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Abstracts Transmembrane protease/serine 4 (TMPRSS4),

a member of the type II transmembrane serine protease

family, is highly expressed in some human cancers and

involved in the EMT regulation of cancer cells. The prog-

nostic value of TMPRSS4 in colorectal cancer (CRC) has

not been discussed. This study aims to evaluate the associ-

ation between TMPRSS4 expressions and survival in CRC

patients. Immunohistochemistry revealed high expression of

TMPRSS4 in 69/122 CRC samples, compared with 14/47 in

normal tissues (P \ 0.01). Correlation analysis showed high

expression of TMPRSS4 was significantly associated with

advanced TNM stage (P = 0.011), pT (P = 0.019), pN

(P = 0.035), and pM status (P = 0.004). Higher TMPRSS4

predicted shorter overall survival (OS) and disease-free

survival (DFS) in CRC patients (P \ 0.01, both). Moreover,

both TMPRSS4 expression and TNM stage were indepen-

dent predictive factors of OS and DFS in Cox regression

analysis. The findings in our study demonstrated the

potential value of TMPRSS4 expression level as a prog-

nostic biomarker for CRC patients.
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Introduction

Protease plays an important role in the regulation of

physical and pathological processes, including tumorigen-

esis of a variety of cancers [1]. Type II transmembrane

serine proteases (TTSPs), a newly discovered subfamily of

serine proteases, have gained more attentions as their

emerging roles in carcinogenesis and progression [2].

Transmembrane protease/serine 4 (TMPRSS4) is a member

of the TTSPs family and was first found overexpressed in

pancreatic cancer [3]. Subsequent studies showed that

TMPRSS4 was also highly expressed in other tumors,

including non-small cell lung cancer [4, 5], malignant

thyroid neoplasm [6–8], breast cancer [9, 10], and colon

cancer [11], suggesting a possible role for TMPRSS4 in

tumor development and progression. Jung et al. [12]

demonstrated the pro-invasion and pro-migration role of

TMPRSS4 in human tumor cells by promoting epithelial–

mesenchymal transition (EMT) while Kim et al. [11] went

a step further showing the induction of EMT by TMRPSS4

was via upregulation of integrin a5 and its signaling

pathways. Moreover, TMRPSS4 was found to be involved

in regulation of EMT in pancreatic, lung [13], and hepa-

tocellular cancer cells [14]. Hence, TMPRSS4 may pro-

mote tumor progression by facilitating EMT and thus

presents as a candidate marker for outcomes of cancer

patients.
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The prognostic role of TMPRSS4 has been elucidated in

some cancers. In non-small cell cancer, TMPRSS4 over-

expression correlated with reduced overall survival (OS) of

patients with squamous cell carcinoma histology[4]; in

breast cancer, higher expression of TMPRSS4 was asso-

ciated with positive lymph node metastasis, larger tumor

size, and advanced pathological grade, and it was an

independent prognostic factor for OS and disease-free

survival (DFS) [9, 10]. Although highly expressed in

colorectal cancer (CRC), the prognostic value of

TMPRSS4 has not been evaluated before. Hereby, in this

study, we showed that high expression of TMPRSS4 was

associated with advanced TNM stage and independently

predicted poor OS and DFS of CRC patients.

Materials and methods

Clinical specimens and patient data

One hundred and twenty-two CRCs of different stages and

47 normal colon mucosa collected between December

2006 and January 2008 were obtained from a prospectively

maintained tumor database. During the operations, tissues

were cut down as soon as the surgical specimens were

excised and then washed clean with saline. Cancer tissues

were cut in wedge shapes, and normal mucosa was cut at

least 5 cm away from tumor margin. Samples were then

fixed with formaldehyde for 2 weeks and embedded with

paraffin for immunohistochemistry staining. All specimens

were collected with the informed consents of the patients,

and all procedures complied with the protocol approved by

the Ethical Committee of Ruijin Hospital Affiliated to

Shanghai Jiao Tong University School of Medicine.

Demographic and clinicopathological parameters were

prospectively recorded or retrieved by chart review.

Patients were followed up annually by telephone (Huang

and Quan) or at outpatient clinic (Feng) till March 2013 or

death.

Immunohistochemistry and scoring

Before staining, paraffin embedded tissue blocks were cut

at 4 lm thicknesses and mounted on slides (Jinglun,

Shanghai, China). Sections were incubated overnight at

37 �C and then washed with distilled water after two and

three changes of xylene and ethanol, respectively. Antigen

retrieval was performed with microwave retrieval method;

endogenous peroxidase activity was inactivated by incu-

bation with 3 % hydrogen peroxide for 5 min at room

temperature. Sections were incubated with TMPRSS4 pri-

mary antibody (PA5-18871, Pierce Antibodies, USA) at

4 �C overnight, followed by incubation with horseradish

peroxidase (HRP)-conjugated secondary rabbit anti-goat

antibody (CW0105, CWBIO, Beijing, China) for 1 h at

room temperature. Sections were then washed with TBS

and treated with the Metal Enhanced DAB Substrate Kit

(Thermo Scientific, USA) to visualize the antigen–antibody

complex.

Scoring was performed by two researchers (Huang and

Zhou) independently, and discrepancies were resolved by

consensus with an additional investigator (Zhao). The

number of stained cells on each section was counted and

scored as 0 (\10 %), 1 (10–25 %), 2 (26–50 %), and 3

([50 %) accordingly. Staining intensity was scored as

follows: 0 (no staining), 1 (weak staining), 2 (moderate

staining), and 3 (strong staining). The final score of each

specimen was determined by multiplying staining intensity

Table 1 Demographic and clinicopathological parameters of enrol-

led patients

Parameters Number (%)

Age (years)

\60 55 (45.1)

]60 67 (54.9)

Gender

Male 70 (57.4)

Female 52 (42.6)

Histological type

Tubular adenocarcinoma 98 (80.3)

Mucinous adenocarcinoma 19 (15.6)

Papillary adenocarcinoma 5 (4.1)

Tumor site

Rectum and sigmoid 79 (64.8)

Right colon 29 (23.8)

Left colon 14 (11.4)

TNM stage

I 25 (20.5)

II 42 (34.4)

III 38 (31.2)

IV 17 (13.9)

pT

T1 12 (9.8)

T2 23 (18.9)

T3 49 (40.2)

T4 38 (31.1)

pN

N0 69 (56.6)

N1 33 (27.0)

N2 20 (16.4)

pM

M0 105 (86.1)

M1 17 (13.9)
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score with score of stained cells, with a score range of 0–9.

Specimens with final scores of 0–3 were regarded as low

expression cases and 4–9 as high expression ones.

Statistical analysis

All analyses were performed with the SPSS 18.0 software

(SPSS Inc., Chicago, USA). Correlation between

TMPRSS4 expression and clinical parameters was analyzed

using Pearson correlation coefficient analysis. OS and DFS

were evaluated with the Kaplan–Meier method, and dif-

ferences were compared by log-rank test. Analyses of pre-

dictive factors for OS and DFS were performed with

univariate and multivariate Cox proportional hazards

regression method. P value \0.05 was considered as sta-

tistically significant.

Fig. 1 Expression of TMPRSS4 by immunohistochemistry in clinical specimens. a TMPRSS4 staining of normal mucosa; b HE staining of

normal mucosa; d HE staining of CRC tissue; c, e, and f TMPRSS4 staining in different stages of CRC tissue
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Results

TMPRSS4 is highly expressed in colorectal cancer

tissues

A total of 122 patients were enrolled in this study, and the

demographic and clinicopathological parameters were

summarized in Table 1. The mean age of all patients was

60.7 (range 38–81 years), and 70 patients were male. Of

all tumors, 98 cases were tubular adenocarcinoma, 19

were mucinous ones, and 5 were papillary adenocarci-

noma; 79 tumors were located in rectum and sigmoid, 29

in right colon, and 14 in left colon. The numbers of I, II,

III, and IV stage cancer were 25, 42, 38, and 17,

respectively. The expression of TMPRSS4 in CRC tissue

and normal mucosa was evaluated by immunohisto-

chemistry. High expression of TMRPSS4 was detected in

69/122 CRC samples and 14/47 normal tissues

(P \ 0.01). TMPRSS4 was located predominantly on cell

membrane and cancers of different stages showed differ-

ent staining intensities (Fig. 1).

The correlation of TMPRSS4 with different

clinicopathologic parameters

Next, we made an analysis of the correlation between

TMPRSS4 expression level of CRC samples and a set of

clinicopathologic parameters, including age, gender, his-

tological type, tumor site, and TNM stage. High

TMPRSS4 expression was found to be significantly cor-

related with TNM stage (P = 0.011), pT grade (P =

0.019), pN (P = 0.035), and pM status (P = 0.004). Other

characteristics, like age (P = 0.426), gender (P = 0.378),

histological type (P = 0.867), and tumor site (P = 0.259)

were not associated with TMPRSS4 expression level

(Table 2).

High expression of TMPRSS4 correlates with poor

overall survival and disease-free survival

The 5-year OS and DFS indicated by Kaplan–Meier sur-

vival curve of low and high TMPRSS4 expression were

shown in Fig. 2. Patients with low TMPRSS4 had a longer

OS and DFS compared with patients showing high

expression (P \ 0.01, both); the 5-year OS and DFS for

low and high TMPRSS4 expression patients were 84.9 %

and 67.9, 37.7, and 27.5 %, respectively. Furthermore,

univariate analysis and multivariate analysis showed that

both high TMPRSS4 expression and advanced clinical

stage independently predicted poor prognosis of OS and

DFS (Table 3).

Discussion

Colorectal cancer is still a major disease burden, and it is

estimated to account for 9 % percent of new cases and deaths

among all types of cancers for both sexes in America in 2013

[15]. Despite advances in surgical technique and chemora-

diotherapy, local regional relapse and distant metastasis

remain to be the major causes for CRC-related deaths [16].

Although widely used in clinical practice for early detection,

diagnosis and follow-up, parameters like CEA, CA199, and

Table 2 Correlation of TMPRSS4 with different clinicopathologic

parameters

Parameters TMPRSS4

expression

Person correlation

coefficient

P value

Low High

Age

\40 1 0 0.073 0.426

40–59 19 32

60–79 32 36

]80 1 1

Gender

Male 30 40 0.081 0.378

Female 23 29

Histology

Tubular 42 56 0.015 0.867

Mucinous 7 12

Papillary 4 1

Site

Rectum and sigmoid 35 44 0.103 0.259

Right colon 12 17

Left colon 6 8

TNM stage

I 14 11 -0.231 0.011

II 20 22

III 17 21

IV 2 15

pT

T1 7 5 -0.212 0.019

T2 13 10

T3 22 27

T4 11 27

pN

N0 34 35 -0.191 0.035

N1 15 18

N2 4 16

pM

M0 51 54 0.257 0.004

M1 2 15
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CA125 are not accurate enough in predicting relapse and

metastasis [17], demonstrating less usefulness as prognostic

markers. Thus, new markers to predict prognosis of CRC

patients are needed.

In recent decades, the role of EMT in epithelial tumor

progression has been widely investigated [18]. By under-

going this transition, tumor cells which arise from epithelial

tissue gradually lose their epithelial markers, like E-cad-

herin, cytokeratin, and laminin-1, and acquire some mesen-

chymal markers, such as N-cadherin, vimentin and b-catenin

[19]. Accordingly, epithelial tumor cells get enhanced

invasion and migration potential and ultimately would

metastasize to distant sites [20]. Moreover, EMT has been

linked with cancer stem cell state [21]. Induction of EMT in

immortalized human mammary epithelial cells leads to

expression of mesenchymal traits and stem cell markers [22];

slug, a transcriptional factor of EMT, could cooperate with

sox9 to determine mammary stem cell state [23]. Thus, EMT

could further endow tumor cells with self-renewal ability,

and this would facilitate micrometastases grow into ma-

crometastases [24]. Considering the accumulating evidences

of EMT’s participation in CRC progression [25], it is of

importance to investigate regulators of EMT in CRC as

potential prognostic markers and therapeutic targets.

Table 3 Univariate and multivariate analysis of clinicopathological parameters with OS and DFS by Cox proportional hazards regression

Factors Univariate P Multivariate P

OR 95 % CI OR 95 % CI

OS

Age 0.984 0.968–1.021 0.67

Gender 0.990 0.569–1.722 0.97

Histology 0.995 0.688–1.439 0.98

Site 1.012 0.729–1.403 0.944

TNM stage 2.249 1.620–3.123 0.011 2.102 1.505–2.934 0.015

TMPRSS4 0.165 0.078–0.353 0.001 0.176 0.081–0.381 0.003

DFS

Age 1.012 0.988–1.036 0.335

Gender 0.991 0.611–1.606 0.969

Histology 0.990 0.718–1.366 0.952

Site 0.880 0.668–1.160 0.366

TNM stage 2.704 1.562–2.753 0.008 1.956 1.467–2.606 0.01

TMPRSS4 0.268 0.154–0.467 0.005 0.284 0.160–0.503 0.007

Fig. 2 Overall and disease-free survival analysis between patients with low and high TMPRSS4 expression
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TMPRSS4, a member of the TTSPs family, has the

extracellular catalytic serine protease domain and takes

part in physiological and pathological process via its

proteolytic activity. It was found to be involved in normal

tissue development [26] and tumor progression [27]. In

the zebrafish model, knockdown of TMPRSS4a (homolog

of human TMPRSS4) resulted in organ deformity and

altered cell–cell contacts, suggesting its vital role in

normal physiology, although the underlying mechanism

needs further investigation [26]. In human cancers,

TMPRSS4 was highly expressed and found to regulate

cancer cell invasion and migration: Jung et al. [12] found

TMPRSS4 could induce lung and colon cancer cell to

undergo EMT and enhance their metastatic ability both

in vitro and in vivo; Kim et al. [11] proved this with

evidences showing TMPRSS4 was highly expressed in

invasive malignancies and could induce invasion and

EMT through integrin a5 upregulation. Additionally,

inverse association between TMPRSS4 and E-cadherin in

colon cancer tumor specimens was also reported, imply-

ing the participation of TMPRSS4 in EMT regulation

in vivo [11]. Knockdown of TMPRSS4 in several lung

cancer lines reduced their invasion potential [4] and

TMPRSS4 also regulated EMT of pancreatic adenocarci-

noma cells [13]. Hence, TMPRSS4 seems to be associated

with tumor development and metastasis, and also a reg-

ulator in the EMT. Consequently, we found that

TMPRSS4 was highly expressed in CRC tissues com-

pared with normal mucosa, and significantly correlated

with high TNM stage, pT, pN, and pM, which in turn

support previous finding that TMPRSS4 was involved

tumorigenesis and EMT regulation of CRC.

The prognostic value of TMPRSS4 has been validated in

other tumors: high expression of TMPRSS4 is an inde-

pendent predictive factor in lung cancer [4] and breast

cancer [9, 10]. Consistently, we found that patients with

high expression were associated with a shorter OS and

DFS; what’s more, both univariate and multivariate Cox

regression model showed TMPRSS4 was an independent

prognostic factor. Thus, it is worthy to further detect its

value as a follow-up parameter for the benefits of CRC

patients.

Conclusively, the findings in this study showed for the

first time that high TMPRSS4 was associated with poor

prognosis of colorectal cancer patients. Based on our

results and other previous publications, TMPRSS4 has an

important role in colorectal cancer progression. Further

studies are warranted to validate the practical value of this

new biomarker and to reveal its underlying mechanisms in

regulation of colorectal cancer progression.
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