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migration and invasion by targeting TCF12
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Abstract. Epithelial ovarian cancer (OC) is a common cause
of death from gynecological tumors. MicroRNAs (miRNAs)
may function as either oncogenes or tumor suppressors,
playing crucial role not only in tumorigenesis, but also in
tumor invasion and metastasis. miR-26a and transcrip-
tion factor 12 (TCF12) have been reported to be involved
in carcinogenesis, but the regulatory role of miR-26a/TCF12
in OC remains unknown. The aim of the present study was to
investigate the expression profiles of TCF12 and miR-26a in
OC patients and the correlation between TCF12 and miR-26a
expression, and to demonstrate the effects of miR-26a binding
on TCF12, to further reveal the miR-26a/TCF12 regulatory
effects on the proliferation, migration, invasion and apoptosis
in OC cells. In the present study, the expression of miR-26a
was found to be low, while TCF12 was highly expressed in OC
patient tissues and cell lines, and low miR-26a expression was
statistically significantly correlated with high TCF12 expres-
sion. To the best of our knowledge, the present study was the
first to demonstrate that TCF12 is a direct target of miR-26a,
and upregulation of miR-26a resulted in TCF12 inhibition in
OC cells. Furthermore, the proliferation, migration and inva-
sion were inhibited and apoptosis was induced by miR-26a
upregulation in OC cells. These results indicated that miR-26a
may act as a tumor suppressor in OC, and TCF12 targeting by
miR-26a may be a new therapeutic strategy for OC.

Introduction

Epithelial ovarian cancer (OC) is the most common gyne-
cological tumor with a high mortality rate worldwide (1).
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Epithelial OC is associated with a high rate of metastasis at
an early stage, and metastasis is the major cause of the dismal
prognosis (2); however, the detailed mechanisms underlying
the propensity of OC for metastasis remain unclear. There is
an urgent need to identify methods for early diagnosis and
effective treatment for OC.

MicroRNAs (miRNAs) are an endogenous class of
single-stranded small RNAs ~20-24 nucleotides in length,
which play a variety of important regulatory roles in cells (3).
The first miRNA was identified in Caenorhabditis elegans (4),
whereas hundreds of miRNAs have been identified to date and
found to be highly conserved in all types of organisms (5). In
recent years, research on miRNAs has markedly progressed;
in particular, the mechanism of target gene regulation, and
numerous miRNAs and their target genes have been identi-
fied and investigated. miRNAs are promising targets for the
diagnosis and treatment of diseases caused by multiple factors,
particularly cancer (6), and they have also been studied
in the context of OC (7). miR-26a has been reported to act
as a tumor suppressor in numerous human cancers, such as
prostate cancer (8-10), lung cancer (11-13), thyroid cancer (14),
breast cancer (15-17), bladder cancer (18), hepatocellular carci-
noma (19-21), colorectal cancer (22,23), glioblastoma (24),
melanoma (25) and esophageal squamous cell carcinoma (26).
However, there are few reports of the role of transcription
factor 12 (TCF12) in OC.

As a transcription factor, TCF12 belongs to the basic
helix-loop-helix (bHLH) E protein family, which can recog-
nize the E-box sequence CANNTG (27). TCF12 has been
proven to be a regulator of cell development and differentia-
tion (28), and has been demonstrated to be highly expressed
in several human cancers (29-31). However, the role of TCF12
and the association of miR-26a and TCF12 expression in OC
have not been extensively investigated to date.

The aim of the present study was to investigate the expres-
sions of miR-26a and TCF12 and their correlation in OC
patients. In addition, the regulatory effect of miR-26a on TCF12
expression was determined, and the proliferation, migration,
invasion and apoptosis of OC cells were also investigated.

Materials and methods

Clinical patient samples and cell lines. A total of 27 cases
of human fresh OC tissues and paired normal ovarian tissues
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were collected from patients (mean age 55.10+11.10 years,
range 35-78 years) who were diagnosed with primary OC and
underwent initial surgery at the Department of Obstetrics and
Gynecology of the Affiliated Hospital of Nantong University.
Written informed consent was obtained from all the patients
and the study protocol was approved by the Ethics Committee
of the Affiliated Hospital of Nantong University.

The human OC cell lines SK-OV-3 and A2780, the normal
ovarian epithelial cell line IOSE80 and 293 cells were cultured
in Dulbecco's modified Eagle's medium (DMEM; Thermo
Fisher Scientific, Inc.) and supplemented with 10% fetal
bovine serum (FBS; Thermo Fisher Scientific, Inc.) at 37°C in
a humidified incubator with 5% CO,.

Oligos, plasmids and transfection. The human miR-26a
mimic (sense: 5-UUCAAGUAAUCCAGGAUAGGCU-3',
antisense: 5'-AGCCUAUCCUGGAUUACUUGAA-3") was
used to regulate the expression of TCF12 in OC cells and
a scrambled miR-26a mimic sequence used as negative
control (NC; sense: 5'-GGUCGUCUGAUAUACGAUACA
A-3'; antisense: 5'-UUGUAUCGUAUAUCAGACGACC-3").
The miR-26a binding site of TCF12 was predicted using
TargetScan online software (http:/www.targetscan.org/). The
50 base pairs (bp) cDNA of the 3' untranslated region (UTR)
sequence containing miR-26a-binding sites from TCF12
mRNA was cloned into a pGL3-control vector (Promega
Corporation) downstream of the luciferase gene, which was
used as the wild-type TCF12 (wtTCF12) plasmid. A point
mutant miR-26a-binding site of TCF12 was constructed and
was used as the mutant TCF12 (muTCF12) plasmid. Cell trans-
fection of 50 pmol miRNA or 80 ng plasmid was performed
by Lipofectamine® 2000 transfection reagent (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
miRNA, NC and DNA oligos were obtained from Biomics
Biotechnologies Co., Ltd.

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
Small RNAs were isolated from tissues and cell lines using
the mirVana miRNA Isolation Kit (Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions, and the
miR-26a expression levels were detected by the stem-loop
RT-qPCR method (32). U6 small RNA was used as an internal
control. Total RNA was extracted from cells using TRIzol®
reagent (Thermo Fisher Scientific, Inc.) and RT-qPCR reac-
tions were carried out using the One-Step RT-qPCR kit
(Thermo Fisher Scientific, Inc.) according to the manufac-
turers' instructions. The thermocycling conditions were as
follows: Pre-denaturation at 95°C for 10 min, followed by
40 cycles of denaturation at 95°C for 20 sec, annealing at 58°C
for 20 sec and extension at 72°C for 30 sec. B-actin was used as
an internal control. miRNA and mRNA level were analyzed
by the 224%4 method (33). The primer sequences were as
follows: TCF12 forward: 5'-CTAATGAAGATGAGGATT-3'
and reverse: 5-GATGAAGAATAAGGAGTT-3'; f-actin
forward: 5'"TTGCCGACAGGATGCAGAAGGA-3' and
reverse: 5'-"AGGTGGACAGCGAGGCCAGGAT-3"; miR-26a
forward: 5'-GCGTTGTCTGGAATGTAAGG-3' and reverse:
5'"TGACGAGTTTAGAGCCGGATAG-3"; and U6 forward:
5'-AACGCTTCACGAATTTGCGT-3' and reverse: 5'-CTC
GCTTCGGCAGCACA-3.
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Dual luciferase reporter assay. The 293 cells were used to
measure luciferase activity. Briefly, 293 cells were plated
into 24-well plates at 1x10° per well and cultured for 24 h.
Subsequently, 80 ng wtTCF12 or muTCF12 plasmid and
50 nmol/l miR-26a mimic or NC were co-transfected into
293 cells using Lipofectamine® 2000 transfection reagent
(Thermo Fisher Scientific, Inc.) along with pRL-TK plasmid
(Promega Corporation). Cells were collected 48 h after
transfection and firefly and Renilla luciferase activities were
measured using a dual luciferase reporter assay system
according to the manufacturer's instructions (Promega
Corporation). The results of firefly luciferase activity were
normalized to the Renilla luciferase activity.

Western blot analysis. Briefly, following treatment for 48 h as
described above, SK-OV-3 and A2780 cells were collected,
and total protein was extracted with RIPA lysis and extrac-
tion buffer (Thermo Fisher Scientific, Inc.). Total proteins
were quantified using the BCA method, then separated by
10% SDS-PAGE with 50 ug per lane and transferred onto a
PVDF membrane (GE Healthcare). Subsequently, after blocking
with 5% non-fat dry milk for 2 h at room temperature, the
membrane was incubated with rabbit anti-human TCF12 anti-
body (1:500 dilution, cat no. ab245540) or mouse anti-human
B-actin antibody (1:1,000 dilution, cat no. ab179467) at 4°C
overnight. After washing with TBST with 0.1% Tween-20, the
PVDF membrane was incubated with a horseradish peroxi-
dase-conjugated IgG (1:2,000 dilution, cat no. ab205718) for
2 h at room temperature; all antibodies were from Abcam, Inc.
Finally, the specific proteins were detected using Pierce ECL
Western Blotting Substrate (Thermo Fisher Scientific, Inc.),
and ImageJ software 1.51 (National Institutes of Health) was
used for densitometry analysis.

Cell proliferation assay. Cell proliferation was detected using
the MTT method. In brief, 1.5x10° cells per well were grown
in 96-well plates overnight, and then the cells were treated as
indicated above. At 24,48 and 72 h after treatment, 10 ul MTT
solution (Promega Corporation) were added to each well.
At 4 h after incubation at 37°C protected from light, 150 pul
DMSO were added to each well and incubated at 37°C for
10 min. Finally, the OD value of each well was measured using
a microplate reader at 490 nm.

Transwell assay. Transwell assay was used to evaluate cell
migration and Matrigel-based Transwell assay was used
to evaluate cell invasion. The cells were plated onto 6-well
plates and cultured for 24 h. After treatment for 48 h, as indi-
cated above, cells were collected and suspended in DMEM
at a density of 1x10° cells/ml. Prior to treatment, Transwell
chambers (8-ym pore size; Corning, Inc.) were incubated
with DMEM for 1 h at 37°C. For cell invasion detection,
Matrigel (BD Biosciences) was thawed at 4°C overnight, and
100 pl (1:8 diluted in DMEM) were added into the Transwell
upper chamber and incubated at 37°C for 1 h. Cell suspen-
sion (100 ul) was added into the upper chamber and 600 ul
DMEM supplemented with 10% FBS was added into the lower
chamber. Following incubation for 24 h at 37°C, the cells on
upper surface of the membrane were carefully removed using
a cotton swab, and the cells on the lower surface were fixed
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in 10% formaldehyde for 20 min at room temperature. After
washing with PBS, the cells were stained in 0.5% crystal violet
solution for 10 min at room temperature and washed with PBS.
Finally, the stained cells on the lower surface of upper chamber
were observed under a light microscope (magnification, x100).

Cell apoptosis assay. Annexin V-FITC and propidium
iodide (PI) double staining followed by flow cytometry was
used to evaluate cell apoptosis. Briefly, after treatment for
48 h as described above, 1x10° SK-OV-3 or A2780 cells
were collected and washed with PBS, then transferred into
centrifuge tubes and centrifuged at 800 x g for 5 min at 4°C.
After washing with PBS, the cells were re-suspended in
195 ul 1X Annexin V-FITC binding buffer and 5 xl Annexin
V-FITC (Sigma-Aldrich; Merck KGaA) and incubated for
10 min at room temperature in the dark. Following centrifuga-
tion for 5 min at 800 x g at 4°C, the cells were re-suspended
in 190 pl 1X Annexin V-FITC binding buffer followed by
10 pl PI (Sigma-Aldrich; Merck KGaA). Finally, cell apop-
tosis was detected using a flow cytometer (FACSCalibur;
BD Biosciences) and the results were analyzed by BD
CellQuest software, version 5.1 (BD Biosciences).

Statistical analysis. All data are presented as mean + standard
deviation. Statistical analyses were performed using SPSS 20.0
software (IBM Corp.). Differences between two groups were
tested by paired Student's two-tailed t-test. One-way ANOVA
followed by Dunnett's post hoc test was used to compare
multiple groups. The correlation of miR-26a with TCF12
expression was analyzed by Spearman's correlation analysis.
P<0.05 was considered to indicate statistically significant
differences.

Results

Low miR-26a and high TCFI2 expression is observed in OC
patients. To investigate the expression of miR-26a and TCF12
in OC patients, 27 cases of fresh OC samples and paired
normal ovarian tissues were used for RT-qPCR analysis. The
results demonstrated that the miR-26a expression levels were
low in OC tissues, while the TCF12 expression levels were
high, compared with those in normal ovarian tissues (P<0.05;
Fig. 1A and B). Spearman's correlation analysis revealed that
miR-26a was negatively correlated with TCF12 expression
(r=-0.695, P<0.05; Fig. 1C).

miR-26a directly targets the 3'UTR region of TCFI2
mRNA. As predicted by software, TCF12 mRNA contains
a miR-26a-binding site at position 124 in the 3'UTR region.
The luciferase reporter plasmids wtTCF12 and muTCF12
were constructed (Fig. 2A) and co-transfection of wtTCF12
or muTCF12 plasmid and miR-26a mimic into 293 cells was
performed. Following transfection for 48 h, the luciferase
activity of wtTCF12 and miR-26a co-transfected cells was
obviously decreased compared with that in cells co-transfected
with NC and wtTCF12 or muTCF12 (P<0.05; Fig. 2B).

miR-26a inhibits the expression of TCFI2 in OC cells.
Furthermore, the miR-26a expression levels were found to
be low in the OC cell lines SK-OV-3 and A2780, while the
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Figure 1. miR-26a and TCF12 expression in OC and paired normal ovarian
tissues. (A) miR-26a levels in 27 cases of OC tissues and paired normal ovarian
tissues were detected by stem-loop RT-qPCR; (B) The expression levels
of TCF12 in 27 cases of OC tissues and paired normal ovarian tissues were
detected by RT-qPCR; (C) Correlation of miR-26a and TCF12 levels in OC
patients. OC, ovarian cancer, TCF12, transcription factor 12; RT-qPCR, reverse
transcription-quantitative PCR.
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Figure 2. The regulatory effect of miR-26a on the expression of TCF12 was
detected by dual luciferase reporter assay. (A) The miR-26a-binding site of
TCF12 and the constructed reporter plasmids. (B) The relative luciferase
activity was detected by the dual luciferase reporter assay. "P<0.05 compared
with muTCF12 and pGL3 control-treated cells. TCF12, transcription
factor 12; NC, negative control; UTR, untranslated region; wt, wild-type;
mu, mutant type.

TCF12 expression levels were high, compared with those in
IOSESO cells (P<0.05; Fig. 3A and B). To further observe regu-
lation of TCF12 expression by miR-26a in OC cells, human
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Figure 3. miR-26a and TCF12 expression levels and their interaction in OC cells. (A) miR-26a levels in the SK-OV-3 and A2780 OC cells and in the normal
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was inhibited by miR-26a. "P<0.05 compared with NC-treated or untreated cells. OC, ovarian cancer; TCF12, transcription factor 12; NC, negative control.
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Figure 4. Effects of TCF12 inhibited by miR-26a on OC cell proliferation. (A) SK-OV-3 cell proliferation was inhibited by miR-26a; (B) A2780 cell prolifera-
tion was inhibited by miR-26a. "P<0.05 compared with NC or untreated cells. TCF12, transcription factor 12; NC, negative control; OD, optical density.

miR-26a mimic was used to increase endogenous miR-26a
in OC cells, and the miR-26a levels in SK-OV-3 and A2780
cells were significantly upregulated following miR-26a mimic
transfection (Fig. 3C). The protein expression of TCF12 was
significantly inhibited by miR-26a in both SK-OV-3 and
A2780 cells, compared with NC-treated or untreated cells
(P<0.05; Fig. 3D).

miR-26a inhibits the proliferation of OC cells. MTT assay was
used to investigate the inhibitory effects of miR-26a on OC
cell growth. TCF12 inhibition by miR-26a clearly inhibited
the growth of SK-OV-3 (Fig. 4A) and A2780 (Fig. 4B) cells
at 48 and 72 h, compared with NC-treated or untreated cells
(P<0.05).

miR-26a inhibits the migration and invasion of OC cells.
Transwell and Matrigel-based Transwell assay was used to
evaluate the inhibitory effects of miR-26a on OC cell migra-
tion and invasion, respectively. The results demonstrated that
miR-26a treatment significantly decreased SK-OV-3 and
A2780 cell migration and invasion, compared with NC-treated
or untreated cells (P<0.05; Fig. 5A and B).

miR-26a induces the apoptosis of OC cells. Annexin-V-
FITC/PI flow cytometry was used to evaluate the effects of
miR-26a on OC cell apoptosis. Treatment with miR-26a for
48 h significantly increased apoptosis of both SK-OV-3 and
A2780 cells compared with cells treated with NC (P<0.05;
Fig. 5C).



372 ONCOLOGY REPORTS 43: 368-374, 2020

W Untreated
800 -
o™ ® B NC
' k. B miR-26a
5 B § 600 -
= = S
2 @ g
£ £ 400+
S B
0 [
8 £ 2004
< 3
0-
SK-OV-3 A2780
B . : Priax g A s eSS T e S
| lehel g2 : f..“'“""?j";"*,-"lf-r;‘;_«'f 600+ B Untreated
SRy AR O W I NC
/R X 3 B miR-26a
5 3 3
g » S 400+
2 w
5 : £
8 ' °
2 = 2004
=~ 2
< §
=4
SK-OV-3 A2780
C Untreated
P 103
o T M ]
A
e X
Pr 10° 3 &
e ] 2
e > 2 Q
Py 10 3 ret é
- 10" 1 L
Z. “ . 100
10" 102 10 10 104 o
104 T
i = ’.-rFl.rh: -. ..\:
ktoa- '13-. = |2 .
3 R . i
. I~
102_ o e §
— . 2] %
%1 101 .
i, i
100 =+ e 5
100 10" 102 10° 10 10° 10' 102 10° 1ot
Annexin V-FITC
25+ Il Untreated
I NC
< 204 B miR-26a .
©
T 154
@ >
(7]
£ 10-
(=]
o
o
T 5
6]
0-
SK-OV-3 A2780

Figure 5. Effects of TCF12 inhibited by miR-26a on OC cell migration, invasion and apoptosis. (A) The migration of SK-OV-3 and A2780 cells was inhibited by
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Discussion

Lack of early diagnosis and effective treatment is a major
cause of death from OC among women with malignant
gynecological tumors (2). Individualized cancer treatment
based on molecular targeted therapy is crucial for improving
therapeutic efficacy, and molecules that are heavily involved
in the uncontrolled cell growth and proliferation, inhibition
of apoptosis and tumor metastasis may represent promising
targets for cancer therapy (34).

miRNAs are small endogenously expressed RNAs
in mammalian cells, which have been used in regula-
tion of gene expression at the post-transcriptional level
in a sequence-specific manner (35). miRNAs have been
demonstrated to play multiple functional roles in biological
processes, such as cell developmental control, regulation, and
the occurrence of various diseases, particularly cancer, due
to their high abundance, sequence conservation and tissue
specificity (5). Due to their different expression patterns and
functions, miRNAs involved in tumorigenesis may be clas-
sified as oncogenes or tumor suppressors in different human
cancers (36); thus, miRNAs may be used as novel targets or
markers for detection, prognosis, diagnosis and therapy (37).
In recent years, a number of studies have identified aberrant
expression of miRNAs in ovarian tumorigenesis leading to
OC (38). miR-26a was identified as a tumor suppressor in a
number of human cancers. miR-26a was shown to exert an
antiproliferative effect on prostate cancer cells by decreasing
survival and migration and inducing cell cycle arrest and
apoptosis (9). In gastric cancer, miR-26a promoted cell prolif-
eration, migration and invasion, and phosphatase and tensin
homolog was identified as a direct target of miR-26a (10).
miR-26a was demonstrated to enhance the metastatic poten-
tial of lung cancer cells by targeting glycogen synthase kinase
(GSK)3p of the B-catenin pathway; miR-26a expression was
found to be negatively correlated with GSK3f expression
in patients with lung cancer, and overexpression of GSK3p
reversed the enhancing effect of miR-26a on lung cancer
cell migration and invasion. In addition, integrin 8 (13),
lin-28 homolog B (39) and matrix metalloproteinase-2 (11)
have also been identified as targets in lung cancer. miR-26a
has been proven to be associated with metastasis, survival
and apoptosis in breast cancer, acts as a tumor suppressor
and serves as a prognostic marker (15,16). The proliferation,
migration and invasion of hepatocellular carcinoma (HCC)
cells can also be inhibited by miR-26a by targeting diverse
genes and pathways, such as the epithelial-to-mesenchymal
transition (40), interleukin-6-Stat3 (13) and PI3K/Akt (23)
pathways, and low miR-26a levels were found to be closely
associated with metastasis and progression of HCC (19-21).
In bladder cancer (18), colorectal cancer (23) and mela-
noma (25), miR-26a was found to play the same functional
roles. In recent years, the expression of miR-26a has been
reported to be low in OC tissues and cells, further investi-
gation demonstrated that the proliferation of OC cells was
inhibited while their apoptosis was induced by miR-26a,
suggesting that miR-26a downregulation may be predic-
tive of poor prognosis in epithelial OC (41,42). Moreover,
TCF12 was found to be highly expressed in OC patients in
our recent study (43), and its overexpression was correlated
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with histological grade and metastasis of OC, whereas
TCF12 downregulation inhibited the growth, migration and
invasion of OC cells and promoted apoptosis. In the present
study, the expression of miR-26a was also found to be low
in OC patients and cell lines, whereas the expression of
TCF12 was high, and low miR-26a expression was statisti-
cally significantly correlated with high TCF12 expression.
To the best of our knowledge, the present study was the first
to demonstrate that TCF12 is a direct target of miR-26a by
the dual luciferase reporter assay. The expression of TCF12
in OC cells was inhibited by miR-26a at both the mRNA
and protein levels. Furthermore, the proliferation, migration
and invasion of SK-OV-3 and A2780 cells were inhibited by
miR-26a through suppression of TCF12, whereas apoptosis
was induced.

Therefore, the findings of the present study suggest that
upregulation of miR-26a may inhibit metastasis and promote
apoptosis in OC cells by targeting TCF12, which may be a
potential strategy for OC treatment.
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