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Introduction

Although the incidence and mortality rate of gastric cancer 
(GC) have declined among the Chinese population in the 
past two decades, GC ranks third for both incidence and 
mortality in China and has a 5-year survival rate of less than 

50% (1,2). Therefore, there remain many challenges in 
managing GC therapy and prognosis. The progress in key 
areas, including potential therapeutic targets and prognostic 
markers, is needed to ensure that clinicians have the ability 
to attenuate the burden of GC. 
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Lymphoid enhancer-binding factor 1/T cell factor 
[LEF1/TCF family members comprise four nuclear factors, 
including LEF1, TCF1 or TCF7, TCF3 or TCF7L1, and 
TCF4 or TCF7L2], and function as the effectors of the 
Wnt signaling pathway (3). It has been reported that the 
individual TCFs exert distinct functions (4). LEF1 is an 
activator of transcription, while TCFs have been linked 
to messenger RNA (mRNA) alternative splicing and 
promoter usage (4). TCF4 was originally discovered to be a 
transcription activator, and TCF4 gene expression is partially 
overlapped with that of the LEF1 gene (5,6). Usually, 
the high expression of TCF4 is present in lymphocytes, 
esophageal squamous cell carcinoma, ovarian cancer, and 
lung adenocarcinoma (7-10). In GC progression, TCF4 
interacts with CHAF1A to accelerate tumor cell growth  
in vitro and in vivo via activating the transcription of c-MYC 
and cyclin D1 (11). The disturbance of β-catenin and TCF4 
dimerization can suppress GC proliferation, epithelial-
mesenchymal transition, cancer stem cell proliferation, 
and metastasis (12-15). Nuclear translocation of TCF4 
correlates with lymph node metastasis in GC (16). However, 
the prognostic significance and biological function of 
TCF4 in the progression of GC have not been extensively 
investigated.

In this study, we employed the online bioinformatics tool 

Gene Expression Profiling Interactive Analysis (GEPIA; 
http://gepia.cancer-pku.cn/) (17) to assess the expression 
levels of the LEF1/TCF family members in GC tissues. Our 
analysis revealed that the transcripts and mRNA expression 
levels of LEF1, TCF3, TCF4, and TCF7 were significantly 
elevated in GC tissues compared to normal tissues. 
Specifically, a high expression of TCF4 was found to be 
associated with advanced tumor stage, overall survival (OS) 
in GC. Subsequent in vitro experiments were conducted to 
investigate the impact of TCF4 on GC cell proliferation, 
migration, and invasion. TCF4 knockdown will decrease 
GC cell proliferation, migration, and invasion in vitro. 
TCF4 may be a potential therapeutic target and prognostic 
marker for GC. We present this article in accordance with 
the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-1290/rc).

Methods

Clinical specimens

GC (n=55) and adjacent nontumor tissues (n=55) were 
collected from the Inner Mongolia Hospital Beijing 
Hospital of Traditional Chinese Medicine and maintained at 
−80 ℃ for the detection of mRNA expression. Prior to the 
collection of samples, informed consent forms were obtained 
from patients diagnosed with GC. The study received 
approval from the Ethics Committee of the Inner Mongolia 
Hospital Beijing Hospital of Traditional Chinese Medicine 
(No. 2017001045). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Cell culture and transfection

Normal gastric epithelial cell line GES-1 and GC cell 
lines (AGS, MGC-803, and SGC-7901) were procured 
from the Cell Bank of China Academy of Sciences and 
maintained in Dulbecco’s Modified Eagle Medium (DMEM) 
(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA) 
supplemented with 10% fetal bovine serum (FBS) (Thermo 
Fisher Scientific) in a humidified incubator (Thermo Fisher 
Scientific). Small interfering RNA (siRNA) targeting 
TCF4 was synthesized by GenePharma (Shanghai, China) 
as si-TCF4, while that for the control was synthesized 
as si-Con. Lipofectamine 2000 (Invitrogen) was used to 
transfect si-Con and si-TCF4 into GC cells for 48 h at 
37 ℃ following the manufacturer’s instructions. The cell 
experiment involved three biological replicates in each 
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group. Real-time quantitative polymerase chain reaction 
(RT-qPCR) was utilized to confirm the transfection 
efficacy of si-TCF4, with si-TCF4 variants exhibiting 
inhibition rates exceeding 70% being selected for further 
cellular investigations. The mitigation of off-target effects 
was achieved through the refinement of transfection 
parameters, purification of si-RNA, and the inclusion of 
si-Con and RT-qPCR techniques. The sequences of si-
TCF4 and si-Con were listed as follows: si-TCF4 sense (5'-
3'): GAAAGGAAUCUGAAUCCGAAATT and antisense 
(5'-3'): UUUCGGAUUCAGAUUCCUUUCTT; si-Con 
sense (5'-3'): GCCAUGGCAAGGUCGGUAAGCTT and 
antisense (5'-3'): GCUUACCGACCUUGCCAUGGCTT. 
The optimal transfection conditions were determined to be 
a cell density of 5×103 cells for a duration of 48 h. Under 
these conditions, the gene expression of TCF was reduced 
by over 80% when the siRNA concentration was set at  
30 nM. The cell experiment involved three biological 
replicates in each group.

RT-qPCR

The 7500 Real-Time PCR system (Applied Biosystems, 
Thermo Fisher Scientific) with TaqMan Universal PCR 
Master Mix (Thermo Fisher Scientific) was used for 
the detection of mRNA expression. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was employed as 
the internal control, and the relative gene expression 
levels were determined using the 2−ΔΔCq method [20]. 
The primers were used as follows: TCF4  forward 
5 ' - C A A G C A C T G C C G A C TA C A ATA - 3 ' ,  T C F 4 
reverse  5 '-CCAGGCTGATTCATCCCACTG-3' , 
myocy te  enhancer  f a c tor  2C (MEF2C )  f o rward 
5'-CCAACTTCGAGATGCCAGTCT-3', and MEF2C 
reverse 5'-GTCGATGTGTTACACCAGGAG-3'.

Western blot

The experimental procedures involving Western blot 
analysis were conducted in accordance with previously 
published methods (18). Proteins were extracted using 
radioimmunoprecipitation assay (RIPA) buffer (Beyotime 
Institute of Biotechnology, Haimen, China). Following 
a blocking step with 5% skim milk, the membrane was 
incubated with primary antibodies at 37 ℃ for 2 h. The 
primary antibodies used for TCF4 (catalog number: 
ab217668; dilution: 1:1,000) and MEF2C (catalog number: 

ab227085; dilution: 1:1,000) were procured from Abcam 
(Cambridge, UK). After incubation with primary antibodies, 
the membranes were incubated with the appropriate 
horseradish peroxidase-conjugated secondary antibody 
(cat. no. ab205718; dilution: 1:10,000; Abcam) at 37 ℃ 
for 1 h. Protein bands were visualized using an enhanced 
chemiluminescence kit (Thermo Fisher Scientific). Signals 
were analyzed with Quantity One® software version 4.5 (Bio 
Rad Laboratories, Inc., Hercules, CA, USA).

Cell proliferation, migration, and invasion, and apoptosis

Cell viability was assessed using a methylthiazolyldiphenyl-
tetrazolium bromide (MTT) Cell Proliferation/Viability 
Assay kit from R&D Systems, Inc. (Minneapolis, MN, 
USA). Transwell migration assays were conducted using 
Transwell plates with an 8-μm pore size and without 
Matrigel, while Transwell invasion assays were carried 
out using Transwell plates with an 8-μm pore size and 
Matrigel in MGC-803 and SGC-7901 cells. Cell apoptosis 
was detected using a TdT-mediated dUTP nick end 
labeling (TUNEL) assay from the Beyotime Institute of 
Biotechnology following the manufacturer’s instructions.

Bioinformatics analysis

A GEPIA dataset was used to detect LEF/TCF mRNA 
based on The Cancer Genome Atlas (TCGA) and 
Genotype-Tissue Expression (GTEx) databases as 
described previously (19). TCF4-related genes (top 50) 
in GC were predicted based on the TCGA dataset using 
spearman correlation coefficient with gene expression 
levels (19). The functions of TCF4 and the related genes 
were predicted using Gene Ontology (GO) in the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID; https://david.ncifcrf.gov/summary.jsp). A protein-
protein interaction (PPI) network was integrated into the 
Search Tool for the Retrieval of Interacting Genes/Proteins 
(STRING) database (version 11.0, updated on January 19, 
2019) using Cytoscape software (version 3.7.8). The size 
of the circles representing gene symbols, as well as the 
thickness and depth of the connecting lines, were analyzed 
using Cytoscape software visualization to elaborate the 
strength of correlation. A GEPIA dataset online tool was 
used to analyze the OS and recurrence-free survival (RFS) 
of patients with GC based on the expression of LEF1/TCF 
and MEF2C mRNA expression in GC tissues (20). 
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Statistical analysis

Statistical analysis was conducted using SPSS version 19.0 
(IBM Corp., Armonk, NY, USA). The Student t-test or 
the Wilcoxon rank-sum test was used to assess variances 
between two groups, while intergroup differences were 
evaluated via one-way analysis of variance. The Kaplan-
Meier method was used to analyze OS and RFS. Spearman 
correlation analysis is used to analyze the correlation of 
genes. The chi-squared test and Fisher’s exact test were 
employed for categorical factors. A P value below 0.05 
denoted statistical significance.

Results

LEF1/TCF expression in GC tissues

First, we investigated LEF1, TCF4, TCF7, and TCF3 
mRNA expression in GC tissues using the GEPIA dataset. 
The results demonstrated that LEF1, TCF4, TCF7, and 
TCF3 transcripts and mRNA expression were significantly 
increased in GC tissues compared with normal tissues 
(Figure 1A,1B). 

The association between LEF1/TCFs and tumor stages, 
OS, and RFS

As shown in Figure 2A, only LEF1 and TCF4 were 
significantly correlated with tumor stages for GC, whereas 
TCF7 and TCF3 did not show a significant difference. 
To further explore the correlation between the mRNA 
levels of LEF1/TCFs and the survival of patients with 
GC, the Kaplan-Meier Plotter tool was used to analyze 
the prognostic significance of LEF1/TCFs. As shown 
in Figure 2B, high TCF4 expression was associated with 
poorer OS in patients with GC. As shown in Figure 2C, 
those patients with high or low LEF1, TCF4, TCF7, and 
TCF3 expression had on obvious effect on RFS. These 
findings suggest that only high TCF4 expression may be 
a risk factor predictive of poor prognosis OS for patients 
with GC. Baseline information of patients with GC (n=375) 
in TCGA database indicated that high TCF4 expression 
was significantly associated with poor T and pathologic 
stage, histological type, and histologic grade (Table 1). In 
our cohort, no correlation was observed between TCF4 
expression and variables such as age, gender, pathologic 
stage, or Helicobacter pylori (H. pylori) infection (Table 2).

Analysis of TCF4-associated genes

Figure 3A shows the top 50 genes most associated with 
TCF4 in a coexpressive heatmap based on an RNA-
sequencing dataset from TCGA, suggesting that MEF2C is 
the most relevant TCF4-assocatied gene in GC. In addition, 
GO analysis suggested that TCF4-associated genes were 
closely related to cell migration (Figure 3B). As shown 
in Figure 3C, the PPI network analysis also revealed that 
MEF2C was the most relevant TCF4-associated gene.

TCF4 was positively correlated with MEF2C in GC tissues

In our cohort population, we aimed to clarify the association 
of TCF4 and MEF2C expression in the progression of GC. 
Fifty-five pairs of GC tissues and paracancerous tissues were 
collected to assess TCF4 and MEF2C mRNA expression, 
and our findings revealed a significant up-regulation 
of TCF4 (Figure 4A) and MEF2C (Figure 4B) mRNA 
expression in GC tissues as compared to paracancerous 
tissues. Spearman rank correlation corroborated the 
significant positive correlation between TCF4 and MEF2C 
mRNA expression in GC tissues in our cohort population 
(r=0.470; P<0.001; Figure 4C) and TCGA dataset (r=0.880; 
P<0.001; Figure 4D). In addition, the 55 patients with GC 
were divided into two groups, a low TCF4 expression group 
(n=27) and a high TCF4 expression group (n=28) according 
to a fold change of TCF4 mRNA expression greater than 
2. Patients with high TCF4 expression demonstrated a 
decreased OS compared to those with low TCF4 expression 
(Figure 4E). Analysis of the GEPIA dataset revealed a 
significant upregulation of MEF2C mRNA in GC tissues 
relative to normal tissues (Figure 4F). Furthermore, elevated 
MEF2C expression was strongly associated with advanced 
tumor stages (Figure 4G) in patients with GC. However, 
no significant correlation was observed between MEF2C 
expression and OS in patients with GC (Figure 4H).

TCF4 expression was upregulated in GC cell lines

To investigate the function of TCF4 in vitro, the mRNA and 
protein expression of TCF4 was detected in GC cell lines. 
Compared with that in human normal gastric epithelial 
cell line GES-1, the mRNA and protein expression of 
TCF4 was markedly increased in GC cell lines, AGS, 
MGC-803, and SGC-7901 (Figure 5A,5B). Following the 
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transfection of si-TCF4 into MGC-803 and SGC-7901 
cells, TCF4 mRNA expression was significantly reduced by 
over 80% compared to the si-Con group (Figure S1). After 
transfection of si-TCF4 into MGC-803 and SGC-7901 
cells, TCF4 protein expression was significantly reduced 
(Figure 5C,5D), and the MEF2C protein level was inhibited 
after si-TCF4 transfection (Figure 5C,5D).

TCF4 knockdown suppressed proliferation, migration, and 
invasion and induced the apoptosis of GC cells

MTT assay suggested that knockdown of TCF4 led to 
significant inhibition of cell proliferation of MGC-803 
and SGC-7901 cells after 24, 48, and 72 h on a growth 
medium (Figure 6A). After 24-h incubation with growth 
medium, transfection with si-TCF4 markedly suppressed 
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Figure 1 LEF1/TCFs expression in GC tissues. (A) LEF1, TCF4, TCF7, and TCF3 transcripts and (B) mRNA expression in GC and normal 
tissues were evaluated using the GEPIA dataset. T, tumor tissues; N, normal tissues. *, P<0.05. STAD, stomach adenocarcinoma; LEF1, 
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Figure 2 The association between LEF1/TCFs and tumor stage, OS, and RFS. The associations between LEF1/TCFs and (A) tumor stage, 
(B) OS, and (C) RFS were evaluated using the GEPIA dataset. LEF1, lymphoid enhancer-binding factor 1; Pr, probability of P value; TPM, 
transcripts per million; TCF4, T cell factor 4; TCF7, T cell factor 7; TCF3, T cell factor 3; OS, overall survival; HR, hazard ratio; RFS, 
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the migration and invasion of MGC-803 and SGC-7901 
cells (Figure 6B,6C). TUNEL staining indicated that 
transfection with si-TCF4 resulted in a significant increase 
in the number of TUNEL-positive cells, suggesting that 
TCF4 loss of function could induce the apoptosis of GC 
cells (Figure 7A,7B). 

Discussion

Using the GEPIA dataset analysis platform and experiments 
on our own specimens, we confirmed a significant 
upregulation of TCF4 mRNA expression in GC tissues 
compared to normal nontumor tissues. Additionally, 
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Table 1 Baseline information of patients with gastric cancer (n=375) from TCGA database

Characteristics Low expression of TCF4 High expression of TCF4 P value

N 187 188

Age (years), mean ± SD 66.63±10.4 65.02±10.87 0.15

Gender, n (%) 0.78

Female 65 (17.3) 69 (18.4)

Male 122 (32.5) 119 (31.7)

Race, n (%) 0.19

Asian 41 (12.7) 33 (10.2)

Black or African American 7 (2.2) 4 (1.2)

White 108 (33.4) 130 (40.2)

Age, n (%) 0.28

≤65 years 77 (20.8) 87 (23.5)

>65 years 110 (29.6) 97 (26.1)

T stage, n (%) 0.007

T1 15 (4.1) 4 (1.1)

T2 43 (11.7) 37 (10.1)

T3 89 (24.3) 79 (21.5)

T4 39 (10.6) 61 (16.6)

N stage, n (%) 0.07

N0 64 (17.9) 47 (13.2)

N1 51 (14.3) 46 (12.9)

N2 37 (10.4) 38 (10.6)

N3 28 (7.8) 46 (12.9)

M stage, n (%) 0.43

M0 164 (46.2) 166 (46.8)

M1 15 (4.2) 10 (2.8)

Pathologic stage, n (%) 0.004

Stage I 36 (10.2) 17 (4.8)

Stage II 59 (16.8) 52 (14.8)

Stage III 61 (17.3) 89 (25.3)

Stage IV 22 (6.2) 16 (4.5)

Histological type, n (%) 0.001

Diffuse type 21 (5.6) 42 (11.2)

Mucinous type 5 (1.3) 14 (3.7)

Not otherwise specified 109 (29.1) 98 (26.2)

Papillary type 4 (1.1) 1 (0.3)

Signet ring type 4 (1.1) 7 (1.9)

Tubular type 44 (11.8) 25 (6.7)

Table 1 (continued)
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elevated levels of TCF4 mRNA expression were observed 
in GC cell lines. In vitro experiments demonstrated that 
the suppression of TCF4 resulted in a marked inhibition 
of proliferation, migration, and invasion in MGC-803 and 
SGC-7901 cells. These findings suggest that TCF4 plays a 
vital role in maintaining the malignant properties of GC. In 
addition, patients with GC with high TCF4 expression were 

associated with poor T and pathologic stage, histologic 
grade, OS, and RFS, indicating that TCF4 might be a 
potential prognostic marker of GC. 

TCF4, also known as TCF7L2, is a transcriptional 
activator that can enhance the transcriptional activity of 
Wnt/beta-catenin signaling axis, which is a notorious 
signaling cascade contributing to cancer initiation, growth, 

Table 1 (continued)

Characteristics Low expression of TCF4 High expression of TCF4 P value

Histologic grade, n (%) <0.001

G1 5 (1.4) 5 (1.4)

G2 88 (24) 49 (13.4)

G3 90 (24.6) 129 (35.2)

H. pylori infection, n (%) 0.17

No 78 (47.9) 67 (41.1)

Yes 6 (3.7) 12 (7.4)

Owing to the incomplete clinical data for certain patients, the aggregate counts for subgroups including race, age, T/N/M stage, 
pathologic stage, histological type, histologic grade, and H. pylori infection did not total 375. TCGA, The Cancer Genome Atlas; TCF4, 
transcription factor 4; SD, standard deviation; H. pylori, Helicobacter pylori.

Table 2 Baseline information of patients with gastric cancer of our cohort population (n=55)

Characteristics Low expression of TCF4 High expression of TCF4 P value

N 27 28

Age (years), mean ± SD 62.44±12.12 64.51±14.93 0.32

Gender, n (%) 0.49

Female 11 (20.0) 14 (25.5)

Male 16 (29.0) 14 (25.5)

Age, n (%) 0.86

≤65 years 10 (18.2) 11 (20.0)

>65 years 17 (30.9) 17 (30.9)

Pathologic stage, n (%) 0.21

Stage I 10 (18.2) 5 (9.1)

Stage II 9 (16.4) 7 (12.7)

Stage III 6 (10.9) 12 (21.8)

Stage IV 2 (3.6) 4 (7.3)

H. pylori infection, n (%) 0.67

No 22 (40.0) 24 (43.6)

Yes 5 (9.1) 4 (7.3)

TCF4, transcription factor 4; SD, standard deviation; H. pylori, Helicobacter pylori.
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and metastasis via mediation of its target genes cyclin 
D1 and c-Myc (21-24). TCF4 serves as an oncogene to 
facilitate cancer migration, invasion, and drug resistance 
and is upregulated in several cancers, including colorectal 
cancer, acute myelocytic, leukemia, and breast cancer  
(25-27). In addition, TCF4 is a risk factor associated 
with poor prognosis in various cancers (7-9,28). Previous 
findings (11) and our present results indicate that the 
upregulation of TCF4 in GC tissues is positively correlated 
with poor prognosis. Our findings also suggest that TCF4 
loss of function has the ability to inhibit the proliferation, 
migration, and invasion of GC cells in vitro. 

According to TCGA dataset analysis, MEF2C was 
found to be the most relevant TCF4-associated gene in 
GC. MEF2C is a transcription factor uniquely present 
in hematopoietic, muscle, and neuronal lineages (29). It 
is commonly upregulated in leukemia and is associated 

with chemotherapy resistance and poor outcome (29,30). 
Upregulation of brain MEF2C is associated with breast 
cancer brain metastasis (31). MEF2C is an independent 
prognostic factor for predicting the OS of H. pylori-induced 
GC (32). According to our research and analysis of TCGA 
database, MEF2C exhibited a notable upregulation in 
GC tissues in comparison to normal nontumor tissues. 
Moreover, its expression was positively correlated with 
tumor stage and OS in patients with GC. Furthermore, we 
conducted an initial exploration to ascertain the potential 
role of TCF4 in regulating MEF2C expression in GC 
cells. The transfection of si-TCF4 resulted in a significant 
reduction in MEF2C protein levels in vitro. Nevertheless, 
the precise interaction between TCF4 and MEF2C in the 
progression of GC remains to be fully elucidated.

Based on the Wnt signaling pathway, upstream Wnt 
signaling facilitates the accumulation of β-catenin in the 
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cytoplasm. Subsequently, β-catenin translocates into the 
nucleus where it associates with TCF-4. The β-catenin/
TCF-4 complexes activate the transcription of Wnt target 
genes, thereby promoting the proliferation of tumor  
cells (33). These findings indicate that TCF-4 is critically 
involved in tumor development. An immunohistochemical 
analysis of 107 lung cancer samples revealed that 80.3% 
exhibited high TCF-4 expression (33). Mesoderm 

posterior basic helix-loop-helix (bHLH) transcription 
factor 2 competitively binds to TCF4, thereby suppressing 
GC progression through the inhibition of the TCF4/
β-catenin transcriptional complex. This interaction results 
in a reduced occupancy of the complex on the S-phase 
kinase-associated protein 2 promoter and promotes the 
accumulation of p27 (15). The promotion of TCF4 
transcription and the subsequent expression of its 
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Figure 5 TCF4 expression was upregulated in GC cell lines. (A) The mRNA and protein expression of TCF4 in GC cell lines was detected 
using RT-PCR and (B) Western blotting, respectively. (C,D) After transfection of si-TCF4 into MGC-803 and SGC-7901 cells, TCF4 
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Figure 6 TCF4 knockdown suppressed the proliferation, migration, and invasion of GC cells. After transfection of si-TCF4 into MGC-
803 and SGC-7901 cells, (A) cell viability, (B; magnification ×200; scale bar 25 μm) migration, and (C; magnification ×200; scale bar 25 μm) 
invasion were analyzed using MTT and Transwell assays with crystal violet staining. n=3 in each group. *, P<0.05; **, P<0.01; ***, P<0.001. si, 
small interfering; TCF4, transcription factor 4; OD, optical density; GC, gastric cancer; MTT, methylthiazolyldiphenyl-tetrazolium bromide.
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downstream target, MMP7, have the potential to enhance 
the invasive capabilities of GC cells (34). These findings 
indicate that TCF4 may play a role in both the metastasis of 
GC and the β-catenin-mediated progression of the disease. 
While targeted therapeutics for TCF4 are not yet available 
in clinical practice, the present research offers a robust 
theoretical basis for the development of such drugs in the 
future.

Despite our detailed exploration of the potential 
interaction between TCF4 and MEF2C in mediating GC 
progression, our study has several limitations. Firstly, we 
lack evidence to determine whether TCF4 and MEF2C 
interact directly or indirectly. Secondly, our conclusions 
are not supported by in vivo evidence. Thirdly, we need to 
collect a sufficient number of clinical samples to analyze the 
expression levels of TCF4 and MEF2C comprehensively.

Conclusions

Our results suggest that TCF4 is upregulated in GC tissues 

and potentially exerts a carcinogenic role in the progression 
of GC. TCF4 might serve as a prognostic indicator and 
therapeutic target for GC. Furthermore, our findings 
indicate a strong correlation between the expression of TCF4 
and MEF2C, suggesting that simultaneous inhibition of these 
two factors could serve as a promising therapeutic approach 
for GC. Future research endeavors will focus on investigating 
the direct or indirect interplay between TCF4 and MEF2C, 
as well as elucidating the specific mechanisms through which 
these proteins contribute to the progression of GC.
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