transfection with miR-200a 
mimics and increased after cells transfection with ASPH over-expressed plasmid by RT-PCR analysis. C. The mRNA level of Vimentin was decreased after cells 
transfection with miR-200a mimics and increased after cells transfection with ASPH over-expressed plasmid by RT-PCR analysis. D. The protein expressions of of 
E-cadherin, N-cadherin and Vimentin were detected by Western blot analysis. GAPDH was also detected as the control of sample loading. Data are expressed as the 
mean ± SD for three independent experiments. **P<0.01 and *P<0.05 versus control and NC groups. ##P<0.01 and #P<0.05 versus ASPH.
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of PI3K protein were significantly higher than 
that of miR-200a group (P<0.05, Figure 6).

Discussion

It reported that miR-200a and ASPH played a 
key role in tumorigenesis and liver cancer pro-
gression [12, 31]. Therefore, this study is impor-

200a and ASPH expressions were detected in 
HepG2 cell which was transfected miR-200a 
mimics and miR-200a inhibitors by RT-PCR and 
Western blot. We found that the miR-200a 
expressions in HepG2 cell which was transfect-
ed miR-200a mimics was significantly increased 
compared to control and mimics NC groups and 
the miR-200a expressions in HepG2 cell which 

Figure 6. Effect of miR-200a and ASPH on ERK and PI3K/Akt signaling path-
ways. A. The phosphorylation-level of ERK was decreased after cells transfec-
tion with miR-200a mimics and increased after cells transfection with ASPH 
over-expressed plasmid by Western blot analysis. B. The phosphorylation-level 
of PI3K was decreased after cells transfection with miR-200a mimics and in-
creased after cells transfection with ASPH over-expressed plasmid by Western 
blot analysis. C. The phosphorylation-level of Akt was decreased after cells 
transfection with miR-200a mimics and increased after cells transfection with 
ASPH over-expressed plasmid by Western blot analysis. GAPDH was also de-
tected as the control of sample loading. Data are expressed as the mean ± SD 
for three independent experiments. **P<0.01 and *P<0.05 versus control and 
NC groups. ##P<0.01 and #P<0.05 versus ASPH.

tant- it might further clarify 
the molecular mechanism of 
liver cancer. The miR-200a 
expression was significantly 
decreased in liver cancer tis-
sues and liver cancer cell 
lines (Figures 1, 2). ASPH 
expressions had an opposite 
tendency compared to miR-
200a expressions (Figures 
1, 2). In addition, there was 
no significant relationship  
in tumor staging between 
sex and age (Table 2). There 
were significant differences 
between ASPH expressions 
and tumor staging (P<0.05, 
Table 2). Moreover, miR-
200a expression was signifi-
cantly negatively correlated 
to ASPH expressions. All HCC 
patients were followed-up for 
a mean of 1500 days, the 
survival rate of patients with 
ASPH-low was significantly 
higher than those with ASPH-
high (Figure 1). These results 
indicated that there might be 
a relationship between miR-
200a and ASPH in liver can-
cer. The functions of microR-
NA depend on the regulation 
of the target gene of microR-
NA [32]. The target gene of 
miR-200a was searched by 
computational analysis. The 
predicated results showed 
that ASPH is the target gene 
of miR-200a. Based on this 
screening and results of miR 
target prediction databases, 
it showed that miR-200a can 
regulate ASPH expressions 
under both physiologic and 
pathologic conditions. To co- 
nfirm the findings, the miR-
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was transfected miR-200a inhibitors was sig-
nificantly decreased compared to control and 
inhibitors NC groups (Figure 3A). It showed that 
miR-200a mimics/inhibitors was successfully 
constructed and used for next experiment. In 
addition, ASPH expressions in HepG2 cell which 
was transfected miR-200a mimics was signifi-
cantly decreased compared to control and 
mimics NC groups and ASPH expressions in 
HepG2 cell which was transfected miR-200a 
inhibitors was significantly increased compared 
to control and inhibitors NC groups (Figure 3B 
and 3C). These results further indicated that 
high expressed miR-200a could inhibit ASPH 
expressions. According to computational analy-
sis, we found ASPH 3’-UTR contained the bind-
ing site of miR-200a. The recombinant plasmid 
of ASPH-WT 3’-UTR and ASPH-Mut 3’-UTR and 
miR-200a mimics/inhibitors were co-transfect-
ed into HepG2 cell. The results showed that 
miR-200a mimics could significantly inhibit the 
relative luciferase activity of ASPH-WT 3’-UTR, 
but miR-200a mimics had no effect on the rela-
tive luciferase activity of ASPH-Mut 3’-UTR 
(Figure 3). Beside, the relative luciferase activ-
ity of ASPH-WT 3’-UTR in miR-200a inhibitors 
was significantly enhanced and the relative 
luciferase activity of ASPH-Mut 3’-UTR in miR-
200a inhibitors was changed (Figure 3). From 
the above, it confirmed that miR-200a exerted 
an important effect on the regulation of its tar-
geting ASPH. 

In a follow-up experiment, ASPH highly expre- 
ssed in HepG2 cells after cells were transfect-
ed with APSH expression plasmid (Figure 4A-C). 
CCK-8 results showed that the cell proliferation 
was suppressed after cell were transfected 
with miR-200a mimics in a time dependent 
manner and was promoted after being trans-
fected with ASPH expression plasmid (Figure 
4D). miRNA inhibit cell proliferation only through 
regulating its target gene. miR-200a could 
inhibit the transcription and translation levels 
of ASPH. Therefore, we thought that cell prolif-
eration was inhibited after miR-200a inhibited 
the target ASPH expressions. Some studies 
showed that many factors of tumorigenesis ulti-
mately resulted in abnormality of cell prolifera-
tion. Cyclin-D1, as one of essential proteins in 
G1-phase of tumor cell, high expresses in cell 
with the high activity of proliferation [33]. C-Myc 
can promote the cell from G1-phase into 
S-phase and over expresses in tumors. The 

high expression persistent of c-Myc can pro-
mote cell division, stimulate cell proliferation 
and selective conversion which results in the 
occurrence of liver cancer [34]. Cyclin-D1 and 
c-Myc genes are closely related to cell prolifera-
tion. In our results, cyclin-D1 and c-Myc expres-
sions in miR-200a mimics group were signifi-
cantly decreased and those in ASPH group 
were significantly increased by RT-PCR and 
Western blot. It showed that ASPH promoted 
cell proliferation by up-regulating cyclin-D1 and 
c-Myc expressions, and miR-200a inhibited the 
cyclin-D1 and c-Myc expressions through down-
regulating ASPH expressions. 

EMT is activated in tumor progression, infiltra-
tion and invasion, and plays an important role 
in tumor development, metastasis and dissem-
ination [35]. For tumor cell, obtaining the inva-
siveness is key to activating EMT [36]. Studies 
showed that the interruption or reversal of EMT 
could inhibit the invasion and migration, and 
decrease the rate of metastasis [37]. Therefore, 
EMT has become a hotspot in tumor research. 
As many transcription factors and proteins play 
a key role in EMT, their expressions of upward 
or downward can reflect the process EMT. 
E-Cadherin acts as an epithelial marker lowly 
expressed in tumor, whereas N-Cadherin and 
vimentin as interstitial markers highly expre- 
ssed in tumor [38]. The down-regulation of 
E-cadherin and the up-regulation of N-cadherin 
are the characteristic performances of EMT. 
Therefore, E-cadherin, N-cadherin and vimentin 
are considered as marker proteins of EMT. In 
our results, the results showed that E-cadherin 
expressions were significantly increased, wh- 
ereas N-cadherin and vitmentin expressions 
were significantly decreased in cell transfected 
with miR-200a mimics compared to control and 
mimics NC groups. In addition, E-cadherin, 
N-cadherin and vimentin expressions in ASPH 
group had an opposite tendency compared to 
miR-200a mimics group. It showed that ASPH 
promoted EMT and miR-200a inhibited EMT by 
down-regulating ASPH expression (Figure 5). 

Many signaling pathways involve in cell prolif-
eration and EMT. ERK can promote epithelium-
liked cells to differentiate into interstitial cell, 
which induce EMT to promote cell invasion [39, 
40]. In addition, PI3K/Akt signaling pathway 
regulates EMT in liver cancer [41]. ERK and 
PI3K/Akt signaling pathways play an important 
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role in cell proliferation, growth, survival, inva-
sion and migration and can regulate coopera-
tively the multitude cellular functions including 
cell cycle and apoptosis. It reported that TGF-
β1 could involve in EMT through ERK and PI3K/
Akt signaling pathways [42]. Therefore, ERK 
and PI3K/Akt signaling pathways regulate cell 
proliferation. In our results, having cell trans-
fected miR-200a mimics group, the phosphory-
lation-levels of ERK, PI3K and Akt were signifi-
cantly decreased compared with control and 
NC groups, after having cell transfected ASPH 
plasmid, the phosphorylation-levels of ERK, 
PI3K and Akt were significantly increased com-
pared to miR-200a mimics group (Figure 6). It 
showed that ERK and PI3K/Akt pathways were 
activated in human hepatoma cells, ASPH 
might be an downstream targeting gene of ERK 
and PI3K/Akt pathways and could be activated. 
The over-expression of miR-200a could inhibit 
the activation of ERK and PI3K/Akt pathways. 

Above all, miR-200a was lowly expressed in 
liver cancer tissues and cell lines, while the 
expression of ASPH had an opposite trend to 
that of miR-200a. And ASPH, as a miR-200a 
downstream targeting gene, could be activated 
by ERK and PI3K/Akt signaling pathways in liver 
cancer. miR-200a could inhibit the up-regula-
tion of ASPH to suppress the cell proliferation 
and EMT by down-regulating the activation of 
ERK and PI3K/Akt signaling pathways.

Disclosure of conflict of interest 

None.

Address correspondence to: Dr. Dong-Sheng Huang, 
Department of Hepato-Biliary-Pancreatic Surgery, 
People’s Hospital of Hangzhou Medical College, 
Hangzhou 310014, P.R. China. Tel: 0086-0571-
87666666; Fax: 0086-0571-87666666; E-mail: 
erxz8542@126.com

References

[1] Peijuan C, Ling L, Jian W, Xuejing Z, Dongyan Z, 
Ling D and Dehua W. Down-regulation of Talin1 
promotes hepatocellular carcinoma progres-
sion via activation of the ERK1/2 pathway. 
Cancer Sci 2017.

[2] Cheng AL, Thongprasert S, Lim HY, Sukee-
paisarnjaroen W, Yang TS, Wu CC, Chao Y, 
Chan SL, Kudo M, Ikeda M, Kang YK, Pan H, 
Numata K, Han G, Balsara B, Zhang Y, Rodri-
guez AM, Zhang Y, Wang Y and Poon RT. Ran-

domized, open-label phase 2 study comparing 
frontline dovitinib versus sorafenib in patients 
with advanced hepatocellular carcinoma. Hep-
atology 2016; 64: 774-784.

[3] Argyrou C, Moris D and Vernadakis S. Hepato-
cellular carcinoma development in non-alco-
holic fatty liver disease and non-alcoholic ste-
atohepatitis. Is it going to be the “Plague” of 
the 21st century? A literature review focusing 
on pathogenesis, prevention and treatment. J 
buon 2017; 22: 6-20.

[4] Ringe B, Pichlmayr R, Wittekind C and Tusch G. 
Surgical treatment of hepatocellular carcino-
ma: experience with liver resection and trans-
plantation in 198 patients. World J Surg 1991; 
15: 270-285.

[5] Saxena NK, Sharma D, Ding X, Lin S, Marra F, 
Merlin D and Anania FA. Concomitant activa-
tion of the JAK/STAT, PI3K/AKT, and ERK sig-
naling is involved in leptin-mediated promotion 
of invasion and migration of hepatocellular 
carcinoma cells. Cancer Res 2007; 67: 2497-
2507.

[6] Ge YX, Wang CH, Hu FY, Pan LX, Min J, Niu KY, 
Zhang L, Li J and Xu T. New advances of 
TMEM88 in cancer initiation and progression, 
with special emphasis on Wnt signaling path-
way. J Cell Physiol 2018; 233: 79-87.

[7] Fang T, Lv H, Wu F, Wang C, Li T, Lv G, Tang L, 
Guo L, Tang S, Cao D, Wu M, Yang W and Wang 
H. Musashi 2 contributes to the stemness and 
chemoresistance of liver cancer stem cells via 
LIN28A activation. Cancer Lett 2017; 384: 50-
59.

[8] Minami K, Taniguchi K, Sugito N, Kuranaga Y, 
Inamoto T, Takahara K, Takai T, Yoshikawa Y, 
Kiyama S, Akao Y and Azuma H. MiR-145 neg-
atively regulates Warburg effect by silencing 
KLF4 and PTBP1 in bladder cancer cells. Onco-
target 2017; 8: 33064-33077.

[9] Karimkhanloo H, Mohammadi-Yeganeh S, Ah-
sani Z and Paryan M. Bioinformatics prediction 
and experimental validation of microRNA-20a 
targeting Cyclin D1 in hepatocellular carcino-
ma. Tumour Biol 2017; 39: 101042831769- 
8361.

[10] Liu Y, Han L, Bai Y, Du W and Yang B. Down-
regulation of MicroRNA-133 predicts poor 
overall survival and regulates the growth and 
invasive abilities in glioma. Artif Cells Nano-
med Biotechnol 2017; 1-5.

[11] Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-297.

[12] Chen SY, Ma DN, Chen QD, Zhang JJ, Tian YR, 
Wang ZC, Cai H, Lin Y and Sun HC. MicroRNA-
200a inhibits cell growth and metastasis by 
targeting Foxa2 in hepatocellular carcinoma. J 
Cancer 2017; 8: 617-625.

mailto:erxz8542@126.com


Effect of miR-200a on HepG2 cell proliferation and EMT

1129 Am J Transl Res 2018;10(4):1117-1130

[13] Peng Y, Chen FF, Ge J, Zhu JY, Shi XE, Li X, Yu 
TY, Chu GY and Yang GS. miR-429 inhibits dif-
ferentiation and promotes proliferation in por-
cine preadipocytes. Int J Mol Sci 2016; 17.

[14] Wu YR, Qi HJ, Deng DF, Luo YY and Yang SL. 
MicroRNA-21 promotes cell proliferation, mi-
gration, and resistance to apoptosis through 
PTEN/PI3K/AKT signaling pathway in esopha-
geal cancer. Tumour Biol 2016; 37: 12061-
12070.

[15] Sun L, Liang J, Wang Q, Li Z, Du Y and Xu X. 
MicroRNA-137 suppresses tongue squamous 
carcinoma cell proliferation, migration and in-
vasion. Cell Prolif 2016; 49: 628-635.

[16] Croce CM. Causes and consequences of mi-
croRNA dysregulation in cancer. Nat Rev Genet 
2009; 10: 704-714.

[17] Zimmerman AL and Wu S. MicroRNAs, cancer 
and cancer stem cells. Cancer Lett 2011; 300: 
10-19.

[18] Lin Z, Cai YJ, Chen RC, Xu SH, Wang XD, Song 
M, Wu JM, Wang YQ, Zhou MT and Shi KQ. A 
microRNA expression profile for vascular inva-
sion can predict overall survival in hepatocel-
lular carcinoma. Clin Chim Acta 2017; 469: 
171-179.

[19] Shaker OG and Senousy MA. Serum microR-
NAs as predictors for liver fibrosis staging in 
hepatitis C virus-associated chronic liver dis-
ease patients. J Viral Hepat 2017; 24: 636-
644.

[20] Hong JS, Lee DH, Yook YW, Na D, Jang YJ, Kim 
JH and Lee YS. MicroRNA signatures associat-
ed with thioacetamide-induced liver fibrosis in 
mice. Biosci Biotechnol Biochem 2017; 81: 
1348-1355.

[21] Lee JS, Ahn YH, Won HS, Sun S, Kim YH and Ko 
YH. Prognostic role of the MicroRNA-200 fami-
ly in various carcinomas: a systematic review 
and meta-analysis. Biomed Res Int 2017; 
2017: 1928021.

[22] Lewis A, Felice C, Kumagai T, Lai C, Singh K, 
Jeffery RR, Feakins R, Giannoulatou E, Armuzzi 
A, Jawad N, Lindsay JO and Silver A. The miR-
200 family is increased in dysplastic lesions in 
ulcerative colitis patients. PLoS One 2017; 12: 
e0173664.

[23] Wang J, Yang X, Ruan B, Dai B, Gao Y, Duan J, 
Qu S, Tao K, Dou K and Li H. Overexpression of 
miR-200a suppresses epithelial-mesenchymal 
transition of liver cancer stem cells. Tumour 
Biol 2015; 36: 2447-2456.

[24] Xia N, Gao Y, Wang X, Liu W, Yang J, Wang T, 
Zhao G and Li H. [An expression analysis of 
miR-200a in serum and liver tissue during the 
process of liver cancer development in rats]. 
Zhonghua Gan Zang Bing Za Zhi 2014; 22: 
440-444.

[25] Aihara A, Huang CK, Olsen MJ, Lin Q, Chung W, 
Tang Q, Dong X and Wands JR. A cell-surface 

beta-hydroxylase is a biomarker and therapeu-
tic target for hepatocellular carcinoma. Hepa-
tology 2014; 60: 1302-1313.

[26] Cantarini MC, de la Monte SM, Pang M, Tong 
M, D’Errico A, Trevisani F, Wands JR. Aspartyl-
asparagyl beta hydroxylase over-expression in 
human hepatoma is linked to activation of in-
sulin-like growth factor and notch signaling 
mechanisms. Hepatology 2006; 44: 446-457.

[27] Chung W, Kim M, de la Monte S, Longato L, 
Carlson R, Slagle BL, Dong X and Wands JR. 
Activation of signal transduction pathways dur-
ing hepatic oncogenesis. Cancer Lett 2016; 
370: 1-9.

[28] Dong X, Lin Q, Aihara A, Li Y, Huang CK, Chung 
W, Tang Q, Chen X, Carlson R, Nadolny C, Ga-
briel G, Olsen M and Wands JR. Aspartate be-
ta-hydroxylase expression promotes a malig-
nant pancreatic cellular phenotype. Oncotarget 
2015; 6: 1231-1248.

[29] Shimoda M, Tomimaru Y, Charpentier KP, Saf-
ran H, Carlson RI and Wands J. Tumor progres-
sion-related transmembrane protein aspar-
tate-beta-hydroxylase is a target for immu- 
notherapy of hepatocellular carcinoma. J Hep-
atol 2012; 56: 1129-1135.

[30] Kyrychenko S, Kyrychenko V, Badr MA, Ikeda Y, 
Sadoshima J and Shirokova N. Pivotal role of 
miR-448 in the development of ROS-induced 
cardiomyopathy. Cardiovasc Res 2015; 108: 
324-334.

[31] Iwagami Y, Huang CK, Olsen MJ, Thomas JM, 
Jang G, Kim M, Lin Q, Carlson RI, Wagner CE, 
Dong X and Wands JR. Aspartate beta-hydroxy-
lase modulates cellular senescence through 
glycogen synthase kinase 3beta in hepatocel-
lular carcinoma. Hepatology 2016; 63: 1213-
1226.

[32] Tichy D, Pickl JMA, Benner A, Sültmann H. Ex-
perimental design and data analysis of Ago-
RIP-Seq experiments for the identification of 
microRNA targets. Brief Bioinform 2017; [Epub 
ahead of print].

[33] Chikara S, Lindsey K, Dhillon H, Mamidi S, Kit-
tilson J, Christofidou-Solomidou M and Reindl 
KM. Enterolactone induces G1-phase cell cycle 
arrest in nonsmall cell lung cancer cells by 
downregulating cyclins and cyclin-dependent 
kinases. Nutr Cancer 2017; 69: 652-662.

[34] Zhang HT, Gui T, Sang Y, Yang J, Li YH, Liang 
GH, Li T, He QY and Zha ZG. The BET bromodo-
main inhibitor JQ1 suppresses chondrosarco-
ma cell growth via regulation of YAP/p21/c-
Myc signaling. J Cell Biochem 2017; 118: 
2182-2192.

[35] Zhang J, Kuang Y, Wang Y, Xu Q and Ren Q. 
Notch-4 silencing inhibits prostate cancer 
growth and EMT via the NF-kappaB pathway. 
Apoptosis 2017; 22: 877-884.



Effect of miR-200a on HepG2 cell proliferation and EMT

1130 Am J Transl Res 2018;10(4):1117-1130

[36] Plones T, Fischer M, Hohne K, Sato H, Muller-
Quernheim J and Zissel G. Turning back the 
wheel: inducing mesenchymal to epithelial 
transition via Wilms tumor 1 knockdown in  
human mesothelioma cell lines to influence 
proliferation, invasiveness, and chemotaxis. 
Pathol Oncol Res 2017; [Epub ahead of print].

[37] Jiang R, Zhang C, Liu G, Gu R and Wu H. Mi-
croRNA-126 inhibits proliferation, migration, 
invasion and EMT in osteosarcoma by target-
ing ZEB1. J Cell Biochem 2017; 118: 3765-
3774.

[38] Mao W, Sun Y, Zhang H, Cao L, Wang J and He 
P. A combined modality of carboplatin and pho-
todynamic therapy suppresses epithelial-mes-
enchymal transition and matrix metalloprotein-
ase-2 (MMP-2)/MMP-9 expression in HEp-2 
human laryngeal cancer cells via ROS-mediat-
ed inhibition of MEK/ERK signalling pathway. 
Lasers Med Sci 2016; 31: 1697-1705.

[39] Xiao J, Yang S, Shen P, Wang Y, Sun H, Ji F and 
Zhou D. Phosphorylation of ETV4 at Ser73 by 
ERK kinase could block ETV4 ubiquitination 
degradation in colorectal cancer. Biochem Bio-
phys Res Commun 2017; 486: 1062-1068.

[40] Jia S, Lu J, Qu T, Feng Y, Wang X, Liu C and Ji J. 
MAGI1 inhibits migration and invasion via 
blocking MAPK/ERK signaling pathway in gas-
tric cancer. Chin J Cancer Res 2017; 29: 25-
35.

[41] Wang R, Song Y, Liu X, Wang Q, Wang Y, Li L, 
Kang C and Zhang Q. UBE2C induces EMT 
through Wnt/betacatenin and PI3K/Akt signal-
ing pathways by regulating phosphorylation 
levels of Aurora-A. Int J Oncol 2017; 50: 1116-
1126.

[42] Park GB, Kim D, Kim YS, Kim S, Lee HK, Yang 
JW and Hur DY. The Epstein-Barr virus causes 
epithelial-mesenchymal transition in human 
corneal epithelial cells via Syk/src and Akt/Erk 
signaling pathways. Invest Ophthalmol Vis Sci 
2014; 55: 1770-1779.


