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ABSTRACT
TEA domain transcription factor 4 (TEAD4) has been investigated to be implicated in the progres
sion of various cancers, and it plays a role in the esophageal squamous cell carcinoma (ESCC). The 
study was designed to investigate how TEAD4 affected the progression of ESCC through Hippo 
signaling pathway in vitro and in vivo. The interaction of TEAD4 and Yes-associated protein (YAP) 
was detected though immunoprecipitation assay (IP). Following the treatment of TED-347, which 
was able to suppress the interaction of TEAD4 and YAP1, the malignant behaviors of cells 
including proliferation, invasion, and migration were assessed by EDU staining, wound healing, 
and transwell assay in vitro, while tumor growth was measured. Luciferase reporter plasmids 
containing the enhancer and promoter region of serum/glucocorticoid regulated kinase 1 (SGK1) 
were constructed to analyze how TEAD4 affected the transcription of SGK1. The above cell 
behaviors were further analyzed after the silencing of SGK1. Results showed that TED-347 
hindered the promoting effect of TEAD4 overexpression on the malignant behaviors of ESCC 
cells, and this effect was related to the suppression of the TEAD4/YAP1 complex. Moreover, the 
promoter activity of SGK1 was obviously inhibited by TED-347. Decreased expression of SGK1 
suppressed the above behaviors of cells and destroyed the effects of increased expression of 
TEAD4. Collectively, TEAD4/YAP promotes the malignant process of ESCC cells, which was inhib
ited by the interference of SGK1. Targeting TEAD4/YAP1 complex or SGK1 could find application 
in the treatment of esophageal squamous cell carcinoma.
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Introduction

Esophageal cancer is one of the least known and 
deadliest cancers in the world, mainly because of 
its aggressive nature and low survival rate [1]. 
Since most patients with esophageal cancer were 
diagnosed as locally advanced or had distant 
metastases upon hospitalization, the 5-year survi
val rate of patients with esophageal cancer was 
15–25% [2].

YAP and the transcriptional co-activator with 
PDZ-binding motif (TAZ) transcriptional coacti
vator, which are key effectors of the Hippo signal
ing pathway, can enter the cell nucleus to bind to 
TEAD4 or other transcription factors, thereby 
inducing the proliferation process of cells [3]. In 
recent years, the effects of TEAD4 on promoting 
cancer progression have been gradually concerned. 
TEAD4 can form a transcription complex with 
YAP or independently regulate the expression of 
related downstream target genes independent of 
YAP, and play an oncogenic role in gastrointest
inal tumors, leading to the occurrence and pro
gression of tumors [4–8].

Our previous study found that TEAD4 
interference could inhibit the proliferation, 
invasion, and migration of ESCC cells. 
Therefore, the present study further investi
gated how Hippo signally pathway proteins 
that are implicated in the malignant beha
viors of ESCC cells were affected by TEAD4. 
Serum and glucocorticoid-regulate protein 
kinase 1 (SGK1), a serine/threonine protein 
kinase, could form a positive feedback loop 
with TEAD-YAP/TAZ complex [9]. It was 
identified as a potential molecular target for 
the treatment of endometrial cancer, the inhi
bition of which caused autophagy, apoptosis, 
and endoplasmic reticulum stress [10]. 
Additionally, Sgk1 levels in patients with 
ESCC after neoadjuvant chemotherapy have 
been found to be associated with an overall 
worse prognosis [11]. The transcriptional 
upregulation of SGK1 was confirmed to be 
dependent on the TEAD-YAP transcription 
factor-coactivator complex [9]. CTGF was 
identified as one of the induction genes by 
YAP and it was involved in cell growth [12]. 
Based on these, we presented a hypothesis 

that TEAD could formed a complex with 
YAP, which was involved in the malignant 
progression of ESCC cells. This effect could 
be mediated by a downstream target, SGK1. 
Thus, the current study intended to investi
gate whether SGK1 could act as the down
stream target of the TEAD-YAP complex to 
involve in the progression of esophageal 
squamous cell carcinoma.

Methods

Cell line
Human ESCC cell line, KYSE-30, was pur

chased from ATCC (USA) and cultured in RPMI 
1640 medium containing 10% fetal bovine serum, 
100 U/mL penicillin, and 100 mg/L streptomycin 
at 37°C with 5% CO2.

Plasmid transfection
KYSE-30 cells were seeded into a 6-well plate 

(4 × 105 cells) and cultured at 37°C with 5% CO2. 
2 mL DMEM medium containing 10% FBS was 
added to each well. When the cell density reached 
60% ~ 70%, cells were transfected with OV- 
TEAD4, OV-NC, ShRNA – SGK1 or ShRNA-NC 
lentivirus for 12 h (0.5 ml each, HANBIO, 
Shanghai, China). The original medium was dis
carded and 2 mL of DMEM containing 10% FBS, 
105 U· L−1 penicillin, and 100 g· L−1 streptomycin 
was added to each well. The culture was continued 
in the incubator for 36 h. The cells were collected 
for further study.

RT-qPCR
KYSE-30 cells were collected and total RNA was 

extracted using the Trizol method (Tokara, Japan). 
The purity and concentration of total RNA were 
determined by the Ultraviolet Spectrophotometry. 
cDNA was obtained by reverse transcription 
according to the instructions of the reverse tran
scription reaction kit (Tokara, Japan), and PCR 
was performed using cDNA as the template.

Western blot
KYSE30 was collected 48 h after transfection in 

each group. The total protein of each group was 
extracted with RIPA lysis solution (Thermo 
Fisher Scientific). About 80 μg protein sample of 
each group was performed and separated using 
SDS-PAGE. The proteins were transferred to 
polyvinylidene fluoride (PVDF) membranes at 
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low temperature. Proteins were locked using the 
blocking solution at room temperature for 60 min 
and then incubated at 4°C overnight with primary 
antibodies. After being washed by PBS, the sec
ondary antibody labeled with Horseradish perox
idase (HRP) was added and incubated with 
protein bands at room temperature for 50 min. 
Electrochemiluminescence (ECL) method was 
used to develop color. The relative levels of target 
proteins relative to GADPH were calculated.

Immunoprecipitation assay (IP)
The collected cells were lysed on ice for 30 min 

and then centrifuged at 14,000 × g at 4°C for 
15 min. A part of the collected supernatant was 
used to perform Western blotting analysis of 
YAP1 and TEAD4 proteins. Anti-TEAD4 antibody 
(Abcam, England) was added into other part of the 
supernatant for incubation at 4°C overnight. Next, 
Protein A/G agarose was also added for incubation 
for 2 h. Then, the supernatant was discarded after 
the above mixture was centrifuged at 14,000 × g at 
4°C for 15 s. SDS-loading buffer (15 µL) was then 
added to the immunoprecipitation, which then 
was boiled for 5 min and used for Western blot
ting assay.

CCK8 assay
KYSE30 cells in each group were seeded into 

96-well plates and cultured at 37°C, respectively. 
After being cultured for 24, 48, and 72 h, respec
tively, 10 μL CCK8 solution was added to the 
wells. The optical density (OD) at 450 nm was 
detected by an enzyme micrometer after 2 h of 
incubation.

Colony formation assay
KYSE30 cells were digested and resuspended in 

a DMEM medium containing 10% FBS. One thou
sand cells per well were inoculated into six-well 
plates with three multiple wells in each group. 
2 mL DMEM containing 10% FBS was added 
and incubated in an incubator with 5% CO2 for 
2 ~ 4 weeks, when the clonal morphology was 
observed dynamically. When visible clones 
appeared, the culture was stopped. After PBS 
washing for three times, 4% paraformaldehyde 
was added for fixation for 15 min. The cells were 
stained with 5 mL crystal violet for 30 min. After 
being washed with PBS for three times, the cells 
were observed under a 10-fold microscope. The 

isolated cell population with a cell number ≥10 
was taken as a clone.

EDU staining
KYSE30 cells were seeded into a 96-well plate. 

After indicated treatment, 100 µL EdU solution 
was added to cells (Abcam, England). After 2 h, 
EdU solution was discarded and cells were washed 
by PBS twice. Then, cells were fixed using metha
nol solution. Next, the penetrating agent was used 
to incubate cells for 15 min. Subsequently, cells 
were incubated with Apollo staining solution for 
10 min, followed by incubation by DAPI addition 
(100 µL) at room temperature for 30 min. The 
staining result was observed under a fluorescence 
microscope.

Wound healing assay
KYSE30 cells in each group were seeded in six- 

well plates at a concentration of 5*105/well. The 
scratch was drawn evenly with a 100 μL pipette tip. 
After washing with PBS, a serum-free DMEM 
medium was added. After 48 h, the scratch was 
photographed under a fluorescence microscope.

Transwell assay
Matrigel was diluted with a serum-free medium 

at a ratio of 1:8. About 55 μL Matrigel was added 
to the bottom of the chamber. After 1 h, the non- 
solidifying medium was removed. DMEM without 
FBS was used to adjust the cell concentration to 
5*108/L. About 200 μL cell suspension containing 
10% FBS was added into the upper compartment. 
In the lower chamber, 600 μL DMEM containing 
10% FBS was added and incubated at 37°C with 
5% CO2 for 48 h. After that, the cells were taken 
out, the culture medium was discarded, and the 
unpassed cells were carefully wiped off with 
a cotton swab. The cells were washed with PBS 
for three times, and then fixed using 4% parafor
maldehyde for 30 min. One percent crystal violet 
600 μL was used to stain cells for 30 min. The cells 
that were observed in the field were the invading 
cells. Five fields were randomly selected to count 
the number of invading cells.

Animal experiment
Healthy adult male BALB/c nude mice (N = 20, 

6 weeks) were purchased from Beijing Zhishan 
Co., Ltd (Beijing, China), weighing 20 ± 2 g 
(with four in each group). The mice were fed 
with a normal diet and free access to water. In 
the first part of the experiment, the KYSE30 cells 
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with TEAD4 overexpression or TEAD4 overex
pression combined with TED347 treatment were 
injected subcutaneously into the nude mice. In 
the second part of the experiment, the KYSE30 
cells overexpressing TEAD4 or those co- 
transfected with TEAD4 overexpression lentivirus 
and SGK1 silencing lentivirus were injected sub
cutaneously into the nude mice. Starting from the 
3rd day, the body weight and tumor volume were 
weighed every 3 days. After the weight and tumor 
volume were measured on the 21th day, the nude 
mice were anesthetized with ethane and sacrificed 
using the cervical dislocation. Tumor tissue was 
taken out and photographed. The study was 
approved by the ethics committee of West China 
Hospital of Sichuan University.

Immunohistochemical assay
Paraffin section of tumor tissue was prepared 

and then dewaxed for 10 min twice. Then, sections 
were rehydrated with gradient alcohol, 100%, 95%, 
85%, 75% alcohol for 5 min in sequence. After 
being rinsed with PBS for 5 min, the sections 
were incubated with 3% H2O2 at room tempera
ture in the dark for 20 min. Each section was 
dripped with 10% serum about 50 μL and blocked 
at room temperature for 30 min. The primary 
antibody against-Ki67 (abcam, England) was 
added and incubated with the sections at 4°C over
night. Afterward, the primary antibody was added 
and incubated with the sections for 20 min at 37° 
C. About 1 ml of fresh DAB working solution was 
prepared and added to each section (50 μl). The 
color development was stopped after washing by 
running water. Next, the sections were stained 
using Hematoxylin for 2 min. Finally, an appro
priate amount of neutral gum was used to mount 
the sections.

Luciferase reporter gene assay
The SGK1 promoter region and genomic region 

7807 or its mutated region on the YAP1-binding 
motif were cloned into the luciferase reporter gene 
plasmids (HANBIO, Shanghai, China). These plas
mids and OV-TEAD4 or in combination with 
TED-347 were used to co-treat KYSE-30 cells 
using Transfection reagents (thermo scientific) 
for culture for 48 h. Then, after cells were lysed 
using 1XPLB, Luciferase Assay Reagent II (100 μL) 
was added and the intensity of luciferase reaction 
was detected.

Statistical analysis
Data are expressed as the mean ± standard 

deviation. GraphPad 8.0 statistical software 
(USA) was used for all statistical analyses. 
Comparisons among groups were analyzed by 
one-way analysis of variance followed by Tukey’s 
test. P < 0.05 was considered to indicate a statisti
cally significant difference.

Results

TEAD4 interacted with YAP1
To analyze the effect of the overexpression plas

mid of TEAD4 in KYSE30 cells, the transcription 
and translation levels of TEAD4 were, respectively, 
detected through RT-qPCR and Western blot 
assay. Higher expression of TEAD4 at mRNA 
and protein levels have been detected in KYSE30 
cells transfected with OV-TEAD4 plasmids as 
compared to cells with OV-NC transfection 
(Figure 1a, B). TEAD has been confirmed to 
engage in YAP-dependent gene induction, such 
as CTGF [12]. Thus, we wondered whether the 
induction of TEAD4 overexpression affected the 
levels of YAP1 and CTGF. As shown in Figure 1 C, 
D, in comparison to the OV-NC group, 
a significant increase in the expression of YAP1 
and CTGF was observed in the OV-TEAD4 group, 
demonstrating that TEAD4 overexpression pro
moted the expression of YAP1 and CTGF. Next, 
YAP1 was remarkably elevated by Western blot 
assay through analyzing the immunoprecipitation 
which was pulled down by magnetic bead-TEAD4 
antibody complex in KYSE-30 cells and KYSE-30 
cells overexpressing TEAD4 (Figure 1e, F), indi
cating that YAP1 interacted with TEAD4.

TEAD4 promoted proliferation of KYSE-30 
cells by forming a complex with YAP1

In order to test whether TEAD4 plays a role by 
combining with YAP1, TED-347, a covalent allos
teric inhibitor of the TEAD-YAP protein–protein 
interaction, was used to inhibit the interaction 
between TEAD4 and YAP1. The proliferation of 
KYSE-30 cells was markedly enhanced by trans
fecting TEAD4 overexpression plasmids through 
analysis of CCK8 assay, colony formation assay, 
and EDU staining (Figure 2 A–D), but these 
effects were significantly blocked by 10 µm TED- 
347 addition. These results indicated that the role 
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Figure 1. TEAD4 interacted with YAP1 in KYSE30 cells. The overexpression effects of OV-TEAD4 plasmids in KYSE30 cells were 
analyzed through RT-qPCR (a) and Western blot(b). the detection of YAP1 and CTGF expression through RT-qPCR (c) and Western 
blot (d). the analysis of immunoprecipitation pulled down by magnetic bead-TEAD4 antibody for YAP1 and TEAD4 expression in 
KYSE-30 cells (e) and KYSE-30 cell with OV-TEAD4 plasmids transfection (f). The experimental data were presented as mean±SD. 
Asterisks indicate that difference between two groups is statistically significant. **p < 0.01, ***p < 0.001.
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of TEAD in promoting cell proliferation was 
attributed to the formation of the TEAD4-YAP1 
complex.

The interaction of TEAD4 and YAP1 facilitated 
the migration and invasion of KYSE-30 cells

In order to further analyze the possible action 
mechanism of TEAD4-YAP1 interaction, wound 
healing, Transwell assay, and Western blot were, 
respectively, carried out to analyze the migration 
and invasion of KYSE-30 cells. Our data showed 
that TEAD4 overexpression promoted the migra
tion and invasion of KYSE-30 cells (Figure 3a, B). 
Treatment with TED-347 led to a marked decrease 
in the migration and invasion of these cells (Figure 
3a). Additionally, a significant reduction was also 
observed in the expression levels of MMP2 and 

MMP9 after TED-347 treatment, compared to the 
HG group (Figure 3c, D).

The interaction of TEAD4 and YAP1 promoted 
tumor growth

It could be seen in Figure 4a–D that TEAD4 
overexpression could promote esophageal squa
mous cell carcinoma growth and increase mice 
weight compared with the control group. 
However, KYSE-30 cells with TED-347 addition 
could markedly block the effect of TEAD4 over
expression. Then, the tumor tissues in different 
groups were used to perform an immunohisto
chemical assay for the detection of Ki67 expression. 
A significant increase in positive staining of Ki67 
was observed in the OV-TEAD4 group compared 
with the control group, while a significant reduction 

Figure 2. TEAD4-YAP1 complex induced proliferation of KYSE-30 cells. The detection of proliferation of KYSE-30 cells through CCK8 
assay (a), colony formation (b-c) and EDU staining (d). The experimental data were shown as mean±SD. Asterisks or hashes indicate 
that difference between two groups is statistically significant. **p < 0.01, ***p < 0.001 versus Ov-NC, #p < 0.05, ##p < 0.01, 
###p < 0.001 versus OV-TEAD4.
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appeared in the cotreatment group of OV-TEAD4 
and TED-347 (Figure 4e). Additionally, a similar 
trend caused by TEAD4 overexpression or in com
bination with TED-347 treatment was also found in 
MMP2 and MMP9 expression (figure 4f, G).

TEAD4-YAP1 complex promoted the expres
sion of SGK1

From the above results, TEAD4 accelerated the 
deterioration of ESCC in vivo and in vitro by 
forming a complex with YAP1. YAP1 was reported 

to promote the expression of SGK1 [9], so this 
study continued to explore whether TEAD4 can 
promote the expression of SGK1 by interacting 
with YAP1. In in vitro study, the expression of 
SGK and CTGF was significantly increased 
through inducing the expression of TEAD4 in 
KYSE-30 cells (Figure 5a), but their expression 
was reduced by TED-347. Next, in in vivo study, 
by analyzing the protein levels of SGK1 and CTGF 
in tumor tissues of mice bearing tumor, similar 

Figure 3. The enhancement of the migration and invasion of KYSE-30 cells through interaction of TEAD4 and YAP1. The detection of 
migration (a) and invasion (b) of KYSE-30 cells, as well as the assessment of expression of MMP2 and MMP9 through Western blot 
assay (c-d). The height of the bar chart indicated the mean (±SD) of experimental data. Asterisks or hashes indicate that difference 
between two groups is statistically significant. **p < 0.01, ***p < 0.001 versus Ov-NC. #p < 0.05, ##p < 0.01 versus OV-TEAD4.
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effects were also observed in different groups 
(Figure 5b). Subsequently, luciferase reporter 
gene plasmids containing SGK1 promoter region 
and enhancer region were constructed and 
cotransfected into KYSE-30 cells with TEAD4 
overexpression plasmids or with TEAD4 overex
pression plasmids in combination with TED-347 
addition. The results found that TEAD4 

overexpression markedly enhanced luciferase 
activities, but this effect was markedly counter
acted by TED-347, indicating that the interaction 
of TEAD4 and YAP1 enhanced the promoter 
activities of SGK1.

SGK1 silencing suppressed the proliferation of 
KYSE-30 cells

Figure 4. The subcutaneous injection of KYSE-30 cells with TEAD4 overexpression or in combination with TED-37 treatment affects 
tumor growth. After induction of 21 days, the photos of mice in different groups (a). The weight (b), tumor volume (c), and tumor 
weight (d) were detected. The immunohistochemical staining of Ki67 (e) and the expression levels of MMP2 and MMP9 through 
Western blot (f–g). The experimental data was shown as mean±SD. Asterisks or hashes indicate that difference between two groups 
is statistically significant. **p < 0.01, ***p < 0.001 versus control, #p < 0.05, ##p < 0.01 versus OV-TEAD4.
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From the two designed ShRNA-SGK1-1 and 
ShRNA-SGK1-2 lentivirus, the one with better 
interference effect was screened out for further 
study. The expression levels of SGK1 mRNA and 
SGK1 protein in KYSE30 cells were determined 
by real-time PCR and Western blot, respectively. 
The results showed that the levels of mRNA and 
SGK1 protein in KYSE30 cells undergoing 
ShRNA-SGK1-1 transfection were significantly 
decreased compared to ShRNA-SGK1-2 group, 
and the difference was statistically significant 
(Figure 6a). Next, the detection of cell prolifera
tion abilities was performed by CCK8 assay, col
ony formation assay, and EDU staining. As 
shown in Figure 6, KYSE30 cells showed lower 

proliferation after SGK1 silencing, compared with 
control.

SGK1 silencing suppressed the malignant beha
viors of KYSE-30 cells

Wound healing and transwell assay were used 
to detect the changes of invasion and migration of 
KYSE30 cells after ShRNA-SGK1 transfection. The 
results showed that and the ability of wound heal
ing and the number of transcembrane cells of 
KYSE30 cells were significantly decreased after 
ShRNA-SGK1 transfection (Figure 7a, B). Matrix 
metalloproteinases (MMPS) are highly conserved 
proteolytic enzymes that can degrade extracellular 
matrix and destroy the basement membrane of 
cells, thus playing an important role in the 

Figure 5. TED-347 blocked the effects of TEAD4 overexpression on the protein levels of SGK1 and CTGF. Western blot analysis of 
SGK1 and CTGF in KYSE-30 cells with OV-TEAD4 transfection or in combination with TED-347 treatment, **p < 0.01, #p < 0.05 (a) and 
tumor-bearing mice (b). The protein levels were normalized to that of GAPDH. The detection of luciferase activities through the 
transfection of OV-TEAD4 or in combination with TED-347 treatment (c). The experimental data were represented by mean±SD. 
Asterisks or hashes indicate that difference between two groups is statistically significant. **p < 0.01, ***p < 0.001 versus #p < 0.05 
###p < 0.001.
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invasion and metastasis of malignant tumors. 
KYSE30 cells with ShRNA-SGK1 transfection 
showed lower expression levels of MMP2 and 
MMP9 than the shRNA-NC group (Figure 7c-D).

SGK1 silencing decreased ESCC tumor growth
To observe the effect of SGK1 on ESCC tumor 

growth, KYSE30 cells transfected with OV-TEAD4 
or OV-TEAD4+ shRNA-SGK1 were inoculated 

subcutaneously near the armpit on the right back 
of nude mice. Mice weight and tumor volume 
were measured every 3 days from the start of 
tumor formation in nude mice to observe the 
growth of transplanted tumors. The subcutaneous 
tumor was completely exfoliated, and the mor
phology of the tumor was observed and photo
graphed (Figure 8a). The tumor growth of nude 

Figure 6. SGK1 silencing suppressed proliferation of KYSE-30 cells. Quantitative PCR (a) and Western blot analysis (b) of SGK1 mRNA 
and protein, respectively, the detection of cell proliferation through CCK8 assay (c), colony formation and EDU staining (d). The 
experimental data were represented by mean±SD. Asterisks indicate that difference between two groups is statistically significant. 
*p < 0.05, ***p < 0.001.
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mice in the OV-TEAD4 group was significantly 
higher than that in the OV-TEAD4+ shRNA- 
SGK1 group (Figure 8b) on day 9 and day 12 
while the tumor volume in the OV-TEAD4 
group was higher than OV-TEAD4+ shRNA- 
SGK1 group on day 18 and day 21. Additionally, 
tumor weight was markedly increased after SGK1 
silencing (Figure 8d). The result of Ki67 immu
nostaining showed decreased immunostaining and 
MMP9 expression exhibited the relative low levels 
in KYSE30 cells with shRNA-SGK1 transfection. 
These results demonstrated that SGK1 silencing 

could partly block the effect of TEAD4 on tumor 
growth.

Discussion

Esophageal cancer is a common malignant tumor 
of the digestive tract, and its occurrence and devel
opment involve the regulation process of multiple 
molecules, multiple stages, and multiple factors 
[13–15]. Although various diagnosis and treatment 
techniques of esophageal cancer are constantly 
improved, its 5-year survival rate is extremely 
low [16,17].

Figure 7. SGK1 silencing inhibited the migration and invasion of KYSE30 cells. The analysis of cell migration through Wound healing 
assay (a) and invasion through Transwell assay (b), and western blot analysis of MMP2 and MMP9 expression. The experimental data 
were represented by mean±SD. Asterisks indicate that difference between two groups is statistically significant. ***p < 0.001.

BIOENGINEERED 611



In our work, TEAD4 overexpression was 
found to significantly upregulate the mRNA and 
protein levels of YAP1 and CTGF in KYSE-30 
cells. A study has reported that the expression of 
TEAD4 in colorectal adenomas was positively 
associated with YAP1 expression and regulated 
its expression through transcription activation 
[5]. TEAD4 was reported to exhibit upregulation 
in ESCC compared with adjacent normal esopha
geal mucosa samples through searching the GEO 
database [18]. In our work, TEAD4 overexpres
sion significantly increased the proliferation of 
KYSE-30 cells which was observed by CCK8, 

colony formation, and EDU staining, as well as 
the malignant behaviors of KYSE-30 cells includ
ing proliferation, migration, and invasion, indi
cating that TEAD4 could be closely associated 
with the progression of ESCC. Similarly, 
TEAD4 was previously investigated to facilitate 
the malignant behaviors of some cancer cells, 
such as those in gastric cancer, head neck squa
mous cell carcinoma, and esophageal cancer [
19–21]. A study found that TEAD4 bound to the 
promoter of LncRNA MNX1-AS1 to induce its 
transcription, thereby implicating in the progres
sion of gastric cancer [21]. Recently, a research 

Figure 8. SGK1 could mediate the effect of TEAD4 on tumor growth. The pictures (a) of the weight (b), tumor volume and tumor 
weight of nude mice. The Ki67 expression (e) through immunostaining assay and the expression of MMP2 and MMP9 (f, g). 
*p < 0.05, **p < 0.01, ***p < 0.001. Asterisks indicate that difference between two groups is statistically significant. The experimental 
data were represented by mean±SD.
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reported YAP1 formed a complex with TEAD4 
to affect CCNE1 and CCNE2 expression and cell 
proliferation [22]. In the present study, there 
existed an interaction between TEAD4 and 
YAP1, which was validated through immunopre
cipitation assay where anti-TEAD4 antibody was 
used to pull down the complex of TEAD4-YAP1 
complex. In addition, the effects of TEAD4 over
expression on malignant cell behaviors were 
markedly blocked when we used TED-347 to 
inhibit the interaction of TEAD4 and YAP1 
in vitro. Furthermore, the damage of TEAD4- 
Yap1 interaction through TED-347 significantly 
inhibited the promoting effects of TEAD4 over
expression on tumor growth in vivo.

Next, we further found that TEAD4-YAP1 con
tributed to increases in protein levels of SGK1 and 
CTGF. KYSE-30 cells with SGK1 silence showed 
stronger proliferation abilities and enhanced 
migration and invasion as compared to cells with 
ShRNA-NC transfection. Intriguingly, through 
injecting KYSE-30 cells with OV-TEAD4 transfec
tion or in combination with shRNA-SGK1 trans
fection into nude mice, we found that SGK1 
silencing markedly interfered with the effects of 
TEAD4 overexpression on tumor volume and the 
expression of Ki67 and MMPs (MMP2 and 
MMP9). YAP was found to bind to the enhancer 
region of SGK1 locating on the SGK1 genomic 
region 7807 [9]. Similarly, the SGK1 promoter 
activities were significantly enhanced through 
TEAD4 overexpression when the SGK1 promoter 
region and its enhancer region locating in genomic 
region 7807 were cloned into luciferase reporter. 
At the same time, TED-347 markedly reversed this 
influence of the TEAD4-YAP1 complex. 
Cumulative research revealed that SGK1 was 
implicated in regulating the mTOR-Foxo3a path
way, MEK/ERK/p53 pathway, and MDM2- 
dependent p53 degradation, which were closely 
associated with proliferation and apoptosis [23–
23–25]. Herein, SGK1 mediating the malignant 
progression depending on TEAD4/YAP exerts 
aforementioned regulatory roles, which could be 
related to the regulation for these pathways, which 
deserves further study.

Conclusion
TEAD4/YAP promoted the malignant process 

of ESCC cells, which was inhibited by interference 

with SGK1. The study of the relevant mechanisms 
affecting the proliferation, migration, and invasion 
of esophageal cancer cells is expected to improve 
the prognosis of patients with esophageal cancer 
and provide new ideas for the treatment of eso
phageal cancer.

Highlights

(1) The interaction of TEAD4 and YAP was 
confirmed in the ESCC cell.

(2) TEAD4/YAP complex regulated the tran
scription of SGK1.

(3) TEAD4/YAP complex promoted the malig
nant progression of ESCC.

(4) Targeting TEAD4/YAP complex or SGK1 
could provide novel sights for developing 
novel therapies for patients with ESCC.

Disclosure statement

The authors declare no conflict of interest.

Funding

The study was approved by the Science and Technology Plan 
Project of Sichuan Province (No. 2019YFS0258).

References

[1] Pennathur A, Gibson MK, Jobe BA, et al. Oesophageal 
carcinoma [J]. Lancet. 2013;381(9864):400–412.

[2] Domper Arnal MJ, Ferrández Arenas Á, Lanas 
Arbeloa Á. Esophageal cancer: risk factors, screening 
and endoscopic treatment in Western and Eastern 
countries [J]. World J Gastroenterol. 2015;21 
(26):7933–7943.

[3] Zhang S, Zhou D. Role of the transcriptional coactiva
tors YAP/TAZ in liver cancer [J]. Curr Opin Cell Biol. 
2019;61::64–71.

[4] Giraud J, Molina-Castro S, Seeneevassen L, et al. 
Verteporfin targeting YAP1/TAZ-TEAD transcrip
tional activity inhibits the tumorigenic properties of 
gastric cancer stem cells [J]. Int J Cancer. 2020;146 
(8):2255–2267.

[5] Tang JY, Yu CY, Bao YJ, et al. TEAD4 promotes color
ectal tumorigenesis via transcriptionally targeting 
YAP1 [J]. Cell Cycle. 2018;17(1):102–109.

[6] Liu Y, Wang G, Yang Y, et al. Increased TEAD4 
expression and nuclear localization in colorectal cancer 
promote epithelial-mesenchymal transition and 

BIOENGINEERED 613



metastasis in a YAP-independent manner [J]. 
Oncogene. 2016;35(21):2789–2800.

[7] Li Y, Liu S, Ng EY, et al. Structural and ligand-binding 
analysis of the YAP-binding domain of transcription 
factor TEAD4 [J]. Biochem J. 2018;475(12):2043–2055.

[8] Mesrouze Y, Meyerhofer M, Bokhovchuk F, et al. 
Effect of the acylation of TEAD4 on its interaction 
with co-activators YAP and TAZ [J]. Protein Sci. 
2017;26(12):2399–2409.

[9] Yoo G, Kim T, Chung C, et al. The novel YAP target 
gene, SGK1, upregulates TAZ activity by blocking 
GSK3β-mediated TAZ destabilization [J]. Biochem 
Biophys Res Commun. 2017;490(3):650–656.

[10] Conza D, Mirra P, Calì G, et al. The SGK1 inhibitor 
SI113 induces autophagy, apoptosis, and endoplasmic 
reticulum stress in endometrial cancer cells [J]. J Cell 
Physiol. 2017;232(12):3735–3743.

[11] Ueki S, Fujishima F, Kumagai T, et al. NDRG1 in 
esophageal squamous cell carcinoma: their correlation 
with therapeutic outcome of neoadjuvant chemother
apy [J]. BMC Cancer. 2020;20(1):161.

[12] Zhao B, Ye X, Yu J, et al. TEAD mediates 
YAP-dependent gene induction and growth control 
[J]. Genes Dev. 2008;22(14):1962–1971.

[13] Jordan T, Mastnak DM, Palamar N, et al. 
Nutritional therapy for patients with esophageal 
cancer [J]. Nutr Cancer. 2018;70(1):23–29.

[14] Kato H, Nakajima M. Treatments for esophageal can
cer: a review [J]. Gen Thorac Cardiovasc Surg. 2013;61 
(6):330–335.

[15] Short MW, Burgers KG, Fry VT, et al. [J]. Am Fam 
Physician. 2017;95(1):22–28.

[16] Sakamoto T, Fujiogi M, Matsui H, et al. Comparing 
perioperative mortality and morbidity of minimally 
invasive esophagectomy versus open esophagectomy 
for esophageal cancer: a nationwide retrospective 

analysis [J]. Ann Surg. 2019. DOI:10.1097/ 
SLA.0000000000003500

[17] Chen MF, Yang YH, Lai CH, et al. Outcome of patients 
with esophageal cancer: a nationwide analysis [J]. Ann 
Surg Oncol. 2013;20(9):3023–3030.

[18] Wang X, Li G, Luo Q, et al. Identification of crucial 
genes associated with esophageal squamous cell carci
noma by gene expression profile analysis [J]. Oncol 
Lett. 2018;15(6):8983–8990.

[19] He S, Gao K, Mao L, et al. Gene silencing of transcrip
tion factor TEAD4 inhibits esophageal cancer cells by 
regulating TCF7 [J]. Cancer Biother Radiopharm. 
2020;10. doi:10.1089/cbr.2020.3870.

[20] Zhang W, Li J, Wu Y, et al. TEAD4 overexpression 
promotes epithelial-mesenchymal transition and 
associates with aggressiveness and adverse prognosis 
in head neck squamous cell carcinoma [J]. Cancer 
Cell Int. 2018;18:178.

[21] Shuai Y, Ma Z, Liu W, et al. TEAD4 modulated 
LncRNA MNX1-AS1 contributes to gastric cancer 
progression partly through suppressing BTG2 and 
activating BCL2 [J]. Mol Cancer. 2020;19(1):6.

[22] Wu Y, Zheng Q, Li Y, et al. Metformin targets a YAP1- 
TEAD4 complex via AMPKα to regulate CCNE1/2 in 
bladder cancer cells [J]. J Exp Clin Cancer Res. 2019;38 
(1):376.

[23] Liu W, Wang X, Liu Z, et al. SGK1 inhibition induces 
autophagy-dependent apoptosis via the mTOR-Foxo3a 
pathway [J]. Br J Cancer. 2017;117(8):1139–1153.

[24] Amato R, D’Antona L, Porciatti G, et al. Sgk1 activates 
MDM2-dependent p53 degradation and affects cell 
proliferation, survival, and differentiation [J]. J Mol 
Med (Berl). 2009;87(12):1221–1239.

[25] Bai JA, Xu GF, Yan LJ, et al. SGK1 inhibits cellular 
apoptosis and promotes proliferation via the MEK/ 
ERK/p53 pathway in colitis [J]. World 
J Gastroenterol. 2015;21(20):6180–6193.

614 S. HE ET AL.

https://doi.org/10.1097/SLA.0000000000003500
https://doi.org/10.1097/SLA.0000000000003500
https://doi.org/10.1089/cbr.2020.3870

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Highlights
	Disclosure statement
	Funding
	References



