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Original Article
A novel 13-gene signature of TGF-beta pathway  
correlates with tumor stage and grade and  
predicts poor survival for bladder cancer patients
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Abstract: Purposes: TGF-beta pathway functions as both tumor-inhibitor and tumor-promoter in different phases of 
various cancers including bladder cancer. Our study was to determine if a TGF-beta pathway associated signature 
could distinguish more aggressive phenotype with worse survival outcomes. Methods: Gene expression profiling of 
791 bladder cancer patients from both TCGA and GEO databases were selected and included in our study. 13-gene 
signature was generated by using Biometric Research Branch-Array Tools. With the specific risk score formula, pa-
tients in each dataset were classified into high risk or low risk group. The following analyses were performed in TCGA 
dataset and validated in other three independent testing sets (GSE13507, GSE31684 and GSE32548). Results: 
Patients in high risk group had significant shorter overall survival and disease specific survival, compared with who 
in low risk group. Multivariable Cox regression analysis revealed that the prognostic value of the 13-gene signature 
was independent of age, gender and smoking status. The 13-gene signature gave a significant performance in dis-
tinguishing patients at high risk of worse survival from those at low risk, as measured by the area under the receiver 
operating characteristic curve. Further analyses demonstrated that the risk score of this signature positively associ-
ated with stage and histologic grade (all P<0.05). Conclusions: In present study, a novel TGF-beta pathway associ-
ated gene signature that is useful in survival prediction in bladder cancer patients was developed. The identification 
of high risk subpopulation could assist in selecting patients who need more aggressive therapeutic intervention. 
Meanwhile, the prognosis value of this signature and its potential as a biomarker deserve further investigation in 
future studies.
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Introduction

In 2016, approximate 76,960 new cancer ca- 
ses and 16,390 cancer deaths related to blad-
der cancer (BC) are estimated to occur in United 
States [1]. In the past two decades, treatment 
of BC has not changed significantly and the 
5-year relative survival rate for patients stood 
at approximate 79% [1, 2]. At the time of diag-
nosis, about 20-30% were diagnosed with mus-
cle-invasive (MI) or metastatic BC. Besides, up 
to one third of the patients with initially non-
muscle-invasive (non-MI) BC later progressed 
to MIBC or metastatic disease [3]. And approxi-
mately one half the patients with MIBC later 

developed into metastatic disease, which is 
almost invariably lethal (5-year relative survival 
rate is nearly 5%) [1, 4]. Clinicopathologic par- 
ameters such as TNM stage and grade are 
strongly related to survival outcomes and play 
an important role in choosing optimum treat-
ment, but there still exist significant variability 
in the prognosis of patients with similar charac-
teristics. Therefore, additional predictive and 
prognostic markers are required to distinguish 
high risk individual from low risk for proper clini-
cal management of the BC patients.

TGF-beta functions as both tumor-inhibitor and 
tumor-promoter in different phases of various 
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cancers including BC, which plays a crucial role 
in malignant evolution, epithelial-to-mesenchy-
mal transition (EMT) and metastasis [5, 6]. 
Currently, no relevant study of TGF-beta gene 
on survival outcomes of BC were published, 
which might be mainly due to its dual character 
of the TGF-beta and complicacy of the TGF 
pathway. It seems that the single TGF-beta for 
risk classification and survival prediction is 
inappropriate and imprecise. This underlines 
the importance of gene combinations. Gene 
signature, based on microarray gene expres-
sion profiling, have been recently developed 
and widely used in prediction of a series of 
tumor characteristics and outcomes, such as 
stage, recurrence, progression of non-MIBC 
and survival [7, 8]. Hence, we asked if a TGF-
beta pathway associated signature could dis-
criminate more aggressive phenotype with wo- 

(N = 93) and GSE32548 (N = 130) were select-
ed as testing datasets, which contained either 
overall survival (OS) or disease specific survival 
(DSS). 84 TGF-beta pathway-associated genes 
were obtained from the KEGG (Kyoto Encyclo- 
pedia of Genes and Genomes, http://www.
genome.ad.jp/kegg), including TGF-beta path-
way members, target genes and other genes 
involved in TGF-beta pathway.

Statistical analysis

The association between the gene expression 
and patient’s survival outcomes was assessed 
by univariate Cox regression analysis along with 
a permutation test using Biometric Research 
Branch-Array (BRB-Array) Tools edition 4.5.0 
[11]. Genes were considered statistically signifi-
cant if their permutation p values were less 

Figure 1. Gene risk score analysis of the TCGA patients. The distribution of 
13-gene risk score, patients’ survival status and gene expression were ana-
lyzed in the entire TCGA database (n = 403). (A) 13-gene risk score distribu-
tion; (B) Patients’ survival status. The dotted line in the middle of (A) and (B) 
divided the patients into low risk and high risk group. In high risk group, the 
patients had a higher mortality rate (113/200 versus 64/203, P<0.0001) 
and a shorter survival time (log rank P<0.0001). (C) Heatmap of the 13-gene 
expression profiles. As the risk score rising, the expression value of SMAD6, 
ID2 got lower, and the other 11 gene ascended. Rows represent genes in 
TGF-beta pathway, and columns represent patients.

rse survival outcomes. By 
using public available datas-
ets, we attempted to generate 
a novel signature with superi-
or prediction of survival out-
comes among BC patients.

Methods

Datasets

Gene expression datasets of 
BC and corresponding clinical 
data were downloaded from 
the publicly available The 
Cancer Genome Atlas (TCGA) 
and GEO databases. Gene ex- 
pression and clinical data of 
TCGA database are available 
from the website of Cancer 
Genomics Browser of Univer- 
sity of California Santa Cruz 
(UCSC) (https://genome-can-
cer.ucsc.edu) [9]. 403 BC sa- 
mples with detailed gene ex- 
pression data and survival 
data were chosen from the 
updated TCGA database acc- 
ording to parameters defined 
in a previous study [10]. Mic- 
roarray studies from the GEO 
database are available via the 
NCBI Gene Expression Omni- 
bus (http://www.ncbi.nlm.nih.
gov/geo). Three datasets, GS- 
E13507 (N = 165), GSE31684 
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than or equal to 0.01. To construct a predictive 
model, the selected genes were fitted in a mul-
tivariable Cox regression model in the training 
set as described [12]. A risk score formula was 
then established by including each of these 
selected genes, weighted by their estimated 
regression coefficients in the multivariable Cox 
regression analysis [13]. With this risk score 
formula, patients in each dataset were classi-
fied into high risk or low risk group by using the 
median risk score as the cutoff point, respec-
tively. The difference of clinicopathological 
characteristics between the high risk and the 
low risk group was determined by χ2 test. Ka- 
plan-Meier survival analyses were used to esti-
mate the survival distributions between the low 
risk and the high risk group in each set [14, 15]. 
The log-rank test was used to assess the statis-
tical significance between stratified groups. A 
two-sided p value <0.05 was regarded as sig-
nificant. The receiver operating characteristic 
(ROC) curve was constructed using R package 
pROC. Area under the curve (AUC) values were 
calculated from the ROC curves. Multivariable 
Cox regression model was built to further inves-
tigate the independent predictive value of the 
13-gene signature in each set. The significance 
was defined as p value less than 0.05. All the 
data were analyzed by R program (www.rpro-
ject.org) and statistical software package SP- 
SS for Windows, version 19 (Chicago, SPSS inc, 
USA).

Results

Identification of prognostic genes in TGF-beta 
pathway from the TCGA dataset

A total of 84 TGF-beta pathway-associated 
genes were obtained from the KEGG website. 
By using the BRB-Array tools, 13 of them were 
identified as relating to OS (permutation P< 
0.01). Among these 13 genes, two genes, SM- 
AD6 and ID2, were crudely regarded as protec-
tive factors according to hazard ratio (HR, <1), 
the other 11 genes were, to the contrary, con-
sidered as risk factors (Figure 1C). The detailed 
gene information was displayed in Table 1.

Predictive value of the 13-gene signature on 
survival outcomes of bladder cancer patients

The risk score of each patient was estimated 
according to the 13-gene expression and their 
corresponding coefficients in TCGA dataset. 
With this risk score formula, patients in TCGA 
dataset were divided into high risk (n = 203) or 
low risk group (n = 200) by using the median 
risk score as the cutoff point. Compared with 
the low risk group, the patients in the high risk 
group had a higher mortality rate (113/200 ver-
sus 64/203, P<0.0001) and a shorter overall 
survival time (log rank P<0.0001) throughout 
the follow-up (Figures 1B and 2A). This survival 
discrepancy were further validated in other  
two independent BC datasets, GSE13507 and 

Table 1. Genes in TGF-beta pathway which correlated with overall survival in The Cancer Genome 
Atlas bladder cancer dataset

Gene symbols Gene names HR Coefficient Permutation 
p value

THBS4 Thrombospondin 4 1.082 0.038220873 0.002005
TGFB3 Transforming growth factor beta 3 1.134 -0.164209899 0.006572
SMAD6 SMAD family member 6 0.846 -0.113239657 0.000357
MYC V-myc avian myelocytomatosis viral oncogene homolog 1.147 0.114266956 0.007135
MAPK3 Mitogen-activated protein kinase 3 1.443 0.317344107 0.003953
LTBP1 Latent transforming growth factor beta binding protein 1 1.249 0.098855692 0.000427
INHBE Inhibin beta E subunit 1.137 0.155141587 0.005562
INHBA Inhibin beta A subunit 1.094 -0.013237303 0.006370
ID2 Inhibitor of DNA binding 2, HLH protein 0.866 -0.120674189 0.008203
GDF5 Growth differentiation factor 5 1.135 0.020001652 0.005220
CUL1 Cullin 1 1.577 0.268970151 0.008714
COMP Cartilage oligomeric matrix protein 1.061 0.039333047 0.007977
BMP6 Bone morphogenetic protein 6 1.151 0.142129333 0.008596
HR: hazard ratio.



TGF-beta pathway and bladder cancer survival

611	 Int J Clin Exp Med 2017;10(1):608-617

GSE31684 (log rank P = 0.013 and log rank  
P = 0.018, respectively) (Figure 2B, 2C). In addi- 
tion, multivariate Cox regression analysis of 
TCGA dataset on OS revealed that the prognos-
tic value of the 13-gene signature was indepen-
dent of age, gender and smoking status (HR, 
2.166, 95% confidence interval (CI), 1.587-
2.955, P<0.001), which was validated in anoth-
er two datasets (both P<0.05) (Table 2).

Two independent datasets, including GSE13- 
507 and GSE32548, contained patients’ gene 
expression profile and corresponding DSS data. 
As shown in Supplementary Figure 1, in GSE- 
13507 dataset, the high risk individuals dem-
onstrated a significantly shorter DSS time than 
the low risk individuals (log rank P<0.001), 
which was validated in GSE32548 dataset (log 
rank P = 0.039). Besides, the multivariate Cox 

regression analysis of GSE13507 dataset 
showed that the 13-gene signature was inde-
pendent of age and gender for DSS prediction 
(HR, 3.699, 95% CI, 1.657-8.255, P = 0.001) 
(Supplementary Table 1).

13-gene signature correlates with pathologic 
stage and histologic grade of bladder cancer

In TCGA dataset, the distribution of pathologic 
stage, T stage, N stage and histologic grade 
between the high risk and low risk group were 
statistically significantly different (P<0.001, 
P<0.001, P = 0.004 and P<0.001, respective-
ly). As to pathologic stage, we found that 
patients in stage III/IV had a significant higher 
risk score than who in stage I/II (P<0.001) 
(Figure 3A). Besides, we also observed that 
mean risk score ascended as the T stage and N 

Figure 2. Kaplan-Meier estimates of survival outcomes of patients with bladder cancer in four independent data-
set using the 13-gene signature of TGF-beta pathway. Based on the median risk score, patients were divided into 
two groups: low risk and high risk group. A: Kaplan-Meier curves for TCGA patients. B: Kaplan-Meier curves for 
GSE13507 patients. C: Kaplan-Meier curves for GSE31684 patients. D: Kaplan-Meier curves for GSE32548 pa-
tients. The differences between the two curves were determined by the two-side log-rank test.
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stage rising in both TCGA and GSE31684 data-
sets (Figure 3B, 3C). Apart from that, three of 
the four datasets contained histologic differen-
tiation level of BC. Further comparative analy-
sis revealed that 13-gene expression signature 
exhibited a significant association with grade 
of BC (all P<0.05, Figure 3D).

Finally, we performed ROC analysis to compare 
the sensitivity and specificity of survival predic-
tion of gene expression signature with age, 
gender, smoking status, histologic grade and 
stage in TCGA dataset. The AUROC of the 13 
gene signature risk score was 0.688, which 
was significantly larger than that of age (AUROC 
= 0.611, P = 0.030), gender (AUROC = 0.480, 
P<0.001), smoking status (AUROC = 0.514, 
P<0.001), histologic grade (AUROC = 0.535, 
P<0.001), but insignificantly larger than that of 
AJCC stage (AUROC = 0.667, P = 0.530) (Figure 
4). These results suggested that 13-gene sig-
nature might have a better survival predictive 
ability.

Discussion

TGF-beta pathway regulates manifold cellular 
processes, including morphogenesis, embry-

onic development, adult stem cell differentia-
tion, immune regulation, wound healing and 
inflammation [16, 17]. Meanwhile, in cancer 
biology, it also play important roles. TGF-beta 
functions as  both tumor-inhibitor and para- 
doxical promoter in different phases of various 
cancers [5, 6], which have vital impact on 
malignant evolution, invasive, EMT and metas-
tasis [6, 18]. Though the TGF-beta signaling 
pathway in BC was not fully understood, the 
existed data revealed a similar dual effect. On 
one hand, TGF-beta 1 could decrease cell  
viability, cellular growth and induce apoptosis 
in BC cell lines [19, 20]. On the other hand,  
TGF-beta 1 could also induce EMT and invasive 
via diverse signaling, which might result in  
the recurrence and progression of BC [21-24]. 
Recently, Liang et al conditionally knocked  
out the TGF-beta 2 receptor (TGFBR2) in BC 
mouse model and found that ablation of  
TGF-beta signaling could inhibit the cancer cell 
proliferation, cancer stem cell population  
and EMT, hence suppressed the invasive can-
cer progression [25]. Similar to TGFBR1 and 
TGFBR2, TGFBR3 also played a dichotomous 
role in human BC, acting as both a tumor sup-
pressor and as a tumor promoter [4]. As a con-

Table 2. Univariate and multivariable Cox regression analyses on overall survival in the training and 
testing set

Univariate model Multivariable model
HR (95% CI) p value HR (95% CI) p value

Training set (TCGA)
    Risk score (High vs. Low) 2.144 (1.577-2.916) <0.001 2.166 (1.587-2.955) <0.001
    Age (≥65 vs. <65) 1.723 (1.246-2.381) 0.001 1.766 (1.277-2.443) 0.001
    Gender (F vs. M) 1.108 (0.798-1.537) 0.540 1.015 (0.730-1.413) 0.928
    Smoking status (Y vs. N) 1.252 (0.915-1.713) 0.161 1.134 (0.826-1.556) 0.438
Testing set (GSE13507)
    Risk score (High vs. Low) 1.814 (1.125-2.925) 0.015 1.777 (1.098-2.875) 0.019
    Age (≥65 vs. <65) 3.935 (2.234-6.933) <0.001 3.981 (2.251-7.040) <0.001
    Gender (F vs. M) 1.560 (0.878-2.772) 0.129 1.559 (0.878-2.770) 0.130
Testing set (GSE31684)
    Risk score (High vs. Low) 1.824 (1.101-3.022) 0.020 1.694 (1.018-2.818) 0.043
    Age (≥65 vs. <65) 1.047 (0.605-1.811) 0.871 0.967 (0.551-1.695) 0.906
    Gender (F vs. M) 1.012 (0.574-1.785) 0.966 1.045 (0.581-1.881) 0.883
    Smoking status 0.063 0.117
        Never Reference Reference
        Former 2.110 (1.054-4.221) 0.035 1.993 (0.992-4.007) 0.053
        Current 1.296 (0.548-3.067) 0.555 1.339 (0.563-3.187) 0.509
HR: hazard ratio, CI: confidence interval.
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sequence, the output of TGF-beta response in  
a certain process seemed difficult to predict.  
In some cases, the TGF-beta pathway served 
as a tumor inhibitor or tumor promoter due to 
various alterations of the pathway member  
or other genes involved in TGF-beta pathway 
[5]. Therefore, overview of the polygene’s 
expression might somewhat help in further 
understanding the potential association 
between TGF-beta pathway and bladder can- 
cer.

Gene signatures based on microarray gene 
expression profiling have been recently devel-
oped to identify subgroups with more aggres-
sive phenotype or poor survival outcomes in BC 
[2, 7, 26]. For instance, Kim et al [27] identified 
a four-gene signature with statistically signifi-
cant correlation with disease progression am- 
ong patients with MIBC. Jeong et al [28] gener-
ated a three-gene signature and validated its 
performance of disease progression predicti- 
on in non-MIBC individuals. Recently, van der 

Figure 3. Risk score was correlated with tumor pathological parameters. A: In TCGA dataset, boxplot of risk score 
in patients with different tumor stage. Mean risk score rose as the tumor stage ascending (P<0.001). B, C: Boxplot 
of risk score in patients with different T stage and N stage, respectively. The correlation of risk score and T/N stage 
were analyzed in TCGA and GSE31684. All p values were less than 0.05, which meant that the distribution of risk 
score differed from tumor T stage and N stage significantly. D: Boxplot of risk score in patients with low grade and 
high grade bladder cancer. In all three dataset, risk score was significant lower in patients with low grade bladder 
cancer.
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Heijden et al [29] developed a five-gene expres-
sion signature to identify T1G3 BC patients with 
high risk of progression. Currently, there is no 
relevant study involving in TGF-beta pathway in 
prediction of BC patients’ survival. Hence, we 
attempted to generate a gene signature of TGF-
beta signaling to assist in improving prediction 
of survival in patients with BC. From KEGG web-
site, we obtained 84 TGF-beta pathway asso- 
ciated genes. All the candidate genes were 
firstly tested for their potential predictive value 
among 403 BC patients in TCGA dataset. 13 
genes were identified and significantly associ-
ated with overall survival of patients with BC. 
With this risk score formula, 403 BC patients 
were, subsequently, classified into high risk 
and low risk group. Then, the clinicopathologic 
parameters and survival outcomes of this two 
subgroups were compared. Surprisingly, the 13 
TGF-beta pathway genes’ signature correlated 
with pathological stage, T stage, N stage and 

c-Myc was proved relating to shorter disease-
free survival (HR, 3.05, P = 0.011) [32]. Riester 
et al [2] observed that SMAD6 was highly 
expressed in non-MI BC, as compared to mus-
cle invasive BC. To date, the remaining nine 
genes were not directly validated their clinical 
significance in BC. In our study, the 13-gene 
signature had clinical significance in sorting 
high risk patients with worse survival. It is  
possible that these genes’ interaction play an 
important role in progression, recurrence, 
metastasis of BC, by which the signature signi- 
ficantly influence the survival outcomes. The  
biological significance of these 13 TGF-beta  
signaling genes deserves further investigation.

Several limitations should be taken into account 
for our study. Firstly, considering the inherent 
discrepancy of the samples and difference of 
the measurement procedures among four data-
sets, we either did not combine them together 

Figure 4. ROC analysis of the sensitivity and specificity of the 13-gene risk 
score, age, gender, smoking status, grade and stage on overall survival pre-
diction in TCGA data set. As can be observed, the AUROC of the 13 gene ex-
pression signature risk score was 0.688, which was significantly larger than 
that of age (AUROC = 0.611, P = 0.030), gender (AUROC = 0.480, P<0.001), 
smoking status (AUROC = 0.514, P<0.001) and grade (AUROC = 0.535, 
P<0.001), but insignificantly larger than that of AJCC stage (AUROC = 0.667, 
P = 0.530).

histologic grade of BC and 
exhibited a promising inde-
pendent prognostic value on 
BC patients’ survival. These 
findings were validated in an- 
other three independent data-
set, GSE13507, GSE31684 
and GSE32548.

13 genes that involved in our 
novel TGF-beta pathway incl- 
uded THBS4, TGFB3, SMAD6, 
MYC, MAPK3, LTBP1, INHBE, 
INHBA, ID2, GDF5, CUL1, CO- 
MP and BMP6. Of them, the 
function and clinical signifi-
cance had been investigated 
in CUL1, INHBA, MYC and  
SMAD6. Mao et al [30] found 
that CUL1 overexpressed in 
high-grade urothelial carcino-
ma and correlated with poor 
prognosis of the patients with 
urothelial carcinoma. Simi- 
larly, increased expression of 
INHBA was also significantly 
associated with advanced 
clinicopathological features  
in urothelial carcinoma and 
significantly implied inferior 
DSS and metastasis free  
survival (both P<0.001) [31]. 
Besides, high expression of 
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as a whole to perform these analyses, nor did 
not use a same risk score cutoff in the analyses 
of the four independent datasets. Secondly, 
TCGA and another two datasets (GSE13507, 
GSE31684) do not collect detailed therapeutic 
measures (surgery, intravesical chemotherapy, 
systemic chemotherapy), race [33], insurance 
status [34], income status, dietary pattern [35], 
body mass index [36, 37], comorbidities such 
as diabetes [38], hypertension [39] and coro-
nary heart disease, which might more or less 
influence the survival of BC patients, without 
adding these factors in the multivariate analy-
ses might partially bias the independence of 
the predictive value. Thirdly, in our study, only 
84 TGF-beta associated genes were found and 
tested in the training dataset. The prognostic 
genes identified here did not represent all the 
gene candidates that were potentially correlat-
ed with BC patients’ survival. Finally, this gene 
signature was inferred by bioinformatics analy-
sis, and the biological roles of several genes  
in this signature were not clear, which should 
be investigated in further fundamental resea- 
rches.

In conclusion, a novel TGF-beta pathway gene 
signature that is useful in survival prediction in 
BC patients was developed. Meanwhile, this 
signature is positively correlated to malignant 
behavior, such as stage and histological grade. 
The identification of high risk subpopulation 
could assist in selecting patients who need 
more aggressive therapeutic intervention. Me- 
anwhile, the prognosis value of this signature 
and its potential as a biomarker deserve fur-
ther investigation in future studies.
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Supplementary Figure 1. Kaplan-Meier estimates of the disease specific survival of patients with bladder cancer 
in GSE13507 dataset using the 13-gene signature of TGF-beta pathway. Based on the median risk score, patients 
were divided into two groups: low risk and high risk group. The differences between the two curves were determined 
by the two-side log-rank test.

Supplementary Table 1. Univariate and multivariable Cox regression analyses on disease specific 
survival in the GSE13507 dataset

Univariate model Multivariable model
HR (95% CI) p value HR (95% CI) p value

GSE13507
    Risk score (High vs. Low) 3.873 (1.737-8.632) 0.001 3.699 (1.657-8.255) 0.001
    Age (≥65 vs. <65) 3.003 (1.343-6.716) 0.007 2.849 (1.270-6.391) 0.011
    Gender (F vs. M) 2.097 (0.969-4.538) 0.060 2.087 (0.965-4.515) 0.062
HR: hazard ratio, CI: confidence interval.


