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TMPRSS3 belongs to the large type II transmembrane serine protease (TTSP) family, which plays an important
role in the development and progression of tumors. However, the function of TMPRSS3 in nasopharyngeal
carcinoma (NPC) remains unclear. The present study aimed to examine the impact of TMPRSS3 on the pro-
liferation, migration, and invasion of NPC cells and their potential mechanisms. Our results demonstrated that
the expression of TMPRSS3 was obviously upregulated in human NPC tissues and cell lines. Knockdown of
TMPRSS3 expression significantly suppressed the proliferation and tumorigenicity of NPC cells in vitro and in
vivo. Furthermore, knockdown of TMPRSS3 inhibited migration and invasion, as well as prevented the EMT
process in NPC cells. Finally, knockdown of TMPRSS3 attenuated activation of the PI3K/Akt signaling path-
way in NPC cells. Taken together, the present study demonstrates that the knockdown of TMPRSS3 inhibits
proliferation, migration, and invasion in human NPC cells through the inactivation of the PI3K/Akt signaling
pathway. This study suggests that TMPRSS3 may be a potential therapeutic target for the treatment of NPC.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a unique cancer
arising from the epithelial lining of the nasopharynx'.
NPC occurring with a high incidence rate is mainly in
Southeast Asia and Southern China?®. Despite advances in
the development of radiation against NPC>#, the survival
of patients with NPC remains poor because most NPC
patients are diagnosed in the later stages, and the majority
of patients present with cervical lymph node metastasis>®.
Thus, elucidation of the molecular mechanisms underly-
ing NPC metastasis and tumorigenesis is critical to the
individual treatment of NPC.

TMPRSS3 belongs to the large type II transmembrane
serine protease (TTSP) family, which plays an important
role in a variety of biological and physiological pro-
cesses’. It encodes for a protease that contains low-
density lipoprotein receptor class A (LDLRA) and scav-
enger receptor cysteine-rich (SRCR) domains'. In addi-
tion, TMPRSS3 is found to be overexpressed in several
cancers, and high expression levels of TMPRSS3 are asso-
ciated with metastasis and poor prognosis for malignan-
cies”!12, A recent study showed that downregulation of

TMPRSS3 significantly suppressed the motility and inva-
sion of ovarian cancer cells'?. However, the function of
TMPRSS3 in NPC remains unclear. The present study
aimed to examine the impact of TMPRSS3 on the pro-
liferation, migration, and invasion of NPC cells and their
potential mechanisms. Our results demonstrated that knock-
down of TMPRSS3 inhibits proliferation, migration, and
invasion in human NPC cells. These results suggest that
TMPRSS3 functions as an oncogene in the development
of NPC.

MATERIALS AND METHODS
Clinical Specimens

Eight pairs of primary NPC biopsies and matched
adjacent normal nasopharyngeal epithelium biopsies
were collected from newly diagnosed NPC patients at the
Department of ENT, Huai’an First People’s Hospital,
Nanjing Medical University (P.R. China) from 2014 to
2015. This study was approved by the ethics commit-
tees of Huai’an First People’s Hospital, Nanjing Med-
ical University (PR. China). The patients were informed
regarding sample collection and signed consent forms.
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Cell Culture

Human NPC cell lines (HONEI, SUNE-5-8F, and
CNE-1) and the immortalized nasopharyngeal epithelial
cell line NP69 were purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA) and
cultured at 37°C with 5% CO, in Dulbecco’s modified
Eagle’s medium with 10% heat-inactivated fetal bovine
serum, 100 U of penicillin, and 100 pg/ml streptomycin.

ShRNA Transfection

The short hairpin RNA against TMPRSS3 (sh-
TMPRSS3) and negative control shRNA (sh-NC) were
purchased from GenePharma Co. (Shanghai, PR. China).
CNE-1 cells at a density of 1x10° cells/well were trans-
fected with sh-TMPRSS3 or sh-NC using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from NPC tissues and cells
using the TRIzol reagent (Invitrogen) and reverse-
transcribed into first-strand cDNA using M-MLV reverse
transcriptase (Clontech, Palo Alto, CA, USA). qRT-PCR
was performed using an ABI Prism 7500 System (Applied
Biosystems, Foster City, CA, USA) with the SYBR
Green Supermix (Invitrogen). The specific primers for
TMPRSS3 were 5-ATGGTGAGTAAAATGGGTGTGA
GGA-3’ (sense) and 5-CTTGGAAGTAGAAAGGGTG
GGTTTG-3’ (antisense), and for B-actin were 5-AAA
TCGTGCGTGACATCAAAGA-3" (sense) and 5’-GGC
CATCTCCTGCTCGAA-3’ (antisense). Gene expression
was analyzed using the 2—24°T method.

Western Blot

NPC tissues or cells were homogenized and lysed
with RIPA lysis buffer [100 mM NaCl, 50 mM Tris-
HCI (pH 7.5), 1% Triton X-100, 1 mM EDTA, 10 mM
B-glycerophosphate, 2 mM sodium vanadate, and pro-
tease inhibitor]. An equal amount of protein samples
was separated by 12% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis followed by transference to a
polyvinylidene difluoride membrane (Millipore, Boston,
MA, USA). After blocking with 5% nonfat milk for 1 h
at 37°C, the membrane was incubated with primary
antibodies against TMPRSS3, E-cadherin, N-cadherin,
p-PI3K, PI3K, p-Akt, Akt, and GAPDH (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 4°C overnight.
The membrane was then incubated with horseradish
peroxidase-conjugated secondary antibodies (Santa Cruz
Biotechnology) for 1 h. Finally, the reactive bands were
visualized using the ECL chemiluminescence system
(Amersham, Piscataway, NJ, USA).
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Cell Proliferation Assay

Cell proliferation was measured using the 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay. Briefly, NPC cells transfected with sh-
TMPRSS3 or sh-NC were seeded into 96-well plates at
a density of 1x10° cells/well. After culturing for 0, 24,
48,72, and 96 h, 20 ul of MTT solution (5 mg/ml; Sigma-
Aldrich, St. Louis, MO, USA) was added to each well for
an additional 4 h at 37°C. Dimethyl sulfoxide (DMSO;
150 pl; Sigma-Aldrich) was then added to each well to
dissolve MTT formazan crystals. Absorbance at 490 nm
was measured using a microplate reader (Bio-Rad, Her-
cules, CA, USA).

Migration and Invasion Assays

For the migration assay, the transfected CNE-1 cells
at a density of 1x 105 cells per well were added into the
upper chamber of Transwell chambers (BD Biosciences,
San Jose, CA, USA) containing serum-free medium.
For the invasion assay, the transfected CNE-1 cells were
seeded into the upper chamber, which was precoated with
Matrigel (BD Biosciences). For both assays, 600 pl of
DMEM supplemented with 10% FBS was added to the
lower chamber. After incubation in a humidified atmo-
sphere of 5% CO,/95% air at 37°C for 24 h at 37°C, non-
invasive cells in the upper chamber were removed using
a cotton swab, and cells adhering to the lower membrane
were fixed in methanol and stained with 0.05% crystal
violet for 15 min. The number of invaded cells per four
high-power fields was counted under a light microscope
(magnification: 100x).

In Vivo Tumorigenicity

Animal experiments were approved by the Institutional
Animal Care and Use Committee of Huai’an First People’s
Hospital, Nanjing Medical University. Ten female Balb/c
nude mice (4-5 weeks old) were obtained from the
Animal Breeding Center of Nanjing Medical University
and housed under standard conditions of room tempera-
ture, humidity, and dark-light cycles in pathogen-free
microisolator cages with free access to water and food.
For tumor cell implantation, CNE-1 cells (1x10° cells
in 0.2 ml of PBS) stably transfected with sh-TMPRSS3
or sh-NC were injected subcutaneously into the left
flank of female Balb/c nude mice (n=5 per group). The
tumors were measured every 7 days. The tumor vol-
ume was calculated according to the following formula:
lengthx width®>x0.5. All mice were sacrificed 28 days
after inoculation, and tumors were isolated and weighed.

Statistical Analysis

Data are presented as the mean+SD. Statistical analy-
sis was carried out using one-way analysis of variance
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(ANOVA) followed by Bonferroni test for multiple groups
or Student’s 7-test between two groups. A value of p<0.05
was considered statistically significant.

RESULTS
TMPRSS3 Is Overexpressed in Human NPC

To determine the expression profiles of TMPRSS3 in
NPC, we first detected the expression levels of TMPRSS3
in NPC tissues using qRT-PCR and Western blot. The
results demonstrated that TMPRSS3 mRNA (Fig. 1a) and
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protein expression levels (Fig. 1b) were significantly upreg-
ulated in NPC tissues when compared with the matched
adjacent normal nasopharyngeal epithelium biopsies. Simi-
larly, TMPRSS3 was overexpressed in NPC cell lines
(Fig. 1c and d) compared with the NP69 group.

Knockdown of TMPRSS3 Inhibits the Proliferation of
NPC Cells

To investigate the effect of TMPRSS3 on NPC cell pro-
liferation, we generated TMPRSS3 knockdown CNE-1
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Figure 1. TMPRSS3 is overexpressed in human nasopharyngeal carcinoma (NPC). (a) The mRNA expression of TMPRSS3 in human
NPC tissues was evaluated using quantitative real-time (qQRT)-PCR. (b) The protein expression of TMPRSS3 in NPC tissues was
detected by Western blot. (c) The mRNA expression of TMPRSS3 in NPC cell lines was measured using qRT-PCR. (d) The protein
expression of TMPRSS3 in NPC cell lines was detected by Western blot. *p<0.05.
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cells by transfection with sh-TMPRSS3. The knock-
down efficiency was confirmed by qRT-PCR and West-
ern blot (Fig. 2a and b). We then evaluated the effect of
TMPRSS3 knockdown on NPC cell proliferation using
the MTT assay. The results showed that knockdown of
TMPRSS3 significantly inhibited the proliferation of
CNE-1 cells compared with its matched control (Fig. 2c).

Knockdown of TMPRSS3 Inhibits the Migration
and Invasion of NPC Cells

To further examine the effects of TMPRSS3 knock-
down on NPC cell migration and invasion, we performed
in vitro migration and invasion assays. The number of
CNE-1 cells that migrated was obviously reduced after
transfection with sh-TMPRSS3 when compared with the
sh-NC group (Fig. 3a). In addition, the number of CNE-1
cells passing through the Transwell coated with Matrigel
in the TMPRSS3-silenced group was significantly lower
than those in the sh-NC group (Fig. 3b). Furthermore, the
results of the Western blot analysis indicated that the pro-
tein expression levels of E-cadherin were higher while
the levels of N-cadherin were lower in sh-TMPRSS3-
transfected cells relative to cells transfected with the nega-
tive control (Fig. 3c).

Knockdown of TMPRSS3 Suppresses NPC
Progression In Vivo

To evaluate the role of TMPRSS3 in NPC progres-
sion in vivo, the xenografted tumor in nude mice was
employed. The tumor volumes formed by TMPRSS3-
silenced cells were significantly suppressed, compared
with the sh-NC group (Fig. 4a). In addition, detection
of tumor weight at the end of the experiment revealed
a significant decrease in this parameter in tumors that
arose from CNE-1 cells where TMPRSS3 was depleted
(Fig. 4b).

Knockdown of TMPRSS3 Suppresses the Proliferation
and Invasion of NPC Cells Through Inactivation
of the PI3K/Akt Signaling Pathway

To determine the mechanism by which TMPRSS3
knockdown inhibited NPC cell proliferation and inva-
sion, we examined the effect of TMPRSS3 knockdown
on the activation of the PI3K/Akt signaling pathway
in CNE-1 cells. Knockdown of TMPRSS3 remarkably
reduced the levels of phosphorylated PI3K (p-PI3K)
and phosphorylated Akt (p-Akt) in CNE-1 cells, com-
pared with the sh-NC group (Fig. 5a). Additionally, the
Akt inhibitor MK2206 significantly enhanced the inhibi-
tory effects of sh-TMPRSS3 on CNE-1 cell prolifera-
tion (Fig. 5b) and invasion (Fig. 5¢).
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Figure 2. Knockdown of TMPRSS3 inhibits the proliferation
of NPC cells. CNE-1 cells were transfected with short hairpin
RNA against TMPRSS3 (sh-TMPRSS3) or negative control
shRNA (sh-NC) for 48 h. (a) qRT-PCR analysis was used to
detect the mRNA expression levels of TMPRSS3. (b) Western
blot analysis was used to detect the protein expression levels of
TMPRSS3. (¢) Cell proliferation was evaluated using the MTT
assay. *p<0.05.
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Figure 3. Knockdown of TMPRSS3 inhibits the migration and
invasion of NPC cells. (a, b) Transwell invasion and migration
assays of CNE-1 cells transfected with sh-TMPRSS3 or sh-NC
were performed to investigate the effects of TMPRSS3 on the
migration and invasion of CNE-1 cells. (c) Western blot analy-
sis was used to assay the expression level of E-cadherin and
N-cadherin in CNE-1 cells after transfection with sh-TMPRSS3
or sh-NC. *p<0.05.

DISCUSSION

In this study, we found a significant increase in the
expression of TMPRSS3 in human NPC tissues and cell
lines. Knockdown of TMPRSS3 expression significantly
suppressed the proliferation and tumorigenicity of NPC
cells in vitro and in vivo. Furthermore, knockdown of
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Figure 4. Knockdown of TMPRSS3 suppresses NPC progres-
sion in vivo. CNE-1 cells (1x10° cells in 0.2 ml of PBS) sta-
bly transfected with sh-TMPRSS3 or sh-NC were injected
subcutaneously into the left flank of female Balb/c nude mice.
(a) Tumor volume was monitored every week and measured.
(b) After 4 weeks, the mice were sacrificed, and the tumors were
dissected out and weighed. *p <0.05 versus sh-NC group.

TMPRSS3 inhibited migration and invasion, as well as
prevented the EMT process in NPC cells. Finally, knock-
down of TMPRSS3 attenuated activation of the PI3K/Akt
signaling pathway in NPC cells.

TMPRSS3 is upregulated in several types of tumors, for
instance, ovarian, breast, and pancreatic cancers. Wallrapp
et al. reported that TMPRSS3 was overexpressed in a sub-
set of pancreatic cancer tissues, and its expression cor-
relates with the metastatic potential of pancreatic cancer
cells''. Similarly, in this study we found that TMPRSS3
mRNA and protein expression levels were significantly
upregulated in NPC tissues and cell lines. Given the
above results, we then investigated the role of TMPRSS3
in NPC cell proliferation in vitro and NPC progression in
vivo and found that knockdown of TMPRSS3 expression
significantly suppressed the proliferation of NPC cells.
In line with these in vitro data, we found that knockdown
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Figure 5. Knockdown of TMPRSS3 suppresses the proliferation and invasion of NPC cells through the inactivation of the PI3K/Akt
signaling pathway. (a) CNE-1 cells were transfected with sh-TMPRSS3 or sh-NC for 48 h. (a) The expression of PI3K, phosphorylated
PI3K, Akt, and phosphorylated Akt was evaluated by Western blot. (b, c) CNE-1 cells silencing TMPRSS3 were treated with the Akt
inhibitor MK2206 (10 uM) for 30 min, and then the MTT and Transwell assays were performed 24 h later. *p <0.05.

of TMPRSS3 markedly attenuated tumor growth in vivo
in an allograft murine model. These data suggest that
TMPRSS3 may be a novel candidate oncogene in the
development and progression of NPC.

Uncontrolled metastasis, which is an important fea-
ture of malignant tumors, is the main cause of death of
patients with NPC!*. EMT is considered to be the key
step by which tumor cells gain the higher ability of
invasiveness and metastasis'®. During EMT, epithelial
cells lose their characteristic marker E-cadherin and gain

mesenchymal markers including N-cadherin and vimen-
tin'e. In this study, we observed that knockdown of
TMPRSS3 inhibited migration and invasion, as well as
suppressed the EMT progress in CNE-1 cells. These
data suggest that TMPRSS3 silencing inhibited the EMT
process, consequently affecting NPC cell migration and
invasion in vitro.

The PI3K/Akt pathway is one of the most important
signaling pathways identified as being implicated in tumor-
igenesis!”. Tt is activated in the progression of NPC?¥,
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and hyperactivation of the PI3K/Akt pathway is corre-
lated with tumor development, progression, and a poor
prognosis in human solid tumors?'. Several studies have
shown that aberrant activation of Akt is involved in
NPC metastasis and tumorigenesis?>2*. Therefore, target-
ing the PI3K/Akt pathway may represent a promising
approach to the treatment of NPC. For example, PI3K/
Akt inhibitors, GSK216458, and PKI-587 significantly
inhibited cell proliferation and motility in NPC cells, and
the combination of ionizing radiation with GSK2126458
or PKI-587 effectively inhibited NPC growth®. In this
study, we found that knockdown of TMPRSS3 remark-
ably reduced the levels of p-PI3K and p-Akt in CNE-1
cells. Additionally, the Akt inhibitor MK2206 signifi-
cantly enhanced the inhibitory effects of sh-TMPRSS3
on CNE-1 cell proliferation and invasion. These findings
suggest a possible mechanism by which sh-TMPRSS3
suppresses NPC cell proliferation and invasion through
negatively regulating the PI3K/Akt signaling pathway.

In summary, the present study demonstrates that knock-
down of TMPRSS3 inhibits proliferation, migration, and
invasion in human NPC cells through the inactivation of
the PI3K/Akt signaling pathway. This study suggests that
TMPRSS3 may be a potential therapeutic target for the
treatment of NPC.
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