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Ancheng Qin*, Jianwu Wu*, Min Zhai, Yijie Lu, Bo Huang, Xingsheng Lu, Xinwei Jiang, Zhiming Qiao

Department of Hepatobiliary Surgery, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou 
215002, Jiangsu, P. R. China. *Equal contributors.

Received September 5, 2019; Accepted March 11, 2020; Epub March 15, 2020; Published March 30, 2020

Abstract: Hepatocellular carcinoma (HCC) is one of the most common malignant tumors with a high mortality rate 
and low survival rate. This study was designed to explore a novel molecular with high sensitivity and specificity, 
which can be applied in early diagnosis and therapeutic evaluation of HCC. The current study aims to investigate the 
effect and important role of Axin1 on cell proliferation, invasion, migration and epithelial-mesenchymal transition 
(EMT) in hepatocellular carcinoma. qRT-PCR results showed lower Axin1 expression level and higher miR-650 ex-
pression level in HCC. Luciferase reporter assay was carried out to verify the negative correlation between Axin1 and 
miR-650 mRNA levels. CCK-8 assay results showed that the cell proliferation ability was significantly suppressed 
by Axin1 overexpression in SK-HEP-1 cells. The results in wound healing assay uncovered that cell migration abil-
ity was markedly suppressed by Axin1 overexpression. The results in trans-well invasion assay showed that Axin1 
overexpression caused decreased invasive ability in SK-HEP-1 cells. The WB results showed that the protein level 
of E-cad was significantly increased and the protein levels of N-cad, vimentin and snail were obviously reduced fol-
lowing Axin1 overexpression. Whereas, the suppressive effects on cell proliferation, migration, invasion and EMT 
caused by Axin1 overexpression were abolished by miR-650 mimic. All the results in the current study confirmed the 
truth that Axin1 overexpression could suppress cell proliferation, migration, invasion and EMT by downregulating 
miR-650 expression.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignant tumors in digestive 
system [1]. According to statistics, HCC is the 
sixth most common malignant tumor in the 
world with the third highest mortality rate, 
which seriously endangers human health [2]. At 
present, surgery is still the only method to cure 
HCC. However, due to the hidden nature of 
onset of HCC, most patients are already at  
the intermediate or advanced stage when diag-
nosis and are not candidates for curative su- 
rgical treatment [3]. Besides, the effects of 
other treatments such as intervention, molecu-
lar targeted therapy and chemotherapy are still 
unsatisfactory. Progression-free survival and 
median survival time are still very poor [4]. 
Thus, new molecular probes for target recogni-
tion with high sensitivity and specificity need to 
be found out and applied to early diagnosis, 
early warning, metastasis and therapeutic eval-
uation of liver cancer.

The early detection and timely treatment are 
the key to improving prognosis and reducing 
mortality of patients with HCC [5]. In recent 
years, molecular targeted therapy has become 
a hot topic in the treatment of advanced HCC 
[6]. MicroRNAs (miRNAs) are a class of short 
nucleotide sequences with the length of only 
20-24 nt, which are widely expressed in multi-
cellular eukaryotes. MiRNAs regulate the target 
genes in post-transcriptional level by pairing 
with complimentary mRNAs [7]. Recently, more 
and more studies have found that miRNAs play 
important roles in the occurrence and develop-
ment of various diseases and have great poten-
tial in the diagnosis, treatment and prognosis of 
certain diseases, which make miRNAs potential 
as disease biomarkers and novel therapeutic 
targets [8]. 

Evidence has proved that miRNAs are involved 
in a variety of life processes in liver cells, espe-
cially in liver cancer [9]. Yun et al. found that the 
expression of miR-548b in HCC tissues and cell 
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lines was weak. MiR-548b overexpression sig-
nificantly promoted HCC cell proliferation, colo-
ny formation, and metastasis and induced 
apoptosis in vitro [10]. Recently, miR-650 has 
been proved to play important roles in many 
kinds of cancers [11, 12]. Besides, a research 
showed that miR-650 could promote the migra-
tion, invasion and Epithelial-mesenchymal tran-
sition (EMT) of HCC cells [13]. Therefore, miR-
650 may serve as a novel biomarker for HCC 
patients.

Axin (Axis inhibition), the product of the mouse 
Fused (Fu) gene found in 1997, is an important 
scaffold protein of the Wnt signaling pathway.  
It transmits cellular signaling to downstream 
effective molecule in order to regulate the sig-
naling transduction among different signaling 
pathways [14]. It had been proved that Axin was 
associated with carcinoma tumorigenesis and 
progression [15]. EMT is a key factor in pro- 
moting the invasion and metastasis tumor 
cells. Wu et al. demonstrate that Axin could 
induce a functional EMT program and drive 
metastatic activity rather than function as a 
tumor suppressor [16]. Moreover, revelant re- 
search showed that miRNA could play biologic 
role by binding to AXIN, which was closely asso-
ciated with the genesis and development of 
HCC [17, 18]. However, whether AXIN1 could 
affect HCC by targeting miR-650 is unknown. 

Considering the important role of AXIN1 and 
miR-650 in HCC development, the present 
study aimed to test the expression of AXIN1 
and miR-650 in HCC cell lines, to verify the rela-
tivity between them, and to examine the effect 
of AXIN1 on the biological function in hepato-
cellular carcinoma. In short, findings in our cur-
rent study suggested that Axin1 could inhibit 
cell proliferation, invasion, migration and EMT 
in hepatocellular carcinoma by targeting miR-
650. Therefore, in-depth study on the molecu-
lar mechanisms may make AXINI as a potential 
agent hepatocellular carcinoma and provide a 
new strategy for the treatment.

Materials and methods

Cell culture and treatment

LO2, SK-HEP-1, HUH-7, LM6 and Li-7 cell lines 
were purchased from American Type Culture 
Collection (ATCC). Cell lines were cultured with 
Dulbecco’s modified Eagle’s medium (DMEM) 

(Invitrogen, Carlsbad, CA) containing 10% heat-
inactivated FBS (Invitrogen), 100 IU/ml penicil-
lin (Sigma Aldrich, St. Louis, MO) and 100 μg/
ml streptomycin (Sigma-Aldrich) at 37°C in a 
humidified atmosphere of 5% CO2.

Cell transfection

LO2 and SK-HEP-1 cell lines were transfected 
with miR-650 mimic/NC and pcDNA-Axin1/
pcDNA-NC. According to the manufacturer’s 
instructions, the cells were placed in a 6-well 
plate and then transfected with plasmids  
upon reaching 75% to 90% confluence us- 
ing Lipofectamine 2000 (Invitrogen, USA). After 
24-48 h, transfected cells were used for an- 
alyses.

Cell viability assay

The proliferation of SK-HEP-1 cells was evalu-
ated using cell counting kit-8 (CCK-8) assay. 
Briefly, after LPS (1, 2, 4 or 8 μg/ml) treatment, 
5×103 SK-HEP-1 cells were seeded into the 
96-well plate and incubated in a 37°C incu- 
bator with 5% CO2 for 24 h. Immediately foll- 
owing, 10 μl of CCK-8 solution was added into 
each well and sustained for another 2 h. Su- 
bsequently, the absorbance at 450 nm was 
recorded with Micro-plate Reader (Bio-Rad, 
Hercules, CA, USA). Cell viability (%) was calcu-
lated and analyzed accordingly.

Quantitative real-time PCR

Briefly, total RNA from hepatocellular carcino-
ma cell lines was extracted for reverse tran-
scription using TRIzol reagent (Invitrogen, USA). 
After dissolving RNA with diethyl pyrocarbonate 
(DEPC) treated water, the absorbance at 260 
nm and 280 nm was measured to determine 
the RNA purity and concentration. The cDNA 
was synthesized using a commercial Prime- 
Script™ II 1st strand cDNA synthesis kit (Ta- 
KaRa, Japan). RT-PCR was performed using 
SYBR Premix kit (TaKaRa Biotechnology) with 
an ABI Prism 7500 Sequence Detection system 
(Thermo Fisher Scientific, USA). Reaction con- 
ditions were as follows: Initial denaturation at 
95°C for 2 min, followed by 35 cycles of dena-
turation at 95°C for 30 sec and annealing at 
60°C for 30 sec. β-actin was used as an inter-
nal control. The 2-ΔΔCq method was used to cal-
culate the gene expression levels [19]. All ex- 
periments were conducted three times.
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Western blot

After washing with pre-cooled phosphate buf-
fer saline (PBS) buffer for 3 times, the cells 
were lysed by RIPA Buffer (Beyotime, Shanghai, 
CN). Then, the supernatants were collected by 
12000 rpm centrifugation at 4°C for 10 min. 
The proteins were quantified using the BCA™ 
Protein Assay Kit (Beyotime) and stored at 
-80°C. Protein samples were separated by 
SDS-PAGE and then transferred onto poly- 
vinylidene fluoride (PVDF) membranes. After 
blocking with 5% skim milk for 1 h, the mem-
branes incubated with primary antibodies 
against Axin1 (Abcam, 1:2000, ab233652), 
MMP9 (Abcam, 1:1000, ab38898), MMP12 
(Abcam, 1:3000, ab137444), E-cad (Abcam, 
1:500, ab15148), N-cad (Abcam, 1:2000, ab- 
98952), Vimentin (Abcam, 1:1000, ab8978), 
Snail (Abcam, 1:1000, ab53519) and GAPDH 
(Abcam, 1:20000, ab181602) at 4°C over-
night. After washing with 1×TBST buffer, the 
membranes were incubated with the corre-
sponding secondary antibody at room tempera-
ture for 1-1.5 h. After washing, the proteins 
were detected by enhanced ECL. All Western 
blotting bands were analyzed by Image J soft-
ware (NIH, USA).

Colony formation assay 

Briefly, the transfected cells 
were seeded in fresh 6-well 
plates in triplicate at a density 
of 1×103 per well and main-
tained in medium containing 
10% fetal bovine serum (FBS) 
for 2 weeks. Cells were wa- 
shed with PBS, and fixed in 
20% methanol for 15 min at 
room temperature. Then, cells 
were stained with 0.5% crys-
tal violet for 15 min. The colo-
nies were counted using a 
microscope (Leica, Germany).

Wound healing assay

Transfected SK-HEP-1 cells 
(2×106/well) were seeded in a 
6-well plate and incubated 
until reaching at least 90% 
confluence. Then a 20-μl plas-
tic pipette tip was used to pro-
duce a scratch. After washing 
with PBS, the cells were incu-
bated in culture medium with-

Figure 1. Expression levels of Axin1 and miR-650 in hepatocellular carci-
noma. A. qRT-PCR result of Axin1 expression in normal liver epithelial LO2 
cells and liver cancer cells including SK-HEP-1, HUH-7, LM6, Li-7 cells. B. WB 
result of Axin1 expression in normal liver epithelial LO2 cells and liver cancer 
cells including SK-HEP-1, HUH-7, LM6, Li-7 cells. C. qRT-PCR result of miR-
650 expression in normal liver epithelial LO2 cells and liver cancer cells in-
cluding SK-HEP-1, HUH-7, LM6, Li-7 cells (***P<0.001 vs. LO2 cells group).

out serum for 72 h. The wound closure was 
photographed under a microscope at 0 h and 
72 h. The relative migrated areas were ana-
lyzed using Image J software (NIH, USA).

Cell invasion assay

The treated cells (1×105 cells/ml) were sus-
pended in serum-free medium, and 200 μl cell 
suspension was added to the upper chamber of 
the trans-well plate. The upper chambers were 
coated with Matrigel. Then, medium containing 
10% FBS was added into the lower chambers. 
The cells were incubated in a humidified incu-
bator for 72 h. Then, the cells on the top side 
were removed with cotton swabs, and the cells 
that passed through the membrane were fixed 
with 0.1% crystal violet for 15 min. The invasive 
cells were counted under a light microscope 
(Leica, Germany).

Luciferase reporter assay

The Axin1 wild-type (WT) and mutant (MUT) 
3’UTR firefly luciferase construct were generat-
ed. In brief, cells were seeded in 24-well plates 
and cultured for 24 h before luciferase reporter 
assay. Then, SK-HEP-1 cells (80% confluence) 
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were cotransfected with Axin1-WT-3’UTR or 
Axin1-MUT-3’UTR luciferase reporter and Re- 
nilla luciferase reporter (pRL), and miR-NC or 
miR-650-mimic by using Lipofectamine 2000 
reagent (Invitrogen, USA). Luciferase activity 
was detected 48 h post-transfection using  
the Dual Luciferase Reporter Assay System 
(Promega, USA). The relative fluorescence in- 
tensity was calculated and normalized to the 
internal control for transfection efficiency.

Statistical analysis

All statistical analysis in the present study were 
performed using GraphPad Prism 7.0 and each 
data are expressed as the mean + standard 
deviation. Differences among multiple groups 
were analyzed using one-way analysis of vari-
ance (ANOVA) and statistical analysis between 

Figure 2. MiR-650 is a direct target of Axin1. A. The predictive binding sites 
between Axin1 and miR-650. B. MiR-650 expression level detected by RT-
qPCR assay. C. The luciferase activity detected by luciferase reporter assay. 
D. Axin1 expression level detected by RT-qPCR assay. E. MiR-650 expression 
level detected by RT-qPCR assay (***P<0.001 vs. control group).

two groups was performed 
using Student’s t-test. P<0.05 
was considered as statistical 
differences.

Results

Expression levels of Axin1 
and miR-650 in hepatocellu-
lar carcinoma

To examine Axin1 and miR-
650 expressions in hepato-
cellular carcinoma, we mea-
sured the Axin1 expression 
level and miR-650 expression 
level in normal liver epithelial 
LO2 cells and liver cancer 
cells including SK-HEP-1, HU- 
H-7, LM6, Li-7 cells. Compared 
to the normal liver epithelial 
LO2 cells, lower Axin1 expres-
sion level was found in liver 
cancer cell lines in qRT-PCR 
results (Figure 1A). Then, we 
further detected the Axin1 
expression level in LO2 cells 
and four GC cells by western 
blot assay. The data also 
demonstrated that the Axin1 
expression level in HCC ce- 
lls was significantly reduced 
(Figure 1B). In addition, the 
miR-650 expression level in 
HCC cells was also measured 
by qRT-PCR and the data 

demonstrated higher miR-650 expression level 
in HCC cells than that in the normal liver epithe-
lial LO2 cells (Figure 1C). Furthermore, we ana-
lyzed the correlation between BMP2 and miR-
378 in GC tissues. As expected, the data 
revealed that, in GC tissues, miR-378 expres-
sions were negatively correlated to the BMP2 
expressions.

MiR-650 is a direct target of Axin1

Genes targeted by Axin1 were screened using 
prediction software. Among all the genes com-
mon to databases, we chose miR-650, a key 
tumor promoter, as a target for the further 
research due to its vital role in cancer mi- 
gration, invasion and EMT. Luciferase repor- 
ter assay was carried out to explore whether 
Axin1 targets and regulates miR-650 expres-
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Figure 3. Axin1 overexpression suppressed cell 
proliferation by downregulating miR-650 expres-
sion. A. Cell viability determined by CCK8 assay. 
B. The cell clone number determined by clone for-
mation assay (*P<0.05, **P<0.01, ***P<0.001 
vs. control group; #P<0.05, ##P<0.01 vs. Axin1 
group).

sion (Figure 2A). Meanwhile, we examined miR-
650 expression after transfection with miR-
650 mimic in SK-HEP-1 cells (Figure 2B). The 
result of luciferase reporter assay uncovered 
that miR-650 overexpression inhibited the 
luciferase activity of Axin1-WT but had no obvi-
ous effects on Axin1-MUT (Figure 2C). Axin1 
expression was detected after transfection 
with Axin1 overexpression vector (Figure 2D). 
Meanwhile, the data of qRT-PCR demonstrated 
that miR-650 expression was significantly 
downregulated by Axin1 overexpression (Figure 
2E). These data above all demonstrated that 
Axin1 acts as a molecular sponge for miR-650 
and negatively regulate its expression.

Axin1 overexpression suppressed cell prolif-
eration by downregulating miR-650 expression

The negative correlation between Axin1 and 
miR-650 mRNA levels indicated a regulatory 
association of Axin1 and miR-650. As shown  
in Figure 3A, CCK-8 assay results showed  
that the cell proliferation ability was signifi- 
cantly suppressed by Axin1 overexpression in 
SK-HEP-1 cells, which was abolished by miR-
650 treatment. Clone formation assay (Figure 
3B) also demonstrated that Axin1 overexpres-
sion suppressed cell proliferation by downregu-
lating miR-650 expression.

Axin1 overexpression suppressed cell migra-
tion and invasion by downregulating miR-650 
expression

Three different approaches were performed to 
explore the critical role of β-arrestin1 on cell 

migration and invasion in HCC. As shown in 
Figure 4A, wound healing assay was applied to 
evaluate the migration ability of SK-HEP-1 cells. 
The results in wound healing assay uncovered 
that relative ratios of wound closures were 
markedly suppressed by Axin1 overexpression, 
which was reversed by miR-650 treatment 
(Figure 4C). Then, trans-well invasion assay 
was performed to investigate the influence of 
Axin1 on cell invasion in HCC. The results in 
trans-well invasion assay showed that Axin1 
overexpression caused a decreased invasive 
ability in SK-HEP-1 cells, while miR-650 overex-
pression extremely abolished the effects and 
promoted the invasion of SK-HEP-1 cells (Figure 
4B and 4D). Meanwhile, the expression levels 
of MMP9 and MMP12 detected by western blot 
were significantly downregulated by Axin1 ov- 
erexpression compared to the control group, 
which were also abolished by miR-650 treat-
ment (Figure 4E). All the data above indicated 
that Axin1 overexpression could suppress cell 
migration and invasion by downregulating miR-
650 expression.

Axin1 overexpression suppressed EMT by 
downregulating miR-650 expression

Since EMT is a crucial mechanism in tumor 
progress, we speculated whether the Axin1/
miR-650 axis is involved in EMT and then 
detected the protein levels of several EMT 
markers including E-cad, N-cad, vimentin and 
snail. The results showed that the protein level 
of E-cad was significantly increased and the 
protein levels of N-cad, vimentin and snail were 
obviously reduced in K-HEP-1 cells following 
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Figure 4. Axin1 overexpression suppressed cell migration and invasion by downregulating miR-650 expression. A. 
Wound healing assays were performed to determine cell migration. B. Trans-well assays were performed to deter-
mine cell invasion. C. Quantitative results regarding the cell migration. D. Quantitative results regarding the cell 
invasion. E. The protein levels of MMP9 and MMP12 were measured by western blot assay (*P<0.05, **P<0.01, 
***P<0.001 vs. control group; #P<0.05, ##P<0.01 vs. Axin1 group).

Axin1 overexpression (Figure 5), Whereas, miR-
650 mimic abolished the suppressive effects 
on EMT caused by Axin1 overexpression. To- 

gether, these results implicated that Axin1 ov- 
erexpression may suppress EMT by downregu-
lating miR-650 expression.
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Figure 5. Axin1 overexpression suppressed EMT by downregulating miR-650 expression. The protein levels of EMT 
markers were measured by western blot assay (**P<0.01, ***P<0.001 vs. control group; #P<0.05, ##P<0.01, 
###P<0.001 vs. Axin1 group).

Discussion

In recent years, the incidence of HCC has grad-
ually increased, which has been concerned 
worldwide [2]. It is hard for patients with HCC to 
discover the disease, causing difficulty in sur-
gery and prognosis [20]. What’s more, neither 
the sensitivity nor the specificity of traditional 
diagnostic biomarkers of liver cancer is desir-
able, which is inconducive to the diagnosis and 
treatment of HCC [21]. Thus, our study aimed to 
search for new diagnostic and therapeutic tar-
gets on HCC. 

As a negative regulator of Wnt signaling pa- 
thway, AXIN1 has also been considered as a 
tumor suppressor [22]. The present study re- 
vealed that the protein level of AXIN1 was strik-
ingly lower in HCC cell lines than in hepatic epi-
thelial cells. MiRNAs are short non-coding RNAs 

that modulate gene expression at the post tran-
scriptional level. They have a variety of biologi-
cal functions, playing important roles in tumor 
progression, metastasis, drug resistance and 
immune regulation [23]. Recently, research 
proved that AXIN1 could affect cancers by bind-
ing to miRNAs [17, 24]. Our research showed 
that the expression of miR-650 in hepatic epi-
thelial cells was weak and its level in HCC cell 
lines was enhanced. Besides, we proved that 
AXIN1 could target miR-650 in HCC cell lines. 

Accumulating studies have shown that AXIN1 
and miR-650 can potentially be used as bio-
markers for early diagnosis, treatment and 
prognosis [25, 26]. Similarly, our results re- 
vealed that overexpression of Axin1 could sig-
nificantly inhibit the proliferation and cloning 
formation of HCC cells. While this effect was 
reversed by transfecting miR-650 mimic. Re- 



Effects of Axin1 on hepatocellular carcinoma by targeting miR-650

1121 Am J Transl Res 2020;12(3):1114-1122

cent research indicated that miR-650 could 
markedly promoted the migration and invasion 
of cancer cells [27]. As expected, our study  
suggested that overexpression of AXIN1 could 
inhibit migration and invasion of HCC cell lines. 
However, miR-650 could rescue the effects of 
AXIN1 on HCC cell migration and invasion. It is 
known that EMT takes part in tumor invasion 
and metastasis. MiRNAs could participate in 
the regulation of EMT in HCC cells through vari-
ous pathways, thus affecting the occurrence 
and development of HCC [28, 29]. Our result 
showed that AXIN1 had the significant action  
of inhibiting or reversing the EMT in HCC cells 
by targeting inhibition of miR-650.

Conclusion

The present study not only evaluated the func-
tions of AXIN1 in HCC progression, but also pro-
vided a solid basis for us to explore the func-
tional mechanism of AXIN1 and develop th- 
erapeutic strategies for HCC.
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