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Overexpression of TMPRSS4 promotes tumor
proliferation and aggressiveness in breast cancer
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Abstract. Transmembrane protease serine 4 (TMPRSS4) is
a novel type II transmembrane serine protease that is over-
expressed in various types of human cancers and has an
important function in cancer progression. However, there is
a paucity of data available regarding the biological effects of
TMPRSS4 on breast cancer (BC) cells and the underlying
mechanisms. In this study, expression of TMPRSS4 in BC
tissues was detected by immunohistochemistry. The relation-
ship between TMPRSS4 expression and clinicopathological
characteristics as well as prognosis was evaluated. The effects
of TMPRSS4 on cell proliferation, migration and invasion were
investigated in BC cell lines in vitro. Additionally, RT-qPCR
and western blot analysis were used to determine the expres-
sions of epithelial-mesenchymal transition (EMT) biomarkers
and TMPRSS4 in BC cell lines. We found that TMPRSS4
was overexpressed in BC tissues and its expression level was
closely correlated with tumor size, histological grade, lymph
node metastasis, clinical stage as well as poor survival (all
P<0.05) and could be recognized as an independent prognostic
factor for BC patients. Overexpression of TMPRSS4 promoted
the proliferation, migration and invasion of BC cells in vitro.
Moreover, TMPRSS4 knockdown significantly enhanced
the expression of E-cadherin and claudin-1 and inhibited the
expression of vimentin and Slug, indicating suppression of
EMT. Our results suggest that TMPRSS4 plays a crucial role
in the progression of BC. Moreover, TMPRSS4 overexpres-
sion promoted the proliferation, invasion and migration of BC
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cells by possibly inducing EMT. To conclude, TMPRSS4 may
be a potential therapeutic target for cancer treatment.

Introduction

Breast cancer (BC) is one of the most common cancers and
the leading cause of morbidity among all female malignant
tumors, despite improvements in screening and adjuvant
systemic treatment (1). It has been widely acknowledged
that BC is a highly heterogeneous disease, with different
biological behaviors for the same stage of BC among
different patients (2). Therefore, personalized therapy based
on the different tumor molecular classifications has become
the main research field in BC treatment (3). To date, person-
alized therapy of BC is still guided by various traditional
prognostic and predictive parameters, including estrogen
receptor (ER) and progesterone receptor (PR) status, and
human epidermal growth factor receptor 2 (HER?2) ampli-
fication (4,5). Therefore, there is an urgent requirement to
identify new prognostic and predictive biomarkers that can
be used to optimize treatments and predict clinical outcomes
among BC patients.

Previous studies have indicated that serine proteases play
an important role in cancer invasion and metastasis. Proteases
contribute to degradation of the basement membrane and
extracellular matrix (ECM) (6,7), which allows tumor cells
to invade the surrounding tissue and nearby blood vessels. In
addition, proteases may be involved in all stages of the devel-
opment and progression of cancer, including proliferation,
survival, migration, invasion, angiogenesis and metastasis (8).
Type II transmembrane serine proteases (TTSPs) are a new
subfamily of serine proteases that participate in the regulation
of cellular signaling events at the plasma membrane and in
the ECM (9,10). Many of the TTSPs have been found to be
dysregulated in malignant tumors, implicating their possible
roles in tumorigenesis and/or progression (11).

Transmembrane protease serine 4 (TMPRSS4) is a novel
TTSP expressed at the cell surface. It is overexpressed in
pancreatic, thyroid, colon, lung and gastric cancer tissues
and is associated with poor patient prognosis (12), suggesting
a possible role for TMPRSS4 in tumor development and
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progression. Recent studies suggest that TMPRSS4 can induce
epithelial-mesenchymal transition (EMT), accompanied by
increased invasive activity and malignant transformation in
human epithelial cancer cells (13-15). Given these findings,
TMPRSS4 appears to play important roles in carcinogenesis
and may represent a new therapeutic target for cancers. It
has also been reported that TMPRSS4 is overexpressed in
BC tissue, but few studies have documented the function of
TMPRSS4 and its underlying mechanism in BC cell lines.
In the present study, we examined TMPRSS4 expression in
BC tissues and its correlation with clinicopathological param-
eters and prognosis. Moreover, we detected the function of
TMPRSS4 in breast cancer cell lines and key biomarkers in
EMT to further investigate the relationship between TMPRSS4
and EMT in BC.

Materials and methods

Clinical specimens. One hundred and seven formalin-fixed,
paraffin-embedded (FFPE) breast cancer (BC) specimens
and 52 normal breast tissue samples were obtained from the
Department of Pathology, Taian Central Hospital between
January 2008 and December 2009. All patients included in
the present study received no radiotherapy or chemotherapy
prior to surgical resection. Major patient demographic and
clinicopathological characteristics were available, including
age, menopausal status, tumor size, lymph node (LN) status,
histological subtype, tumor grade, clinical stage, and ER, PR
and HER?2 status. Males were excluded and all patients were
females. TNM stage and histological grade were classified
according to the 7th edition of American Joint Committee on
Cancer (AJCC) TNM system (16) and the 4th edition of WHO
histological grade (17). The study protocol was approved by
the Institutional Ethics Committee of Taian Central Hospital
and informed consent was obtained from all patients. The
study was undertaken according to the ethical standards of the
World Medical Association Declaration of Helsinki.

Follow-up information was obtained from the medical
records or by phone call. All patients had follow-up records
for >5 years. The follow-up deadline was June 2015.
Disease-free survival (DFS) time and overall survival (OS)
time were calculated from the date of surgery to the date of
first recurrence or death, which were the two assessments used
for prognostic analyses.

Immunohistochemistry and evaluation. Immunohistochemical
analysis of breast tissues was performed on formalin-
fixed, paraffin-embedded, 4-ym-thick tissue sections using
the (ABC) avidin-biotin-peroxidase complex method.
Briefly, the sections were deparaffinized and dehydrated
using a graded series of ethanol solutions. Antigen retrieval
was carried out by treatment in a microwave in a 0.01 M
citrate buffer (pH 6.0). The sections were incubated with the
primary rabbit anti-TMPRSS4 antibody (1:200; ab150595,
Abcam, Cambridge, UK) overnight at 4°C followed by the
secondary antibody. The primary antibody was replaced with
Tris-buffered saline to act as the negative control. The results
were visualized with diaminobenzidine, and all sections were
counterstained with hematoxylin and differentiated by hydro-
chloric acid alcohol.
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The immunostaining results were determined inde-
pendently by two expert pathologists (X.-M.L., X.C.) in a
double-blind manner. The staining intensity was classified as
follows: 0, no staining; 1, weak staining; 2, moderate staining;
3, strong staining. The percentage of positive-stained tumor
cells was scored as follows: 0, none; 1, <15% positive tumor
cells; 2, 15-50% positive tumor cells; and 3, >50% positive
tumor cells. The staining index (SI) was calculated as staining
intensity score x proportion of positive tumor cells. SI scores
of 0-3 were considered low expression and >3 were considered
high expression.

Cell culture. All five human breast cancer cell lines, MCF-7,
T47D, ADM, MDA-MB-468 and MDA-MB-231 were
purchased from Shanghai Cancer Institute and preserved at
the Department of Pathology of Shandong University. MCF-7
cells were maintained in Dulbecco's Modified Eagle's Medium
(DMEM) with 10% fetal bovine serum (FBS). T47D and
ADM cells were cultured in RPMI-1640 medium containing
10% FBS. MDA-MB-468 and MDA-MB-231 cells were
cultured in L-15 medium containing 10% FBS. All media and
FBS were purchased from Gibco (Los Angeles, CA, USA).
Cells were incubated at 37°C with 5% CO,.

Transient transfection. Commercial siRNA targeting
TMPRSS4 was purchased from RiboBio Co., Ltd.(Guangzhou,
China). Cells were seeded in 6-well culture plates (Nest
Biotechnology Co., Ltd., Wuxi, China) at a density of
5x10° cells/well and transfected with siRNA and negative
controls (NCs) by X-tremeGENE transfection reagent 12 h later
(Roche Applied Science, Indianapolis, IN, USA). Forty-eight
hours after transfection, quantitative real-time PCR (RT-qPCR)
and western blot analysis were used to examine transfection
efficiency. Cell function assays, RNA isolation and total cell
protein extraction were performed 48 h after transfection.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
using the TRIzol agent (Invitrogen, Carlsbad, CA, USA) and
RNA samples (1 pg) were reverse transcripted to cDNA using
PrimeScript RT Master Mix (538100; Toyobo, Osaka, Japan).
The qPCR was performed using SYBR-Green PCR Master
Mix (15153900; Roche, Indianapolis, IN, USA) on the Applied
Biosystems 7900HT Real-time PCR system. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA was used as an
internal control for each sample, and the expression of each
sample was normalized to GAPDH mRNA. Primers used
were as follows: TMPRSS4 forward, 5'-CCGATGTGTTC
AACTGGAAG-3' and reverse, 5'-GAGAAAGTGAGTGG
GAACTG-3'; GAPDH forward, 5-GCACCGTCAAGGCTG
AGAAC-3' and reverse, 5“TGGTGAAGACGCCAGTGGA-3.
After denaturation for 10 min at 95°C, the reaction was
continued for 40 cycles at 94°C for 10 sec, 60 or 62°C for 20 sec
and 72°C for 20 sec. The relative expression of each miRNA
was calculated using the 224 method.

Western blot analysis. Total protein was extracted from the
transfected cells 48 h after transfection and protein concen-
tration was determined by the BCA protein assay kit (Blue
Skies, Shanghai, China). Primary antibodies including
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TMPRSS4 (1:1,000; ab82176, Abcam), E-cadherin, claudin-1,
vimentin, Slug and ZEB1 (1:1,000; mAb 3195, mAb 13255,
mAD 5741, mAb 9585, mAb 3396, Cell Signaling Technology,
Danvers, MA, USA) from the EMT antibody sampler kit
(1:1,000; Cell Signaling Technology) were incubated over-
night at 4°C, washed, and then incubated with horseradish
peroxidase-labelled secondary anti-rabbit IgG (1:5,000;
antibody 7074, Cell Signaling Technology) for 30 min.
Immunoreactive bands were detected with a chemilumines-
cence kit (Millipore, Billerica, MA, USA) according to the
manufacturer's procedure.

Cell proliferation assay. Cell Titer 96 non-radioactive cell
proliferation (MTS) (Promega BioSciences, Madison, WI,
USA) and Cell-Light™ EdU cell proliferation detection (EdU)
assays (RiboBio Co., Ltd.) were performed to test the prolifera-
tion ability of the cells following the manufacturer's protocol.
Briefly, for the MTS assay, transiently transfected cells were
planted in 96-well plates with 6,000 cells/well and incubated
for 24, 48 and 96 h. The viability of the cells was determined
with MTS. The absorbance value at a wavelength of 490 nm
was used as an indicator of cell viability. For the EdU assay,
24 h after transfection, the cells were cultured in triplicate at
6,000 cells/well in 96-well plates the day before EAU incuba-
tion. After EdU labeling, the cells were treated with 100 ul
of Apollo reaction cocktail. Then nucleic acids in all cells
were stained with 4',6-diamidino-2-phenylindole (DAPI) and
visualized under a fluorescence microscope (Olympus, Tokyo,
Japan). The percentage of EdU-positive cells was defined as
the proliferation rate. Data were obtained from three indepen-
dent experiments.

Cell migration and invasion assays. Migration assays were
performed with Transwell inserts containing a polycarbonate
membrane with 8.0 ym pores (Corning, New York, NY, USA).
To measure the invasion of cancer cells, membranes were
coated with Matrigel matrix (BD Biosciences, Bedford, MA,
USA). Forty-eight hours after transfection with the siRNA or
the negative control, 1x10° cells in 200 ul serum-free media
were added into the inside chamber and 600 ]l medium with
10% FBS was added to the outside chamber. After incubated
for 24 h at 37°C in a CO, incubator, cells on the inner surface
were removed softly, while the migrated or invaded cells that
attached to the bottom of the membrane insert were fixed and
stained with 1% crystal violet. Then the cells were counted
under a microscope in 5 different fields.

Statistical analysis. All statistical analyses were performed
using SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA). A
Student's t-test was used to analyze difference between two
groups. The Chi-square test and Fisher's exact test were used
to analyze the relationship between TMPRSS4 expression and
the clinicopathological parameters. OS and DFS were evalu-
ated with the Kaplan-Meier method, and differences were
compared by log-rank test. Analyses of predictive factors for
OS and DFS were performed with univariate and multivariate
Cox proportional hazards regression method. Data represent
the means + standard deviation (SD) from 3 independent
experiments. A two-tailed value of P<0.05 was considered
statistically significant.
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Table I. Association of TMPRSS4 expression with clinico-
pathological features of the patients with BC.

TMPRSS4
expression
Variables No. (n=107) Low High P-value
Age (years) 0474
<50 47 18 29
>50 60 19 41
Menopausal status 0.158
Premenopausal 58 20 38
Postmenopausal 49 17 32
Tumor size (cm) 0.044
<2 41 19 22
>2 66 18 48
Histological subtype 0.717
Ductal 70 22 48
Lobular 13 6 7
Mucinous 12 4 8
Micropapillary 12 5 7
Grade of ductal cancer 0.006
I 16 9 7
I 35 10 25
11 19 3 16
LN metastasis 0.002
Negative 59 28 31
Positive 48 9 39
Clinical stage 0.015
I,1I 58 26 32
I, 1V 49 11 38
ER status® 0.292
Negative 45 13 32
Positive 62 24 38
PR status® 0428
Negative 49 15 34
Positive 58 22 36
HER?2 status® 0.362
Negative (IHC 0-2+) 67 21 46
Positive (IHC 3+) 40 16 24

‘ER, PR and HER? statuses were determined by immunohistochem-
ical staining according to a previously defined guideline (18). BC,
breast cancer; LN, lymph node; ER, estrogen receptor; PR, proges-
terone receptor; HER2, human epidermal growth factor receptor-2.

Results

TMPRSS4 is overexpressed in breast cancer tissues. The
characteristics of the study population are summarized
in Table I. Patient age ranged from 25 to 78 years, with a mean
age of 51.6 years. Median follow-up time was 65.2 months.
TMPRSS4-positive staining was located mainly in the



gt

PR > L TR
P e kS

Figure 1. Transmembrane protease serine 4 (TMPRSS4) is overexpressed in
breast cancer (BC) tissues. Immunohistochemical staining of TMPRSS4 (in
brown) in: (A) normal breast tissues, (B) grade I BC tissues, (C) grade II BC
tissues, (D) grade III BC tissues, (E) invasive mucinous carcinoma tissues
and (F) invasive micropapillary carcinoma tissues (original magnification,
all x400). Scale bar, 20 ym.

cytoplasm or cell membrane of the tumor cell nests. The
positive TMPRSS4 expression rate was 65.4% (70/107) in
BC cases and 17.6% (9/52) in normal breast tissues (Fig. 1).
A significant statistical difference was found between the two
groups (P<0.05). Furthermore, the expression of TMPRSS4
was increased along with grade, with the highest expression
in grade III BC tissues and the lowest expression in grade I
BC tissues (P<0.05). TMPRSS4 was also overexpressed in
invasive mucinous carcinoma and micropapillary carcinoma
tissues (Fig. 1E and F) with no statistically significant differ-
ences between them.

Correlation of TMPRSS4 with different clinicopathological
parameters. Next, we evaluated the associations between
TMPRSS4 protein expression and a series of clinicopatho-
logical characteristics including age, menopausal status,
tumor size, histological type, histological grade, lymph node
stage, clinical stage, and status of ER, PR and HER?2 in the BC
patients. As shown in Table I, high expression of TMPRSS4
was positively correlated with tumor size (P=0.044), histo-
logical grade (P=0.006), lymph node metastasis (P=0.002),
clinical stage (P=0.015), but was not correlated with other
clinicopathological parameters, including patient age
(P=0.474), menopausal status (P=0.158), histological subtype
(P=0.717), and status of ER (P=0.292), PR (P=0.428) and
HER?2 (P=0.362).

Overexpression of TMPRSS4 is correlated with poor outcomes.
We then investigated whether the expression of TMPRSS4 is
associated with clinical outcomes in BC. The OS and DFS

LI et al: TMPRSS4 IN BREAST CANCER

A 100

& 801 :4:

8

2 60-

o

2 4] - Hioh TMPRSS4 expression

E —— Low TMPRSS4 exprssion

Q

3 207 P=0.036
3 T L) T T 1
0 20 40 60 80 100

Time after surgery (months)

100+

=i~ High TMPRSS4 expression
== Low TMPRSS4 exprssion

20 P=0.010

Disease-free survival (%) W
3

(=]

0 20 40 60 8 100
Time after surgery (months)

Figure 2. Kaplan-Meier survival curves for breast cancer (BC) patients strati-
fied according to transmembrane protease serine 4 (TMPRSS4) expression.
(A) Overall survival (OS) curves of BC patients according to TMPRSS4
immunostaining. (B) Disease-free survival (DFS) curves of BC patients
according to TMPRSS4 immunostaining. P-values were obtained by log-
rank test.

indicated by the Kaplan-Meier survival curves of the BC
patients according to low and high TMPRSS4 expression are
shown in Fig. 2. Patients with high expression of TMPRSS4
had shorter OS (P=0.036) and DFS (P=0.010) when compared
with the patients with low TMPRSS4 expression. Univariate
and multivariate analyses were carried out using Cox propor-
tional hazard model to evaluate the influence of TMPRSS4
expression and pathological factors on the prognosis of BC
patients. In Table II, the univariate analysis revealed that tumor
size (OS, P=0.042; DFS, P=0.047), lymph node metastasis (OS,
P=0.000; DFS, P=0.001), histological grade (OS, P=0.036;
DFS, P=0.039), clinical stage (OS, P=0.009; DFS, P=0.012),
and TMPRSS4 expression (OS, P=0.015; DFS, P=0.018) were
prognostic factors for BC patients. The multivariate analysis
indicated that TMPRSS4 expression was one of the indepen-
dent prognostic factors, along with clinical stage and lymph
node metastasis (Table II).

TMPRSS4 knockdown suppresses the proliferation of BC cells
in vitro. As TMPRSS4 was highly expressed in BC tissues, we
further detected the expression level of TMPRSS4 in different
BC cell lines. RT-qPCR and western blot analysis showed that
TMPRSS4 was differentially expressed in five BC cell lines,
with the highest expression in MDA-MB-468 cells (Fig. 3A).
To inhibit endogenous high TMPRSS4 levels, two cell
lines (MDA-MB-468 and MDA-MB-231) were transfected
with a small interfering RNA (siRNA) duplex and transfection
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Table II. Univariate and multivariate Cox regression analyses of overall survival and disease-free survival in patients with BC.

Univariate analysis

Multivariate analysis

Variables HR 95% CI P-value HR 95% CI P-value
OS
Age (=50 vs. >50 years) 1.362 1.282-2.530 0.533
Menopausal status (pre vs. post) 1.342 0.601-2.993 0473
Histological subtype (ductal vs. lobular) 1.087 0.932-1.397 0.710
Tumor size (<2 vs.>2 cm) 1.549 1.247-1.222 0.042 2.168 0.724-2.854 0.068
Grade of ductal cancer (I, IT vs. III) 2.372 1.532-3.278 0.036 2.874 1.153-3.238 0.057
LN metastasis (negative vs. positive) 1.114 1.034-2.382 0.000 1.136 1.040-1.460 0.001
Clinical stage (I, II vs.III, IV) 2.166 1.420-3.218 0.009 2.039 1.027-3.995 0015
ER status (negative vs. positive) 1.458 1.032-2.688 0.297
PR status (negative vs. positive) 1.362 1.067-2.876 0374
HER?2 status (negative vs. positive) 1.299 0.998-1.745 0.107
TMPRSS4 expression (low vs. high) 1.265 1.091-1.777 0.015 1.289 1.098-1.850 0.016
DFS
Age (=50 vs. >50 years) 1.562 1.187-2.623 0.624
Menopausal status (pre vs. post) 1.447 0.648-3.232 0.367
Histological subtype (ductal vs. lobular) 1.396 0.993-2.056 0.802
Tumor size (<2 vs.>2 cm) 1.567 1.278-1.793 0.047 2272 0.927-3.568 0.073
Grade of ductal cancer (I, IT vs. III) 2.569 1.587-2.763 0.039 2942 1.278-3.524 0.066
LN metastasis (negative vs. positive) 2.054 1.029-3.398 0.001 2.143 1.042-3.489 0.002
Clinical stage (I, II vs.III, IV) 3971 1.355-5.637 0.012 2.873 1.964-5.761 0018
ER status (negative vs. positive) 1.545 1.058-2.734 0.301
PR status (negative vs. positive) 1.378 1.075-2.888 0.381
HER?2 status (negative vs. positive) 1.282 0.989-1.763 0.147
TMPRSS4 expression (low vs. high) 1.278 1.137-1.821 0.018 1.355 1.185-1.971 0.019

BC, breast cancer; OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; LN, lymph node; ER, estrogen
receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2.

efficiency was evaluated by RT-qPCR. Substantial knockdown
of TMPRSS4 mRNA was observed in the MDA-MB-468
and MDA-MB-231 cells (all P<0.001) (Fig. 3B). Following
siRNA transfection, the cell proliferation rate was evaluated
by MTS and EdU assays. MTS assay showed that the cell
proliferation rate was significantly decreased in both the
MDA-MB-468 and MDA-MB-231 cell lines 96 h after trans-
fection (all P<0.05) (Fig. 3C and D). Similar changes were
further observed in the EdU assay (Fig. 4A and C). The cell
proliferation rate was significantly decreased by 42.97+3.04
and 27.53+4.60% in the MDA-MB-468 and MDA-MB-231
cells (all P<0.01) (Fig. 4B and D).

TMPRSS4 knockdown inhibits the migration and invasion
abilities of BC cells in vitro. Given that TMPRSS4 was highly
expressed in metastatic breast cancer tissues and cell lines, the
roles of TMPRSS4 in cell migration and invasion in breast
cancer were also investigated. As shown in Fig. 5A and C,
MDA-MB-468 and MDA-MB-231 cells transfected with
siRNA showed a significantly decreased migration and inva-
sion capability, compared with the untreated cells. Transfected
cells showed a considerable decrease in migration activity
by 46.40+1.68 and 50.12+2.41% and a decrease in invasion

capacity by 45.59+2.75 and 50.13+£2.49% in the MDA-MB-468
(all P<0.001) (Fig. 5B) and MDA-MB-231 (P<0.05 and P<0.001)
(Fig. 5D) cells, respectively, when compared with these abilities
noted in the negative control group. Collectively, these results
suggest that knockdown of TMPRSS4 significantly inhibited
the migration and invasion activity of BC cells in vitro.

TMPRSS4 knockdown influences the expression of EMT-
related genes. Following siRNA transfection, TMPRSS4
protein expression was determined in the MDA-MB-468
and MDA-MB-231 cells by western blot analysis (all P<0.05)
(Fig. 6C and D). To verify the relationship between TMPRSS4
expression and EMT, we observed the expression of key
biomarkers of EMT after TMPRSS4 was silenced. RT-qPCR
and western blot analysis revealed that TMPRSS4 knockdown
significantly enhanced the expression of E-cadherin and
claudin-1 and inhibited the expression of vimentin and Slug
in the MDA-MB-468 cells (all P<0.05) (Fig. 6A, C and E),
indicating suppression of EMT. Similar results were observed
in the MDA-MB-231 cells (all P<0.05) (Fig. 6B, D and F).
The expression of ZEBI did not show a significantly different
change (P>0.05), and the expression of Snail was undetectable
in the two cell lines (data not shown).
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Figure 3. Knockdown of transmembrane protease serine 4 (TMPRSS4) suppresses cell proliferation. (A) mRNA (upper) and protein (lower) expression of TMPRSS4
in different breast cancer (BC) cell lines. (B) siRNA transfection significantly reduced TMPRSS4 mRNA expression in MDA-MB-468 and MDA-MB-231 cells.
(C and D) Proliferation rates of MDA-MB-468 and MDA-MB-231 cells were reduced after TMPRSS4 knockdown. "P<0.05. NC, negative control.
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Discussion

The carcinogenesis and development of breast cancer (BC)
is linked to different molecular events, and the lack of effec-
tive markers for the prediction of prognosis makes it difficult
to apply individualized treatment protocols to BC patients.
Proteases have been extensively studied as important partici-
pants in the carcinogenesis of many types of tumors (6-8).
Recently, much attention has focused on the role of TTSPs
during tumor development and progression (11,19). As a
member of the family of cell surface-associated proteases,
TTSPs modulate a variety of normal cellular activities as well
as tumor invasion and metastasis (19,20).

TMPRSS4, initially referred to as TMPRSS3, is located on
chromosome 11.q23.3 and encodes a member of the type II
TTSP family (21). Previous studies have shown that TMPRSS4
is highly expressed in different types of cancer, such as
pancreatic cancer (21), thyroid cancer (22), lung cancer (23) and
hepatocellular carcinoma (15). Overexpression of TMPRSS4 in
non-small cell lung cancer is associated with poor prognosis in
patients with squamous histology (24). Huang et al (25) reported

P<0.001. NC, negative control.

that TMPRSS4 is highly expressed in colorectal cancer tissues
both at the mRNA and protein level and is correlated with
pathological stage. In BC and triple-negative BC (TNBC),
high expression of TMPRSS4 was found to be indicative of
poor prognosis and related to tumor size, LN metastasis and
histological grade (26,27). Hence, TMPRSS4 appears to be
a factor regulating tumor development and progression. The
present study confirmed that TMPRSS4 was highly expressed
in BC tissues compared with normal breast tissues, and we
further explored the relationship between TMPRSS4 expres-
sion and histological subtypes. Notably, TMPRSS4 was not
only overexpressed in invasive ductal carcinoma but also in
invasive mucinous carcinoma and micropapillary carcinoma.
In addition, expression of TMPRSS4 was increased along with
grade, with the highest expression in grade III BC tissues and
the lowest in grade I BC tissues, suggesting a positive correla-
tion between TMPRSS4 and BC progression.

Our results also showed that TMPRSS4 overexpression is
significantly correlated with tumor size, histological grade,
lymph node metastasis, and clinical stage, suggesting that
TMPRSS4 may be involved in the progression of BC. Survival
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Figure 6. Knockdown of transmembrane protease serine 4 (TMPRSS4) regulated the expression of epithelial-mesenchymal transition (EMT) related genes.
(A and B) RT-qPCR demonstrated that EMT markers of E-cadherin and vimentin were upregulated and downregulated respectively after TMPRSS4
knockdown in MDA-MB-468 and MDA-MB-231 cells. For the expression of key EMT transcriptional factors, claudin-1 and slug were upregulated and
downregulated after transfection with siRNA, respectively. However, expression of ZEB1 did not show significant change. (C-F) Transfection efficiency

and similar results were further observed in western blot analysis. B-actin was an internal control. “P<0.05, “P<0.01 and

EMT, epithelial-mesenchymal transition.

analysis demonstrated that high TMPRSS4 expression is asso-
ciated with shorter DFS and OS in BC patients. Univariate and
multivariate Cox regression analyses revealed that TMPRSS4
could serve as an independent prognostic factor for BC. All
these results confirmed that TMPRSS4 is an important predic-
tive indicator of BC prognosis.

We identified the overexpression of TMPRSS4 in BC
tissues and different histological subtypes. Furthermore,
RT-qPCR and western blot analysis demonstrated that
TMPRSS4 was differentially expressed in five BC cell lines,
with the highest expression in MDA-MB-468 cells. Then
silencing of TMPRSS4 in MDA-MB-468 and MDA-MB-231
cells significantly inhibited cell proliferation, migration and

ok

P<0.001. NC, negative control;

invasion in vitro. Here, we show initial evidence that TMPRSS4
is highly expressed in BC cell lines. However, the biological
functions of TMPRSS4 and its potential mechanisms in BC
cells are not well understood. A recent study reported that
TFPI-2 negatively regulated cell growth by inhibiting tran-
scription of TMPRSS4 (28). Kim et al (14) also reported that
TMPRSS4 induces invasion, migration, and metastasis of
cancer cells by facilitating EMT events; TMPRSS4 induces
invasion and EMT through upregulation of integrin a5 and its
signaling pathways.

EMT is a process implicated in the conversion of early stage
tumors to invasive malignancies. Induction of EMT allows
tumor cells to metastasize and establish secondary tumors at
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a distant site due to weak intercellular adhesion and enhanced
cell motility (13,29,30). Loss of E-cadherin transcript, a hall-
mark of EMT, plays a central role in the EMT process (13). In
an attempt to determine the mechanism by which E-cadherin is
downregulated, we examined several well-known E-cadherin
transcriptional repressors/EMT-inducing transcriptional
repressors, including Slug, Snail, SIP1/ZEB1 and E12/E47 (31).
In this study, western blot analysis showed that E-cadherin
and claudin-1 were upregulated after TMPRSS4 knockdown.
On the contrary, Slug and vimentin were downregulated,
indicating that TMPRSS4 contributes to tumor cell invasion
and metastasis by promoting EMT. Cheng et al (15) suggested
that TMPRSS4-induced EMT was mediated through Snail
and Slug as a result of Raf/MEK/ERK1/2 activation. However,
the specific regulatory mechanisms were not elucidated in our
results and further in-depth studies are required to validate
these signaling pathways in BC cells.

Taken together, our results demonstrated that the upregula-
tion of TMPRSS4 expression is a key event in BC progression
and it could promote cell proliferation, migration and invasion
abilities through possible induction of EMT. TMPRSS4 could
be regarded as a potential prognostic biomarker and a thera-
peutic target for BC.
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