
Oncotarget69823www.impactjournals.com/oncotarget

The prognostic impacts of TEA domain (TEAD) transcription 
factor polymorphisms in Chinese hepatocellular carcinoma 
patients

Haiyan Xia1,*, Juan Wen2,3,*, Weiyong Zhao4,*, Dongying Gu1, Zhibin Hu3,5, Jinfei 
Chen1 and Zhi Xu1

1Department of Oncology, Nanjing First Hospital, Nanjing Medical University, Nanjing, China
2Nanjing Maternity and Child Health Care Institute, Nanjing Maternity and Child Health Care Hospital, Obstetrics and 
Gynecology Hospital Affiliated to Nanjing Medical University, Nanjing, China

3Department of Epidemiology and Biostatistics, Jiangsu Key Laboratory of Cancer Biomarkers, Prevention and Treatment, 
Cancer Center, School of Public Health, Nanjing Medical University, Nanjing, China

4Department of Radiation Oncology, The Second Affiliated Hospital, Nanjing Medical University, Nanjing, China
5State Key Laboratory of Reproductive Medicine, Nanjing Medical University, Nanjing, China
*These authors have contributed equally to this work

Correspondence to: Zhi Xu, email: michelle.xuzhi@hotmail.com
Keywords: TEA domain family member, single nucleotide polymorphism, hepatocellular carcinoma, prognosis
Received: March 23, 2017     Accepted: June 20, 2017     Published: July 17, 2017
Copyright: Xia et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0  
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited.

ABSTRACT

TEA domain (TEAD) transcription factors play an important role in hepatocellular 
carcinoma (HCC) development and progression by regulating the expression of 
a number of genes. However, the association of their genetic variations with 
HCC prognosis remains elusive. Seven potentially functional single nucleotide 
polymorphisms in TEAD1-4 (rs2304733, rs10831923, rs12104362, rs3745305, 
rs11756089, rs2076173, rs7135838) were genotyped from 331 hepatitis B virus 
positive HCC patients using the Sequenom MassARRAY iPLEX platform. The TEAD3 
rs2076173 C allele and rs11756089 T allele were identified as protective alleles as 
they were significantly associated with longer median overall survival time (MST). 
The T allele of rs2076173 was significantly associated with HCC survival independent 
of age, gender, smoking and drinking status, BCLC stage, and chemotherapy or TACE 
status (HR = 0.73, 95% CI = 0.56-0.93, P = 0.012). This protective effect was more 
prominent for patients who were non-drinkers (P for multiplicative interaction = 
0.002). Patients had more than one of these protective alleles had significant longer 
MST of 19.25 months than those had none (MST=12.85 months, adjusted HR = 0.56, 
95% CI = 0.33-0.95, P=0.030), especially for those non-drinkers (adjusted HR = 
0.48, 95% CI = 0.32-0.74, P = 0.001). These findings suggested that rs2076173 and 
rs11756089 in TEAD3 gene could serve as genetic markers for favorable survival in 
the Chinese HCC patients.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fourth 
commonly diagnosed cancer and the third leading cause of 
cancer death in China [1]. Due to the asymptomatic nature, 
HCC are often diagnosed at advanced stage with poor 

prognosis. Combined modalities such as surgery, radiation, 
chemotherapy and molecular targeted therapy were 
showed to provide limited or marginal therapeutic benefits 
and always associated with unpleasant side effects. There 
remains an urgent need to identify molecular markers that 
can identify high-risk patients for more appropriate cancer 
treatment that gives a better clinical outcome.
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The transcriptional enhancer activator domain 
(TEAD) family is a group of transcriptional factors, 
participating in the development of various tumors, such 
as liver [2], gastric [3] and ovarian cancers [4]. Four 
family members (TEAD1, TEAD2, TEAD3 and TEAD4) 
shared in the highly conserved TEA DNA binding domain 
and required transcriptional coactivators for transcription 
activation [5]. With the help of coactivators, quite a few 
genes relevant to tumorigenesis are regulated by TEADs, 
including connective tissue growth factor (CTGF) [6], 
AXL tyrosine kinase receptor (AXL) [7], cyclin D1 
(CCND1) and Forkhead box protein M1 (FOXM1) 
[8]. In HCC, TEAD-Yes-associated protein (YAP) 
complex is the downstream regulator of the Hippo tumor 
suppressor pathway [9]. Dysregulated Hippo signaling 
pathway will lead to hypophosphorylation of YAP and 
resulting in translocation of YAP into the nucleus to 
form the complex with TEADs. The four TEAD family 
members have similar affinity for YAP. The YAP-TEAD 
complex subsequently would induce a number of gene 
expressions involving anti-apoptosis, proliferation and 
“stemness” phenotype [9–11]. Disrupting YAP-TEAD 
complex was demonstrated to impede HCC tumorigenesis 
without interrupting normal liver homeostasis [12]. 
Other evidences showed that downregulation of 
TEAD1/3/4 were able to abolish YAP-induced oncogenic 
transformation including cell proliferation, anchorage-
independent growth and epithelial-mesenchymal transition 
(EMT)suggesting that TEAD is essential for the function 
of YAP in HCC development and progression [9]. 
Genetic variations of TEADs such asTEAD1 rs7944031 
AG/GG and TEAD4 rs1990330 CA/AA genotypes, 
were significantly associated with poor survival time in 
melanoma [13]. An alternative splicing form of TEAD4 
which lacking the N-terminal DNA-binding domain but 
maintaining the YAP interaction domain was found under-
expressed in various cancer cells. Restoring this TEAD4 
isoform could inhibit tumor growth through repressing 
YAP signaling [14].

Nevertheless, the clinical significance of TEADs 
genetic variations in HCC has not been known. 
Considering the essential role of TEADs in HCC 
development and progression, we performed single 
nucleotide polymorphisms (SNPs) genotyping on seven 
potentially functional variants of TEADs in 331 HCC 
patients to investigate whether they could serve as 
biomarkers for better clinical management.

RESULTS

Association of TEADs polymorphisms with 
overall survival

The demographic characteristics and clinical 
information of the 331 HCC patients were described 
previously [15]. There were 258 of patients who died from 

HCC, and 2 died from other causes during the follow-up 
to 60.7 months. Median age of the patients was 53 years 
and the median survival time (MST) was 14.5 months. Of 
the 331 patients, 284 patients (85.8%) were male and 47 
(14.2%) were female; 211 (63.7%) patients were defined 
as smokers and 204 (61.6%) patients were drinkers; 304 
(91.8%) patients were at BCLC stage B and 27 (8.2%) 
of them at BCLC stage C; 240 (72.5%) received either 
the chemotherapy or TACE therapy. Notably, the drinkers 
had a higher risk of death (HR = 1.43, 95%CI = 1.11-
1.84, P = 0.006) than non-drinkers, whereas patients 
with chemotherapy or TACE had a 61% significant risk 
reduction of death (HR = 0.39, 95%CI = 0.29-0.51, P < 
0.001).

Kaplan-Meier and log-rank tests were used to 
examine the associations between the SNPs and HCC 
survival by using different genetic models. All P-values 
of Hardy-Weinberg equilibrium were greater than 0.05. 
None of the SNPs tested for TEAD1/2/4 were found to 
have significant association with the overall survival 
time. Two SNPs of TEAD3, rs11756089 and rs2076173 
polymorphisms were significantly correlated with the HCC 
specific overall survival time using the dominant model 
(log-rank test: P = 0.009 and P = 0.022, respectively) 
and the additive model (log-rank test: P = 0.024 and P 
= 0.039, respectively) (Table 1 and Figure 1). As shown 
in Table 2, compared to the patients carrying rs11756089 
CC genotype, those with CT/TT genotypes had a longer 
MST of 18.14 months, although not reaching statistical 
significance after adjusted for age, gender, smoking and 
drinking status, BCLC stage, and chemotherapy or TACE 
status (adjusted HR = 0.74, 95% CI = 0.53-1.03, P = 
0.075). For rs2076173, TC/CC genotypes was shown to 
result in a significant improvement in overall survival time 
of 14.95 months (adjusted HR = 0.73, 95% CI = 0.56-0.93, 
P = 0.012) when compared to TT genotype with MST of 
12.85 months. Since both of the SNPs are located within 
TEAD3 gene, the combined effects of the protective alleles 
(T allele of rs11756089 and C allele of rs2076173) on 
HCC survival were examined (Table 2). Patients carrying 
increasing number of these protective alleles tends to 
have better survival outcomes (P for trend = 0.011). 
Patients with 1-4 protective alleles had a 27% significant 
risk reduction of death (95% CI = 0.57-0.94, P = 0.014), 
compared to patients with wide-type (WT) homozygotes 
of the two SNPs. Similarly, patients with 3-4 protective 
alleles had a significantly longer MST of 19.25 months 
than those had none (MST = 12.85 months, adjusted HR = 
0.56, 95% CI = 0.33-0.95, P = 0.030).

Stepwise cox regression analysis on HCC 
survival

We then performed stepwise Cox proportional 
hazard analysis to estimate the effects of demographic 
characteristics, clinical features, TEAD3 rs11756089 and 
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Table 1: Genotyping results with HCC patients' survival

SNP Base 
change a Gene Location Genotyping Rate MAF b

Log-rank P

Dominant model Additive model

rs2304733 T>C TEAD1 11p15.2 96.98% 0.132 0.137 0.180

rs10831923 T>A TEAD1 11p15.2 96.07% 0.414 0.900 0.966

rs12104362 T>C TEAD2 19q13.3 97.89% 0.500 0.537 0.158

rs3745305 C>T TEAD2 19q13.3 97.58% 0.067 0.100 0.100

rs11756089 C>T TEAD3 6p21.31 96.37% 0.114 0.009 0.024

rs2076173 T>C TEAD3 6p21.31 96.68% 0.354 0.022 0.039

rs7135838 C>G TEAD4 12p13.33 96.68% 0.159 0.130 0.241

HCC, hepatocellular carcinoma; SNP, single nucleotide polymorphism; MAF, minor allele frequency.
a major > minor allele.
b MAF in Patients.

Figure 1: Kaplan-Meier plots of survival by TEAD3 rs11756089 and rs2076173 genotypes in HCC patients’ survival. 
(A) TEAD3 rs11756089 genotypes and HCC survival (log-rank P = 0.009 for CT/TT vs. CC) in a dominant model. (B) TEAD3 rs2076173 
genotypes and HCC survival (log-rank P = 0.022 for TC/CC vs. TT) in a dominant model.
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Table 2: Polymorphisms and HCC Patients' Survival

Genotype Patients Deaths MST 
(months) Crude HR (95% CI) Adjusted HR 

(95% CI) a Pa

rs11756089
 CC 257 209 12.98 1.00 1.00
 CT 62 44 16.16 0.70 (0.50-0.97) 0.75 (0.53-1.05) 0.097
 TT 6 4 22.87 0.42 (0.15-1.12) 0.66 (0.24-1.80) 0.418
 Additive model 0.68 (0.52-0.90) 0.77 (0.57-1.03) 0.078
 Dominant model 0.66 (0.48-0.91) 0.74 (0.53-1.03) 0.075
 rs2076173
 TT 142 120 12.85 1.00 1.00
 TC 137 108 14.13 0.79 (0.61-1.03) 0.76 (0.58-0.99) 0.041
 CC 47 30 16.26 0.63 (0.42-0.93) 0.63 (0.42-0.94) 0.025
 Additive model 0.79 (0.66-0.95) 0.78 (0.65-0.94) 0.009
 Dominant model 0.75 (0.59-0.96) 0.73 (0.56-0.93) 0.012

 Combined genotypes 
(rs11756089-T and rs2076173-C)
 0 140 118 12.85 1.00 1.00
 1 97 78 13.14 0.86 (0.64-1.14) 0.76 (0.57-1.02) 0.071
 2 61 44 16.03 0.68 (0.48-0.97) 0.74 (0.52-1.05) 0.095
 3-4 26 17 19.25 0.57 (0.34-0.95) 0.56 (0.33-0.95) 0.030
 Trend P b = 0.005 P b = 0.011
 0 140 118 12.85 1.00 1.00
 1-4 184 139 14.95 0.75 (0.59-0.96) 0.73 (0.57-0.94) 0.014

HCC, hepatocellular carcinoma; MST, median survival time; HR, hazard ratio; CI, confidence intervals.
a Adjusted for age, gender, smoking and drinking status, BCLC stage, and chemotherapy or TACE status.
b P value of Cochran-Armitage’s trend test.

rs2076173 on HCC survival. As shown in Table 3, four 
variables (chemotherapy or TACE status, age, TEAD3 
rs2076173 and drinking status) were selected into the final 
regression model. Furthermore, when gender, smoking 
status and BCLC stage were included in the final model, 
the TEAD3 rs2076173 still remained as an independent 
protective factor for HCC survival (HR = 0.69, 95%CI = 
0.54-0.89, P = 0.005).

TEAD3 polymorphisms associated with survival 
in HCC patients’ subtypes

To better assess the correlations of the two 
polymorphisms of TEAD3 and HCC survival, stratified 
analysis was performed on age, gender, smoking and 
drinking status, BCLC stage, and chemotherapy/TACE 
status. As shown in Supplementary Tables 2 and 3, the 
protective effects of the variant genotypes of rs11756089 
and rs2076173 were more prominent in non-drinkers than 
drinkers (heterogeneity test: P = 0.002 for rs11756089; 

P = 0.031 for rs2076173). Similarly, the combined 
protective effect of the variant alleles of rs11756089 and 
rs2076173 was also more prominent in non-drinkers 
(adjusted HR = 0.50, 95% CI = 0.33-0.77) than drinkers 
(adjusted HR = 0.90, 95% CI = 0.65-1.23, P = 0.030 for 
heterogeneity test, Supplementary Table 4). Therefore, a 
gene-drink status interaction analysis was carried out, and 
a statistically significant multiplicative interaction was 
observed (multiplicative interaction analysis: P = 0.004 for 
rs11756089; P = 0.002 for rs2076173; P = 0.002 for the 
combined genotypes, Table 4, Figures 2 and 3). Comparing 
to drinkers with rs11756089 CC genotype, non-drinkers with 
rs11756089 CT/TT genotypes had a significantly decreased 
mortality risk (adjusted HR = 0.39, 95% CI = 0.24-0.65, 
P < 0.001, Table 4  and Figure 2A). Compared to drinkers 
with rs2076173 TT genotype, non-drinkers with rs2076173 
TC/CC genotypes had a 52% significant risk reduction 
of death (adjusted HR = 0.48, 95% CI = 0.32-0.74, P = 
0.001, Table 4  and Figure 2B). When combining the two 
SNPs, non-drinkers with 1-4 protective alleles had better  
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Table 4: Interaction between variants genotypes and drinking status

Combined 
effects SNP Drinking 

status Patients Deaths MST(months) Adjusted HR 
(95% CI) a P a

rs11756089

0 CC Yes 167 137 12.06 1.00

1 CT/TT Yes 32 26 9.99 1.12 (0.73-1.72) 0.618

2 CC No 90 72 16.69 0.79 (0.55-1.14) 0.210

3 CT/TT No 36 22 22.67 0.39 (0.24-0.65) <0.001

P for multiplicative interaction 0.004

rs2076173

0 TT Yes 95 80 12.85 1.00

1 TC/CC Yes 106 84 12.06 0.87 (0.64-1.19) 0.379

2 TT No 47 40 15.93 0.93 (0.59-1.47) 0.765

3 TC/CC No 78 54 19.25 0.48 (0.32-0.74) 0.001

P for multiplicative interaction 0.002

Combined genotypes (rs11756089-T and rs2076173-C)

0 0 Yes 93 78 11.30 1.00

1 1-4 Yes 106 85 12.06 0.88 (0.64-1.20) 0.409

2 0 No 47 40 15.93 0.93 (0.59-1.48) 0.769

3 1-4 No 78 54 19.25 0.48 (0.32-0.74) 0.001

P for multiplicative interaction 0.002

MST, median survival time; HR, hazard ratio; CI, confidence intervals.
a Adjusted for age, gender, smoking and drinking status, BCLC stage, and chemotherapy or TACE status.

Table 3: Multivariable cox regression analysis on HCC patients’ survival

Variables β a SE b HR 95% CI P

Stepwise regression analysis

Chemotherapy or TACE (yes vs. none) -1.1340 0.1524 0.32 0.24-0.43 <0.001

Age (>53 vs. <=53) -0.4467 0.1366 0.64 0.49-0.84 0.001

rs2076173 (TC/CC vs.TT) -0.3580 0.1293 0.70 0.54-0.90 0.006

Drinking status (yes vs. no) 0.3112 0.1321 1.37 1.05-1.77 0.018

Final regression model

Chemotherapy or TACE (yes vs. none) -1.1419 0.1523 0.32 0.24-0.43 <0.001

Age (>53 vs. <=53) -0.4555 0.1363 0.63 0.49-0.83 0.001

rs2076173 (TC/CC vs.TT) -0.3644 0.1289 0.69 0.54-0.89 0.005

Drinking status (yes vs. no) 0.3074 0.1320 1.36 1.05-1.76 0.020

HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence intervals; TACE, transcatheter hepatic arterial 
chemoembolization.
a β is the estimated parameter of the regression model.
b SE is the standard error of the regression model.
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survival with MST of 19.25 months (adjusted HR = 0.48, 
95% CI = 0.32-0.74, P = 0.001, Table 4  and Figure 3) than 
drinkers with 0 protective allele.

DISCUSSION

In the present study, we investigated the associations 
of seven potentially functional TEADs SNPs with the 
clinical outcome in Chinese patients with intermediate 
or advanced HCC. The C allele of TEAD3 rs2076173 
and the T allele of TEAD3 rs11756089 were identified as 
protective alleles. Patients who are carrying of at least one 
protective allele had significantly longer overall survival 
time than those without, especially for those non-drinkers. 
The prognostic value of these protective alleles was 
independent of age, gender, smoking and drinking status, 
BCLC stage, and chemotherapy or TACE status.

As transcriptional factors, TEADs have been 
found to be related with various human cancers by 

promoting cell proliferation and inhibiting apoptosis. 
The transcriptional function of TEADs was affected by 
three groups of coactivators including YAP/transcriptional 
coactivator with PDZ-binding motif (TAZ), vgll proteins, 
and p160 family of nuclear receptor coactivators [16]. 
TEAD1/2 enhanced mesothelin transcription which 
was frequently overexpressed in pancreatic and ovarian 
cancer [17, 18]. TEAD4 was found overexpressed in 
breast cancer to induce cell proliferation and tumor 
growth by inhibiting p27 transcription [19]. TEAD1/4 
overexpression was considered as prognostic marker for 
prostate cancer [20]. In human, TEAD3 was reported 
to regulate the transcription of 3 beta-hydroxysteroid 
dehydrogenase/isomerase (HSD3B), which was involved 
in the degradation of androstenone in the liver [21, 22]. 
Silencing of TEAD3 showed abrogation of radiation-
induced adaptive response in mice, suggesting that 
TEAD3 may play a role in radiation-induced apoptosis, 
proliferation and differentiation [23]. Association of 

Figure 2: Kaplan-Meier plots of survival by TEAD3 rs11756089 and rs2076173 genotypes in HCC patients’ survival. 
(A) Kaplan-Meier plots of survival by the combination of rs11756089 genotypes and drinking status in HCC-specific survival (P for 
multiplicative interaction = 0.004). (B) Kaplan-Meier plots of survival by the combination of rs2076173 genotypes and drinking status in 
HCC-specific survival (P for multiplicative interaction = 0.002).
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TEAD3 and Hippo-YAP signaling pathway was found 
in renal clear carcinoma [24], ovarian cancer [4] and 
hepatocellular carcinoma [9].

Here, we found Chinese patients who were carrying 
rs2076173 TC/CC or rs11756089 CT/TT genotypes 
of TEAD3, appeared to have a prolonged overall 
survival. The SNP rs2076173 (T>C) was located at the 
3’-untranslated region of TEAD3. According to the web-
based SNP analysis tool (SNPinfo: https://snpinfo.niehs.
nih.gov/snpinfo/snpfunc.html), rs2076173 may be located 
at miRNAs (has-miR-455-3p and hs-miR-766)-binding 
site, which was likely to disrupt miRNA-target interaction 
and result in the deregulation of target gene expression. 
As no different binding energy changed in the two A/G 
alleles for the hsa-miR-455-3p, and binding energy for 
the hs-miR-766 was available only in the A allele in the 
SNPinfo database, further in vitro experiments, such as 
luciferase assay, were needed to validate our polymorphic 
functional hypothesis. Moreover, it was associated 

with the expression of DEP6 (Effect size = -0.24, P = 
0.0000062), TEAD3 (Effect size = -0.32, P = 0.000011) 
and RPL10A (Effect size = 0.34, P = 0.000021) according 
to the database of GTExPortal (http://www.gtexportal.
org). The SNP rs11756089 (C>T), a synonymous variant, 
may be served as exonic splicing enhancer (ESE) or 
exonic splicing silencer (ESS) according to the SNPinfo 
analysis tool. It was also associated with the expression of 
TEAD3 (Effect size = -0.40, P = 0.000012) according to 
the database of GTExPortal. These evidences for the SNPs 
seem to be biologically plausible, but further functional 
analyses of the regions including the SNPs are needed.

HCC is a severe and complex disease caused by 
a combination of genetic and environmental factors 
[25, 26]. Previous studies showed that gene-gene and 
gene-environment interactions were implicated in HCC 
development [27, 28]. In this study, we identified the C 
allele of rs2076173 and the T allele of rs11756089 were 
protective alleles for HCC patients, especially for those 

Figure 3: Kaplan-Meier plots of survival by combined genotypes (rs11756089-T and rs2076173-C) in HCC patients’ 
survival. (A) combined genotypes and HCC survival (Log-rank P = 0.022 for 1~4 variant genotypes vs. common genotypes). (B) Kaplan-
Meier plots of survival by the combination of combined genotypes and drinking status in HCC-specific survival (P for multiplicative 
interaction = 0.002).
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nondrinkers. Patients who are carrying an increased 
number of these protective alleles will give a better 
survival outcome. In this cohort, patients who had 3-4 
protective alleles had a significantly prolonged survival 
time of 19.25 months. For drinkers with none of these 
allele, the median survival time was 11.3 months, whereas, 
the MST was 19.25 months for those nondrinkers with 
1-4 protective alleles. This finding suggested that the two 
SNPs may be involved in the process of gene-environment 
interactions.

To our knowledge, this is the first study to 
investigate the association between TEADs SNPs with 
HCC survival. Among the 7 SNPs, rs2076173 and 
rs11756089 polymorphisms of TEAD3 were identified 
to be significantly associated with HCC patients. There 
are several limitations in our study. The results are 
based on a relatively small cohort of only 331 Chinese 
HBV-related HCC patients and our study was lack of 
replication cohort. Further validation will be needed in 
a larger cohort. Meanwhile, the functions of rs2076173 
and rs11756089 have not been fully characterized. Related 
investigation is needed to further reveal the functions of 
this polymorphism on TEAD3 and their potential targets. 
In summary, our results demonstrated the potential use 
of TEAD3 polymorphisms as prognostic markers for 
intermediate and advanced HCC patients. These data may 
provide a basis for rational HCC surveillance, therapeutics 
strategies development and medicinal individualization of 
HCC patients.

MATERIALS AND METHODS

Patients and samples collection

A total of 331 HCC patients of Barcelona Clinic 
Liver Cancer (BCLC) staging system stage B or C were 
recruited from Nantong Tumor Hospital (Nantong, 
People’s Republic of China) and Nanjing First Hospital, 
Nanjing Medical University (Nanjing, People’s 
Republic of China) from January 2006 to December 
2010. Patients were diagnosed with HCC based on 
histopathological examination, or the measurement of 
serological α-fetoprotein level (>400 ng/mL) and imaging 
examination by magnetic resonance imaging and/or 
computerized tomography, as described previously [29]. 
Patients were followed up every 3 months from the date 
of enrollment until death or to the last follow-up date 
(January 14, 2013). Individuals who smoked 1 cigarette 
per day for over 1 year were defined as smokers, and those 
who consumed one or more alcohol drinks a week for over 
6 months were categorized as alcohol drinkers. All of them 
were serologically confirmed hepatitis B virus (HBV) 
positive without receiving any surgical treatment. The 
study was approved by the institutional review board of 
Nanjing Medical University (Nanjing, People’s Republic 
of China). Signed informed consents were collected from 

enrolled patients for the use of clinical specimens in 
medical research.

Serological tests

HBsAg, anti-HBs, anti-HBc and anti-HCV were 
detected by the enzyme-linked immunosorbent assay 
(Kehua Bio-engineering Co., Ltd., Shanghai, China) 
following the manufacturer’s instructions as described 
previously [30].

SNPs selection and genotyping

All common (minor allele frequency, MAF > 0.05 
in Chinese or Asians) polymorphisms in TEAD1, TEAD2, 
TEAD3 and TEAD4 of potentially functional, that is, 
located at 5’-flanking regions (5’-FRs), 5’-untranslated 
regions (5’-UTRs), coding regions, or 3’-UTRs according 
to NCBI dbSNPs (last search date: November 2014) were 
identified. SNPs that were demonstrated to be of biological 
significance or associated with gene expression and/or 
cancer risk/survival according to the literature review were 
also included. If SNPs are in high linkage disequilibrium 
(LD) (r2 > 0.8), only one SNP were genotyped. As a 
result, seven SNPs (TEAD1 rs2304733 and rs10831923, 
TEAD2 rs12104362 and rs3745305, TEAD3 rs11756089 
and rs2076173, TEAD4 rs7135838) were selected for 
genotyping. Genomic DNA was extracted from leukocyte 
pellets by traditional proteinase K digestion, phenol-
chloroform extraction and ethanol precipitation. All SNPs 
were genotyped using the Sequenom MassARRAY iPLEX 
platform (Sequenom Inc). The primers for the seven SNPs 
are shown in Supplementary Table 1. More than 5% of the 
samples were randomly selected for repeated genotyping, 
yielding a 100% concordance. The success rates of 
genotyping for the seven SNPs were all above 95%.

Statistical analysis

Survival time was calculated from the date of HCC 
diagnosis to the date of death of any cause or last follow-
up. Hardy-Weinberg equilibrium was assessed within 
patients by using a goodness-of-fit χ2 test. Mean survival 
time was presented when the median overall survival 
time (MST) could not be calculated. Kaplan-Meier 
method and log-rank test were performed to compare 
the survival time in different subgroups categorized by 
patient characteristics, clinical features and genotypes. 
Univariate and multivariable Cox proportional hazard 
regression analyses were performed to estimate the crude 
or adjusted HR and their 95% CIs, with adjustment of 
age, gender, smoking status, drinking status, BCLC 
stage, and chemotherapy or transcatheter hepatic arterial 
chemoembolization (TACE) status. Cox stepwise 
regression model was conducted to determine predictive 
factors for HCC prognosis, with a significance level of 
0.050 for entering and 0.051 for removing the respective 
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explanatory variables. The Chi-square-based Q test was 
applied to test the heterogeneity of associations between 
subgroups. Analyses were carried out using Statistical 
Analysis System software (version 9.1.3; SAS Institute, 
Cary, NC, USA). All tests were two-sided and the criterion 
of statistical significance was set at P < 0.05.
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