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Summary

Purpose: To investigate the level of long noncoding ribo-
nucleic acid (IncRNA) MINCR in hepatocellular carcinoma
(HCC), and to further investigate whether it can promote
the development of HCC through modulating microRNA-
107/B-catenin.

Methods: MINCR level in 52 pairs of HCC tumor tissues as
well as adjacent tissues and HCC cell lines was detected by
quantitative real-time polymerase chain reaction (GRT-PCR).
MINCR knockdown model was constructed using lentivirus
in the carcinoma cell lines. Furthermore, cell counting kit-
8 (CCK-8), plate cloning and apoptosis assay were used to
analyze the effect of MINCR on the biological function of
HCC cells. Finally, cell recovery experiment was performed to
explore its potential mechanism and the association between
MINCR and microRNA-107/B-catenin.

Results: qPCR results showed that the level of MINCR in
HCC was remarkably higher than that in adjacent tissues,
and the difference was statistically significant. Compared

Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies in China, and its inci-
dence ranks fourth among the major malignancies.
Due to its high grade of malignancy, rapid progress
and poor prognosis, the mortality rate ranks second
among all major malignancies [1-3]. Clinically, the
onset of most HCC is insidious, and specific early
clinical manifestations and typical symptoms are
often absent. Once detected, HCC is in the middle
and late stage, making the patients lose the oppor-

with patients with low level of MINCR, patients with high
level of MINCR had lower overall survival rate. Similarly,
the cell proliferation ability of sh-MINCR group was remark-
ably decreased while the apoptosis ability was oppositely in-
creased when compared with the short hairpin RNA (shRNA)
group. In addition, studies have demonstrated that the levels
of microRNA-107 and MINCR in HCC tissues were negative-
ly related. In our study, dual-luciferase reporting assay veri-
fied that MINCR can be targeted by microRNA-107 through
certain binding site. In addition, MINCR was confirmed to
be able to further requlate the malignant progression of HCC
through microRNA-107/B-catenin.

Conclusions: The level of MINCR was remarkably increased
in HCC, which was associated with poor prognosis of HCC
patients. Moreover, MINCR was capable of promoting the
proliferation and inhibiting apoptosis of liver cancer cells
via requlating microRNA-107/B-catenin.
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tunity for effective treatment. Moreover, the late re-
currence rate is high and metastatic, and the 5-year
survival rate is lower than 20%. Therefore, early
clinical diagnosis and treatment are particularly
important [4,5]. Cirrhosis and liver fibrosis caused
by chronic hepatitis virus infection are the most
important risk factors for HCC. However, the exact
pathogenesis of HCC has not been fully elucidated.
It may be the interaction of genetic and environ-
mental factors, which leads to abnormal expression
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of key genes and involves multiple signal trans-
duction disorders such as cell growth, differentia-
tion and apoptosis, and finally induces malignant
transformation of hepatocytes [6-8]. Therefore, the
in-depth exploration of genes related to the patho-
genesis of HCC and their use as clinical diagnostic
markers and therapeutic intervention targets for
HCC have not only important clinical application
value, but also provide new ideas for the study of
the pathogenesis of HCC [9].

Long non-coding RNAs (IncRNAs) are a class
of RNA molecules with a nucleotide length of more
than 200 nt, which can be located in the cytoplasm
and/or nucleus, but lack the ability to encode pro-
teins [10,11]. At first, since the number, type and
function of IncRNAs were not clear, they were
called “dark matter” in the genome, non-coding
“junk” deoxyribonucleic acid (DNA) or “noise” of
gene transcription [12,13]. In recent years, studies
have shown that IncRNAs can be widely involved
in various cell biological processes such as em-
bryonic development, chromatin remodeling, cell
proliferation, differentiation, apoptosis and nuclear
transport in the form of RNA, and regulate the level
of related genes at multiple levels such as epige-
netic, transcriptional and post-transcriptional lev-
els. Meanwhile, the abnormal level of IncRNAs is
closely related to the occurrence and development
of many diseases, including malignant tumors [13-
15]. At present, there are few reports about the role
of IncRNA MINCR in the development of tumors
[16,17]. Therefore, this study comprehensively ana-
lyzed the level and biological effects of IncRNA
MINCR in HCC, and preliminarily explored the mo-
lecular mechanism of its tumor regulatory effect.
Recent studies have shown that IncRNAs can also
serve as competing endogenous RNAs (ceRNA or
micro ribonucleic acids (miRNAs) sponges), and
competitively bind miRNAs through their miRNA
response elements (MREs), inhibit the function
and activity of miRNAs, and thus regulate the
mRNAs level of target genes of miRNAs at the
post-transcriptional level [18,19]. In recent years,
microRNA-107 has been studied to varying degrees
in a variety of tumors, but no studies have been
reported in HCC [19,20]. Therefore, this study in-
vestigated whether IncRNA MINCR mediated the
occurrence and development of HCC through the
regulation of mirna-107/-catenin, hoping to pro-
vide experimental basis for its clinical application.

Methods

Patients and colon cancer samples

In this study, 52 pairs of HCC tumor tissues and

their corresponding adjacent tissues were collected from
surgically treated HCC cases and then stored at -80°C.
This study was approved by the ethics committee of the
second People’s Hospital of Yunnan Province. Signed
written informed consents were obtained from all par-
ticipants before the study:.

Cell lines and reagents

Six human HCC cells (Bel-7402, HepG2, MHCC88H,
SMMC(C-7221, Huh7, Hep3B) and one human normal liver
cell line (LO2) were purchased from American type cul-
ture collection (ATCC, Manassas, VA, USA), and Dulbec-
co’s modified Eagle’s medium (DMEM) and fetal bovine
serum (FBS) were purchased from American Life Tech-
nologies (Gaithersburg, MD, USA). The HCC cell line was
cultured in a DMEM high glucose medium containing
10% FBS, penicillin (100 U/mL), and streptomycin (100
ug/mL). All cells were cultured in incubator at 37°C and
5% CO,, and were passaged with 1% trypsin+ethylenedi
aminetetraacetic acid (EDTA) for digestion when grown
to 80%-90% confluence.

Transfection

The lentivirus containing the MINCR knockdown
sequence (sh-MINCR) and the negative control group
(ShRNA) and were purchased from Shanghai Jima Com-
pany (Shanghai, China). Cells were plated in 6-well
plates and grown to a cell density of 40%, then trans-
fected according to the manufacturer’s instructions, and
cells were harvested 48 h later for quantitative real-time
polymerase chain reaction (qQRT-PCR) analysis and cell
function experiments.

Cell proliferation assay

After 48 h of transfection the cells were collected
and plated into 96-well plates at 2000 cells per well. The
cells were cultured for 24 h, 48 h, 72 h and 96 h respec-
tively, and then added with cell counting kit-8 (CCK-8,
Dojindo Laboratories, Kumamoto, Japan) reagent. After
incubation for 2 h, the optical density (OD) value of each
well was measured in a microplate reader at 490 nm
absorption wavelength.

Colony formation assay

48 h after transfection, cells were collected and
200 cells were seeded in each well of a 6-well plate and
cultured in DMEM medium containing 5% FBS for 2
weeks. The medium was changed after one week and
then changed twice a week. The medium should not be
replaced as much as possible in the previous week to
avoid cell adhesion. After 2 weeks, cells were washed
twice with phosphate buffer saline (PBS) and fixed in
2 mL of methanol for 20 min. After the methanol was
aspirated, the cells were washed with PBS, stained with
0.1% crystal violet staining solution for 20 min, photo-
graphed and counted.

Flow cytometry

Liver cells in logarithmic growth phase were plated
into 6-well plates. After 24 h of drug treatment, the cells
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were collected, washed twice with PBS, resuspended in
the binding solution, incubated at room temperature for
15 min in the dark, and 5 pL of Annexin V-FITC (fluores-
cein isothiocyanate)/propidium iodide (PI) was added.
After mixed gently, cell apoptotic rate was measured by
flow cytometry.

QRT-PCR

After the cells were treated accordingly, 1 mL of
TRIzol (Invitrogen, Carlsbad, CA, USA) was used to lyse
the cells, and total RNA was extracted. The initially ex-
tracted RNA was treated with DNase I to remove genom-
ic DNA and repurify the RNA. RNA reverse transcription
was performed according to the Prime Scirpt Reverse
Transcription Kit (TaKaRa, Tokyo, Japan) instructions,
and qRT-PCR was performed according to the SYBR® Pre-
mix Ex TaqTM (TaKaRa, Tokyo, Japan) kit instructions.
The PCR reaction was performed using the StepOne Plus
Real-time PCR System (Applied Biosystems, Foster City,
CA, USA). The following primers were used for qRT-PCR
reaction: MINCR: F: 5’-TGTGGCAAAACTTGAATGGA-3’,
R: 5°-GGGGGAGGACAAGAGAAAGA-3’; B-catenin: F:
5'-GCGTGGGTTTTTGTATCCA-3’, R: 5-CTGAAATT-
AGGGCCCAATT-3’; GAPDH:F:5-GATTCCACCCATG-
GCAAATCC-3’, R: 5’-TGGGATTTCCATTGATGACAAG-3’;
miRNA-107: F: 5-AGCAGCATTGTACAGGG-3’, R: 5°-GT-
GCAGGGTCCGAGGT-3" UG: F: 5-CTCGCTTCGGCAG-
CACA-3’, R: 5-AACGCTTCACGAATTTGCGT-3". Each
sample was subjected to a three-hole repeated experi-
ment and repeated twice. The Bio-Rad (Hercules, CA,
USA) PCR instrument was used to analyze and process
the data with the software iQ5 2.0. The glyceraldheyde
3-phosphate dehydrogenase (GAPDH) and UG genes
were used as internal parameters, and the gene level
was calculated by the 224 method.

Western blot

The transfected cells were lysed using cell RIPA
lysis buffer, shaken on ice for 30 min, and centrifuged at
14, 000 g for 15 min at 4°C. Total protein concentration
was calculated by bicinchoninic acid (BCA) Protein As-
say Kit (Pierce, Rockford, II, USA). The extracted proteins
were separated using a 10% dodecyl sulfate, sodium
salt-polyacrylamide gel electrophoresis (SDS-PAGE) gel
and subsequently transferred to a polyvinylidene difluo-
ride membrane (Millipore, Billerica, MA, USA). West-
ern blot analysis was performed according to standard
procedures. The primary antibodies were 3-catenin and
GAPDH, and the secondary antibodies were anti-mouse
and anti-rabbit, all purchased from Cell Signaling Tech-
nology (Danvers, MA, USA).

Dual-luciferase reporter assay

A reporter plasmid was constructed in which a
specific fragment of the target promoter was inserted
in front of the luciferase level sequence. The transcrip-
tion factor plasmid was co-transfected in Bel-7402 and
HepG2 cells with the reporter plasmid. The activity of
the luciferase was determined 48 h later using the Pro-
mega luciferase (Madison, WI, USA) kit in which a spe-
cific luciferase substrate was added which could react
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with the substrate to generate fluorescence, and then
the intensity of the fluorescence was detected.

Statistics

Statistical analysis was performed using GraphPad
Prism (Version X; La Jolla, CA, USA). Statistical differ-
ences between the two groups were analyzed using Stu-
dent’s t-test. Comparison between multiple groups was
done using one-way ANOVA test followed by Post Hoc
test (least significant difference). The survival curves
were plotted using the Kaplan-Meier method and were
compared using log-rank test. Independent experiments
were repeated at least three times for each experiment
and data were expressed as meanz+standard deviation.

P<0.05 was considered statistically significant.
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Figure 1. MINCR is highly expressed in hepatocellular
carcinoma tissues and cell lines. A: gqRT-PCR was used to
detect the difference in the expression of MINCR in hepa-
tocellular carcinoma tumor tissues and adjacent tissues;
B: gRT-PCR was used to detect the expression level of
MINCR in osteosarcoma cell lines; C: Kaplan-Meier sur-
vival curve of patients with hepatocellular carcinoma based
on MINCR expression; the prognosis of patients with high
expression was significantly worse than that of the bottom
expression group. Data are mean+SD, *p<0.05, **p<0.01,
***p<0.001.
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Results

MINCR was highly expressed in hepatocelluar carci-
noma tissues and cell lines

In order to determine the level of MINCR in
HCC, we detected the difference of MINCR level in
HCC tumor tissues and adjacent tissues by qRT-
PCR. The results showed that MINCR was elevat-
ed in HCC tissues compared with adjacent tissues
(Figure 1A), suggesting that MINCR may play an
oncogene role in HCC. In addition, MINCR was
remarkably higher in 6 human HCC cells than in
human normal liver cell lines (LO2), and the dif-
ference was statistically significant (Figure 1B).
Based on the mRNA results of MINCR in 52 pairs
of HCC tissues and paracancer tissues, we divided
the level of MINCR into high level group and low
level group, and analyzed the relationship between

MINCR level and poor prognosis of patients with
HCC. As shown in Figure 1C, high level of MIN-
CR was closely related to poor prognosis of HCC.
These results suggested that MINCR was highly
expressed in HCC tissues and cell lines and was
related to the prognosis of this disease.

Knockdown of MINCR inhibited cell proliferation, and
promoted cell apoptosis

To investigate the function of MINCR in HCC,
we constructed a knockdown MINCR lentiviral vec-
tor. After transfecting the MINCR lentiviral vector
in the Bel-7402 and HepG2 cell lines, the gRT-PCR
assay was performed to verify the interference effi-
ciency (Figure 2A). Cell proliferation and apoptosis
were detected by CCK-8, plate cloning and flow cy-
tometry in knockdown of MINCR in Bel-7402 and
HepG2 cell lines, respectively. The results showed
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Figure 2. Silencing MINCR inhibits HCC cell proliferation and promotes apoptosis. A: gqRT-PCR verified the interference
efficiency of MINCR after transfection of the MINCR knockout vector in the Bel-7402 and HepG2 cell lines. B: The CCK-8
assay detects the effect of silencing MINCR on proliferation of hepatocellular carcinoma cells in Bel-7402 and HepG2
cell lines. This assay showed that the cell proliferation ability was remarkably reduced in the MINCR-silencing group
sh-MINCR compared to shRNA. C: Plate cloning experiments were performed to detect the effect of silencing MINCR
on proliferation of hepatocellular carcinoma cells in Bel-7402 and HepG2 cell lines. The plate cloning experiments
showed that the cell proliferation ability was remarkably reduced in the MINCR-silencing group sh-MINCR compared to
shRNA. D: Flow cytometry assay was performed to detect the effect of silencing MINCR on apoptosis of hepatocellular
carcinoma cells in Bel-7402 and HepG?2 cell lines. Flow cytometry showed that the ability of apoptosis in sh-MINCR in
the MINCR-silence group was remarkably increased. Data are mean + SD, *p<0.05.
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that the cell proliferation ability was remarkably
reduced in the MINCR-silencing group sh-MINCR
compared to shRNA (Figure 2B, 2C). In addition,
the ability of apoptosis in sh-MINCR in the MIN-
CR-silence group was remarkably increased (Figure
2D). In sum, we could conclude that MINCR knock-
down inhibited cell proliferation and promoted cell
apoptosis in HCC.

Direct targeting of MINCR and microRNA-107

As shown in Figure 3A, in order to further ver-
ify the targeting of microRNA-107 to MINCR, we
cloned the MINCR sequence into the luciferase re-
porter plasmid pmirGLO, and also constructed the
mutation vector pmirGLO-MINCR-mut, and then
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Figure 3. Direct targeting of miR-107 by MINCR. A: Dual

pmirGLO-MINCR-wt, pmirGLO-MINCR-mut or
pmirGLO and microRNA-107 were co-transfected
into Bel-7402 and HepG?2 cells for luciferase report-
er gene experiments. The results demonstrated that
MINCR can be targeted by microRNA-107 through
this binding site.

MicroRNA-107 was lowly expressed in hepatocelluar
carcinoma tissues and cell lines

QRT-PCR experiments showed the level of mi-
croRNA-107 in 52 pairs of HCC tumor tissues and
their corresponding paracancer tissues, as well as
HCC cell lines. The results showed that miR-107
was remarkably decreased in HCC tissues com-
pared with paracancer tissues (Figure 3B). Sub-
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luciferase reporter assays demonstrate direct targeting of

MINCR and miR-107. B: gRT-PCR was used to detect the difference in expression of miR-107 in hepatocellular carci-
noma tumor tissues and adjacent tissues. The gRT-PCR shows that miR-107 was remarkably decreased in HCC tissues
compared to paracancer tissues. C: qRT-PCR verified the mRNA expression level of miR-107 after transfection of MINCR
in hepatocellular carcinoma cell lines. D: There was a significant negative correlation between the expression levels of

MINCR and miR-107 in hepatocellular carcinoma tissues. E:
107 expression levels. Data are mean+SD, *p<0.05, **p<0.01,
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sequently, we used qRT-PCR to find that micro-
RNA-107 was remarkably expressed in HCC cells
in hepatic cell lines (Figure 3C). In addition, the
level of MINCR and microRNA-107 were detected
by gRT-PCR, and the results revealed that MINCR
and microRNA-107 showed a negative correla-
tion between gene levels in HCC tissues (Figure
3D). Subsequently, after constructing the MINCR
knockdown lentiviral vector in the Bel-7402 and
HepG2 cell lines, the level of microRNA-107 in the
MINCR-silencing group sh-MINCR was remark-
ably increased (Figure 3E).

Overexpression of microRNA-107 inhibited cell prolif-
eration, and promoted cell apoptosis

To further investigate the function of micro-
RNA-107 in HCC, the transfection efficiency of the
microRNA-107 vector in the Bel-7402 and HepG2

cell lines was verified by qRT-PCR. The difference
was statistically significant (Figure 4A). After over-
expressing microRNA-107 in Bel-7402 and HepG2
cell lines, CCK-8, plate cloning and flow cytom-
etry assay were used to detect cell proliferation
and apoptosis. The results showed that, compared
with miR-NC, the cell proliferation ability of mi-
croRNA-107 mimics was remarkably decreased in
the microRNA-107 overexpression group (Figure
4B, 4C). In addition, the apoptotic ability of micro-
RNA-107 mimics was remarkably increased in the
microRNA-107 overexpression group (Figure 4D).

MicroRNA-107 modulated B-catenin level in CRC tis-
sues and cell lines

To further explore the ways in which MINCR
promoted the malignant progression of HCC, we
found a possible relationship between MINCR and
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Figure 4. Overexpression of miR-107 inhibits hepatocyte cancer cell proliferation and promotes apoptosis. A: gRT-PCR
verified the interference efficiency of miR-107 after transfection of the miR-107 overexpression vector in the Bel-7402
and HepG2 cell lines. B: The CCK-8 assay shows the effect of overexpression of miR-107 on the proliferation of hepa-
tocellular carcinoma cells in Bel-7402 and HepG2 cell lines. C: Plate cloning assay shows the effect of overexpression
of miR-107 on the proliferation of hepatocellular carcinoma cells in Bel-7402 and HepG2 cell lines. D: Flow cytometry
assay was performed to detect the effect of overexpression of miR-107 on apoptosis of hepatocellular carcinoma cells in
Bel-7402 and HepG?2 cell lines. The assay showed that apoptotic ability of miR-107 minics was remarkably increased in
the miR-107 overepxression group. Data are mean + SD, *p<0.05.
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Figure 5. miR-107 regulates the expression of 3-catenin in hepatocellular carcinoma tissues and cell lines. A: Overex-
pression of miR-107 by gRT-PCR significantly increased the expression level of 3-catenin. B: Overexpression of miR-107
by Western Blot significantly increased the expression level of B-catenin. C: There was a significant negative correlation
between the expression levels of B-catenin and miR-107 in hepatocellular carcinoma tissues. D: The dual luciferase
reporter gene assay verified the direct targeting of B-catenin and miR-107. Data are mean + SD, *p<0.05.

microRNA-107/B-catenin through relevant bioin-
formatics analysis. After overexpression of micro-
RNA-107 in Bel-7402 and HepG2 cell lines, the
levels of B-catenin were detected by qRT-PCR and
Western Blot, and it was found that microRNA-107
mimics can inhibit the level of B-catenin (Figure
5A,5B). The level of microRNA-107 and B-catenin
was detected by qRT-PCR, and it was confirmed that
microRNA-107 and B-catenin were negatively cor-
related in HCC tissues (Figure 5C). To further vali-
date the targeting of B-catenin to microRNA-107,
a luciferase reporter assay was performed. The
results demonstrated that microRNA-107 can be
targeted by B-catenin through this binding site
(Figure 5D).

Discussion

Although a large number of studies have
shown that IncRNAs play an important role in the
occurrence and development of tumors, the pre-
cise molecular mechanism is still not very clear
[11-13]. Compared with miRNAs, the regulatory
mechanism of IncRNAs in cancer formation is very
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diverse and complicated [15]. LncRNAs can regu-
late the downstream target genes and regulate the
specificity and accuracy of the signal [14,15].
Recent studies have found that IncRNAs can
also act as ceRNA or miRNA sponges to competi-
tively bind miRNAs and inhibit the function and
activity of miRNAs. They are also involved in the
biological processes of tumor cell proliferation, in-
vasion, metastasis and angiogenesis [14-16]. Stud-
ies have shown that MINCR is remarkably overex-
pressed in oral squamous cell carcinoma, and its
overexpression is correlated with poor prognosis of
patients. In addition, studies have found that abnor-
mal level of MINCR is associated with poor prog-
nosis of lung cancer patients [16,17]. In this study,
IncRNAs related to the malignant progression of
HCC were studied by knockdown of cell lines in
MINCR established by lentivirus, and MINCR was
selected as the candidate IncRNA, and the rela-
tionship between MINCR and the occurrence and
development of HCC was finally determined. The
up-regulated level of MINCR can promote the gen-
eration of malignant progression of HCC. Through
tissue verification, we found that the level of MIN-
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CR in HCC was remarkably higher than that in ad-
jacent tissues, and was positively correlated with
poor prognosis of HCC. Therefore, we believe that
MINCR might play a role in promoting cancer in
HCC. In order to further study the molecular mech-
anism of MINCR in the development of HCC and
to prove that MINCR is a disease-related gene, in
vitro cell line experiments were conducted. CCK-8
assay and plate cloning assay were performed, and
it was found that, compared with shRNA group, the
silenced bel-7402 and HepG2 cell lines of MINCR
could promote the proliferation of HCC and inhibit
apoptosis.

At present, studies on the mechanism of IncR-
NAs’ biological effects of regulation and modifica-
tion mainly claim that IncRNA can competitively
bind miRNA, thus affecting the regulation of its
target mRNA. Previous studies predicted the pos-
sible interaction between miRNA-107 and MIN-
CR through biocinformatics analysis [12-14]. MiR-
NA-107 is a key molecule in the MiRNA family.
In this study, it was found that miRNA-107 was
lower expressed in HCC tissues than in adjacent
tissues, and miRNA-107 inhibited proliferation in
HCC cells. In this study, we used biocinformatics,
dual luciferase reporter gene and other molecular
biology experiments to verify the direct binding of
MINCR to downstream miRNA-107. In order to fur-
ther explore the role of MINCR and microRNA-107
in the level regulation of HCC cell lines, the levels
of MINCR and microRNA-107 were just negatively
correlated.

Based on the above results, MINCR can be
used as an oncogene to promote the prolifera-
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