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Abstract: Transmembrane protease serine 4 (TMPRSS4) is a type-II transmembrane serine protease that plays an
important role in the migration of cancer cells. This study aimed to investigate both the expression of TMPRSS4 and
its clinical significance in prostate cancer. The expression of TMPRSS4 was evaluated in 73 pairs of prostate cancer
and adjacent non-cancerous tissues by immunohistochemistry. The level of TMPRSS4 in prostate cancer tissues
was significantly higher than that in adjacent non-cancerous tissues. High TMPRSS4 expression was significantly
associated with advanced TNM stage and LNM. No association between TMPRSS4 expression and progression-free
survival was observed in all patients. Stratified analyses according to clinical features revealed that patients with
low TMPRSS4 expression had poor prognosis compared with those with high TMPRSS4 expression in subjects not
receiving neoadjuvant chemotherapy. In conclusion, TMPRSS4 showed abnormal expression in prostate cancer
tissues. TMPRSS4 may be a potential prognostic biomarker for prostate cancer patients who did not undergo neoadjuvant chemotherapy.
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Introduction
Prostate cancer is the most common malignant
carcinoma in the male reproductive system.
The incidence of prostate cancer increases
with ageing. It has obvious regional difference,
and is more prevalent across Europe and
America [1]. Prostate cancer recently shows an
increasing incidence in China, but it remains
relatively low [2]. Prostate cancer is both a highly heterogeneous and aggressive disease [3].
Many newly diagnosed prostate cancers are
indolent, but some patients may die of metastatic prostate cancer [4]. No effective treatment method for advanced prostate cancer
exists, despite much advancement in prostate
cancer treatment, over the past decades. The
mechanisms that are involved in the progression and recurrence of prostate cancer remain
unclear. Therefore, new prognostic biomarkers
for identifying high-risk subpopulations of prostate cancer patients must be urgently developed to facilitate the design of patient-specific
therapeutic regimen.

Type II transmembrane serine proteases
(TTSPs) are family of proteolytic enzymes that
are directly anchored to the plasma membranes
[5]. It has been demonstrated that TTSPs participate in the cell signaling transduction and
are implicated diverse range of physiological
functions [6]. TTSPs can degrade extracellular
matrix which increases both the migration and
the diffusion abilities of cells in the tissues.
Furthermore, the levels of TTSPs are increased
during the growth and progression of tumor [7].
TTSPs may participate in proliferation, migration, and infection of tumor cells [6, 8].
Transmembrane protease serine 4 (TMPRSS4),
located on chromosome 11q23.3, is a member
of the TTSPs family. TMPRSS4 encoding a polypeptide of 437 amino acid residues has trypsin
activity. TMPRSS4 interacts with the molecules
on cell membrane and in extracellular matrix,
and participates in the growth, migration, and
epithelial-mesenchymal transition (EMT) of
tumor cells [9]. Therefore, it is closely related to
tumor metastasis [10]. It has been found that
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Table 1. Clinicopathological characteristics of
prostate cancer patients
Characteristics
No. of patients
Age (years)
Mean
73.7 ± 5.8
range
59-82
PSA
29.4 ± 31.1
GS
<7
28
7
21
>7
19
unknown
6
TNM stage
II
61
III
10
IV
2
pT stage
2
62
3
11
LNM
no
71
yes
2
Neoadjuvant chemotherapy
yes
33
no
40
Biochemical recurrence
absence
33
presence
32
unknown
8

%

37.0
28.8
26.0
8.2
83.6
13.7
2.7
84.9
15.1
97.3
2.7
45.2
54.8
45.2
43.8
11

TMPRSS4 is abnormally expressed in multiple
tumor tissues [11-15]. In the present study, we
evaluated TMPRSS4 expression in a total of 73
pairs of prostate cancer and adjacent non-cancerous tissues, and its association with clinical
features and outcome of prostate cancer
patients.
Materials and methods
Patients
A total of 73 prostate cancer patients, who
received surgery resection in Shanghai Cancer
Center between January 2007 and October
2008, were recruited to participate in the present study. The samples were fixed with 4%
formaldehyde, and were treated with routine
paraffin embedding. Pathologic examination
was performed for all tissue samples by two
pathologists to confirm the presence of pros-
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tate cancer. Patients with history of cancer,
other than prostate cancer, were excluded. The
time of biochemical recurrence was defined as
the interval between the start date of the treatment and the first of two successive values of
serum prostate-specific antigen (PSA) level ≥
0.2 ng/ml. Each patient signed an informed
written consent form. The use of human tissues for experimental procedures was approved
by the Ethics Committee of Shanghai Cancer
Center.
Tissue microarray (TMA)
Prostate cancer tissue chips were prepared by
Shanghai Outdo Biotech Company, and the
specific method was described as previous
[16]. Briefly, the paraffin block of each donor
was made into slices and stained by hematoxylin & eosin (H&E). By the positioning of target
tissue under microscope, representative prostate cancer and benign tissues were selected.
Using microarrayer (Beecher Instruments), the
tissue core with the diameter of 2 mm was
obtained by drilling on the paraffin block of
donor, and then was inserted into the paraffin
block of the receptor with a total of 146 lattices. Serial sections with the thickness of 6 μm
were made. Pathologic diagnosis was performed for each point of TMA.
Immunohistochemistry (IHC)
Immunohistochemical assay was conducted in
accordance to the manual of ABC (avidin-biotin
complex) kit. The samples were placed in 3%
H2O2 at room temperature for 10 min, after
dewaxing and hydrating them with TMA, to
remove endogenous peroxidase. Antigen was
retrieved using 0.01 mol/L citrate buffer
through high-pressure thermal retrieval method. The samples were sealed for 30 min, after
adding rabbit serum. TMPRSS4 antibody was
then added, with the titer of 1:4000. The sections were incubated in humid box overnight at
4°C. A ready-to-use secondary antibody was
added to the sections, then, they were kept for
30 min at room temperature. DAB coloration
and haematoxylin restaining were performed.
After color separation, the section was gradient-dehydrated with alcohol, and transparentized with xylol. The section was sealed with
Arabic gum. The samples were only considered
valid if they were sufficient and easily observable. If the section was folded or unstained, or
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Figure 1. TMPRSS4 overexpression in archived paraffin-embedded prostate cancer tissues. Representative IHC images of TMPRSS4 expression in normal prostate (A) and prostate cancer tissues (B).

Table 2. Association between TMPRSS4
expression and clinical features of prostate
cancer patients
Features
Age (years)
≤ 70
> 70
Gleason score
<7
7
>7
TNM stage
II
III
IV
pT categories
2
3
LNM
no
yes

TMPRSS4 expression
High
Low

P value

3
14

16
36

0.293

6
6
3

19
14
15

0.628

13
2
2

44
8
0

0.042

14
3

44
8

0.825

15
2

52
0

0.012

positive cell; 1, < 10%; 2, 11%-50%; 3, 51%80%; 4, > 80%. The TMPRSS4 expression level
was high if the product of the staining intensity
and percentage scoring of cells was > 8, whereas the expression level was low if the product
was ≤ 8.
Statistical analyses
All statistical analyses were performed using
SPSS Version 19.0 Software (SPSS, Inc.,
Chicago, IL, USA). Mann Whitney U test was
used to analyze the quantitative variables.
Pearson’s χ2 test and Spearman’s correlation
analysis were both used to determine the relationship between the TMPRSS4 expression
and the clinicopathological parameters. Survival curves were plotted using the KaplanMeier method, and the differences between
the groups were compared using the log-rank
test. The statistical significance was determined at P < 0.05.
Results
Patient characteristics

cancer cells could not be observed, the sample
was considered as invalid. The invalid samples
were therefore excluded from further analysis.
The IHC results were determined by two independent pathologists who were blinded to the
clinicopatholigical data. The staining intensity
was divided into four grades: 0, none; 1, mildly
staining; 2, moderately staining; and 3, strong
staining. The percentage scoring of cells showing positive TMPRSS4 was as follows: 0, no
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A total of 73 prostate cancer patients were
included in this retrospective study with enough
tissue samples. The mean age was 73.7 years
(range 59 to 82 years). Twenty nine patients
(39.7%) had a serum SPA level that was greater
than 20 ng/ml. Pathological T (pT) stage was
pT2 in 62 cases (83.6%) and pT2 in 11 cases
(15.1%). The Gleason Scores (GS) were < 7 in
28 cases (37.0%), 7 in 21 cases (28.8%), and >
7 in 19 cases (26.0%). Thirty three patients
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those with low TMPRSS4 expression (median
PFS, 66 vs. 33 months), but the difference was
not statistically significant (P = 0.120). We further evaluated the effect of TMPRSS4 expression on PFS by stratifying clinical features.
Patients with high TMPRSS4 expression had a
significant longer PFS than those with low
TMPRSS4 expression in subjects without neoadjuvant chemotherapy (median PFS, 67 vs. 32
months; P = 0.041; Figure 2).
Discussion

Figure 2. Kaplan-Meier analysis of PFS in prostate
cancer patients without neoadjuvant chemotherapy
according to TMPRSS4 expression.

(45.2%) were treated with neoadjuvant chemotherapy. The clinicopathological characteristics
of the patients are summarized in Table 1.
Association of TMPRSS4 expression with clinical features of prostate cancer patients
IHC results showed that TMPRSS4 was
expressed in both prostate cancer and adjacent non-cancerous tissues, but with varying
degrees (Figure 1). The levels of TMPRSS4 in
prostate cancer tissues were obviously higher
than those in adjacent non-cancerous tissues
(P < 0.05). The patients were divided into two
groups: the high and the low expression groups.
High TMPRSS4 expression was significantly
related to TNM stage (P = 0.042) and lymph
node metastasis (LNM) (P = 0.012, Table 2). No
significant association between the TMPRSS4
expression and other clinical features of prostate cancer patients was found.
Prognostic significance of TMPRSS4 expression in prostate cancer patients
Progression-free survival (PFS) was used in the
present study as a primary endpoint to evaluate the effect of TMPRSS4 on the prognosis in
prostate cancer patients. The median PFS was
55 months (range 2 to 73 months). A total of 32
patients (43.8%) developed biochemical recurrence during the follow-up. Patients with high
TMPRSS4 expression had a longer PFS than
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Previous studies have shown that TMPRSS4 is
involved in EMT in cancer cells, and participated in cancer cell invasion, metastasis, and
migration [10]. Furthermore, TMPRSS4 was
described in a cell type-dependent manner to
modulate cancer cell proliferation [10].
TMPRSS4 downregulated E-cadherin expression by inducing the transcriptional repressor
SIP1/ZEB2 and promoted the occurrence of
EMT in colon cancer cell lines [10]. Moreover,
TMPRSS4 can induce integrin alpha5 expression and its signal transduction to downregulate E-cadherin, resulting in cancer invasion
and concomitant EMT [17, 18]. TMPRSS4 can
activate some downstream signaling pathways,
such as focal adhesion kinase (FAK), extracellular signal-regulated kinase (ERK), Akt, Src,
and Rac1. The activation of FAK and ERK signaling pathway is necessary for the invasion
and EMT induced by TMPRSS4 [18]. Min et al.
[19] found that the induction and transcription
of urokinase-type plasminogen activator (uPA)
are necessary for the invasion induced by
TMPRSS4 and the relevant signals. TMPRSS4
can induce the transcription of uPA by activating transcription factors, such as Sp1, Sp3, and
AP-1 [20]. Moreover, it can activate the pro-uPA
through its proteolytic activity [19]. In lung cancer and prostate cancer, the uPA expression
shows significant correlation with TMPRSS4
expression [18]. Therefore, TMPRSS4 may
mediate the invasion and metastasis of prostate cancer through uPA. However, the underlying molecular mechanism of TMPRSS4 in prostate cancer needs to be further clarified.
TMPRSS4 is overexpressed in many types of
cancer, such as breast [11], pancreatic [12],
gallbladder [15], colorectal [14], and gastric
cancers [21]. Wu et al. [15] found in their study
on gallbladder cancer that high TMPRSS4
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expression of showed obvious correlation with
tumor size, histological grade, TNM stage and
LNM. Prognosis was poor for gallbladder cancer patients with high TMPRSS4 expression.
Thus, TMPRSS4 may play an important role in
the progression and metastasis of gallbladder
cancer. Liang et al. [22] reported that breast
cancer patients with low TMPRSS4 expression
had longer survival time. In the present study,
we found that TMPRSS4 expression was correlated with TNM and LNM. Although there was
no association between TMPRSS4 expression
and survival in all patients, high TMPRSS4
expression was significantly associated with
longer PFS in patients not receiving neoadjuvant chemotherapy, which was inconsistent
with previous studies [15, 22]. TMPRSS4
expression is correlated with the degree of
malignance of some cancers, such as colorectal, gastric, breast, and gallbladder cancers
[14, 15, 22, 23]. However, Riker et al. [24] found
that the level of TMPRSS4 in early-stage melanoma was obviously higher than that in metastatic melanoma. These results indicate that
the effect of TMPRSS4 varies with the type of
tumor cells. The molecular mechanism of
TMPRSS4 in tumors may be very complex.
Thus, larger and well-designed further studies
are needed to validate the present findings
because of our small sample size.
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