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Abstract. The present study was carried out to investigate 
the clinical significance of TMPRSS3 and TNFRSF11B 
in breast cancer. Thus, the expression levels of TMPRSS3 
and TNFRSF11B and the correlation with prognosis in 
patients with breast cancer were analyzed in  silico using 
gene microarray and hierarchical clustering analysis. Then, 
the differential expression in breast cancer vs. normal breast 
tissue was explored in the Oncomine platform and verified 
in our independent samples using IHC technique. Our results 
indicated that TMPRSS3 was upregulated and TNFRSF11B 
was downregulated in breast cancer tissues compared with 
the levels in the human normal breast tissues. TMPRSS3 and 
TNFRSF11B were confirmed to be correlated with distant 
organ metastasis of breast cancer. Moreover, upregulation of 
TMPRSS3 accompanied by downregulation of TNFRSF11B 
was found to be associated with a shorter median overall 
survival and indicated a poor prognosis. In conclusion, 
TMPRSS3 and TNFRSF11B may have potential prognostic 
value to be used as tumor biomarkers in breast cancer patients.

Introduction

Breast cancer is the second leading cause of cancer-related 
death among women after lung cancer, accounting for 
~23% of all cases of cancer in women (1). According to the 
American Cancer Society's estimates for 2016, ~246,660 new 
cases of invasive breast cancer are expected to be diagnosed 
and ~40,450 women may die from breast cancer in the 
US (2). In China, the incidence and mortality of breast cancer 
have progressively increased during the past few decades (3). 
There are several treatment strategies including surgery, 
chemotherapy, radiation, hormone and targeted therapies, 
for breast cancer, which are dependent on various factors, 
such as the type of breast cancer, its stage and other special 
situations.

Breast cancer is a molecular heterogeneous malignancy, 
which can be divided into three basic types based on their immu-
nohistochemical properties (receptor status): HR-positive, 
human epidermal growth factor receptor 2-positive (HER‑2+), 
and triple-negative breast cancers (4). The receptor status of a 
breast cancer is a vital factor in treatment decisions, since it 
determines whether the tumor can be treated with hormone 
or targeted therapy; this has significantly improved the prog-
nosis of breast cancer patients (5,6). Approximately 70% of 
breast cancers are ERα-positive. ERα-positivity is a crucial 
factor for deciding whether breast cancer patients can benefit 
from anti‑estrogen therapy, which leads to a significant reduc-
tion in the mortality of breast cancer patients (7). However, 
despite advances in first-line endocrine therapy of advanced 
HR-positive breast cancer, cancer recurrence and subsequent 
drug resistance appear to be inevitable and present serious 
obstacles to successful treatment (8,9). Therefore, it is essential 
to explore new molecular markers to identify the subgroup of 
breast tumors and to identify prognostic markers to improve 
the outcome of breast cancer patients.
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TMPRSS3 encodes a protein that belongs to the serine 
protease family, which participate in various biological 
processes, and whose dysregulation often leads to human 
diseases and disorders. TMPRSS3 has been reported as a 
tumor-associated gene that is overexpressed in pancreatic 
cancer (10) and ovarian tumors. It promotes the proliferation, 
invasion and migration of ovarian cancer cells  (11). As an 
important tumor-associated gene, TMPRSS3 expression and 
its prognostic value in breast cancer has been reported, but the 
results are controversial (12,13).

TNFRSF11B, also called osteoprotegerin (OPG) or osteo-
clastogenesis inhibitory factor, is a cytokine receptor belonging 
to the tumor necrosis factor (TNF) receptor superfamily. 
OPG is a decoy receptor for the receptor activator of nuclear 
factor-κB ligand (RANKL), which blocks RANKL-RANK 
interaction by binding to RANKL (14). Receptor activator of 
nuclear factor-κB and its ligand (RANK/RANKL) and OPG 
are key molecules for bone metabolism. The RANK/RANKL/
OPG pathway plays an important role in the development and 
progression of bone metastasis in various types of cancers (15). 
However, little is known concerning the role of OPG in breast 
cancer prognosis. Therefore, we aimed to evaluate OPG expres-
sion and the associated clinical significance in breast cancer.

Although, TMPRSS3 and TNFRSF11B have been found to 
play an important role in breast cancer, the expression levels 
and the clinical significance of TMPRSS3 and TNFRSF11B in 
breast cancer remain unclear. In the present study, we analyzed 
TMPRSS3 and TNFRSF11B expression and explored their 
prognostic value to provide useful insight into the development 
of more effective targeted therapies for breast cancer.

Materials and methods

Statement of ethics. The study protocol and acquisition of 
tissue specimens were approved by the Ethics Committee of 
Ganzhou City People's Hospital (2015-RES-15). Each partici-
pant provided written informed consent before participating in 
the present study.

Patients and tissue samples. The paraffin specimens used for 
immunohistochemistry were collected from 86 breast cancer 
patients undergoing surgical resection and were classified 
according to the most recent World Health Organization 
(WHO) classification which was confirmed by two experi-
enced pathologists independently at the Shanghai 10th People's 
Hospital, Tongji University School of Medicine between 2007 
and 2015. Clinical data were collected from patient operative 
and pathological records, and follow-up data were gathered 
by telephone or direct correspondence. The time of tumor 
relapse or death was verified by the patient or their relatives, 
by medical recording, or by the social security record. Overall 
survival (OS) was calculated in months from the date of diag-
nosis to the time of death, regardless of cause. Disease-free 
survival (DFS) was defined as the period from the initial date 
of diagnosis to the time of tumor progression, or to the time of 
death due to the disease.

Bioinformatic analysis. The expression levels of TMPRSS3 
and TNFRSF11B were investigated in a gene microarray from 
the GEO database. Hierarchical clustering was performed 

using the multiple experiment viewer (MeV) 4.9.0 software 
(http://www.tm4.org/mev/).

Immunohistochemistry and H&E staining. Immunohisto
chemical and hematoxylin and eosin (H&E) staining were used 
to evaluate TMPRSS3 and TNFRSF11B expression levels in 
86 breast cancer samples. Tissue samples stained for TMPRSS3 
and TNFRSF11B expression were classified into five categories 
and given a score from 0 to 5 according to the percentage of 
positively stained cells in each sample: ‘0’ (0%), ‘1’ (1-25%), 
‘2’ (>25-50%), ‘3’ (>50-75%) and ‘4' (>75-100%). Additionally, 
the staining intensity of tissue samples was used to divide them 
into four categories and assign them a score between 0 and 
3: 0, negative; 1, weak; 2, moderate; and 3, strong. Then, the 
product of the first and second score was used to determine 
TMPRSS3 and TNFRSF11B expression levels.

Statistical analysis. The results are expressed as mean ± SD 
(standard deviation). Statistical significance between the 
groups was assessed using one-way analysis of variance 
(ANOVA). Univariate survival and multivariate analyses were 
carried out using the Kaplan-Meier method. All calculations 
were performed using the SPSS 20.0 software program (SPSS, 
Inc., Chicago, IL, USA). The level of significance was chosen 
as P<0.05.

Results

Gene microarray analysis. We downloaded a 286  breast 
cancer gene-expression profile dataset of Wang et al (16) from 
the GEO database (GSE2034), among which 180 cases were 
lymph node-negative relapse-free patients and 106 were lymph 
node-negative patients that developed distant metastasis. 
Wang et al mainly discussed genes associated with distant 
metastasis, but we aimed to study prognosis-associated genes 
based on this dataset.

During the 5-year follow-up of these patients, 168 were alive, 
95 were deceased and 23 were lost to follow-up. Compared to the 
surviving patient group, 89 genes differentially expressed in the 
deceased patient group displayed a 2-fold change in expression 
at the P<0.01 level with a false discovery rate, among which 59 
were upregulated while 30 were downregulated. CCNE2 and 
EEF1A2 were included in the 76-gene signature of this study 
to predict tumor metastasis while another 87 genes were newly 
discovered differential genes associated with prognosis. Then, 
hierarchical clustering analysis was used to detect the expres-
sion profile of 89 differentially expressed genes by MEV4.9.0 
software  (Fig.  1A). Kaplan‑Meier survival analysis of the 
89 genes showed that 46 genes displayed a log-rank P<0.05 
level in expression, among which 29 genes were upregulated 
while 17 genes were downregulated. The 46 genes underwent 
cluster analysis with MEV4.9.0 software (Fig. 1B).

We also downloaded a 260 breast cancer gene-expression 
profile dataset of van de Vijver et al (17) which included clin-
ical prognostic data, for which 195 patients were alive while 65 
were deceased according to the 5-year follow-up. Compared to 
the surviving patient group, 540 genes of the deceased patient 
group displayed a 2-fold change in expression at the P<0.01 
level, among which 274 were upregulated and 266 were down-
regulated. Then, the 540 genes underwent cluster analysis 
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with MEV4.9.0 software  (Fig. 2A). Kaplan-Meier survival 
analysis of the 89 genes showed that 67 genes displayed a log-
rank P<0.05 level in expression, among which 45 genes were 
upregulated while 22 genes were downregulated. The 67 genes 
underwent cluster analysis with MEV4.9.0 software (Fig. 2B). 
Moreover, TMPRSS3 and TNFRSF11B were identified as 
common genes among the 46 genes from Wang et al results 
and the 67 genes from van de Vijver et al data.

Survival analysis of TMPRSS3 and TNFRSF11B in breast 
cancer. Subsequently, Kaplan-Meier survival curves were 
plotted to estimate the prognostic value of TMPRSS3 and 
TNFRSF11B in breast cancer. Firstly, we recorded TMPRSS3 
and TNFRSF11B gene expression levels as high vs. low using 
a cut-off point according to the median. Univariate analysis 
of OS by Kaplan-Meier survival analysis indicated that high 
TMPRSS3 expression was associated with shorter OS both in 
the 286 breast cancer patients in Wang et al group (P<0.001; 
Fig. 3A) and 260 breast cancer patients in van de Vijver et al 
group (P=0.006; Fig. 3A). However, high TNFRSF11B expres-
sion was associated with longer OS both in the 286 breast 
cancer patients in Wang et al group (P=0.012; Fig. 3B) and 
260 breast cancer patients in van de Vijver et al group (P=0.018; 
Fig. 3B). However, these two genes were not in the list of the 
93 protein‑coding cancer genes which carry probable driver 

mutations (18). We inferred that their dysfunction may not 
arise by gene mutation, but by change of gene expression level.

Since TMPRSS3 and TNFRSF11B were associated with 
OS of the breast cancer patients, we further aimed to ascertain 
whether they were associated with tumor metastasis or tumor 
occurrence. Thus, we downloaded gene microarray dataset 
of Minn et al  (19) including clinical information of breast 
cancer metastasis to lung. Distant metastasis-free survival 
by Kaplan-Meier survival analysis demonstrated that both 
TMPRSS3 and TNFRSF11B were positively correlated with 
breast cancer metastasis (log-rank P=0.003; log-rank P=0.024; 
Fig.  3C). Lung metastasis-free survival by Kaplan-Meier 
survival analysis indicated that TMPRSS3 was positively 
correlated with breast cancer metastasis to the lung (log-rank 
P=0.015; Fig. 3D), but there was no evidence to demonstrate 
that TNFRSF11B was correlated with breast cancer metastasis 
to the lung (log-rank P=0.079; Fig. 3D). However, a previous 
study showed that TNFRSF11B was inversely correlated with 
breast cancer metastasis to the bone as it can inhibit osteoclast 
activity and bone metastasis (20).

Oncomine on line analysis. To further elucidate the TMPRSS3 
and TNFRSF11B expression signature in breast cancer, we 
analyzed their expression levels in 593 breast cancer patients 
in the TCGA database by Oncomine. The results showed that 

Figure 1. Hierarchical clustering of genes correlated with the prognosis of 286 breast cancer patients. (A) Hierarchical clustering of the 89 differentially expressed 
genes which displayed a 2-fold change in expression at the P<0.01 level in the deceased patient group compared with the survival group. (B) Hierarchical 
clustering of 46 genes which displayed a log-rank P<0.05 level in expression in the Kaplan-Meier survival analysis.
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Figure 3. Survival analysis of TMPRSS3 and TNFRSF11B. (A) Univariate analysis of overall surivival (OS) by Kaplan-Meier survival analysis in breast cancer 
patients based on TMPRSS3 expression. (B) Univariate analysis of OS by Kaplan‑Meier survival analysis in breast cancer patients based on TNFRSF11B 
expression. (C) Distant metastasis-free survival analysis by Kaplan-Meier survival analysis based on both TMPRSS3 and TNFRSF11B. (D) Lung metastasis-
free survival analysis by Kaplan-Meier survival analysis based on both TMPRSS3 and TNFRSF11B.

Figure 2. Hierarchical clustering of genes correlated with the prognosis of 260 breast cancer patients. (A) Hierarchical clustering of the 540 differen-
tially expressed genes which displayed a 2-fold change in expression at the P<0.01 level in the deceased patient group compared with the survival group. 
(B) Hierarchical clustering of 67 genes that displayed a log-rank P<0.05 level in expression in the Kaplan-Meier survival analysis.
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TMPRSS3 was significantly upregulated in invasive lobular 
breast carcinoma compared with that in normal breast tissue 
(P=3.9E-8; fold-change, 3.8; Fig. 4A) and TNFRSF11B was 
significantly downregulated in different types of breast cancer, 
such as invasive breast carcinoma (IBC; n=76), invasive ductal 
breast carcinoma (IDBC; n=392) and invasive lobular breast 
carcinoma (ILBC; n=36) (Fig. 4B).

H&E and IHC analysis. Moreover, H&E staining and immu-
nohistochemistry technique were used to analyze TMPRSS3 
and TNFRSF11B expression in 86 breast cancer tissues vs. 
para-tumor tissues (Fig. 4C). When compared with the normal 
breast tissues, TMPRSS3 expression was significantly upregu-
lated (fold-change, 3.6; P<0.001; Fig. 4D) and TNFRSF11B 
expression was significantly downregulated (fold-change, 2.4; 
P=0.002; Fig.  4D) in the breast cancer tissues. Next, we 
analyzed the correlation between TMPRSS3 and TNFRSF11B 
and found that the relative expression levels were inversely 
correlated (R2=0.87; Fig. 4D).

Clinical significance of TMPRSS3 and TNFRSF11B in 86 
paired breast cancer tissues. Univariate analysis of OS showed 
that upregulation of TMPRSS3 expression was associated with 
shorter OS (P=0.033) while downregulation of TNFRSF11B 
expression was associated with shorter OS (P=0.042). 
Multivariate analysis of OS with a Cox proportional hazards 

model in breast cancer based on TMPRSS3 and TNFRSF11B 
expression demonstrated that upregulation of TMPRSS3 
accompanied by downregulation of TNFRSF11B was associ-
ated with a shorter median OS and is an indicator for poor 
prognosis (P=0.015; Fig. 4E).

Discussion

Breast cancer is the most commonly diagnosed cancer in 
women, and bone is one of the most common metastatic sites, 
with ~75% of all women with breast cancer diagnosed with 
bone metastases upon autopsy examination (21,22). Receptor 
activator of nuclear factor-κB and its ligand (RANK/RANKL) 
play an important role in the development and maintenance of 
osteoclastic activity in bone. TNFRSF11B  or osteoprotegerin 
(OPG) is a decoy of RANKL which blocks RANKL-RANK 
interaction by binding to RANKL. In this way, it acts as a 
natural modulator of osteoclastic activity. The RANK/
RANKL/OPG pathway plays an important role in the develop-
ment and progression of bone metastasis in various types of 
cancers. However, little is known concerning the role of OPG 
in breast cancer prognosis.

Type  II transmembrane serine protease (TTSP) family 
consisting of 17  members is a class of membrane-bound 
proteolytic enzymes, whose activities on the surface of 
tumor cells can break down surrounding extracellular matrix 

Figure 4. TMPRSS3 and TNFRSF11B expression and prognostic value. (A) Analysis of TMPRSS3 and TNFRSF11B expression levels in invasive lobular 
breast carcinoma (ILBC) compared with normal breast tissues in 593 breast cancer patients from the TCGA database by Oncomine. (B) Analysis of TMPRSS3 
and TNFRSF11B expression levels in invasive breast carcinoma (IBC, n=76), invasive ductal breast carcinoma (IDBC, n=392), and invasive lobular breast car-
cinoma (ILBC;  n=36) in 593 breast cancer patients from the TCGA database by Oncomine. (C) Immunohistochemical (IHC) and H&E staining of TMPRSS3 
and TNFRSF11B in breast cancer. (D) IHC score of TMPRSS3 and TNFRSF11B in breast cancer vs. para-tumor tissues. (E) Multivariate analysis of overall 
survival (OS) with a Cox proportional hazards model in breast cancer based on TMPRSS3 and TNFRSF11B.
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components, thereby promoting metastasis. In this way, they 
contribute to tumor growth, invasion and metastasis. A range 
of proteolytic activities occurs in malignant cells with TTSPs 
Thus, TTSPs are suitable candidates as tumor markers (23). 
TMPRSS3 is a member of the TTSP family which has been 
found to be highly expressed in pancreatic cancer and ovarian 
tumors. TMPRSS3 promotes the proliferation, invasion and 
migration of ovarian cancer cells  (10,11), and TMPRSS3 
expression was found to be significantly associated with breast 
cancer (24). Although, it has been reported that TMPRSS3 
expression is associated with the outcome of breast cancer 
patients, the pattern of TMPRSS3 expression in human breast 
cancer remains controversial.

In the present study, survival analysis of OS in two groups 
of gene-expression profile datasets showed that TMPRSS and 
TNFRSF11B were common prognostic-associated genes in 
breast cancer. Further univariate analysis of OS, distant metas-
tasis-free and lung metastasis-free survival based on TMPRSS3 
and TNFRSF11B expression in breast cancer demonstrated 
that high TMPRSS3 expression and low TNFRSF11B expres-
sion were associated with shorter OS, and they were positively 
correlated with breast cancer metastasis. While TMPRSS3 
was positively correlated with breast cancer metastasis to the 
lung, there was no evidence to demonstrate that TNFRSF11B 
was correlated with breast cancer metastasis to the lung. Next, 
we explored their expression levels in breast cancer vs. normal 
breast tissues in the TGCA database using Oncomine and 
verified the results with H&E and IHC techniques. The results 
showed that TMPRSS3 was upregulated and TNFRSF11B was 
downregulated in breast cancer. Moreover, TMPRSS3 and 
TNFRSF11B expression levels presented an inverse correlation.

Finally, multivariate analysis of OS based on TMPRSS3 
and TNFRSF11B expression demonstrated that upregulated 
TMPRSS3 accompanied with downregulated TNFRSF11B 
was associated with a shorter median OS and was indica-
tive of a poor prognosis. Therefore, high TMPRSS3 and low 
TNFRSF11B expressions are independent prognostic factors 
for poor breast cancer survival. However, the molecular 
mechanisms of TMPRSS3 and TNFRSF11B in breast cancer 
and bone metastasis remain unclear.

Taken together, TMPRSS3 and TNFRSF11B are inde-
pendent prognostic factors that may be used as potential 
biomarkers to identify subgroups of breast cancer tumors with 
different degrees of aggressiveness. They could also serve as 
prognostic markers and even potential therapeutic targets for 
breast cancer patients in the future.
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