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Purpose: LncRNAs play an important role in tumorigenesis and cancer progression in liver
cancer. Although many IncRNAs have been reported, the role of MIR194-2HG and the
underlying mechanism mediated by it are still largely unknown in HCC. This study aimed to
investigate the biological role and mechanism of MIR194-2HG in liver cancer.

Materials and Methods: The expression of MIR194-2HG was determined in liver cancer
tissues and cells by RT-qPCR. The overall survival rate of MIR194-2HG was analyzed by
Kaplan—Meier survival analysis. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), colony formation, and Transwell assays were carried out to detect cell migra-
tion and invasion. Western blotting was used to quantify the levels of all proteins. The
regulatory mechanism of the MIR194-2HG/miR-1207-5p/TCF19 axis in liver cancer was
investigated by dual-luciferase activity reporter assay, Kaplan-Meier survival analysis, and
Western blotting.

Results: MIR194-2HG was upregulated in liver cancer tissues and cell lines. Liver cancer
patients with higher expression of MIR194-2HG revealed poor overall survival compared
with those who had lower expression of MIR194-2HG. MIR194-2HG promoted the prolif-
eration, migration, and invasion of HepG2 and Huh?7 cells by acting as a ceRNA mechanism
for the miR-1207-5p/TCF19 axis to activate the Wnt/B-catenin signaling pathway.
Conclusion: MIR194-2HG acts in an oncogenic role and activates the Wnt/B-catenin
signaling pathway via a miR-1207-5p/TCF19 axis-mediated mechanism, which provides a
novel avenue for diagnostic or therapeutic interventions in liver cancer.
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Introduction
Liver cancer, the sixth most commonly diagnosed cancer and the fourth leading
cause of cancer-related death worldwide, is a malignant neoplastic disease with an
incidence of approximately 841,000 new cases and 782,000 deaths each year.'~
Due to the lack of outward signs at early stages, most patients with liver cancer are
diagnosed when metastasis has already occurred.> To date, chemotherapy and
targeted therapy are the main treatments for advanced patients.®’ However, the
outcome of liver cancer treatment remains poor. Therefore, the discovery of novel
diagnostic markers or therapeutic targets is of great importance.

Increasing evidence has shown that the majority of transcripts originating from
the human genome are non-coding RNAs (ncRNAs) such as small ncRNAs and
long ncRNAs (IncRNAs).*? LncRNAs are stable and prevalent in mammalian cells
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and have been demonstrated to play an important role in
tumorigenesis and cancer progression by regulating prolif-
eration, apoptosis, metastasis, and glycolysis in cancer
cells.'®'? Current studies demonstrate that the majority
of IncRNAs are involved in pathological processes
through their actions as sponges for microRNAs
(miRNAs) in cancers.'*'* For example, IncRNA FALLI
promotes cell proliferation and migration by sponging
miR-1236 in liver cancer.'” Kong et al showed that
IncRNA CDC6 elevated breast cancer progression by tar-
geting CDC6 and sponging miR-215."® Recently, tran-
scriptomic analysis of high-throughput sequencing
revealed that the IncRNA MIR194-2HG was downregu-
lated in bladder cancer.!” However, the role of MIR194-
2HG and the underlying mechanism mediated by it are
still largely unknown in cancers, including liver cancer.

In this study, we evaluated the expression of MIR194-
2HG, an infrequently investigated IncRNA, in liver cancer
tissues and liver cancer cell lines, and investigated its role
and molecular mechanism. We showed that MIR194-2HG
played an oncogenic role in HepG2 and Huh7 cells by
activating the Wnt/B-catenin signaling pathway. Moreover,
we demonstrated that MIR194-2HG acted as a sponge for
miR-1207-5p, thus removing the inhibition of TCF19 by
miR-1207-5p. Our data suggested that MIR194-2HG
could be a novel diagnostic marker or therapeutic target
of liver cancer.

Materials and Methods

Clinical Samples

Thirty paired liver cancer samples and matched normal
tissues were collected from The Second Hospital of
Tianjin Medical University from July 2017 to July 2019.
All tissues were immediately frozen in liquid nitrogen at
—196°C after surgery. All the patients provided written
informed consent for the collection and utilization of
their tissue samples. This study was approved by the
Research Ethics Committee of The Second Hospital of
Tianjin Medical University.

Cell Culture

Liver cancer cell lines cell lines (Huh7, HepG2,
HepG2.2.15, and SMMC-7721) and the normal human
liver cell line HepaRG were purchased from the
American Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were cultivated in Dulbecco’s modified
Eagle’s medium (DMEM, Thermo Fisher Scientific, CA,

USA) that contained 10% fetal bovine serum (FBS
Thermo Fisher Scientific, CA, USA) and 100 U/mL peni-
cillin-streptomycin (Thermo Fisher Scientific, CA, USA)
at 37°C under 5% CO, for cultivation.

Plasmid Construction

MIR194-2HG (2521 bp, NCBI Reference Sequence:
NR 133638.1) and TCF19 (1038 bp, NCBI Reference
Sequence: NM_007109.3) were synthesized by General
Biosystems Co., Ltd. (Anhui, China) and cloned to
pcDNA3, generation of pcDNA-MIR194-2HG (MIR194-
2HG) and pcDNA-TCF19 (TCF19). pSilencer-MIR194-
2HG (pshR-MIR194-2HG), pSilencer-TCF19 (pshR-
TCF19), pGL/Luc-MIR194-2HG WT, pGL/Luc-MIR194-
2HG Mut, pGL/Luc-TCF19 WT, and pGL/Luc-TCF19
Mut were constructed by General Biosystems Co., Ltd.
(Anhui, China). miRNA negative control (miR-NC),
miR-1207-5p mimics, antisense oligonucleotide negative
control (ASO-NC), and antisense oligonucleotide against
miR-1207-5p (ASO-miR-1207-5p) were synthesized by
GenePharma Co., Ltd. (Shanghai, China).

Cell Transfection

Cells were transfected with Lipofectamine®™ 3000 (Thermo
Fisher Scientific, Carlsbad, CA, USA) according to the
supplier’s instructions.

RT-qPCR

Total RNA in tissues or cells was isolated using TRIzol
Regent (Invitrogen, Carlsbad, CA, USA) according to the
supplier’s instructions. The RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, Carlsbad, CA,
USA) was used to synthesize first strand cDNA from
RNA templates. Then, RT-qPCR was performed on a
Bio-Rad iQ5 Real-Time PCR System using SYBR Green
Real-Time PCR Master Mixes (Thermo Fisher Scientific,
Carlsbad, CA, USA). The primers used in this work were
as follows: MIR194-2HG: 5'-GAGGCCATCCTCATGAA
ATCAGGCA-3' (forward) and 5-TCAACCCCAAATCG
GCCTCATAAAG-3" (reverse); TCF19, 5-GTCCGAC
TCCCAAGAGGTCA-3' (forward) and 5-GCAGCAAA
GTCCTGAGGCT-3" (reverse); U6, 5-TGCGGGTGC
TCGCTTCGGCAGC-3' (forward) and 5-CCAGTGCAG
GGTCCGAGGT-3' (reverse); GAPDH: 5'-CTGGGCTAC
ACTGAGCACC-3' (forward) and 5-AAGTGGTCGTT
GAGGGCAATG-3" (reverse); miR-1207-5p: 5'-TGCG
GTGGCTGGGTGGCTGGGT-3' (forward) and 5'-CCAG
TGCAGGGTCCGAGGT-3' (reverse). MIR194-2HG or
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TCF19 were normalized using GAPDH as the internal
reference, and miR-1207-5p was normalized using U6 as
the internal reference. The expression levels of MIR194-
2HG, miR-1207-5p, and TCF19 were calculated using the
2744CT method.

MTT Assay

Cells were transfected with the indicated plasmids or
miRNAs. At 24 h, the transfected HepG2 or Huh7 cells
were seeded into 96-well plates at a density of about 3 x
10% cells per well. At 48 h, 72 h, and 96 h post-transfec-
tion, 10 pL. MTT solution (Thermo Fisher Scientific,
Carlsbad, CA, USA) was then added into each well, and
the cells were cultured with the MTT solution for another
4 h. Subsequently, the medium was discarded carefully,
100 pL dimethyl sulfoxide added to each well, and the
MTT formazan crystals dissolved by shaking for 5 min
protected from light. Finally, the optical density (OD)
value was measured using a Spectra Max M5 Microplate
reader (Molecular Devices, Sunnyvale, CA, USA) at a
wavelength of 570 nm. Cell viability was calculated from
the ratio of the average OD value of wells from the
experimental group to those of the control group.

Colony Formation Assay

Cells were transfected with the indicated plasmids or
miRNAs. At 24 h, the transfected HCC cells (300 cells
per well) were seeded in 12-well plates and cultured at 37°
C for 2 weeks. Then, cells were stained using crystal violet
(Solarbio Science & Technology Co., Ltd., Beijing, China)
for 20 mins, and the colonies were counted under an
inverted microscope and photographed.

Transwell Assay

The Transwell assay was used to detect cell migration and
invasion. The upper chambers (8 um pore size, BD
Biosciences, CA, USA) were coated with Matrigel
(Solarbio Science & Technology Co., Ltd., Beijing,
China) for the invasion assay but not for the migration
assay. Briefly, liver cancer cells were transfected with the
indicated plasmids or miRNAs. At 24 h, liver cancer cells
were dispersed using 0.25% trypsin and resuspended using
serum-free DMEM medium. After, cells were counted,
and 100 uL cell suspension (6 x 10* cells for migration
and 1 x 10° cells for invasion) was inoculated into the
upper chambers. Then, 600 uL DMEM with 20% FBS was
added to the lower chambers and cultured for approxi-
mately 36 h. After that, the cells on the upper surface of

the membrane were gently wiped off using a cotton swab,
and the invaded cells were fixed using 4% paraformalde-
hyde. Finally, the cells were stained using 0.5% crystal
violet solution and observed under an inverted microscope
and counted.

Western Blot

Cells were lysed using RIPA (Solarbio, China) lysis buffer,
and total protein was quantified using the BCA method.
The proteins were separated by SDS-PAGE and then
transferred to PVDF membranes (EMD, Millipore Corp.,
Billerica, MA, USA). After that, the membranes were
blocked in 5% skim milk and then incubated with primary
antibodies at 4°C overnight. After washing, the mem-
branes were incubated with horseradish peroxidase-conju-
gated Goat anti-Rabbit IgG (H+L) Cross-Adsorbed
Secondary  Antibody (Thermo  Fisher  Scientific,
AB 2534046, 1:2000) at room temperature for 2 h.
Finally, the protein bands were visualized using enhanced
chemiluminescence (ECL) reagent. The grey value of each
protein band was analyzed using the ImagelJ analysis Tool.
The primary antibodies included p-catenin (1:2000,
ab6302, Abcam), TCF19 (1:2000, ab230005, Abcam),
GAPDH (1:5000, ab181602, Abcam), and H2A. X
(1:500, ab188819, Abcam).

Dual-Luciferase Reporter Gene Assay

To determine the target relationship between MIR194-
2HG and miR-1207-5p, either MIR194-2HG-WT or
MIR194-2HG-Mut vector was co-transfected with miR-
NC, miR-1207-5p mimics, ASO-NC, and ASO-miR-
1207-5p in HCC cells. To determine the target relationship
between TCF19 and miR-1207-5p, either TCF19-WT or
TCF19-Mut vector was co-transfected with miR-NC, miR-
1207-5p mimics, ASO-NC and ASO- miR-1207-5p in
HCC cells. After 48 h, the luciferase activity was detected
using a Dual-Luciferase Reporter assay system (Promega
Corporation, Madison, WI, USA).

Statistical Analysis

GraphPad Prism 8 statistical software was used for data
analysis. All the experiments were performed at least three
times, and the data were presented as mean + standard
deviation (SD). Student’s #-test was used to compare the
differences between two groups, and for multivariate com-
parisons, one-way analysis of variance were used to ana-
lyse the differences among multiple groups. Differences
were considered statistically significant at P < 0.05.
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Results
MIR194-2HG Was Upregulated in HCC

Tissues and Liver Cancer Cell Lines

To investigate the role of MIR194-2HG in HCC, RT-qPCR
was first used to analyze the expression of MIR194-2HG in
HCC tissues and adjacent normal tissues. As shown in
Figure 1A, the expression of MIR194-2HG was markedly
higher in HCC tissues than that in adjacent normal tissues.
Next, Kaplan-Meier survival analysis results indicated that
HCC patients with higher expression of MIR194-2HG
revealed poor overall survival compared with HCC patients
with lower expression of MIR194-2HG (Figure 1B).
Additionally, the expression of MIR194-2HG in liver cancer
cell lines (Huh7, HepG2, HepG2.2.15, and SMMC-7721)
were significantly increased compared with the human nor-
mal liver cell line HepaRG (Figure 1C).

MIR194-2HG Played an Oncogenic Role

in Liver Cancer Cells

To explore the role of MIR194-2HG in liver cancer cells,
we first transfected MIR194-2HG overexpression or
knockdown plasmids into liver cancer cells, and the results
showed that MIR194-2HG was significantly increased
after transfection with MIR194-2HG overexpression plas-
mids, while the expression of MIR194-2HG was markedly
reduced in MIR194-2HG-silencing cells (Figure 2A).
MTT results showed that MIR194-2HG overexpression
increased the viability of liver cancer cells, whereas

MIR194-2HG knockdown significantly reduced cell viabi-
lity (Figure 2B). A colony formation assay was performed
to investigate the cell proliferation ability of HCC cells.
The results showed that MIR194-2HG elevation led to a
marked increase of the colony number in liver cancer cells,
whereas downregulation of MIR194-2HG showed the
opposite effect (Figure 2C). In addition, we detected
migration and invasion in liver cancer cells by altering
the expression of MIR194-2HG. The Transwell assay
showed that the migration ability was markedly increased
when MIR194-2HG was overexpressed in HepG2 and
Huh7 cells; while the migration ability was significantly
inhibited by silencing of MIR194-2HG (Figure 2D, left).
Additionally, MIR194-2HG elevation markedly enhanced
the invasion ability of HepG2 and Huh7 cells, whereas
MIR194-2HG knockdown prominently inhibited their
invasion ability (Figure 2D, right). These results suggested
an oncogenic role for MIR194-2HG in liver cancer cells.

MIR194-2HG Activated the Wnt/j3-
Catenin Signaling Pathway in Liver Cancer
Cells

As we know, Wnt/B-catenin signaling pathway plays a
crucial role in carcinogenesis by regulating cell prolifera-
tion and metastasis in several cancers. To further investi-
gate the molecular mechanism of MIR194-2HG in liver
cancer, we then assessed whether the Wnt/B-catenin sig-
naling pathway was affected by the MIR194-2HG
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Figure 1 MIR194-2HG was upregulated in live cancer. (A) The expression levels of MIR194-2HG in 30 pairs of live cancer tissues and adjacent normal tissues were
determined by RT-qPCR. (B) Kaplan-Meier survival analysis showed that high expression of MIR194-2HG predicts poor overall survival from thirty-liver cancer samples.
Cutoff-High (%): 50; Cutoff-Low (%): 50. (C) The expression levels of MIR194-2HG in four live cancer cell lines (Huh7, HepG2, HepG2.2.15, and SMMC-7721) and the
human normal liver cell line HepaRG were determined by RT-qPCR. (A) Student’s t-test; (C) ANOVA followed by Bonferroni’s post hoc test. Data were expressed as mean

+ SD, ¥P < 0.01; ***P < 0.0001.

submit your manuscript

9890

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Xu et al

Ao peDNA3 & pSilencer2.1 B

DNA3
M MIR194-2HG I pshR-MIR194-2HG B pe

Shkkk

* Kk k
—_ 2.0

64

-
(é)]
1

*

-
o
1

o
)
1

Relative Expression level
of MIR194-2HG
b
Cell viability(OD570nm)

HepG2
3 pSilencer2.1
B MIR194-2HG [ pshR-MIR194-2HG

Huh7

[ pcDNA3 3 pSilencer2.1
B MIR194-2HG @ pshR-MIR194-2HG
= 2.0 *

* —

| *

Cell viability(OD570nm

o°
=)
T

HepG2 Huh7

*(\
w®

1 O pcDNA3 3 [ pSilencer2.1
2 B MIR194-2HG 4 @ pshR-MIR194-2HG

1 O3 pcDNA3

4
£33 *%

*
o°
3 3 pSilencer2.1

2 [ MIR194-2HG 4 @ pshR-MIR194-2HG

*
*
154 —
* * *
— = 1.01
1E = il I
0.0-
AN
o

1 O pcDNA3 3 3 pSilencer2.1
2 B MIR194-2HG 4 O pshR-MIR194-2HG

*%k

*%k

NN

-

Relative cell number per field

o o o o o o

o o

Relative colony formation rate
< »

Relative cell number per field
N

Migration

Hepéé )
Invasion
HepG2

Huh7 ‘
Huh7

Figure 2 MIR194-2HG promoted the proliferation, migration, and invasion of live cancer cells. (A) HepG2 and Huh7 cells were transfected using MIR194-2HG
overexpression or silencing plasmids, and the transfection efficiency was verified by RT-qPCR. (B) The MTT method was utilized to determine the cell viabilities of live
cancer cells. (C) The colony formation ability of cells was investigated by colony formation assay. (D) The Transwell assay was utilized to determine the migration and
invasion of HCC cells. (A-D) ANOVA followed by Bonferroni’s post hoc test. Data are expressed as mean + SD, **P < 0.01; *P < 0.05; ***P < 0.001; ***P < 0.0001.

expression level. We observed that MIR194-2HG over-
expression markedly increased the activity of the TCF-
dependent luciferase reporter pTop-flash/pFop-flash,
whereas downregulation of MIR194-2HG decreased the
luciferase activity, suggesting that the Wnt/p-catenin sig-
naling pathway might be activated by MIR194-2HG over-
expression (Figure 3A). Furthermore, we detected the
protein levels of total B-catenin and nuclear -catenin by
Western blotting in liver cancer cells. The results showed
that MIR194-2HG overexpression increased the total B-
catenin expression and nuclear translocation of B-catenin
compared with the empty vector group (Figure 3B and C).
Conversely, transfection of MIR194-2HG knockdown
plasmid into liver cancer cells inhibited total B-catenin
expression and nuclear translocation of [-catenin
(Figure 3B and C). These results suggest that MIR194-
2HG could activate Wnt/B-catenin signaling in liver cancer
cells.

MIR194-2HG Acted as a Sponge for miR-

1207-5p in Liver Cancer Cells

Next, RegRNA2.0 (http://regrna2.mbc.nctu.edu.tw/) was uti-
lized to predicted miRNA target sites.'® The results showed
that MIR194-2HG contained several miRNA targeting sites
(Figure 4A). Accordingly, we detected the expression of
these six miRNAs by transfection of MIR194-2HG over-
expression plasmid in HCC cells and found that the expres-

sion level of miR-1207-5p was significantly lower than that
of other miRNAs (Supplementary Figure S1). Moreover,

recent studies demonstrated that miR-1207-5p was down-
regulated and acted as a tumor suppressor in several cancers,
including HCC."! Therefore, miR-1207-5p was selected
as a candidate in the following study. We then carried out
Dual-Luciferase Reporter assays in liver cancer cells and
observed that transfection of miR-1207-5p mimics promi-
nently reduced the luciferase intensity of MIR194-2HG-WT
(Figure 4B, left). Conversely, transfection of ASO-miR-
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1207-5p, an inhibitor of miR-1207-5p, markedly increased
the luciferase intensity (Figure 4B, left). In addition, we
observed that neither miR-1207-5p mimics nor ASO-miR-
1207-5p exerted a distinct effect on the luciferase activity of
MIR194-2HG-Mut (Figure 4B, right). Subsequently, RT-
qPCR results confirmed that, compared with miR-NC control
group, MIR194-2HG expression was reduced after transfec-
tion of miR-1207-5p mimics (Figure 4C). On the contrary,
transfection of ASO-miR-1207-5p could increase the level of
endogenous MIR194-2HG in liver cancer cells (Figure 4C).
We also demonstrated that MIR194-2HG could adsorb

endogenic miR-1207-5p in liver cancer cells (Figure 4D).
Besides, miR-1207-5p expression was downregulated in
liver cancer tissues (Figure 4E), and its expression was
inversely related to that of MIR194-2HG (Figure 4F).
Taken together, these results suggested that MIR194-2HG
acted as a sponge for miR-1207-5p in liver cancer cells.

TCFI19 Was a Direct Target of miR-1207-5p

To explore the downstream target of miR-1207-5p, we
used the online tool TargetScan Human 7.0 to predict the
potential targets of miR-1207-5p, and TCFI19 was
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transfection with MIR194-2HG WT, MIR194-2HG mut, and MIR194-2HG knockdown plasmids. (E) The expression of miR-1207-5p in live cancer tissues and adjacent
normal tissues were measured by RT-qPCR. (F) Pearson’s correlation analysis was utilized to determine the correlation between MIR194-2HG and miR-1207-5p expression
in live cancer tissues. (B—-D) ANOVA followed by Bonferroni’s post hoc test; (E and F) Student’s t-test. Data were expressed as mean * SD, *P < 0.05; **P < 0.01; ns, not
significant.

selected as a candidate for further

investigation
(Figure 5A). The Dual-Luciferase Reporter assay showed
that transfection of miR-1207-5p mimics inhibited the
luciferase activity of the pGL/Luc-TCF19 WT reporter
vector, and downregulation of miR-1207-5p increased the
luciferase activity (Figure 5B). However, miR-1207-5p

did not affect the luciferase activity of the pGL/Luc-
TCF19 WT reporter vector, which indicated the targeting
relationship between miR-1207-5p and the 3'UTR of
TCF19 (Figure 5C). In addition, we showed that the
TCF19 mRNA level was reduced after transfection of
miR-1207-5p  mimics 5D).

(Figure Conversely,
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transfection of ASO-miR-1207-5p could increase the
TCF19 mRNA level in HCC cells (Figure 5D).
Accordingly, the TCF19 mRNA level was upregulated
in HCC tissues (Figure SE), which was consistent with

the demonstrations in the previous report.”” We also

observed that the expression of miR-1207-5p was inver-
sely related to the TCF19 mRNA level (Figure 5F). These
results suggest that TCF19 is a direct target of miR-1207-
5p, and there is a high probability that it is positively
regulated by MIR194-2HG.

A B HepG2 Huh7
=
i Predicted putativeand mutated targeting @ 2.57 * «
ame —
sequence of TCF19 L -_—
£ 20
TCF19-3UTRWT 5'...CAGAAGAGAUGGUUUCCUGCCAA .3’ o s
RRIRR g 1.5
5 s *
has-miR-1207-5p 3 GGGGAGGGUCGGAGGGA(TGGUS 2 ol = *
S 1.
-
o 5 ...CAGAAGAGAUGGUUUUAGGUACA...3 2 o)
©
g 00
C mRNC + - - - + - - -
HepG2 Huh7 miR-1207-5p mimics - . - - - + - -
2 45 ASO-NC - - + - - - 4 .
g 1 ns  ns ns  ns ASO-miR-1207-5p - - - + - - - +
< -_—— - pGL/Luc
2 10l TCF193UTRWT — F o ovF
[
£ D
3 os. [ miR-NC [ ASO-NC
o B miR-1207-5p mimics @ ASO-miR-1207-5p
E o) *kk
¢y 00 S 4 — kK
MmRNC + - - - o+ - - - S ]
miR-1207-5p mimics - 4 - - - 4+ - - *
ASONC - - + - - - 4 - o Ll
ASO-miR-1207-5p - - - + - - - + ) K Kk
= — —_—
pGL/Luc o 1
TCF193UTRMut ~ + % *© = % 2 | | | | | ﬂ
@®
2 0 .
HepG2 Huh7
E 5 F
>
@
c *%
S g. -
i o
S Al p<0.
X6 v < 6
< ¥ 4
zZ o €
o 41 o
= ° =
=2 O
&) [0}
[ B 1
‘DO'_I—I_ E 6
2 > > & -2- Relative miR-1207-5p expression
© © K
Q 9 )
r <P P
> e
& N
O O"b

1,

Figure 5 miR-1207-5p targeted TCF19 in live cancer cells. (A) The TargetScan Human 7.0 online tool was utilized to predicted microRNA targets. The 3'UTR sequences of
TCFI9 containing the wild-type or mutant miR-1207-5p binding sites were shown. (B and C) TCFI9-WT or TCFI9-mut vector were co-transfected with miR-NC, miR-
1207-5p mimics, ASO-NC, and ASO- miR-1207-5p in HCC cells. The luciferase activity was then measured. (D) The expression levels of TCFI19 were determined by RT-
qPCR after transfection with miR-1207-5p mimics or inhibitor. (E) The expression of TCF19 in live cancer tissues and adjacent normal tissues were measured by RT-qPCR.
(F) Pearson’s correlation analysis was utilized to determine the correlation between TCFI9 and miR-1207-5p expression in live cancer tissues. (B—D) ANOVA followed by
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TCFI19 Promoted the Proliferation and

Metastasis of Liver Cancer Cells

Several studies have reported that TCF19 played an onco-
genic role in cancers.”** Herein, we also demonstrated
that TCF19 promoted cell proliferation in liver cancer by
MTT assay and colony formation assay (Figure 6A—C),
which was consistent with the demonstrations in the pre-
vious report.”> However, whether TCF19 also affected the
migration and invasion abilities of liver cancer cells was
unreported. Therefore, we measured the migration and
invasion of liver cancer cells by altering the expression
of TCF19. The results showed TCF19 elevation markedly
increased the migration ability of HepG2 and Huh7 cells;
while MIR194-2HG knockdown significantly inhibited the
migration ability (Figure 6D, left). In addition, upregula-
tion of TCF19 markedly increased the invasion ability of
HepG2 and Huh?7 cells, whereas downregulation of TCF19
prominently inhibited their invasion ability (Figure 6D,

right). These results suggested that TCF19 promoted cell
proliferation and metastasis in liver cancer.

MIR194-2HG Activated Wnt/B-Catenin
Signaling Through the miR-1207-5p/
TCFI9 Axis

To investigate whether MIR194-2HG affected the prolif-
eration and metastasis of HCC cells and activated Wnt/p-
catenin signaling by regulating the miR-1207-5p/TCF19
axis, we performed rescue experiments by co-transfecting
ASO-miR-1207-5p and MIR194-2HG knockdown plas-
mids into liver cancer cells. MTT assay, colony formation
assay, and Transwell assay results demonstrated that
downregulation of MIR194-2HG markedly impeded the
proliferation, migration, and invasion of liver cancer
cells, and the proliferation, migration, and invasion abil-
ities were significantly increased by co-transfection with
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Figure 6 TCFI9 promoted the proliferation, migration, and invasion of live cancer cells. (A) HepG2 and Huh7 cells were transfected with TCFI9 overexpression or
silencing plasmids, and the transfection efficiency was verified by RT-qPCR. (B) MTT method was utilized to determine the cell viabilities of live cancer cells. (C) The colony
formation ability of cells was investigated by colony formation assay. (D) Transwell assay was utilized to determine the migration and invasion of live cancer cells. (A-D)
ANOVA followed by Bonferroni’s post hoc test. Data were expressed as mean + SD, **P < 0.01; *P < 0.05; **P < 0.001; ***P < 0.0001.
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ASO-miR-1207-5p (Figure 7A-C). Furthermore, we
showed that downregulation of MIR194-2HG markedly
inhibited the activity of the TCF-dependent luciferase
reporter pTop-flash/pFop-flash, whereas con-transfection
with  ASO-miR-1207-5p MIR194-2HG
increased the luciferase activity (Figure 7D). Western
blot results showed that the protein levels of total TCF19
and B-catenin were downregulated in liver cancer cells
after MIR194-2HG knockdown, and their protein levels
were significantly increased after the co-transfection of
ASO-miR-1207-5p (Figure 7E and F). Accordingly, we
also demonstrated that MIR194-2HG knockdown alone
reduced the nuclear B-catenin protein level, which could

significantly

be significantly increased by inhibiting the expression of
miR-1207-5p (Figure 7E and F). Taken together, these
results suggested that MIR194-2HG could promote the
proliferation, migration, and invasion of liver cancer cells
by regulating miR-1207-5p/TCF19/Wnt/B-catenin axis
(Figure 7G).

Discussion

Accumulating evidence has shown that IncRNAs act as
important regulators related to tumorigenesis and cancer
progression.”> >’ However, the function of IncRNAs,
including MIR194-2HG, in HCC cells has not been totally
elucidated.

MIR194-2HG was first reported to be upregulated in
bladder cancer,'” and its dysregulation might be related to
cancer progression. Herein, MIR194-2HG was demon-
strated to be upregulated in liver cancer tissues and cells,
and the overall survival rate of liver cancer patients with
higher expression of MIR194-2HG was poorer than that of
liver cancer patients with lower expression of MIR194-
2HG. A series of functional experiments, such as the MTT
assay, colony formation assay, and Transwell assay, were
performed to demonstrated that MIR194-2HG functioned
in an oncogenic role and could promote cell proliferation,
migration, and invasion in liver cancer. It is well known
that the Wnt/B-catenin signaling pathway exhibited a cri-
tical role in human diseases, including cancers.
Accumulating evidence has shown that activation of the
Whnt/B-catenin signaling pathway is frequently demon-
strated in several cancers.’®>° For example, it was
reported that activation of Wnt/B-catenin signaling by
linc00210 promoted liver tumor progression in a
CTNNBIP1-dependent manner.®' Liu et al illustrated that
IncRNA DSCRS8 could activate the Wnt/B-catenin signal-

ing pathway by adsorbing miR-485-5p in liver cancer.*

Wang et al showed that IncRNA CASCI15 acted in an
oncogenic role by activating the SOX4/Wnt/p-catenin sig-
naling pathway in liver cancer.”>® Our study demonstrated
that MIR194-2HG could activate Wnt/B-catenin signaling
to promote the proliferation, migration, and invasion of
liver cancer cells.

Typically, IncRNAs serve as ceRNAs to adsorb their
binding miRNAs, thereby regulating downstream target
mRNA expression.>* In this study, we demonstrated that
MIR194-2HG could sponge miR-1207-5p to repress its
expression level. The expression levels of miR-1207-5p
and MIR194-2HG were negatively correlated in live cancer
tissues. The functions of miR-1207-5p have been reported
previously in several cancers, and its role could be cancer
specific. In colorectal cancer, lung cancer, gastric cancer, and
HCC, it acted as a tumor suppressor that could inhibit cancer
cell proliferation and metastasis.'” "> However, a
IncRNA PVTl-induced microRNA, miR-1207-5p, has
been reported to promote growth by directly suppressing
STAT6 in breast cancer cells.’” Subsequently, we demon-
strated that miR-1207-5p directly inhibited the expression of
TCF19, a newly identified target of miR-1207-5p, that could
play an oncogenic role in several cancers, such as colorectal

cancer,” non-small cell lung cancer,”* and liver cancer.”*~*

Consistent with the findings of previous studies,”**® we
demonstrated that TCF19 promoted cell proliferation in
HCC. Besides, we further showed the migratory capacities
of liver cancer cells regulated by TCF19. Finally, our findings
demonstrated that downregulation of MIR194-2HG mark-
edly impeded the proliferation, migration, and invasion of
liver cancer cells, and these effects were abated by miR-
1207-5p inhibition. Accordingly, we demonstrated that
downregulation of MIR194-2HG markedly inhibited the
expression of TCF19 and B-catenin, which could be rescued
by miR-1207-5p inhibition. These results suggested that
MIR194-2HG played an oncogenic role by affecting the
miR-1207-5p/TCF19/Wnt/B-catenin axis in liver cancer
cells.

Conclusion

In conclusion, our study revealed that MIR194-2HG was
upregulated in liver cancer and functioned in an oncogenic
role by activating the Wnt/B-catenin signaling pathway. In
addition, MIR194-2HG could act as a molecular sponge
for miR-1207-5p to modulate the expression of its down-
stream target TCF19, which has an accelerating effect on
the proliferation and invasion of liver cancer cells. Our
study finally demonstrated that MIR194-2HG plays an
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Figure 7 MIR194-2HG activation of Wnt/B-catenin signaling in live cancer cells was dependent on the miR-1207-5p/TCF19 axis. miR-1207-5p inhibitors were transfected into live
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oncogenic role and activates the Wnt/B-catenin signaling
pathway via a mechanism mediated by the miR-1207-5p/
TCF19 axis, which provides a novel avenue for diagnostic
or therapeutic interventions in liver cancer.

Data Sharing Statement
The datasets used in this study are available from the
corresponding author upon reasonable request.

Ethics and Consent Statement

This study was approved by the Research Ethics
Committee of The Second Hospital of Tianjin Medical
University.

Author Contributions

All authors made substantial contributions to conception
and design, acquisition of data, or analysis and interpreta-
tion of data; took part in drafting the article or revising it
critically for important intellectual content; agreed to sub-
mit to the current journal; gave final approval of the
version to be published; and agree to be accountable for
all aspects of the manuscript.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018;68(6):394-424. doi:10.3322/caac.21492

2. Ferlay J, Colombet M, Soerjomataram I, et al. Estimating the global
cancer incidence and mortality in 2018: GLOBOCAN sources and
methods. /nt J Cancer. 2019;144(8):1941-1953. doi:10.1002/ijc.31937

3. Yang N, Ekanem NR, Sakyi CA, Ray SD. Hepatocellular carcinoma
and microRNA: new perspectives on therapeutics and diagnostics. Adv
Drug Deliv Rev. 2015;81:62—74. doi:10.1016/j.addr.2014.10.029

4. Kulik L, Heimbach JK, Zaiem F, et al. Therapies for patients with
hepatocellular carcinoma awaiting liver transplantation: a systematic
review and meta-analysis. Hepatology. 2018;67(1):381-400. doi:10.10
02/hep.29485

5. Finkenstedt A, Vikoler A, Portenkirchner M, et al. Excellent post-
transplant survival in patients with intermediate stage hepatocellular
carcinoma responding to neoadjuvant therapy. Liver Int. 2016;36
(5):688—-695. doi:10.1111/1iv.12966

6. Grandhi MS, Kim AK, Ronnekleiv-Kelly SM, Kamel IR, Ghasebeh
MA, Pawlik TM. Hepatocellular carcinoma: from diagnosis to treat-
ment. Surg Oncol. 2016;25(2):74-85. doi:10.1016/j.suronc.2016.03.
002

7. Narsinh KH, Duncan DP, Newton IG, Minocha J, Rose SC. Liver-
directed therapy for hepatocellular carcinoma. Abdom Radiol (NY).
2018;43(1):203-217. doi:10.1007/s00261-017-1435-6

8. Hombach S, Kretz M. Non-coding RNAs: classification,0 biology and
functioning. Adv Exp Med Biol. 2016;937:3-17.

o

10.

1

—_

12.

13.

14.

15.

16.

17.

18.

20.

2

—_

22.

23.

24.

25.

26.

27.

. Kaikkonen MU, Adelman K. Emerging roles of non-coding RNA

transcription. Trends Biochem Sci. 2018;43(9):654-667. doi:10.1016/
j-1ibs.2018.06.002

Peng WX, Koirala P, Mo YY. LncRNA-mediated regulation of cell
signaling in cancer. Oncogene. 2017;36(41):5661-5667. doi:10.1038/
onc.2017.184

. Fang Y, Fullwood MJ. Roles, functions, and mechanisms of long

non-coding RNAs in cancer. Genomics Proteomics Bioinformatics.
2016;14(1):42-54. doi:10.1016/j.gpb.2015.09.006

Camacho CV, Choudhari R, Gadad SS. Long noncoding RNAs and
cancer, an overview. Steroids. 2018;133:93-95. doi:10.1016/j.
steroids.2017.12.012

Pan Y, Liu G, Wang D, Li Y. Analysis of IncRNA-mediated ceRNA
crosstalk and identification of prognostic signature in head and neck
squamous cell carcinoma. Front Pharmacol. 2019;10:150. doi:10.
3389/fphar.2019.00150

Yan Y, Yu J, Liu H, et al. Construction of a long non-coding RNA-
associated ceRNA network reveals potential prognostic IncRNA bio-
markers in hepatocellular carcinoma. Pathol Res Pract. 2018;214
(12):2031-2038. doi:10.1016/j.prp.2018.09.022

Li B, Mao R, Liu C, Zhang W, Tang Y, Guo Z. LncRNA FALI
promotes cell proliferation and migration by acting as a CeRNA of
miR-1236 in hepatocellular carcinoma cells. Life Sci. 2018;197:122—
129. doi:10.1016/5.1£5.2018.02.006

Kong X, Duan Y, Sang Y, et al. LncRNA-CDC6 promotes breast
cancer progression and function as ceRNA to target CDC6 by spong-
ing microRNA-215. J Cell Physiol. 2019;234(6):9105-9117. doi:10.
1002/jcp.27587

Li M, Liu Y, Zhang X, Liu J, Wang P. Transcriptomic analysis of
high-throughput sequencing about circRNA, IncRNA and mRNA in
bladder cancer. Gene. 2018;677:189-197. doi:10.1016/j.gene.2018.
07.041

Chang TH, Huang HY, Hsu JB, Weng SL, Horng JT, Huang HD. An
enhanced computational platform for investigating the roles of reg-
ulatory RNA and for identifying functional RNA motifs. BMC
Bioinform. 2013;14(Suppl S2):S4. doi:10.1186/1471-2105-14-S2-S4

.Dang W, Qin Z, Fan S, et al. miR-1207-5p suppresses lung cancer

growth and metastasis by targeting CSF1. Oncotarget. 2016;7
(22):32421-32432. doi:10.18632/oncotarget.8718

Chen L, Lu MH, Zhang D, et al. miR-1207-5p and miR-1266 sup-
press gastric cancer growth and invasion by targeting telomerase
reverse transcriptase. Cell Death Dis. 2014;5(1):¢1034. doi:10.1038/
cddis.2013.553

. Zhao G, Dong L, Shi H, et al. MicroRNA-1207-5p inhibits hepato-

cellular carcinoma cell growth and invasion through the fatty acid
synthase-mediated Akt/mTOR signalling pathway. Oncol Rep.
2016;36(3):1709-1716. doi:10.3892/0r.2016.4952

Zeng CX, Fu SB, Feng WS, Zhao JY, Li FX, Gao P. TCF19 enhances
cell proliferation in hepatocellular carcinoma by activating the ATK/
FOXOL signaling pathway. Neoplasma. 2019;66(1):46-53. doi:10.41
49/neo_2018_171227N845

Du WB, Huang Z, Luo L, et al. TCF19 aggravates the malignant
progression of colorectal cancer by negatively regulating WWCI.
Eur Rev Med Pharmacol Sci. 2020;24(2):655-663.

Zhou ZH, Chen G, Deng C, et al. TCF19 contributes to cell prolif-
eration of non-small cell lung cancer by inhibiting FOXO1. Cell Biol
Int. 2019;43(12):1416-1424. doi:10.1002/cbin.11189

Kondo Y, Shinjo K, Katsushima K. Long non-coding RNAs as an
epigenetic regulator in human cancers. Cancer Sci. 2017;108
(10):1927-1933. doi:10.1111/cas.13342

Choudhari R, Sedano MJ, Harrison AL, et al. Long noncoding RNAs
in cancer: from discovery to therapeutic targets. Adv Clin Chem.
2020;95:105-147.

Li CH, Chen Y. Insight into the role of long noncoding RNA in
cancer development and progression. Int Rev Cell Mol Biol.
2016;326:33-65.

submit your manuscript

9898

Dove

OncoTargets and Therapy 2020:13


https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1016/j.addr.2014.10.029
https://doi.org/10.1002/hep.29485
https://doi.org/10.1002/hep.29485
https://doi.org/10.1111/liv.12966
https://doi.org/10.1016/j.suronc.2016.03.002
https://doi.org/10.1016/j.suronc.2016.03.002
https://doi.org/10.1007/s00261-017-1435-6
https://doi.org/10.1016/j.tibs.2018.06.002
https://doi.org/10.1016/j.tibs.2018.06.002
https://doi.org/10.1038/onc.2017.184
https://doi.org/10.1038/onc.2017.184
https://doi.org/10.1016/j.gpb.2015.09.006
https://doi.org/10.1016/j.steroids.2017.12.012
https://doi.org/10.1016/j.steroids.2017.12.012
https://doi.org/10.3389/fphar.2019.00150
https://doi.org/10.3389/fphar.2019.00150
https://doi.org/10.1016/j.prp.2018.09.022
https://doi.org/10.1016/j.lfs.2018.02.006
https://doi.org/10.1002/jcp.27587
https://doi.org/10.1002/jcp.27587
https://doi.org/10.1016/j.gene.2018.07.041
https://doi.org/10.1016/j.gene.2018.07.041
https://doi.org/10.1186/1471-2105-14-S2-S4
https://doi.org/10.18632/oncotarget.8718
https://doi.org/10.1038/cddis.2013.553
https://doi.org/10.1038/cddis.2013.553
https://doi.org/10.3892/or.2016.4952
https://doi.org/10.4149/neo_2018_171227N845
https://doi.org/10.4149/neo_2018_171227N845
https://doi.org/10.1002/cbin.11189
https://doi.org/10.1111/cas.13342
http://www.dovepress.com
http://www.dovepress.com

Dove

Xu et al

28.

29.

30.

31.

32.

33.

Yao H, Ashihara E, Maekawa T. Targeting the Wnt/beta-catenin
signaling pathway in human cancers. Expert Opin Ther Targets.
2011;15(7):873-887. doi:10.1517/14728222.2011.577418

Clevers H, Nusse R. Wnt/beta-catenin signaling and disease. Cell.
2012;149(6):1192-1205. doi:10.1016/j.cell.2012.05.012

Wang W, Smits R, Hao H, He C. Wnt/beta-catenin signaling in liver
cancers. Cancers (Basel). 2019;11(7):926.

Fu X, Zhu X, Qin F, et al. Linc00210 drives Wnt/beta-catenin signal-
ing activation and liver tumor progression through CTNNBIP1-depen-
dent manner. Mol Cancer. 2018;17(1):73. doi:10.1186/s12943-018-
0783-3

Wang Y, Sun L, Wang L, et al. Long non-coding RNA DSCRS acts as
a molecular sponge for miR-485-5p to activate Wnt/beta-catenin
signal pathway in hepatocellular carcinoma. Cell Death Dis. 2018;9
(9):851. doi:10.1038/s41419-018-0937-7

Wang C, Zi H, Wang Y, Li B, Ge Z, Ren X. LncRNA CASC15 promotes
tumour progression through SOX4/Wnt/beta-catenin signalling pathway
in hepatocellular carcinoma. Artif' Cells Nanomed Biotechnol. 2020;48
(1):763-769. doi:10.1080/21691401.2019.1576713

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

34. Zhang Z, Qian W, Wang S, et al. Analysis of IncRNA-associated
ceRNA network reveals potential IncRNA biomarkers in human
colon adenocarcinoma. Cell Physiol Biochem. 2018;49(5):1778—
1791. doi:10.1159/000493623

35. Wang X, Wu X. The role of microRNA-1207-5p in colorectal cancer.
Clin Lab. 2017;63(11):1875-1882. doi:10.7754/Clin.Lab.2017.17
0625

36. Yan Y, Su M, Qin B. CircHIPK3 promotes colorectal cancer cells
proliferation and metastasis via modulating of miR-1207-5p/FMNL2
signal. Biochem Biophys Res Commun. 2020;524(4):839-846. doi:10.
1016/j.bbrc.2020.01.055

37. Yan C, Chen Y, Kong W, et al. PVT1-derived miR-1207-5p promotes
breast cancer cell growth by targeting STAT6. Cancer Sci. 2017;108
(5):868-876. doi:10.1111/cas.13212

38. Mondal P, Sen S, Klein BJ, et al. TCF19 promotes cell proliferation
through binding to the histone H3K4me3 mark. Biochemistry.
2020;59(4):389-399. doi:10.1021/acs.biochem.9b00771

Dove

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

OncoTargets and Therapy 2020:13

submit your manuscript 9899

Dove


https://doi.org/10.1517/14728222.2011.577418
https://doi.org/10.1016/j.cell.2012.05.012
https://doi.org/10.1186/s12943-018-0783-3
https://doi.org/10.1186/s12943-018-0783-3
https://doi.org/10.1038/s41419-018-0937-7
https://doi.org/10.1080/21691401.2019.1576713
https://doi.org/10.1159/000493623
https://doi.org/10.7754/Clin.Lab.2017.170625
https://doi.org/10.7754/Clin.Lab.2017.170625
https://doi.org/10.1016/j.bbrc.2020.01.055
https://doi.org/10.1016/j.bbrc.2020.01.055
https://doi.org/10.1111/cas.13212
https://doi.org/10.1021/acs.biochem.9b00771
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Clinical Samples
	Cell Culture
	Plasmid Construction
	Cell Transfection
	RT-qPCR
	MTT Assay
	Colony Formation Assay
	Transwell Assay
	Western Blot
	Dual-Luciferase Reporter Gene Assay
	Statistical Analysis

	Results
	MIR194-2HG Was Upregulated in HCC Tissues and Liver Cancer Cell Lines
	MIR194-2HG Played an Oncogenic Role in Liver Cancer Cells
	MIR194-2HG Activated the Wnt/β-Catenin Signaling Pathway in Liver Cancer Cells
	MIR194-2HG Acted as a Sponge for miR-1207-5p in Liver Cancer Cells
	TCF19 Was a Direct Target of miR-1207-5p
	TCF19 Promoted the Proliferation and Metastasis of Liver Cancer Cells
	MIR194-2HG Activated Wnt/β-Catenin Signaling Through the miR-1207-5p/TCF19 Axis

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics and Consent Statement
	Author Contributions
	Disclosure
	References

