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Purpose: To explore the molecular profiles of transcriptional enhanced associate domain 
(TEAD) family in ovarian serous carcinoma (OSC).
Methods: In this study, we use bioinformatics methods including GEPIA, GE-mini, 
Oncomine 3.0, Kaplan–Meier plotter, cBioPortal, WebGestalt, TIMER2.0 and 
DiseaseMeth2.0, and in vitro experimental RT-PCR to assess the expression profiles and 
prognostic significance of TEAD family in OSC.
Results: According to the bioinformatics analysis, TEAD family was abnormally expressed 
in OSC. In terms of prognosis, Kaplan–Meier plotter indicated that OSC patients with high 
level of TEAD4 showed poor overall survival (OS), progression-free survival (PFS) and post 
progression survival (PPS). TEAD family also had significantly diagnostic values for OSC 
patients. Tumor Immune Estimation Resource (TIMER) algorithm indicated that TEAD 
family was significantly associated with different types of infiltrating immune cells, includ
ing B cells, macrophages, dendritic cells, neutrophils, CD8+ T cells and CD4+ T cells. Gene 
set enrichment analysis of TEAD family-associated coexpression genes was further explored. 
In in vitro experiments, the RT-PCR results showed the upregulated TEAD2/4 in OSC tissues 
and cells (A2780 and TOV112D). Moreover, decreased expression of TEAD2 could induce 
the ferroptosis through increasing the ROS accumulation.
Conclusion: Thus, TEAD family correlated with the diagnosis, prognosis and immune 
infiltration in OSC. These results could provide comprehensive understanding of TEAD 
family in the diagnosis and prognosis of OSC patients.
Keywords: TEAD family, Hippo pathway, ovarian serous carcinoma, expression profiles, 
prognosis, immune infiltration

Introduction
Ovarian cancer is the second cause of death from gynecologic cancers in the world.1,2 

Despite great advances have been made in diagnosis and treatment, the 5-year relative 
survival rate of ovarian cancer is only 47%, even in the developed countries.3 Among all 
histological subtypes of ovarian cancer, the ovarian serous carcinoma (OSC) has the 
highest mortality rate.4 In addition, late-stage presentation has a 5-year relative survival 
rate of 29% compared to 92% for early-stage; however, 75% of the patients are diagnosed 
at the late-stage due to lacking effective diagnostic methods.5 Therefore, identifying 
novel biomarkers is essential for improving the diagnosis and prognosis of OSC patients.

Hippo signaling pathway, as an important signaling pathway for tumor progres
sion, has the functions of regulating organ size and maintaining the dynamic balance 
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between cell proliferation and apoptosis.6,7 Transcriptional 
enhanced associate domain (TEAD) is a family of transcrip
tion factors that was initially screened by genetic mosaic in 
Drosophila because of its vital role in organ development.8 

Studies have identified that there are currently four homo
logs of TEAD protein, TEAD1/2/3/4.9 As the downstream 
effectors of Hippo signaling pathway, TEAD proteins can 
regulate cell growth, proliferation and stem cell functions, 
which are closely related to the occurrence and development 
of cancer.10 Emerging reports have demonstrated that TEAD 
family plays a critical role in multiple types of cancer, 
including renal cancer, breast cancer and prostate 
cancer.11–13 However, the detailed mechanisms of TEAD 
family members in OSC needfurther confirmation.

The purpose of our study was to assess the biological 
significance of TEAD family members in OSC patients 
using comprehensive bioinformatics and experimental 
methods (Supplemental Table 1). TEAD family members 
have been discovered as the potential diagnostic and 
prognostic biomarkers for OSC patients for clinical 
practice.

Methods
Cell Culture
The human ovarian epithelial IOSE80 and the human ovar
ian cancer A2780, SKOV-3, OVCAR3 and TOV112D cell 
lines were obtained from the Cancer Research Institute, 
Central South University, China. The cells were maintained 
in Roswell Park Memorial Institute (RPMI)-DMEM med
ium (Gibco, Invitrogen, Carlsbad, CA, USA) with 10% fetal 
bovine serum (FBS, Gibco) at 37°C and 5% CO2.

Antibodies and Chemicals
The following antibodies were used in this study: TEAD2 
(21159-1-AP, Proteintech), actin (66009-1-Ig, Proteintech). 
The ferroptosis inducer erastin (B1524), ferroptosis inhibitor 
ferrostatin-1 (A4371), apoptosis inhibitor ZVAD-FMK 
(A1902) and necroptosis inhibitor necrostatin-1 (A4213) 
were obtained from APExBIO (Houston, USA).

RNA Extraction and Reverse 
Transcription PCR (RT-PCR)
The 20 formalin-fixed, paraffin-embedded (FFPE) specimens 
of OSC tissues and 8 normal ovary tissues were all obtained 
from the Department of Pathology, Xiangya Hospital. The 
ethics of our study was approved by the Ethics Committee of 
Xiangya Hospital of Central South University and the ethical 
approval number is 202110181. TRIzol (Invitrogen) was 
applied to extract total RNA. Then, 1 µg of RNA was reverse 
transcribed into cDNA by utilizing a PrimeScript™ RT kit 
(Takara, 6210) following the manufacturer’s instructions. The 
SYBR Green kit and real-time fluorescent quantitative PCR 
(qPCR) system (Bio-Rad, USA) were applied for qPCR 
analysis, with 18S rRNA as the internal control. Finally, 
relative expression levels of target genes were decided using 
the 2-ΔΔCT method. The details of the TEAD family primer 
sequences used in the experiment were listed in Table 1.

Transfections
For siRNA transfection, cells were all transfected by using 
Lipofectamine 3000 reagent (L3000150, Invitrogen, USA) 
according to the manufacturer's protocol. The sense 
sequences of target gene siTEAD2 are listed bellowed: 
siTEAD2-1-GAGTGAGCAGCCAGTATGA, siTEAD2- 
2-GGTTGCAGCTGGTAGAGTT.

Western Blot
Cells were lysed on ice with RIPA lysis buffer containing 
protease inhibitor for 15 min. After centrifugation at 
13,500 × g for 15 min at 4 °C, the supernatants were 
collected and quantified using a BCA protein detection 
kit. Equal quantity of protein was resolved on SDS- 
PAGE. Then, PVDF membranes were blocked in 5% 
skim milk and incubated with different primary antibodies 
at 4°C overnight subsequently. After incubation with HRP- 
conjugated secondary antibody for 1h at room tempera
ture, the signals were detected with a chemiluminescence 
reagent (Millipore, WBKLS0050).

Table 1 The TEAD Family Primer Sequences Used in RT-PCR

Primers Forward Sequences Reverse Sequences

TEAD1 ATGGAAAGGATGAGTGACTCTGC TCCCACATGGTGGATAGATAGC

TEAD2 CTTCGTGGAACCGCCAGAT GGAGGCCACCCTTTTTCTCA
TEAD3 TCATCCTGTCAGACGAGGG TCTTCCGAGCTAGAACCTGTATG

TEAD4 GAACGGGGACCCTCCAATG GCGAGCATACTCTGTCTCAAC
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Cell Viability Assay
Cells were plated into a 96-well plate (1000 cells/well) and 
cultured under the condition at 37°C with 5% CO2. The 
next day, the old medium was discarded and the fresh 
medium containing 10% CCK-8 was added. The absor
bance of each group was measured at 450nm.

ROS Assay
The reactive oxygen species (ROS) in cells were assessed 
using DCFDA/H2DCFDA - Cellular ROS Assay Kit 
(ab113851, Abcam) according to the manufacturer’s 
instructions. Cells were stained by DCFDA Solution and 
incubated for 45 minutes at 37°C in the dark. Then, live 
cell microscopy was performed with filter set appropriate 
for fluorescein.

GEPIA
Gene Expression Profiling Interactive Analysis (GEPIA), 
a web-based tool to give rapid and customizable function
alities based on TCGA and GTEx data, could offer vital 
interactive and customizable functions including differen
tial expression analysis, patient survival analysis, correla
tion analysis and so on.14 In the study, we used “single- 
gene analysis” in GEPIA to value the mRNA expression 
differences of TEAD family members in OSC tissues 
compared with normal tissues. Differences in mRNA 
expression were compared by Student’s t-test, and p < 
0.05 was considered statistical significance.

GE-mini
GE-mini is a movable visualization instrument that inte
grates gene expression data on the basis of TCGA and 
GTEx.15 The expression viewer could be used as 
a convenient method for showing expression profiles of 
tumor and tissue types. In the study, we used the tool to 
analyze the mRNA expression of TEAD family in OSC 
tissues. P < 0.05 was considered statistically significant.

Oncomine 3.0
Oncomine 3.0, containing 65 gene expression datasets 
composed of about 48 million gene expression surveys 
form more than 4700 microarray experiments, is a cancer 
microarray database and web-based data-mining platform 
with the purpose of contributing discovery from genome- 
wide expression analyses.16 In the study, we evaluate the 
TEAD family mRNA expression in OSC. P < 0.05 was 
considered to show a statistically significant difference.

Kaplan–Meier Plotter
Kaplan–Meier plotter is a database evaluating the relation
ship between gene expression and the prognostic value in 
cancer patients.17 In the study, we used the database to 
analyze the effect of expression of TEAD family on OSC 
patients’ prognosis by means of overall survival (OS), 
progression-free survival (PFS) and post progression sur
vival (PPS) curves. In addition, information was divided 
into high- and low-expression groups and HR and p values 
can be found on the figures. P < 0.05 was considered 
statistically significant.

cBioPortal
The cBioPortal for Cancer Genomics can be applied to 
analyze, visualize and download of large-scale cancer 
genomics and clinical data.18 In our study, we analyzed 
the genome map of the TEAD family in OSC tissues 
including mRNA expression and genetic alterations.

Protein–Protein Interaction
The STRING database is designed to gather and integrate 
functional interactions between the expressed proteins.19 

In the study, we built the TEAD-associated protein–protein 
interaction (PPI) network using STRING.

WebGestalt
WebGestalt is a more extensive, mighty, flexible and visi
ble gene set enrichment analysis toolkit.20 Gene set enrich
ment analysis of TEAD family-associated coexpression 
genes was explored using WebGestalt algorithm, including 
gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG).

TIMER2.0
TIMER2.0 is used to analyze the immune infiltrates across 
diverse cancer types.21 Through the database, we obtained 
the relationship between TEAD family and six immune 
infiltrates (B cells, CD4+ cells, CD8+ cells, neutrophils, 
macrophages and dendritic cells).

Statistical Analyses
All experimental findings were shown as mean ± standard 
deviation (SD). Student’s t-test was used to explore the 
difference between two groups. P < 0.05 was considered 
statistically significant.
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Results
Abnormal Expression of the TEAD Family 
in OSC Patients
Firstly, we used bioinformatics databases to evaluate 
the expression profiles of TEAD members in normal 
and OSC patients. Using GEPIA with the criterion of | 
Log2FC|>2 and p<0.05, we found the decreased 
TEAD1/3 and increased TEAD2/4 in OSC tissues 
(Figure 1A). In addition, from GE-mini database, we 
discovered that TEAD2/3/4 were upregulated; however, 
TEAD1 was downregulated in OSC tissues compared 
to normal tissues (Figure 1B). The Lu Ovarian dataset 
obtained from Oncomine revealed the upregulated 
expression levels of TEAD2/4 (Figure 1C). Then, RT- 
PCR was performed to confirm the upregulated 
TEAD2/4 in OSC cells A2780 and TOV112D com
pared with the normal ovary cell IOSE80 (Figure 1D, 
Supplemental Table 3). Moreover, the transcriptional 
levels of TEAD2/4 were significantly increased in 
OSC tissues compared to the normal ovary tissues 
(Figure 1E, Supplemental Table 4).

The Prognostic and Diagnostic Values of 
TEAD Family Members in OSC Patients
Kaplan–Meier Plotter was applied to evaluate the effects 
of TEAD family on patients’ survival. In terms of OS, the 
high expression of TEAD1/2/4 was associated with 
a shorter OS time (Figure 2A). Moreover, patients with 
higher transcription levels of TEAD1/2/3/4 revealed 
shorter PFS (Figure 2B). Meanwhile, we assessed the 
prognostic value of the TEAD family on the PPS of 
OSC patients. Results displayed that the upregulation of 
TEAD4 was significantly associated with a poor PPS, 
while upregulation of TEAD1/2 was associated with 
good PPS (Figure 2C). In addition, the expression of 
TEAD3 had no obvious association with the patients’ 
OS and PPS (Figure 2A and C).

Subsequently, we analyzed the diagnostic values of 
TEAD family in OSC with ROC curves. From Xiantao 
Xueshu web tool (https://www.xiantao.love/products), 
we found that the area under the curve (AUC) of 
TEAD1/2/3/4 was 0.690, 0.630, 0.673 and 0.958, 
respectively (Figure 3A–D). Thus, because of the high
est AUC, TEAD4 might have the potential to be as the 
diagnostic biomarker for OSC patients.

Genetic Alteration and Functional 
Enrichment Analysis of TEAD Family in 
OSC Patients
We developed an integrated biological function analysis to 
further investigate the molecular characteristics of TEAD 
family in OSC patients. From cBioPortal database, we 
obtained the genetic alterations information of the TEAD 
family members. Results showed that the alternation rates 
of TEAD1/2/3/4 were 8%, 1.6%, 16% and 19% in the 
OSC samples, respectively (Figure 4A). Moreover, ampli
fication and up-regulated expression were the main genetic 
alteration of TEAD2/4 genes.

In addition, PPI analysis of TEAD-family-associated 
coexpressed genes was used to comprehend the biological 
functions of TEAD family in OSC patients. Firstly, we 
downloaded the 19,253 coexpressed genes related to 
TEAD family members in OSC patients through the 
cBioPortal database (Figure 4B). Then, using the criterion 
of |Spearman Correlation|>0.54 and p<0.01, we identified 
200 coexpressed genes with TEAD family to conduct the 
PPI network (Supplemental Table 2). The PPI network 
revealed that ribosomal protein S27a (RPS27A), NHP2 
and ribosomal protein S29 (RPS29) were the hub genes, 
which might regulate the biological functions of TEAD 
family in OSC (Figure 4B). Meanwhile, GO analysis indi
cated that the TEAD family was primarily gathered in 
biological regulation and metabolic processes in the bio
logical processes. In aspect of cellular component and 
molecular function, TEAD family were mainly located in 
membrane and enriched in protein binding (Figure 4C). 
Furthermore, KEGG analyzed further verified that TEAD 
family was significantly connected with sensory percep
tion and detection of chemical stimulus (Figure 4D).

Immune Cell Infiltration of TEAD Family in 
OSC Patients
The relationship between TEAD family and immune cell 
infiltration was analyzed by TIMER algorithm. The results 
revealed that there were negative associations between 
TEAD1 expression and the infiltration of CD8+ T cells, 
CD4+ T cells, neutrophils and dendritic cells. The positive 
associations could be found between TEAD1 expression 
and the infiltration of B cells and macrophages 
(Figure 5A). In addition, TEAD2/3 were negatively related 
to B cells, CD8+ T cells, macrophages, neutrophils and 
dendritic cells, while positively correlated with CD4+ 
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Figure 1 The expression of TEAD family in OSC. (A–C) The mRNA expression of TEAD family in OSC obtained from GEPIA, GE-mini and Oncomine databases. T and 
N represent the OSC tissues and normal tissues, respectively. (D) mRNA expression levels of different TEAD family members in normal ovary cell line IOSE80 and OSC cell 
lines A2780 and TOV112D experimented by RT-PCR. (E) The mRNA expression level of TEAD family members in the clinical samples. OSC represents ovarian serous 
carcinoma.
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T cells (Figure 5B and C). Interestingly, TEAD4 was 
negatively relevant to all tumor-infiltrating immune cells, 
such as B cells, CD8+ T cells, CD4+ cells, macrophages, 
neutrophils and dendritic cells (Figure 5D). Furthermore, 
we used the Cox proportional hazard model to analyze the 
clinical significance of TEAD family and the infiltration of 
immune cells in OSC cancer. The results showed that CD4 
+ T cells, macrophages, neutrophils and TEAD1 

expression were significantly correlated with the clinical 
outcome of OSC patients (Table 2).

TEAD2 Inhibited Ferroptosis in OSC
As we had known that the mRNA expression of TEAD2 
was obviously higher in OSC, then we discussed the 
protein level of TEAD2 in OSC compared to normal 
ovary cells. Figure 6A has shown that the protein level 

Figure 2 Analysis of TEAD family expression on the prognosis of OSC patients. (A–C) The relationship between TEAD family and OS, PFS and PPS in OSC patients 
described by Kaplan–Meier plotter, respectively.

Figure 3 Evaluation of diagnostic value of TEAD family in OSC. (A–D) ROC curve analysis of TEAD family members for the diagnostic values of OSC patients.
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of TEAD2 was significantly increased in OSC cell lines 
including A2780, TOV112D, SKOV-3 and OVCAR3 
compared to normal ovary cell line IOSE80 
(Supplemental Figure 1). Moreover, we explored the func
tion of TEAD2 in OSC by knocking down the TEAD2 in 
A2780 cells (Figure 6B, Supplemental Figure 2). Through 
CCK8 test, we found that reduced the expression of 
TEAD2 could promote the death of A2780 cells under 
the circumstance of erastin and the process could be 
reversed by ferrostatin-1; however, ZVAD-FMK and 
necrostatin-1 could not affect the death of A2780 cells 
(Figure 6C). Therefore, it was indicated that knocked 
down the TEAD2 was able to accelerate the ferroptosis 
in OSC.

Furthermore, we discussed whether TEAD2 could influ
ence the ROS, which was the crucial indicator for ferrop
tosis. Results showed that knocked down TEAD2 increased 
the ROS levels in A2780 cells after treating with erastin and 
ferrostatin-1 could reverse the process (Figure 6D and E). 
This suggested that TEAD2 could suppress the ferroptosis 
by regulating the level of ROS in OSC.

Discussion
As the transcriptional partner of Yes-associated protein/ 
transcriptional co-activator with PDZ-binding motif 

(YAP/TAZ) in the Hippo signal pathway, TEAD family 
plays an important role in tumor progression.22,23 

TEAD1 could directly integrate with the hypoxia- 
inducible factor-1A (HIF-1A) promoter region and regu
late the expression of HIF1A, facilitating the tumor 
glycolysis.24,25 TEAD2 was significantly upregulated in 
hepatocellular carcinoma (HCC) and the higher expression 
was associated with poor OS time of HCC.26,27 In addi
tion, TEAD3 could promote the proliferation of gastric 
cancer cell line MKN-28 through increasing SLC35B4 
expression.28,29 Abnormally expressed TEAD4 could 
obviously cause epithelial-to-mesenchymal transition 
(EMT) in colon cancer.30 However, the detailed roles of 
the TEAD family in OSC have not been explained. Our 
study was the first to explore the expression and function 
profiles of TEAD family in OSC. The results showed that 
TEAD2/4 were significantly upregulated in OSC tissues 
and cells. In terms of the prognosis of OSC patients, the 
higher expression of TEAD1/2/4 was significantly asso
ciated with poor OS and PFS. Upregulation of TEAD4 
was observably correlated with poor PPS in OSC; how
ever, downregulation of TEAD1/2 were related to poor 
PPS. In addition, the TEAD family presented frequent 
genetic alteration in OSC patients.

Figure 4 Genetic alteration and functional enrichment analysis of TEAD Family in OSC patients. (A) Description of the mutation rates in each TEAD family member in OSC 
patients. (B) The PPI network of TEAD family-associated coexpression genes as completed by STRING and Cytoscape. (C) Bar plot of GO analysis in biological process, 
cellular component and molecular function. (D) KEGG enrichment analyzed by WebGestalt.
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The interaction between immune infiltration cells and 
tumor cells had a significant influence on tumor develop
ment and progression.31–33 Based on the TIMER database, 
we found that the expression of TEAD family members 
was obviously associated with the immune infiltration 
cells. TEAD2/3/4 were all significantly negative with 
CD8+ T cells, macrophages, neutrophils and dendritic 
cells in OSC. TEAD2 also had the inverse relationship 

with B cells. These results indicated that TEAD family 
might be participated in the immune response. In addition, 
emerging studies have demonstrated the association of 
immune infiltration cells and prognosis in OSC 
patients.34–36 Similarly, in our study, several tumor- 
infiltrating immune cells, such as CD4+ T cells, macro
phages and neutrophils, were significantly correlated with 
the clinical outcome of OSC patients. Studies have shown 

Figure 5 The associations between differentially expressed TEAD family members and immune cell infiltration. (A–D) The effect of TEAD1/2/3/4 on the immune cell 
infiltration analyzed by TIMER2.0.

Table 2 The Cox Proportional Hazard Model of the TEAD Family and Six Tumor-Infiltrating Immune Cells in OSC

Coef HR 95% CI_l 95% CI_u p-value Sig

B_cell −2.419 0.089 0.000 37.484 0.433

CD8_T cell −3.412 0.033 0.001 1.395 0.074

CD4_T cell −16.249 0.000 0.000 0.000 0.000 ***
Macrophage 10.373 31975.540 138.446 7385075.059 0.000 ***

Neutrophil 8.782 6518.659 1.207 35212863.516 0.045 *

Dendritic −0.377 0.686 0.007 70.531 0.873
TEAD1 0.349 1.418 1.140 1.764000e+00 0.002 **

TEAD2 −0.135 0.874 0.711 1.074 0.201

TEAD3 −0.262 0.770 0.585 1.013 0.062
TEAD4 0.223 1.250 0.951 1.643 0.110

Notes: *p < 0.05, **p < 0.01, ***p < 0.001.
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that CD4+ T cells were obviously involved in the devel
opment of OSC.37–39 In addition, macrophages and neu
trophils were also employed as the potential prognostic 
markers for OSC.40–42 Thus, these studies demonstrated 
that tumor-infiltrating immune cells could be used as the 
important indicators for the clinical outcome of OSC 
patients.

Conclusions
In conclusion, our study analyzed the molecular profiles of 
TEAD family in OSC patients by bioinformatics and 
experimental strategies. We discovered that TEAD2 was 
obviously upregulated in OSC. Meanwhile, the higher 
expression of TEAD2 was significantly associated with 
poor OS and PFS. Furthermore, the reduced expression 
of TEAD2 could promote the ferroptosis in OSC. 
Therefore, our findings suggested a promising insight 
into TEAD family in the OSC population, and provided 
a personalized prediction tool for prognosis and immune 
responses. Moreover, TEAD2 had the potential to be the 
biomarker of diagnosis and prognosis in OSC.
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Figure 6 TEAD2 inhibited ferroptosis in A2780 cells. (A) The expression of TEAD2 in normal ovary cell line IOSE80 and OSC cell lines A2780, TOV112D, SKOV-3 and 
OVCAR3. (B) Knock down of TEAD2 in A2780 cells. (C) Knockout of TEAD2 in A2780 cells facilitated the cell death induced by erastin in A2780 cells. A2780 cells deal 
with erastin (10 μM) with or without a cell death inhibitor including ferrostatin-1 (5 μM), ZVAD-FMK (10 μM) and necrostatin-1 (5 μM) for 24 h. Cell death was 
experimented by a CCK-8 kit. Data shown represent mean ± SD (n=3). **p < 0.01. (D and E) TEAD2 could regulate the level of ROS in A2780 cells. A2780 cells deal with 
erastin (10 μM) for 24h and then the intracellular ROS was tested. Data shown represent mean ± SD (n=3). **p < 0.01.
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