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Expression of TCF3 in Wilms' tumor and its regulatory role
in kidney tumor cell viability, migration and apoptosis in vitro
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Abstract. Wilms' tumor (WT) is a major type of kidney
cancer in children; however, the therapeutic measures for
control of tumor metastasis, recurrence and death for this
type of cancer remain unsatisfactory. The present study
aimed to verify the expression of T-cell factor 3 (TCF3) in
WT, and to explore its role in regulating the viability, migra-
tion and apoptosis of kidney tumor cells. Tumor tissues were
collected from 10 patients with WT, and adjacent tissues were
collected as normal controls. The expression levels of TCF3
were detected in WT tissues and adjacent tissues by reverse
transcription-quantitative PCR (RT-qPCR), western blotting
and immunohistochemistry. In addition, TCF3 expression
was silenced in G401 kidney tumor cells via small interfering
RNA transfection. Cell viability, cell cycle progression and
cell apoptosis were assessed using the MTT assay and flow
cytometry; the migration and invasion of kidney tumor cells
were examined using Transwell and wound-healing assays;
and the expression levels of Wnt signaling pathway-related
genes (Wntl, B-catenin and c-myc) were detected by RT-qPCR
and western blotting. The results revealed that the expres-
sion levels of TCF3 were high in WT tissues from patients.
Silencing TCF3 expression in G401 kidney tumor cells
in vitro significantly inhibited cell viability and migration, and
promoted cell apoptosis. Moreover, silencing TCF3 expression
in G401 cells inhibited the expression levels of Wnt signaling
pathway-related genes. Overall, these data indicated that
TCF3 may be involved in WT development through regula-
tion of Wnt signaling pathways. The findings of the present
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study provide a novel potential marker for the treatment and
prognostic evaluation of WT.

Introduction

Wilms' tumor (WT) is the most common renal malignancy
in children, ranking second among all primary abdominal
malignancies in European children and fifth among all
childhood malignancies in terms of incidence; notably, it
accounts for 95% of pediatric renal tumors (1,2). According
to statistics, WT accounts for 8-10% of all pediatric tumors
worldwide (3). Although a comprehensive treatment approach
has been developed for WT and refined for patients with an
overall good prognosis, the prognosis is poor for patients with
tumors that develop embryonic phenotypes after preoperative
chemotherapy, and 13% of patients with WT relapse within
2 years of diagnosis (1,4). In addition, malignant metastasis
can occur in late-stage disease, and the mortality rate of WT
is still 5% (5). Therefore, exploring the molecular mechanism
underlying WT cell proliferation, metastasis and invasion
to identify a method to intervene in tumor development and
improve the treatment approach is important.

T-cell factor (TCF) 3 is an important member of the
TCF/lymphoid enhancer-binding factor (LEF) family, which
includes TCF1, TCF3, TCF4 and LEF1 (6,7). It was previously
reported that loss of the TCF3 gene could lead to the death of
early embryos (8). Furthermore, TCF3 is expressed in some
poorly differentiated malignant tumors (9); however, the role
and mechanism of TCF3 in malignant tumors have been
less well studied. Kehl ez al (10) demonstrated that TCF3 is
a potential master regulator in blastemal WT, and that TCF3
and other regulators serve a central role in drug-resistant
chemotherapeutic blastemal WT. The Wnt/B-catenin signaling
pathway is a highly conserved key signaling pathway in
mammalian cells, which is closely related to the occurrence
and development of renal carcinoma (11,12). TCF3 is one of the
effector molecules of the classical Wnt signaling pathway (13),
which regulates cell proliferation and activation, and is closely
related to tumor occurrence and development (14). Previous
studies have shown that TCF3 plays an important role in the
development of human tumors, such as renal carcinoma (15),
embryonal carcinoma (9) and breast cancer (16). However, few
studies have examined the role and mechanism of TCF3 in
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WT, and the relationship between the Wnt signaling pathway
and WT is not clear.

The present study preliminarily measured TCF3 expres-
sion in WT, and then silenced TCF3 expression in G401 kidney
tumor cells in vitro via small interfering RNA (siRNA)-medi-
ated knockdown. Subsequently, the present study assessed the
effect of TCF3 knockdown on the viability, apoptosis, migra-
tion and invasion of G401 cells in vitro, and investigated the
possible molecular mechanisms. Furthermore, to illuminate its
regulatory mechanism in kidney tumor cells in vitro, TCF3 in
the regulation of the Wnt pathway was studied. The aim of the
present study was to provide a theoretical basis for develop-
ment of a drug targeting TCF3 for WT.

Materials and methods

WT samples. WT tissues (n=10) and adjacent tissues (n=10)
were obtained from five girls and five boys (age range, 1-8 years)
with resection surgery between June 2018 and September
2020 from Kunming Children's Hospital (Kunming, China).
The mean distance between WT and adjacent tissue was
~2 cm. Written informed consent for the use of tissue samples
in the present study was obtained from the parents/guardians
of the patients. The present study was approved by the
Medical Ethics Committee of Kunming Children's Hospital
(approval no. 2020-03-105-K01). None of the patients received
any medication, radiotherapy or chemotherapy before the
operation. The tissue samples were quickly separated from
the surgical specimen, rinsed with sterile saline and fixed
with 4% paraformaldehyde (cat. no. P1110; Beijing Solarbio
Science & Technology Co., Ltd.) for 48 h at room temperature.
Unfixed tissue samples were frozen in liquid nitrogen in a
cryopreservation tube and then stored in a -80°C freezer for
reverse transcription-quantitative (RT-q)PCR and western
blotting.

Hematoxylin & eosin (HE) staining. The WT and adjacent
tissue samples were dehydrated, embedded in paraffin, sliced
(5 ym), dewaxed with xylene, washed with a series of ethanol
solutions and rinsed with 1X phosphate-buffered saline (PBS).
For HE staining (cat. no. G1120; Beijing Solarbio Science &
Technology Co., Ltd.), the tissue sections were stained with
hematoxylin solution for 10 min at room temperature, washed
with running water, differentiated with 0.5% hydrochloric acid
ethanol solution for 3-10 sec, stained with eosin solution for
2 min, and then sealed after dehydration and clearing. Sections
were observed under a light microscope (Nikon Corporation).

Immunohistochemistry (IHC). The sections (5 gm) were fixed,
paraffin embedded, dewaxed and washed as aforementioned
and subjected to antigen retrieval with 0.01 M citric acid
buffer (pH 6.0) for 15 min at 100°C and 80 kPa, then cooled at
room temperature. Subsequently, the cells were blocked with
5% goat serum (cat. no. SL0O38; Beijing Solarbio Science &
Technology Co., Ltd.) for 15 min at room temperature. The
sections were incubated with anti-TCF3 antibody (1:100 dilu-
tion; cat. no. 67140-1-Ig; Wuhan Sanying Biotechnology) at 4°C
overnight. The slices were washed with PBS-0.05% Tween-20
(PBST) and incubated with horseradish peroxidase
(HRP)-conjugated goat anti-mouse antibody (1:200 dilution;

cat. no. SAOO001-1; Wuhan Sanying Biotechnology) for 2 h at
room temperature. Staining of the sections was detected using
an Elivision™ super HRP IHC kit (cat. no. KIT-9922; MXB
Biotechnologies) and the sections were observed under a light
microscope (Nikon Corporation). The mean optical density
(MOD) of each section was measured using ImageJ2 software
(National Institutes of Health).

Cell culture and cell transfection. The G401 kidney tumor
cell line was purchased from the Cell Bank of Kunming, Type
Culture Collection of The Chinese Academy of Sciences.
Cells were authenticated using STR profiling. The cells were
cultured in McCoy's 5A (modified) medium (cat. no. 16600082;
Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS
(cat. no. S9020; Beijing Solarbio Science & Technology Co.,
Ltd.) at 37°C in a 5% CO, cell incubator. The G401 cells were
seeded into a 6-well plate at 3x10° cells/well. When the cells
were well adhered and had reached ~70% confluence, they were
transfected with 30 pmol TCF3 siRNA (5'-AAGCAACAA
AACATACACT-3") or negative control (NC) siRNA (5'-TTC
TCCGAACGTGTCACGT-3') synthesized by the Invitrogen
company using Lipofectamine® 2000 (cat. no. 11668019;
Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. The cells were divided into three
groups for subsequent experiments: The control group, which
did not undergo transfection and the cells grew normally;
the NC group, which was transfected with NC siRNA; and
the TCF3 siRNA group, which was transfected with TCF3
siRNA. After transfection for 48 h, the cells were collected for
subsequent experiments.

RT-gPCR. Total RNA was extracted from tissues and
from cells 48 h post-transfection using an RNA Simple
kit (Tiangen Biotech, Co., Ltd.), and the RNA concentra-
tion and purity were determined using a micro nucleic acid
quantitative analyzer. Subsequently, RNA was reverse tran-
scribed into cDNA using the PrimeScript RT Reagent kit
(cat. no. RR036Q); Takara Biotechnology Co., Ltd.) according
to the manufacturer's instructions, and cDNA was amplified
via qPCR using TB Green Premix Ex Taq II (cat. no. RR420A;
Takara Biotechnology Co., Ltd.) as follows: 95°C for 5 min;
followed by 40 cycles of 95°C for 15 sec and 60°C for 60 sec.
The primers were synthesized by Shanghai Sangon Biotech
Co., Ltd., and the sequences were as follows: TCF3, forward
5'-AGGAGAAGGAGGACGAGGAG-3' and reverse, 5'-AAA
GGCCTCGTTGATGTCAC-3"; Wntl forward, 5'-CGGCGT
TTATCTTCGCTATC-3' and reverse, 5-GCCTCGTTGTGA
AGGTT-3"; B-catenin forward, 5'-GAAACGGCTTTCAGT
TGAGC-3' and reverse, 5'-CTGGCCATATCCACCAGAGT-3;
c-myc forward, 5~ AAAGGCCCCCAAGGTAGTTA-3' and
reverse, 5'-GCACAAGAGTTCCGTAGCTG-3'; and B-actin
forward, 5'-GCTCTTTTCCAGCCTTCCTT-3' and reverse,
5'-GAGCCAGAGCAGTGATCTCC-3". B-actin served as the
internal control for RT-qPCR. Relative expression levels were
calculated using the 2244 method (17).

Western blotting. After transfection for 48 h, total protein
was extracted from tissue and cells using RIPA lysis buffer
(cat. no. POO13B; Beyotime Institute of Biotechnology), and
the total protein concentration was determined using a BCA
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kit (cat. no. POO12; Beyotime Institute of Biotechnology).
Each protein sample (30 xg) was separated on a 10% gel using
SDS-PAGE and then transferred onto a PVDF membrane
(cat. no. FFP36; Beyotime Institute of Biotechnology).
The membranes were blocked with 5% non-fat milk
in 1X PBST (cat. no. P0216; Beyotime Institute of
Biotechnology) for 2 h at 4°C and incubated with primary
antibodies against TCF3 (1:1,000; cat. no. 67140-1-1g),
Whntl (1:2,000 dilution; cat. no. 27935-1-AP), -catenin
(1:1,000 dilution; cat. no. 51067-2-AP), c-myc (1:1,000 dilu-
tion; cat. no. 10828-1-AP) and f-actin (1:1,000 dilution;
cat. no. 66009-1-Ig) (all from Wuhan Sanying Biotechnology)
overnight at 4°C. After washing with 1X PBST (cat. no. P1031;
Beijing Solarbio Science & Technology Co., Ltd.), the
membranes were probed with goat anti-rabbit IgG-HRP
secondary antibodies (1:5,000 dilution; cat. no. SA00001-2)
or goat anti-mouse IgG-HRP secondary antibodies (1:5,000
dilution; cat. no. SA0O0001-1) (both from Wuhan Sanying
Biotechnology) for 1 h at room temperature. Subsequently,
protein bands were observed using an enhanced chemi-
luminescence kit (cat. no. PO018S; Beyotime Institute of
Biotechnology) on a Bio-Rad Gel Imaging Analysis system
(GelDoc XR+ IMAGELAB; Bio-Rad Laboratories, Inc.).
[-actin served as an internal control. ImageJ 2x software was
used to semi-quantify the protein bands.

MTT assay. After transfection for 48 h, MTT solution
(cat. no. M1020; Beijing Solarbio Science & Technology
Co., Ltd.) was added to each well and cultured with the cells
(5x10% for 4 h at 37°C. The culture solution was discarded
and then 150 1 DMSO was added to each well. The culture
plate was placed on an oscillator and shaken for 10 min at
room temperature to fully dissolve the purple crystals. The
absorbance values of each well were measured at 570 nm using
a microplate reader (Bio-Rad Laboratories, Inc.) and the cells
optical density (OD) value was recorded.

Flow cytometry. After transfection for 48 h, an
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) detection kit (cat. no. C1062L; Beyotime Institute
of Biotechnology) was used to analyze cell apoptosis.
After transfection, the cells (1x10°%) were harvested with
0.25% trypsin, incubated with 10 ul Annexin V-FITC at 4°C
for 30 min and then incubated with 5 ul PI solution for 15 min
at 4°C in the dark. The stained cells were detected using BD
FACSCanto IT flow cytometry (BD Biosciences) with CellQuest
software (version 5.1; BD Biosciences). Early apoptotic cells
were Annexin V-FITC-positive and PI-negative, and late apop-
totic cells were Annexin V-FITC-positive and PI-positive. The
cell apoptosis rate is presented as the percentage of cells in the
early and late apoptotic phases.

A cell cycle analysis kit (cat. no. C1052; Beyotime
Institute of Biotechnology) was used to analyze cell cycle
progression according to the manufacturer's instructions.
After transfection for 48 h, the cells (1x10°) were harvested
with 0.25% trypsin. Subsequently, the cells were fixed with
1 ml precooled 70% ethanol at 4°C for 2 h. Subsequently,
0.5 ml PI staining solution was added to each cell sample,
and the cells were incubated at 37°C for 30 min in the
dark. Red fluorescence was detected via BD FACSCanto II

flow cytometry (BD Biosciences) with CellQuest software
(version 5.1; BD Biosciences) at an excitation wavelength of
488 nm.

Cell invasion assay. The cell invasion assay was performed
using Transwell chambers (8 pm; cat. no. 3422; Corning, Inc.)
coated with Matrigel (cat. no. 356234; Corning, Inc.) at 37°C
for 30 min. Briefly, 300 ul of a 5x10° cells/ml suspension
(McCoy's 5A medium without FBS) was added into the upper
chamber and 500 yul medium (with 10% FBS) was added to
the lower chamber. After transfected for 48 h in the Transwell
chambers, the invaded cells were fixed in 90% alcohol at
room temperature for 10 min, stained with 0.1% crystal violet
at room temperature for 30 min and observed under a light
microscope (Olympus Corporation).

Cell migration assay. Cell migration was detected using a
cell wound-healing assay. When cell confluence reached
90%, 1-ml sterile pipette tips were used to draw a straight
vertical line across each plate. The plates were washed with
PBS three times to remove the suspended cells, and 2 ml
medium with 10% FBS (cat. no. S9020; Beijing Solarbio
Science & Technology Co., Ltd.) was added. Subsequently,
images of the cells were captured and assessed under a light
microscope, and cells were then transfected with TCF3
siRNA or NC siRNA. After transfection for 48 h, images
of the cells were captured and assessed under a light micro-
scope, the migration distance was measured using ImageJ
(version 2) software, and the migration ratio of the cells in
each group was calculated.

Statistical analysis. Each experiment was repeated three times
independently. Data are expressed as the mean + standard error
of the mean. Using GraphPad Prism 5.0 software (GraphPad
Software Inc.), differences between two groups were compared
using Student's t-test (paired), and differences among three or
more groups were compared using one-way ANOVA followed
by Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

TCF3 expression in WT tissues and adjacent tissues. To
measure the expression levels of TCF3 in patients with WT,
WT and adjacent tissues were assessed via IHC, RT-qPCR
and western blotting. HE staining was used to detect histo-
pathological tissue morphology. The HE staining results
revealed that the glomerulus (green arrowhead) and kidney
tubules (black arrowhead) were intact in the adjacent tissue
group, whereas the tumor cells in the WT tissues were diffuse
or patchy, cells appear short fusiform or elliptical, partially
deviated nucleoli and pathological mitoses (arrow; Fig. 1A).
TCF3 protein was mainly localized in the nuclei of the
kidney tumor cells (Fig. 1B). TCF3 protein expression was
detected via IHC, and the results revealed that TCF3 expres-
sion was much higher in WT tissues compared with that in
adjacent tissues (Fig. 1B). The MOD of TCF3 expression was
significantly increased in WT tissues compared with that in
adjacent tissues (Fig. 1C). Furthermore, RT-qPCR (Fig. 1D)
and western blotting (Fig. 1E) revealed that the mRNA
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Figure 1. TCF3 expression in WT tissues. WT tissues and adjacent tissues were collected to detect the expression levels of TCF3. (A) Hematoxylin and eosin
staining of WT and adjacent tissues (scale bar, 50 ym). The glomerulus (green arrowhead) and kidney tubules (black arrow) were intact in the adjacent tissue
group. Tumor cells in the WT tissue were diffuse or patchy and cells appeared short fusiform or elliptical with partially deviated nucleoli (arrow). (B) TCF3
expression in WT and adjacent tissues determined by immunohistochemistry (scale bar, 50 ym). (C) MOD of TCF3 was semi-quantified using ImageJ]2
software. (D) Reverse transcription-quantitative PCR and (E) western blotting were performed to detect the mRNA and protein expression levels of TCF3. All
experiments were repeated at least three times. Data are presented as the mean + standard error of the mean and were analyzed via Student's t-test. “P<0.01
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and " P<0.001 compared with the adjacent tissue group. MOD, mean optical density; TCF3, T-cell factor 3; WT, Wilms' tumor.

and protein expression levels of TCF3 were significantly
increased in WT tissues compared with those in adjacent
tissues. The results demonstrated that changes in TCF3 were
consistent at the protein and mRNA levels (Fig. 1D and E).
These results suggested that patients with WT may exhibit
high TCF3 expression.

Effect of TCF3 silencing on the viability, cell cycle progression
and apoptosis of G401 kidney tumor cells. To investigate the
effect of TCF3 silencing on G401 kidney tumor cell viability,
cell cycle progression and apoptosis, the cells were transfected
with TCF3 siRNA or NC siRNA, RT-qPCR and western
blotting were performed to detect the transfection efficiency
and expression levels of TCF3, MTT assays were performed
to assess cell viability, and flow cytometry was performed
to assess cell cycle distribution and apoptosis. RT-qPCR
(Fig. 2A) and western blotting (Fig. 2B and C) revealed
that the mRNA and protein expression levels of TCF3 were
significantly decreased in the TCF3 siRNA group compared
with those in the control and NC groups. As shown in Fig. 2D,
the OD value in the TCF3 siRNA group was lower than that
in the control and NC groups. The cell cycle analysis results
showed an increase in G,/M-phase cells, which was accom-
panied by a decrease in G,/G,- and G,/M-phase cells, in the
TCF3 siRNA group compared with the control and NC groups
(Fig. 2B and C). The apoptosis assay results revealed that the
percentage of apoptotic cells was higher in the TCF3 siRNA
group than that in the control and NC groups (Fig. 2D and E).
These results indicated that silencing TCF3 expression could

inhibit the viability and promote the apoptosis of G401 kidney
tumor cells.

Effect of TCF3 silencing on the migration and invasion of
G401 kidney tumor cells. To investigate the effect of TCF3
silencing on the migration and invasion of G401 kidney tumor
cells, wound-healing and Transwell assays were performed.
The results of the wound-healing assay demonstrated that
the cell migration ratio was decreased in the TCF3 siRNA
group compared with that in the control and NC groups
(Fig. 3A and B). The results of Transwell assays revealed that
the number of invasive cells in the TCF3 siRNA group was
significantly lower than that in the control and NC groups
(Fig. 3C); quantification of cells stained with crystal violet
is shown in Fig. 3D. These results suggested that TCF3 may
promote the migration and invasion of G401 kidney tumor
cells.

Effect of TCF3 silencing on the mRNA and protein expression
levels of Wnt pathway-related genes in G401 kidney tumor
cells. A previous study reported that Wnt pathway activation
is associated with TCF3 (18). Therefore, to further investigate
the effect of TCF3 silencing on genes involved in the Wnt
signaling pathway, the mRNA and protein expression levels of
Wnatl, B-catenin and c-myc in the Wnt signaling pathway were
detected using RT-qPCR and western blotting. The results
of RT-qPCR demonstrated that the mRNA expression levels
of Wntl, B-catenin and c-myc were significantly lower in the
TCF3 siRNA group compared with those in the control and
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Figure 2. Effect of TCF3 silencing on the viability, cell cycle progression and apoptosis of G401 kidney tumor cells. Reverse transcription-quantitative PCR
(A) and western blotting (B) were performed to detect the mRNA and protein expression levels of TCF3 in all groups. (C) Semi-quantification of western
blotting was performed using ImagelJ2 software. (D) MTT assays were performed to detect viability. (E) Cell cycle distribution was determined. The effect of
TCF3 silencing on the (F) cell cycle progression and (G) apoptosis of G401 kidney tumor cells were examined via flow cytometry. (H) Percentage of apoptotic
cells was quantified. Control group, untransfected cells; NC group, cells transfected with NC siRNA; TCF3 siRNA group, cells transfected with TCF3 siRNA.
All experiments were repeated at least three times. Data are presented as the mean + standard error of the mean and were analyzed via one-way ANOVA with
Tukey's post hoc test. "P<0.05, “P<0.01 and ““"P<0.001 compared with the control group; "P<0.05, ”P<0.01 and “*P<0.001 compared with the NC group. FITC,
fluorescein isothiocyanate; NC, negative control; OD, optical density; PI, propidium iodide; siRNA, small interfering RNA; TCF3, T-cell factor 3.

NC groups (Fig. 4A). The results of western blotting regarding  expression levels. Compared with those in the control and NC
changes in the protein expression levels of Wntl, B-cateninand  groups, the protein expression levels of Wntl, B-catenin and
c-myc were consistent with the changes detected in the mRNA  c-myc were significantly decreased in the TCF3 siRNA group
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(Fig. 4B and C). These results indicated that TCF3 silencing
may inactivate the Wnt signaling pathway in G401 kidney
tumor cells.

Discussion

In the present study, the expression of TCF3 in WT tissue
was higher than that in normal adjacent tissue, and the results
in vitro and in vivo suggested that high TCF3 expression may
promote G401 cell viability and WT development. The effects
of TCF3 silencing on kidney tumor cell viability, apoptosis,
migration and invasion were investigated via MTT assay,
flow cytometry, and cell migration and invasion assays. The
results revealed that the viability, migration and invasion of
G401 kidney tumor cells were significantly decreased after
TCF3 was silenced. In addition, when TCF3 was silenced, the
percentage of apoptotic G401 cells was significantly increased,
the proportion of G,/G, phase cells was decreased and the
proportion of G,/M phase cells was significantly increased.
These results indicated that TCF3 silencing may inhibit
G401 kidney tumor cell viability, migration and invasion, and
promote apoptosis.

TCF3 is acommon transcription factor that regulates tumor
cell proliferation, migration and invasion (19). The present
study revealed that TCF3 regulated the viability, migration
and invasion of kidney tumor cells. TCF3 is also one of the
final effector molecules of the highly conserved classical
Wht signaling pathway in mammalian cells, which is closely
related to tumor occurrence and development (20). TCF3 has
dual regulatory functions: TCF3 binds to the Groucho/TLE
family of transcription inhibitors to inhibit gene transcription
in the absence of Wnt signaling (21,22); however, TCF3 binds
to B-catenin to promote gene transcription in the presence of
Wht signaling (22). In addition, TCF3 has different regulatory
roles for different Wnt target genes (23). Overexpression of
TCF3 has been reported to stimulate division of human hair
follicle bulge epidermal progenitor cells; TCF3 detaches from
the corresponding gene promoter when the Wnt pathway is
activated and target gene transcription is activated to enhance
the division activity of pluripotent stem cells (18). The present
study revealed that TCF3 silencing inactivated the Wnt pathway
in kidney tumor cells. TCF3 has also been shown to promote
the ability of breast cancer cells to initiate the formation of
tumor tissue and maintain the growth of cancer cells (16).
Conversely, the prognosis of patients with colon cancer was
reported to be worse in patients with low TCF3 expression, and
the absence of TCF3 was shown to cause colon cancer cells
to proliferate faster and metastasize more easily (24). Thus,
TCF3 serves an important role during the course and devel-
opment of cancer, and it may have different roles in various
tumor types. In the present study, TCF3 was revealed to have
a positive role in the development of WT. Although TCF3 has
been shown to be a potential master regulator in blastemal
WT, the effect of TCF3 expression on kidney tumor cells was
unclear in the present study, and exploring WT pathogenesis
and finding novel targets for diagnosis and treatment is still of
great significance (25).

The cell cycle-related gene c-myc is a target gene of the
Wnat signaling pathway (26,27). The Wntl/B-catenin signaling
pathway is known to be related to tumor development (28-30).

Genes related to the Wnt signaling pathway, such as Wntl and
[-catenin, have an important role in tumor cell proliferation,
dedifferentiation and metastasis (31,32). The present study
hypothesized that TCF3 might affect the viability of kidney
tumor cells by regulating the Wntl/B-catenin signaling pathway
and its target gene c-myc. To investigate this hypothesis, the
expression levels of TCF3, Wntl, [3-catenin and c-myc were
detected using RT-qPCR and western blotting. The results
revealed that in G401 kidney tumor cells, TCF3 silencing
significantly inhibited the mRNA and protein expression
levels of TCF3, Wntl, f-catenin and c-myc. The downregu-
lation of Wnt signaling pathway-related genes after TCF3
knockdown in G401 cells suggested that TCF3 may serve a
role in transcriptional activation of Wnt signaling in kidney
tumor cells. One possible mechanism is that a large amount
of dissociated f-catenin enters the nucleus when the Wnt
pathway is activated, at which point TCF3 binds to -catenin,
forming a transcriptional activator that regulates Wnt target
genes (33). Thus, TCF3 silencing could inactivate the Wnt
pathway and inhibit the Wnt pathway target gene c-myc. These
results indicated that TCF3 silencing may inhibit the malig-
nant biological behavior of kidney tumor cells, and that TCF3
siRNA may suppress the viability of G401 cells by inhibiting
the expression of Wnt signaling pathway-related genes.

To the best of our knowledge, the present study is the first
to demonstrate the important role of TCF3 in the biological
function of kidney tumor cells in vitro. TCF3 silencing was
shown to suppress the viability, migration and invasion, and
promote the apoptosis of G401 kidney tumor cells in vitro by
regulating the expression of Wnt signaling-related genes at the
cellular level. The present study provided novel insight into
the molecular mechanism underlying the effects of TCF3 on
kidney tumor cells and may indicate a path towards a novel
treatment for WT. In subsequent in-depth studies, animal
experiments should be conducted to confirm that TCF3
silencing can contribute to inhibition of kidney tumor develop-
ment in vivo.
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