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Background: Abnormal expression of genes causes tumorigenesis, tumor progression, and poor prognosis in hepatocellular
carcinoma (HCC). Therefore, the aims of this study were to explore the transcription enhancer domain factor 4 (TEAD4) in patients
with liver cancer and its relationship with prognosis.

Methods: HTSeq-FPKM data and corresponding clinical data of HCC patients were obtained from The Cancer Genome Atlas
(TCGA). Difference in TEAD4 expression between normal and tumor and the correlation with clinical characteristics were analyzed
by the chi-squared test based on UALCAN. HepG2 cell lines were used to study the effect of TEAD4 on HCC cell lines. The
expression and clinical significance of TEAD4 in HCC were detected in clinical cases.

Results: The transcription and post-transcription levels of TEAD4 were higher in HCC tumors than normal illustrated different
expressed transcription of TEAD4 in gender, nodal metastasis status, tumor grades, and individual cancer stages. The high TEAD4
expression was significantly associated with tumor grades. The high expression of TEAD4 was significantly correlated to shorter 2—5
years overall survival. Inhibition of TEAD4 expression in HepG2 cells resulted in significantly decreased cell proliferation and
invasion.

Conclusion: TEAD4 was identified as an independent prognostic factor, and inhibition of TEAD4 expression in HepG2 cells resulted
in significantly decreased cell proliferation and invasion.
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Introduction

Liver cancer is the sixth most frequently diagnosed and fourth resulting tumor-related death in the world, and it has been
reported in approximately 841,000 new cases and 782,000 deaths every year." Hepatocellular carcinoma (HCC) is the
most common subtype of liver cancer worldwide, and more than 75% of liver cancer patients were diagnosed with HCC.
Hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, aflatoxin contamination, excessive drinking, obesity,
smoking, and type 2 diabetes.> Although diagnosis and treatment of HCC have improved, the prognosis of HCC
patients remains poor.*> Abnormal expression genes are significantly associated with tumorigenesis, development, and
prognosis.®® Therefore, the biomarkers and underlying mechanism for tumorigenesis, development and prognosis should
be investigated.

The transcription enhancer domain (TEAD) is a downstream factor of the Hippo pathway and a key factor in this
pathway.'®!"" TEAD family of transcription factors that regulate YAP/TAZ includes four members of the mammalian
family (TEAD1-TEAD4).'"> TEAD4 is an important gene associated with blastocyst development and trophoblast
differentiation.'® It participates in Hippo signaling pathway for modulating organ size and tissue homeostasis and
dysregulation of Hippo signaling pathway associated with tumorigenesis.'"* TEAD expression was higher in cancer
than in normal tissues, and higher TEAD4 levels tended to have worse overall survival (OS)."> High level of TEAD4
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may also lead to excessive transcription and phosphorylation of ERK proteins as well as Yes-associated proteins;
therefore, these can accelerate the process of tumor development.'®!” Increasing evidences have demonstrated that
TEAD4 plays a critical role in HCC by promoting tumorigenesis by mediating Yes-associated protein oncogenic
activity,'® or modulating chromosomal instability in liver cancer patients.'” Overexpression of TEAD4 activates YAP
and is associated with shorter survival in HCC patients. However, the role and molecular mechanism of TEAD4 in HCC
remain unclear. In addition, TEAD4 and YAP interact with IRF3 to regulate inflammatory in gastric cancer.”’ However,
whether TEAD4 modulates its target genes to affect HCC tumorigenesis and development is unknown.

Therefore, in this study, we investigated the differential expression of TEAD4 in HCC and explored the correlation
with clinical characteristics. HCC patients were distributed into high-expression and low-expression TEAD4 groups. The
differentially expressed genes of TEAD4 associated with immune cells were identified, and the biological function of
these genes was investigated. Our results identified independent prognostic factors associated with immune cells in HCC.

Methods

Data Acquiring, Processing, and TEAD4 Expression Analysis

HTSeq-FPKM data and corresponding clinical data of liver hepatocellular carcinoma (LIHC), including 50 normal and
374 tumors were obtained from The Cancer Genome Atlas (TCGA). The different expression of TEAD4 between normal
and tumors, gender, nodal metastasis status, cancer stages, tumor grades were detected by Student’s z-test or one-way
ANOVA test. The correlation between TEAD4 expression and the clinicopathological parameters was analyzed using
chi-squared test. Moreover, TEAD4 protein level between normal and tumors was calculated by immunohistochemistry
in Human Protein Atlas (HPA).

Analysis of the Correlation Between TEAD4 and Overall Survival

According to the median expression levels of TEAD4, the HCC patients were distributed into high and low TEAD4
expression groups. The Kaplan—Meier plotter was used to analyze the effect of TEAD4 on survival in HCC patients. The
log-rank P value and hazard ratio (HR) with 95% confidence intervals were evaluated.

Univariate and Multivariate Cox Analysis

The expression data of TEADA4-target genes and corresponding clinical data were combined, and the prognostic variates
were identified by a univariate proportional hazards model using survival R package. Next, the prognostic variates with
P value < 0.05 were enrolled in the multivariate proportional hazards model to identify the independent variates for the
prognosis of HCC patients. Furthermore, combination-independent variates and survival times were used to analyze the
overall survival rate of HCC patients.

Clinical Case Analysis

Thirty patients with hepatocellular carcinoma treated by hepatobiliary surgery at Affiliated Hospital of Guilin Medical
University were enrolled, and five patients who underwent partial hepatectomy due to hemangioma were selected.
Clinical data were collected, and TEAD4 expression was detected in postoperative pathological tissues. The Ethics
Committee of the Affiliated Hospital of Guilin Medical University approved the study. Written informed consent was
obtained from each participant. Paraffin sections of liver tissue and liver tumor tissue were taken and dewaxed for
TEADA4 staining. Tissues were removed and put into 4% paraformaldehyde fixing solution, allowed to set for 1 day, and
then immersed in 70% ethanol for approximately 10 hr. The tissue was embedded and cut into 5-mm slices using a rotary
microtome (Leica, Mannheim, Germany). The slide to be dyed was placed into a dyeing rack and then placed it in an
oven at 60°C for 1 to 2 hr. Turpentine I dewaxing for 15 min was followed by turpentine II dewaxing for 15 min,
anhydrous ethanol I for 10 min, anhydrous ethanol II for 10 min, 95% ethanol I for 10 min, 95% ethanol II for 10 min,
80% ethanol for 10 min, and washing in tap water for 1 min. The dehydrated paraffin sections were then tested for
TEAD4 according to the instructions.
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Cell Experiment

Cell Culture

HepG2 cell lines were used to study the effect of TEAD4 on HCC cell lines. HepG2 was purchased from Cellcook
(Jinglai Biological Co. LTD, China). HepG2 cells were cultured in a DMEM medium containing 10% fetal bovine serum,
100U/mL penicillin, 100U/mL streptomycin, under the condition of 37°C, 5%CO2, and saturated humidity in a constant
temperature incubator. The liquid was changed every 2 to 3d, and when the cell was 90% full, it was then purchased for
digestion. SiRNA plasmids targeting TEAD4 were constructed and transfected into HepG2 cells using lentivirus.
SiRNA3 was the most effective knockout, which was used in cell proliferation and invasion experiments. Cell
proliferation was detected by MTT assay, and cell invasion assays were performed with Transwell chambers.

Transfection

SiRNAs were transfected by Lipofectamine 3000 kit (Invitrogen, Carlsbad, USA), and transfection according to instructions.
TEAD4: siRNA-1, sense: 5'- CCGCCAAAUCUAUGACAAATT-3', anti sense: 5'- UUUGUCAUAGAUUUGGCGGTT-3".
TEAD4 siRNA-2, sense: 5- CCACGAAGGUCUGCUCUUUTT-3', anti sense: 5- AAAGAGCAGACCUUCGUGGTT-3',
TEAD4 siRNA-3sense: 5'- GAGACAGAGUAUGCUCGCUAUTT-3', anti sense: 5'- AUAGCGAGCAUACUCUGUCUCTT-
3’ NC siRNA:sense: 5'- GUGAGCGUCUAUAUACCAUdTAT-3', anti sense: 5'- AUGGUAUAUAGACGCUCACATJT-3.

Real-Time Polymerase Chain Reaction (PCR)

RNA expression of TEAD4 was measured using real-time PCR. The total RNA was isolated with TRIzol reagent (R1200,
solarbio, CN) according to the manual. Reverse transcription was performed with Universal reverse transcription kit
(11141ES60, Yeasen Biotech, CN). Real-time PCR was performed with Realtime PCR fluorescence Quantitative kit
(11201ES08, Yeasen Biotech, CN) on an MA-6000 Touch Real-Time system (Molarray) using primers specific for TEAD4
(forward, 5- AAGCAGGTCTCCAGCCACATCC-3'; reverse, 5'- TTGTCCTTAGCTGCCTGGTCCTT-3"). Melting curve
analysis was performed to ensure the specificity of primers. The expression of the target gene was normalized against
GAPDH (forward, 5'-GGAGTCCACTGGCGTCTTCAC-3'; reverse, 5'-GGCCATCCACAGTCTTCTGGG-3') and calculated
with the AACT method.

Results

High Expression of TEAD4 in HCC

The transcription levels of TEAD4 were analyzed using UALCAN. The TEAD4 transcription level significantly increased
in tumors compared to normal (Figure 1A). There showed obvious TEAD4 transcription level between male and female
(Figure 1B). The TEAD4 transcription level is elevated in N1 than NO based on nodal metastasis status (Figure 1C).
TEAD4 transcription level also gradually increased in progressive tumor grades (Figure 1D). In addition, TEAD4
transcription level is also gradually elevated in gradual individual cancer stages (Figure 1E). We further revealed the
TEAD4 mRNA expression level was strongly upregulated in HCC tumors compared to normal (Figure 1F). In addition,
the protein level of TEAD4 was increased in HCC tumors compared to normal (Figure 1G). Our findings suggest that the
transcription and post-transcription levels of TEAD4 were higher in HCC tumors than normal and here illustrated different
expressed transcription of TEAD4 in gender, nodal metastasis status, tumor grades, and individual cancer stages.

Correlation Between TEAD4 and Clinical Characteristics in Poor HCC Patients

HCC patients were divided into high TEAD4 expression group and low TEAD4 expression group to further study the
relationship between TEAD4 expression and clinical features. The high TEAD4 expression was significantly associated
with tumor grades. However, it was not obviously associated with other clinical parameters. The prognostic value of
TEAD4 expression in HCC is analyzed based on Kaplan—Meier curves and log-rank methods. As shown in Figure 2A-E,
high expression of TEAD4 was significantly correlated to shorter 2—5 years overall survival. It has also been demon-
strated that high expression of TEAD4 significantly associated with shorter overall survival in male, but not in female
(Figure 2F and G). In addition, the high expression of TEAD4 strongly associated with shorter overall survival in
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Figure | High expression of TEAD4 in HCC.

Notes: (A) The mRNA expression levels of TEAD4 in tumors (n=371) and normal (n=50) from TCGA. **p<0.001. (B) The mRNA expression levels of TEAD4 in different
genders. **p<0.001. (C) The mRNA expression levels of TEAD4 in different nodal metastasis status. ***p<0.001. (D) The mRNA expression levels of TEAD4 in different
tumor grades. **p<0.001. (E) The mRNA expression levels of TEAD4 in different cancer stages. **p<0.001. (F) The normalized mRNA expression levels of TEAD4 in
tumors and normal from TCGA. **p<0.001. (G) The protein levels of TEAD4 in tumors and normal from TCGA.
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Figure 2 Correlation between TEAD4 and clinical characteristics in poor HCC patients.

Notes: (A-E) The total, | years, 2 years, 3 years, and 5 years overall survival curves of high and low expression of TEAD4 in HCC. (F and G) The overall survival curves of
high and low expression of TEAD4 in female and male HCC patients. (H and ) The overall survival curves of high and low expression of TEAD4 in hepatitis virus infected or
uninfected HCC patients. (J and K) The overall survival curves of high and low expression of TEAD4 in drinking and not drinking HCC patients.
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alcohol-free HCC patients and with or without hepatitis virus infection but not in alcohol HCC patients (Figure 2H-K).
These data indicated that TEAD4 acted as a worse prognostic independent factor for HCC patients.

Clinical Case Outcome

The expression of TEAD4 in para-cancerous tissues of liver cancer patients was significantly higher than that in normal
liver tissues of liver hemangioma patients, as shown in Figure 3. The expression of TEAD4 in patients with recurrence 2
years after surgery was significantly higher than that in patients without recurrence 2 years after surgery (p<0.05).

Cell Experiment
The results suggested that TEAD4 was inhibited in HepG2 after transfection, as shown in Figure 4. HepG2 cell proliferation,
migration, and invasion ability were significantly reduced after TEAD4 inhibition, as shown in Figures 5 and 6.

Discussion

HCC is a common malignancy, which is prevalent worldwide, and HBV/HCV infection, liver cirrhosis, and aflatoxin
contaminated food are the main risk factors that cause HCC.?' Previous study has been demonstrated TEAD4 plays an
important role in HCC, it has indicated YAP binds TEAD4 induces HCC cell proliferation and stem cells expansion.*
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Figure 3 TEAD4 in HCC patients.

Notes: The expression of TEAD4 in liver cancer tissue was significantly higher than that in normal liver tissue. The expression of TEAD4 in early relapsed liver cancer
tissues was significantly higher than that in non-relapsed patients. (A) Normal liver tissue from a patient with hepatic hemangioma; (B) Liver cancer tissue from a patient with
hepatocellular carcinoma that had not recurred within 3 years; (C) Liver cancer tissue from a patient with hepatocellular carcinoma that recurred within | year.
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Figure 4 The knock down of TEAD4 in HepG2.
Notes: The results suggested that TEAD4 was inhibited in HepG2 after transfer and siRNA3 was the most significant.
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Figure 5 MTT assay was used to detect the proliferation of HepG2 with the knock down of TEAD4.
Notes: Detection time point: 24,48,72 hr after siRNA transfection, p<0.001, siTEAD4 HepG2 vs normal HepG2. siTEAD4: TEAD4 were knocked down in HepG2 cells. NC
siTEAD4: TEAD4 were not knocked down in HepG2 cells.
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Figure 6 Transwell assay detected the invasive effect of TEAD4 gene on HepG2 cells.

Notes: (A) Transwell assay detected the effect of TEAD4 on cell proliferation. Compared with normal HepG2 group and non-TEAD4-knockdown HepG2 control group,
HepG2 cell migration with TEAD4 knockdown was significantly reduced. (B) The light absorption of crystal violet eluent at OD 570 NNL was measured. The absorbance
value could indirectly reflect the number of cells. Compared with normal HepG2 group and non-TEAD4-knockdown HepG2 control group, hepG2 cells in TEAD4 knocked
down group were significantly reduced. ¥*p<0.001, siTEAD4 HepG2 vs normal HepG2. siTEAD4: TEAD4 were knocked down in HepG2 cells. NC siTEAD4: TEAD4 were
not knocked down in HepG2 cells.

Inhibition of the YAP-TEAD4 significantly suppressed tumor formation in HCC.* In this study, we demonstrated
TEAD4 mRNA expression and protein levels increased in HCC tumors than normal, and high expression of TEAD4
significantly associated with gender, nodal metastasis status, tumor grades, and cancer stages. Moreover, high expression
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of TEAD4 correlated with shorter survival time in HCC. Increasing evidences have demonstrated high TEAD4
expression promotes tumor initiation, progression and metastasis in laryngeal cancer,'* our findings confirm the role
of TEAD4 in HCC.

In addition, TEAD4 is a key downstream transcription factor of Hippo signaling pathway,”* and Hippo signaling
pathway has been demonstrated to be associated with the tumor immune microenvironment and affect tumor secretome
and immune infiltrates.”>*° In HCC, activation of the Hippo signaling pathway promotes macrophage recruitment by
tumor-initiating cells.”’

Conclusion
In summary, we demonstrated that high TEAD4 expression was associated with clinical characteristics and poor
prognosis in HCC.
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