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Abstract: The aberrant highly expressed T-cell factor 4 (TCF4) has been determined to be closely connected with 
carcinogenesis of cutaneous squamous cell carcinoma (cSCC) in previous studies. However, the underlying regula-
tory network and the potential therapeutic targets of TCF4 in SCC are still not fully understood. In this study, the 
highly expressed TCF4 was observed in human cSCC cancer compared to the paired adjacent tissues. A431 cell 
lines with TCF4 RNA silencing were found to be the repressive cell proliferation and invasion as well as the enhanced 
apoptosis. Furthermore, RNA-Seq was conducted and observed that 147 genes were up-regulated (including 113 
coding genes and 34 lncRNA) while 172 genes were down-regulated (including 64 coding genes and 108 lncRNA) 
in TCF4 silencing compared to blank RNAi and untreated control A431 cells. 18 pathways including steroid, porphy-
rin, arachidonic acid, and retinol metabolism, as well as the functions associated with angiogenesis, inflammatory 
response, and cell adhesion were involved in the differentially expressed genes of A431 cells with TCF4 silencing. 
Finally, ChIP-qPCR of TCF4 and β-catenin were performed and we found that the enrichments of β-catenin were lost 
on the promoters on top ten down-regulated genes in A431 cells with TCF4 silencing compared to the untreated 
A431. Additionally, in untreated A431 cells, some genes such as ALDH8A1, DRICH1, and UGT1A5 were observed 
with high enrichment of TCF4, but without β-catenin, which indicated a Wnt/β-catenin independent way of TCF4 for 
gene transcriptional regulation. In conclusion, we declared that TCF4 played an important role in tumorigenesis 
of skin cancer via the aberrant activation of variety of signaling pathways, and could be considered as a potential 
therapeutic target for cSCC treatment.
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Introduction

Skin cancers are arisen from the uncontrolled 
growth of abnormal skin cells which primarily 
developed on the exposure to ultraviolet (UV) 
radiation from sunlight or tanning beds. Skin 
cancers are classified as basal cell carcinoma, 
cutaneous squamous cell carcinoma (cSCC), 
and melanoma. Epidemiologic studies have 
declared that cSCC accounts for 20% of total 
skin cancer with the continuously increasing 
incidence worldwide and poses a threat for 
public health [1, 2]. A significant subset of cS- 
CC has the propensity for poor outcomes [3]. 
Besides the cause of UV exposure, the genetic 
reasons, especially the disabled DNA damage 
repair for UV, induced cyclobutene pyrimidine 

dimers contribute to the cSCC development [4]. 
Moreover, the regulatory network for cell grow- 
th, apoptosis, and invasion had also attracted 
the attention in carcinogenesis of cSCC.

T-cell factor 4 (TCF4) is a high mobility group 
(HMG) box-containing transcription factor, whi- 
ch is broadly expressed in various tissues. Fur- 
thermore, TCF4 has been determined to acti-
vate Wnt/β-catenin signaling pathway in multi-
ple cancers including colon cancer, hepatocel-
lular carcinoma, and osteosarcoma [5-7]. Silen- 
cing the aberrant expression of TCF4 can effi-
ciently repress the tumor cell growth and prolif-
eration, which indicates that TCF4 plays an 
oncogenic role and can be served as a poten- 
tial therapeutic target for cancer treatment. 

http://www.ijcep.com
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However, the roles and the underlying mecha-
nism of TCF4 in the carcinogenesis and devel-
opment of cSCC are not fully understood.

In this study, we blocked TCF4 in A431 cSCC 
cell lines using RNAi, and investigated the ef- 
fect of morphology and transcriptome of skin 
cancer cells. Besides the Wnt/β-catenin signal-
ing pathway, we also observed that other regu-
latory pathways also changed upon TCF4 kno- 
ckdown. Our study attempted to illustrate the 
crucial role of TCF in the focus of the regulatory 
mechanism underlying signaling pathway and 
network in cSCC and provided the potential 
therapeutic targets for cSCC treatment.

Materials and methods

Clinical samples

Ten paired cSCC and adjacent normal tissues 
were collected by the First Affiliated Hospital  
of the Army Medical University from 2015-
2017. The clinical information of the patients 
was listed in Table 1. Signed informed consent 
and ethics committee documents of Ethics 
Committee of The First Affiliated Hospital of  
the Army Medical University were all provided 
to approve this study.

Immunohistochemistry

5 µm paraffin tissue sections were taken and 
dewaxed by hydration and immediately put into 
3% H2O2 methanol to remove endogenous ca- 
talase. After incubation for 10 min, antigens 
were retrieved. After that, sections were added 
to the citric acid buffer, boiled for 2 min, and 
naturally cooled at room temperature. Follow- 

ing, drops of 5% BSA blocking solution was 
added and placed at room temperature for 30 
min in terms of which drops of TCF4 antibody 
were added and stored at 4°C overnight. After 
restoration to room temperature, the second-
ary anti-goat antibody and S-P reagent was 
added and the mixture was washed thrice with 
PBS. After DAB coloration, counterstain, dehy-
dration until transparency, and timely mount-
ing, microscopic examination was performed. 
The positive staining was statistically analyzed 
using Image J.

Cell culture

cSCC A431 cell lines (ATCC, USA) were cul- 
tured within Dulbecco’s Modified Eagle Me- 
dium (DMEM) with 1.5 mM L-Glutamine and 
10% Fetal Bovine Serum (FBS) (Thermo Fish- 
er Scientific, USA) in an incubator of 37°C, 5% 
CO2 and appropriate humidity. Three TCF4 
siRNA oligo (siRNA_1: 5’-GGAGUUGGUUCUG- 
UAUUAUUU-3’, siRNA_2: 5’-CCGGGAAAGUUU- 
GGAAGAA-3’, siRNA_3: GACCCAUUCUUAUUU- 
CAAUUU-3’) was (GenePharma, China) trans-
fected into A431 cells by lipofectamine 2000 
(Thermo Fisher Scientific, USA) to validate the 
effectiveness. The siRNA (Sense: 5’-UUCUC- 
CGAACGUGUCACGUTT-3’, Antisense: 5’-ACGU- 
GACACGUUCGGAGAATT-3’) with no significant 
sequence similarity to human gene sequence 
was also treated as a blank control. Non-treat- 
ed A431 cell was used as a negative control.

Methylthiazoletetrazolium (MTT) assay

Cells were passaged into 96-well plates with a 
density of 1 × 10^5 cells/well, and treated with 
a gradient concentration of 0.2, 0.4, 0.8, and 
1.6 mg/ml MTT (Sinopharm Chemical Reagent, 
China) for 6 hour incubation. Then, they were 
washed by PBS twice, and incubated for 10 
minutes with 200 μl DMSO in the dark, followed 
by detection of the absorbance value at 570 
nm by a microplate reader (BioTek, Winooski, 
USA). Each concentration was conducted in 
three individual experiments and calculated 
the IC50 to assess the cell proliferation.

Transwell assay

Matrigel (BD Bioscience, Franklin Lakes, USA) 
was thawed at 4°C, and diluted with a 1 mg/ml 
final concentration within 100 μl serum free-
cold cell culture medium and gel and placed 

Table 1. The clinical information of the pa-
tients are listed
Serial number Age (year) Gender Stage
cSSC_1 51 F III
cSSC_2 48 F IV
cSSC_3 61 M IV
cSSC_4 69 F III
cSSC_5 41 M III
cSSC_6 64 F IV
cSSC_7 54 F IV
cSSC_8 58 M III
cSSC_9 62 M IV
cSSC_10 49 M III
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into the upper chamber of 24-well transwells. 
The tumor cell population with 1 × 10^6/ml 
density was sub-cultured on the matrigel. The 
lower chamber of the transwell was filled with 
600 μl culture medium containing 5 μg/ml 
fibronectin. An adhesive substrate was incu- 
bated at 37°C for 24 h. The plates were re- 
moved from the transwells and stained with 
Triarylmethane dye Methanol Diff-Quick solu-
tion I (Yeasen, China) for 15 s and washed in 
solution II for another 15 s. The invaded cells 
were counted under a light microscope for  
evaluating cell invasion after air drying.

TUNEL assay

The 6-well plate was fixed by 4% paraformalde-
hyde for 1 h at room temperature and washed 
by PBS, then blocked with 3% H2O2 methanol 
solution at room temperature for 10 min, and 
permeabilized using 0.1% Triton X-100. TUNEL 
reaction mixture (Roche, USA) was freshly pre-
pared by mixing label solution and enzyme 
solution (9:1) together and incubated with cells 
at 37°C for 60 min in a humidified atmosphere 
in the dark. After 3 times washing with PBS, 
cells were detected in the 515-565 nm wave-
length. Apoptotic index was calculated using 
the following formula: Apoptotic value = (posi-
tive cell number/total cell number) * 100%.

Western blot

Cells with a density of approximately 70-80% 
were removed from the medium and washed  
by cold PBS twice, then added 200 µl SDS load-
ing buffer (100 mM Tris-HCl pH = 6.8, 4% SDS, 
0.2% bromophenol blue, 20% glycerol, 200 mM 
DTT), and gently transferred the total proteins 
into a new eppendorf tube. After performing 
protein denaturalization at 100°C for 10 min, 
samples were loaded on 10% SDS-PAGE gel 
and the proteins were separated under 90 V for 
2 h, then transferred onto the nitrocellulose 
membranes under 30 V at 4°C overnight. 10% 
non-fat milk was used to block the non-specific 
antigens at 4°C at least for 6 h. Primary anti-
bodies of TCF4 (1:2000) and β-actin (1:5000) 
(CST, USA) were added and incubated for 2 h, 
then followed by the horseradish peroxidase-
conjugated secondary antibodies (1:10000) for 
1 h at room temperature. Protein bands were 
detected by ECL Plus (Solarbio, USA) and ana-
lyzed using Image J. β-actin was used as a load-
ing control.

Chromatin immunoprecipitation (ChIP)

Cells were fixed in 1% paraformaldehyde and 
quenched by 0.125 M glycine in room tem- 
perature. After washing by PBS, cells were 
treated with lysis buffer and sonicated (90 
cycles of 30 s on/30 s off with high power) into 
200-300 bp. 10% whole cell lysis were stored 
as input. 1 μg antibodies of TCF4 and β-cate- 
nin (Abcam, Cambridge, UK) were respectively 
incubated with the rest of lysis at 4°C over-
night, followed by an additional 2 hour-pull 
down at 4°C by protein-A beads (Thermo Fish- 
er Scientific, Waltham, USA). The beads were 
washed by 500 mM LiCl and 200 mM NaCl 
twice, then purified by the DNA phenol-chloro-
form methods.

qPCR assay

Cells with a density of approximately 70-80% 
were removed from the medium and wash- 
ed by cold PBS twice, then added 1 ml RNAiso 
plus (Takara, Japan) for total RNA extraction 
and assessed the quality control as well as the 
concentration using Nanodrop (Thermo Fisher 
Scientific, USA). 1 µg RNA was conducted re- 
verse transcription using Transcriptor High 
Fidelity cDNA Synthesis Kit (Roche, USA) and 
detected the mRNA level using FastStart Uni- 
versal SYBR Green Master (Roche, USA).

For qPCR, the conditions were set at 95°C for 
30 s, followed by 40 cycles of 95°C 5 s, 60°C 
10 s, 72°C 30 s. Ct values were harvested to 
calculate the mRNA levels. Primers designed to 
encompass about 150 bp around the target 
regions were listed in Table 2.

RNA-seq

Total RNA of A431 cells was extracted using 
Trizol (Thermo Fisher Scientific, USA) according 
to the manufacturer’s protocol. 2 μg of RNA in 
each group were used for library preparation by 
NEBNext Ultra Directional RNA Library Prep Kit 
for Illumina (NEB, USA) following manufactur-
er’s recommendations and were sequenced on 
an Illumina Hiseq platform. The raw data was 
trimmed adaptors and filter out low quality 
reads using Trimmomatic [8], and checked the 
quality of clean reads using Fastqc [9]. Next, 
clean reads were aligned to the latest human 
genome assembly hg38 using Hisat2 [10]. The 
transcripts were assembled and the expression 
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levels were estimated with FPKM values using 
the StringTie algorithm with default parame- 
ters [11]. Differential mRNA and lncRNA expre- 
ssion among the groups were evaluated using 
an R package Ballgown [12], and we computed 
the significance of differences by the Benjamini 
& Hochberg (BH) p-value adjustment method. 
Gene annotation is described by Ensembl ge- 
nome browser database (http://www.ensembl.
org/index.html). The R package ClusterProfiler 
was used to annotate the differential genes 
with gene ontology (GO) terms and Kyoto Ency- 
clopedia of Genes and Genomes (KEGG) path-
ways [13]. RNA sequencing data was deposited 
to ArrayExpress assigned with the accession 
number E-MTAB-7372.

Statistical analysis

The experimental data was processed with SP- 
SS 20 software. Students’t-test was used for 
comparison of the difference between groups. 
p-value less than 0.05 was were considered as 
statistical significance.

protein level was also validated (Figure 2B), 
which indicated that TCF4 silencing A431 cell 
model was well prepared. The effect of TCF4 
silencing was furthermore studied in A431 
cells. We observed that TCF4 knockdown could 
suppress the cell proliferation (Figure 2C) and 
invasion (Figure 2D), as well as enhance the 
cell apoptosis (Figure 2E). Collectively, Inter- 
ference of TCF4 expression played a tumor 
repressive role in cSCC.

The differential expressed genes upon TCF4 
silencing in A431 cells

Next, we harvested A431 cells treated with 
siRNA_1 in a period of 48 h for transcriptome 
sequencing. Deep sequencing of mRNA librar-
ies generated a total 192 M, 200 M, and 162 M 
reads in NC, BL, and TCF4 silencing groups 
respectively and mapped to the human geno- 
me 38 (Ensemble Genomes release 92) using 
HISAT2. Approximately 80% reads were unique-
ly mapped and 20% of these reads were mis-
matches. Furthermore, less than 1.5% of all 

Table 2. All the primers and nucleotides used in this 
study are listed
Gene symbol Sequence
TCF4 F: 5’-GCTCCTCCGATTCCGAGG-3’

R: 5’-TGTTAGAGACAATGTGT-3’
β-actin F:5’-CTCCCTGGAGAAGAGCTACGAGC-3’

R: 5’-CCAGGAAGGAAGGCTGGAAGAG-3’
BLOC1S5-TXNDC5 F: 5’-AGGGTCCGATCGATGGGAGC-3’

F: 5’-TTCGTTATCGTTATGCTAC-3’
ZNF497 F: 5’-ACGGCTGCGGGCGAGCTAGC-3’

F: 5’-ACCGGGCGTGCTAGCCC-3’
FP565260.2 F: 5’-CGGCTGCCCTTGGCCCGAC-3’

F: 5’-AGGCATCTAGCTCCAAAAAT-3’
TBC1D3 F: 5’-ACCATGGCTGAAGTGGACC-3’

F: 5’-TGTTTTTGACCTGGGACCA-3’
UGT1A5 F: 5’-CCACAATTTAGGAAAAACA-3’

F: 5’-AAGGGGTGCTGGGGTGCA-3’
AD000671.1 F: 5’-AGCTGGGCGATGGGTGCTGA-3’

F: 5’-GTGTGCGTGGCAAGCCA-3’
AL159163.1 F: 5’-TGTTGGCGTGCAGGCAA-3’

F: 5’-CCGTGGGGGCTGGAAAGG-3’
ARL2-SNX15 F: 5’-CCGGTAAACCAAATGAAA-3’

F: 5’-ACAGGTGGGCCAGGAACA-3’
ALDH8A1 F: 5’-TTGGGGTGCATGTTAATTG-3’

F: 5’-ACTGGTGTGCTGATGCTGA-3’
DRICH1 F: 5’-TGGTGCATGTGCGATGCTGA-3’

F: 5’-ACCTAGTGAGTCGAGACAA-3’

Results

The expression of TCF4 in human cSCC 
tissues

Initially, ten cases of human cSCC and 
paired adjacent tissues were investigated 
with the expression of TCF4. We observed 
substantially high expression of TCF4 in 
cSCCs compared to normal control (Fig- 
ure 1A). Meanwhile, the abundant distri- 
bution of β-catenin in nucleus suggested 
that wnt/β-catenin signaling pathway was 
aberrantly activated in cSCCs (Figure 1B). 
Taken together, our data validated that 
TCF4 was up-regulated in skin cancers.

Verification of silenced TCF4 in A431 
cSCC cells

Next, the effect of TCF4 RNAi was tested  
in A431 cells using different siRNAs, and 
processing times. We observed that the 
transcriptional level of TCF4 was obviously 
blocked upon siRNA_1 until 48 h com-
pared to the blank (BL) and negative con-
trol (NC) groups (Figure 2A). TCF4 was 
slightly elevated at 72 h compared to 48 h, 
which indicated that the transient trans-
fection of siRNA might gradually lose the 
efficacy after 48 h. Consistent with the 
change of mRNA, the decrease of TCF4 
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reads mapping to rRNAs indicated the high 
quality of our RNA libraries preparation without 
poly-A selection (Table 3). StringTie was used to 
quantify the gene expression with FPKM distri-
bution (Figure 3A) and presented the differen-
tially expressed genes among the three groups. 
Hierarchical clustering analyzed using edgeR 
revealed that the overall transcriptome of BL 
and NC groups were close to each other com-
pared to TCF4 knockdown group, which sug-
gested that TCF4 knockdown might lead to an 
obvious transcriptional alteration of downstre- 
am genes (Figure 3B). A total of 409 signifi- 
cantly differential expressed mRNAs were har-
vested, including 147 up-regulation and 172 
down-regulation in A431 cells with TCF4 silen- 
cing compared to two controls (Figure 3C). The 

apparent decrease of TCF4 (FC = 0.06684, q = 
1.17E-15 vs BL and FC = 0.07793, q = 6.01E-
14 vs NC) was confirmed the successful cell 
model of TCF4 silencing in our study. Further- 
more, the top ten differentially up- or down-reg-
ulated mRNAs were observed more than ten-
fold change in TCF4 silencing groups compar- 
ed to two control groups (Table 4).

The gene ontology analysis of differentially ex-
pressed genes in A431 cells induced by TCF4 
silencing

Next, the differentially expressed genes were 
characterized by the functional and signaling 
pathway enrichment using the GO analysis. The 
differential mRNAs enrolled in 319 BPs, 19 

Figure 1. The expression of TCF4 in cSCC tissues. Immunohistochemical analysis of TCF4 (A) and β-catenin (B) in 
cSCC cancer tissues.TCF4 and β-catenin positive cell nuclei are also detected in the cSCC (20 ×). Magnified im-
ages (100 ×) are shown at the bottom. Data is presented as the mean ± standard error of the mean of five picked 
individual fields.
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CCs, and 27 MFs were shown the top 20 clas-
sifications (Figure 4A). Besides Wnt/β-catenin 
signaling pathway, we also noticed that other 
GO terms such as cell cycle, reactive oxygen 
species, and cell proliferation regulation were 
tightly connected with TCF4 silencing. Further- 
more, KEGG pathway enrichment analysis on 
the differentially expressed mRNAs showed 
that 22 pathways such as MAPK, Insulin, FoxO, 
and Rap1 signaling pathways were associated 
with TCF4 silencing (Figure 4B).

The effect of wnt/β-catenin signaling pathway 
regulated by TCF4 silencing

To explore the mechanism of the transcription 
change of the differential expressed genes 
from RNA-seq, ChIP-qPCR of TCF4 and β-cate- 
nin were performed to investigate the top ten 
down-regulated genes. Besides the remarkable 
down-regulation of TCF4 enrichment (Figure 
5A), β-catenin was also observed to weaken 
the binding ability on the promoters of these 
genes in A431 cells with TCF4 silencing com-
pared to the untreated A431 (Figure 5B). How- 
ever, in untreated A431 cells, we found that 
ALDH8A1, DRICH1, and UGT1A5 were highly 

enriched by TCF4 but not β-catenin, which 
implied that TCF4 might regulate gene expres-
sion via wnt/β-catenin dependent and inde- 
pendent ways in cSCC. Collectively, our results 
showed that TCF4 silencing led to the down-
regulation of plenty of genes.

Discussion

TCF4 encodes a high mobility group (HMG) box-
containing transcription factor, and is widely 
expressed in multiple cell types, including bra- 
in, fat, endometrium, bladder, lung, ovary, and 
placenta [14] and functions in many cell line- 
age specific functions, such as development of 
lymphocytes, neurogenesis, myogenesis, eryth-
rogenesis, and melanogenesis [15, 16]. More- 
over, TCF4 also plays a crucial role in regulat- 
ing the development of colorectal cancer [17], 
osteosarcoma [7], hepatocellular carcinoma 
[18], and glioma [19], which is consistent with 
our results in cSCC tissues (Figure 1). More- 
over, our results present that TCF4 knockdown 
can exert an inhibitory effect on the ability of 
cSCC growth and invasion (Figure 2C-E), which 
suggests that TCF4 plays a conservative role  
in various types of cancer.

Figure 2. The effect of TCF4 knockdown in A431 cells. The RNA (A) 
and protein (B) of TCF4 in A431 cells with siRNA treatment. The as-
says of MTT (C), transwell (D), and TUNEL (E) in A431 cells with TCF4 
knockdown. All data is presented as the mean ± standard error of three 
individual experiments. “*” means p value less than 0.05 vs control.
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Table 3. The summary of RNA-seq data

Sample name TCF4  
silencing-1

TCF4  
silencing-2

TCF4  
silencing-3 BL-1 BL-2 BL-3 NC-1 NC-2 NC-3

Raw reads 59346774 50942620 51720876 66320140 62381800 71570870 75780786 59406874 57284324
Total Raw Bases 8902016100 7641393000 7758131400 9948021000 9357270000 10735630500 11367117900 8911031100 8592648600
Clean reads 57622428 49050358 49702562 64953840 61164470 70274744 74029002 57709138 55874626
Total Clean Bases 8538237820 7206368995 7250768344 9335013886 8737262491 10032724492 10531848522 8454245384 8198181238
Mapped Reads 54826548 46247765 47532757 61942552 58392210 67550514 70744365 54326922 53369303
Mapped Ratio 95.15% 94.29% 95.63% 95.36% 95.47% 96.12% 95.56% 94.14% 95.52%
Uniqed Mapped Reads 45051633 38200608 39142453 51515467 48568769 56467620 59137519 44646460 44184233
Uniqed Mapped Ratio 78.18% 77.88% 78.75% 79.31% 79.41% 80.35% 79.88% 77.36% 79.08%
mismatch Ratio 21.57% 20.94% 20.73% 20.24% 20.45% 19.76% 19.70% 21.00% 20.59%
rRNA Ratio 1.12% 1.13% 0.81% 1.51% 1.51% 1.55% 1.38% 1.32% 1.47%
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Figure 3. The differentially expressed genes in A431 
cells with TCF4 knockdown. A. The FPKM distribution 
of all RNA-seq data; B. The heatmap of the differen-
tially expressed genes in RNA-seq data. Color bars 
above the heatmap represent sample groups: red is 
for up-regulated genes and blue is for down-regulated 
genes; C. Comparison of the differentially expressed 
genes between TCF4 silencing vs NC and BL.

TCF family as one of the responders of Wnt/β-
catenin signaling pathway in nucleus, can be 
activated by β-catenin and regulate the tran-
scriptional activity of downstream targets [20]. 
In the absence of Wnt signaling, repressive 
TCFs such as TCF3 are bound to Wnt-respons- 
ive cis-regulatory modules (W-CRMs). Transdu- 
cing-like enhancer of split (TLE) family likely  
play a role in repression of many targets in the 
absence of activated β-catenin signaling. Upon 
Wnt stimulation, TCF3 is replaced by activating 
TCFs such as TCF1, and TCF4, which recruit 
β-catenin and other co-activators on W-CRMs. 
Nevertheless, TCFs are also found to function 
as an additional β-catenin-independent man-
ner in the absence of Wnt signaling [21]. To 
date, the presence of multiple TCFs in verte-
brates supports that different TCFs have spe-
cialized transcriptional functions [22]. TCF4 dis-
plays a more dedicated and higher binding 

affinity to TLEs compared to other members. In 
present study, the cutaneous squamous cell 
carcinoma of A431 cells showed 359 signifi-
cantly expressed genes upon TCF4 silencing 
compared with the negative control. And we 
observe that TLE2 is obviously up-regulated 
after TCF4 silencing, which indicates that TLE2 
will replace the occupation of TCF4 on W-CRMs 
after TCF4 direct knockdown even if Wnt/β-
catenin signaling is activated. Consistently, GO 
enrichment and KEGG pathway enrichment 
analysis both show that Wnt pathway are in- 
volved in A431 cells with TCF4 silencing (Fig- 
ure 4A, 4B). In our case, the intersection of  
the differentially expressed genes between 
TCF4 silencing groups vs NC groups and vs BL 
groups only suggests TLE2 in Wnt/β-catenin 
signaling pathway, while the union of these two 
lists of differentially expressed genes includes 
58 genes associated with Wnt/β-catenin sig-
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Among differentially expressed mRNAs, 
PIK3R3 [23], SPRR3 [24], SSTR5 [25], 
UCP3 [26], and TREM1 [27] were previ-
ously identified in other skin related dis-
eases. Beyond that, we also notice that 
MAPK, Insulin, and Rap1 signaling path-
ways are impacted by TCF4 knockdown 
in A431 cells. These pathways were pre-
viously determined to connect with TCF4 
in other diseases or tissues, which is 
consistent with previous studies. For 
example, MAPK pathway could antago-
nize the activity of Wnt/β-catenin and 
change the abundance of TCF4 in intes-
tine [28, 29], while Insulin and Rap1 sig-
naling can both affect β-catenin then 
regulate the down-stream targets in 
breast cancer and squamous cell carci-
noma [30, 31].

Finally, when we were validating the tran-
scriptional regulation of the differential- 
ly expressed genes controlled by TCF4, 
we unexpectedly noticed that ALDH8A1, 
DRICH1, and UGT1A5 are highly enrich- 
ed by TCF4, but not β-catenin in untreat-
ed A431 cells (Figure 5B), which implies 
that in cSCC cells with TCF4 aberrant 
activation, TCF4 may play a wnt/β-cate- 
nin independent role in gene transcrip-
tion regulation. Given this observation, 
only inhibition of Wnt/β-catenin may not 
be enough to govern the entire trans- 
criptome affected by TCF4 derived gene 
regulation.

In summary, our findings declared that 
TCF4 played an important role in tum- 
origenesis of skin cancer via the aber-
rant activation of variety of signaling 
pathways, and could be considered as  
a potential therapeutic target for cSCC 
treatment.
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mRNAs between TCF4 knockdown and BL of A431 cells
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AL121753.1 6.519502008 8.146131155 UP
NTS 3.971182187 7.859366667 UP
PMFBP1 7.8194 7.8194 UP
ABI3BP 2.652916394 7.696448981 UP
KRTDAP 9.097996361 7.651036685 UP
CHRNA3 7.627933333 7.627933333 UP
UGT2A1 3.794288161 7.090133333 UP
MMP12 3.276427312 6.521653282 UP
PCDHGC4 10.4486595 6.469675949 UP
AC007192.1 0.167244252 0.166266976 DOWN
CCK 0.32248702 0.155695335 DOWN
GKN1 0.17356792 0.155074824 DOWN
RBAK-RBAKDN 0.18842055 0.151754505 DOWN
C9orf153 0.233265316 0.150907753 DOWN
ISLR2 0.143325339 0.144711518 DOWN
CLDN24 0.171342411 0.144078379 DOWN
SPRR3 0.202340639 0.142937614 DOWN
AC011499.1 0.104644835 0.125296535 DOWN
DRICH1 0.105618555 0.09633138 DOWN
ALDH8A1 0.402452276 0.095431078 DOWN
ARL2-SNX15 0.012196332 0.094747514 DOWN
TCF4 0.066840154 0.077930377 DOWN
AL159163.1 0.031868853 0.057750725 DOWN
AD000671.1 0.030956334 0.041680734 DOWN
UGT1A5 0.02104863 0.030842057 DOWN
TBC1D3 0.037179374 0.025986581 DOWN
FP565260.2 0.003968639 0.015417036 DOWN
ZNF497 0.021368889 0.015368627 DOWN
BLOC1S5-TXNDC5 0.000409573 0.001191535 DOWN

naling pathway, such as TCF7, WNT2B, WNT3A, 
WNT7B, and WNT8B. Given the results above, 
we declare that TCF4 silencing substantially 
impacts Wnt/β-catenin signaling pathway in 
cutaneous squamous cell carcinoma cells.

None.
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Figure 4. Functional classification and pathway analysis of differentially expressed genes. (A) Gene ontology (GO) 
and (B) KEGG analysis of differentially expressed genes of TCF4 silencing vs NC and BL.
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