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Protease serine S1 family member 8 (PRSS8), a membrane-anchored serine protease, has been reported to be
involved in the development of several human cancers. However, the role of PRSS8 in non-small cell lung
cancer (NSCLC) pathogenesis remains unclear. The objective of this study was to investigate PRSS8 expres-
sion, biological function, and its related molecular mechanism in NSCLC. Our results showed that PRSS8 was
expressed in a low amount in NSCLC cell lines. Ectopic expression of PRSS8 inhibited tumor growth in vitro
and in vivo. Furthermore, ectopic expression of PRSS8 inhibited the migration and invasion of NSCLC cells.
It also suppressed the EMT process in A549 cells. Mechanistically, we found that the ectopic expression of
PRSS8 downregulated the protein expression levels of p-JAK1, p-JAK2, and p-STAT3 in A549 cells. Taken
together, our study showed that PRSS8 plays an important role in the growth and metastasis of NSCLC. Thus,

PRSS8 may be a novel therapeutic target for NSCLC.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related
deaths in the world, and the incidence and mortality
have been increasing rapidly in recent years. Non-small
cell lung cancer (NSCLC) accounts for approximately
75%-80% of all lung cancers'. Despite the improve-
ment in diagnosis and treatment, the 5-year survival
rate of patients in advanced stages of NSCLC remains
poor because of metastasis>™. Thus, the identification of
molecular mechanisms critical for driving NSCLC pro-
gression is urgently needed.

Serine proteases are proteolytic enzymes that are
involved in the regulation of a range of physiological and
pathological processes” . Protease serine S1 family mem-
ber 8 (PRSS8), a membrane-anchored serine protease,
was found in various mammalian tissues like semen, the
prostate gland, and skin®. It is essential for epithelial bar-
rier formation and homeostasis’. In addition, aberrant
expression of PRSS8 is associated with many cancer
types such as breast, bladder, gastric, and ovarian'®",
Downregulation of PRSS8 expression has been shown in
colorectal adenocarcinomas, and knockdown of PRSS8
promoted cell proliferation in vitro and cancer cell growth

in nude mice"”. A study by Bao et al. reported that the
expression of PRSS8 was significantly downregulated in
esophageal squamous cell carcinomas (ESCCs), and the
downregulation of PRSS8 was closely related to shorter
survival time'*. However, the role of PRSS8 in NSCLC
pathogenesis remains unclear. The objective of this study
was to investigate PRSS8 expression, biological func-
tion, and its related molecular mechanism in NSCLC.
Our results demonstrated that PRSS8 was expressed in
a low amount in NSCLC cell lines, and PRSS8 inhibited
tumor growth in vitro and in vivo in human NSCLC.

MATERIALS AND METHODS
Cell Culture

Three human NSCLC cell lines (A549, PC9, and NCI-
H1993) and a normal human bronchial epithelial cell
line (BEAS-2B) were obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA) and
maintained in DMEM (Gibco, Grand Island, NY, USA)
in addition to 10% fetal bovine serum (FBS), 100 mg/ml
streptomycin, and 100 U/ml penicillin at 37°C with
5% CO, in an incubator (Life Technologies, Baltimore,
MD, USA).
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Construction of PRSSS8-Expressing Vectors

For overexpression of PRSSS, the open reading frame
of PRSS8 was amplified from human mRNA and was
cloned into the pc-DNA3.1 vector (Invitrogen, Carlsbad,
CA, USA). An empty pcDNA3.1 vector was used as a
control and named “mock.” For transfection, cells were
cultured to 80% confluence and transfected with PRSS8
or mock using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s protocol.

Quantitative Real-Time Polymerase
Chain Reaction (qRT -PCR)

Total RNA was isolated from cultured cell lines using
TRIzol reagent (Invitrogen), and complementary DNA
(cDNA) was synthesized using the EasyScript First-
Strand cDNA Synthesis SuperMix Kit (Invitrogen). All
gqRT-PCR tests were performed by the ABI StepOnePlus
Real-Time PCR-System (Applied Biosystems, Foster
City, CA, USA; Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instructions. PCR ampli-
fication was performed using the following primers:
PRSSS8, 5-AGAGGACATGGTGTGTGCTG-3’ (sense)
and 5-GAGGCTGGAGTTCTGTCACC-3’ (antisense);
B-actin, 5-TTAGTTGCGTTACACCCTTTC-3" (sense)
and 5"-ACCTTCACCGTTCCAGTTT-3’ (antisense). The
data obtained were calculated by 27**Ct and treated for
statistical analysis as described previously".

Western Blot Analysis

NSCLC cells were washed with 1x PBS and lysed in
RIPA buffer. The supernatant was collected following
centrifugation at 10,000xg for 10 min. Equal amounts
of proteins were separated by 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred to
nitrocellulose filter membranes. The membranes were
blocked with 5% nonfat milk at room temperature for
1 h and subsequently incubated with primary antibodies
against PRSS8, E-cadherin, N-cadherin, p-JAK1, JAKI,
p-JAK2, JAK2, p-STAT3, STAT3, and GAPDH (Santa
Cruz Technology, Danvers, MA, USA) at 4°C overnight.
The next day, membranes were washed three times for
5 min with TBST and incubated for 1 h with the corre-
sponding secondary antibodies (Santa Cruz). After three
5-min washes with TBST, the signal was developed using
the standard ECL (Pierce, Rockford, IL, USA). Den-
sitometric scans were quantified using ImageJ software.

Cell Proliferation Assay and Xenograft Model

Cell proliferation was detected using the WST-1 assay
according to the manufacturer’s instructions. Briefly,
2% 10’ cells were seeded into 96-well plates and cultured
for 24, 48, 72, and 96 h, respectively. At each time point,
cells were incubated according to the manufacturer’s
protocol with the WST-1 labeling mixture for 2 h. The
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wavelength of 490 nm was measured using a spectro-
photometer (Bio-Rad, Hercules, CA, USA).

For the in vivo tumorigenicity assay, 5x10° PRSS8
cells and control cells were injected subcutaneously into
the left and right dorsal flanks of 4-week-old female
BALB/c-nu mice (n=6 per group). Tumor formation was
monitored every 5 days by measuring the tumor size with
a caliper. The tumor volume was then calculated using
the following formula: V=(Lx W?)/2. Twenty days later,
the animals were sacrificed, and the tumors were excised
and weighed. All animal experiments were approved by
the Animal Care Committee of Huaihe Hospital of Henan
University (P.R. China) and were performed in accor-
dance with institutional guidelines.

Migration and Invasion Assays

A cell migration assay was performed using Transwell
insert chambers (Corning, New York, NY, USA). Infected
cells (1x10° cells/well) were suspended in 200 pl of
serum-free medium and seeded into the upper chamber
of a Transwell insert; 600 pul of 10% FBS DMEM was
added to the lower chamber. After incubation for 24 h
under suitable conditions, the cells on the lower surface
of the inserts were fixed and stained with 0.1% crystal
violet, and six random fields for each insert were counted
under a microscope. For the cell invasion assay, the pro-
cess was analogous to the cell migration assay, except
that the membranes were smeared with Matrigel (BD
Biosciences, San Jose, CA, USA).

Statistical Analysis

Statistical analysis was performed using the SPSS
19.0 software (SPSS, Chicago, IL, USA). The results
are expressed as the mean+SD, and differences between
groups were analyzed using the Student’s #-test. Values of
p<0.05 were considered statistically significant.

RESULTS

PRSS8 Was Expressed in a Low Amount
in NSCLC Cell Lines

We first measured the expression level of PRSSS8 in
a panel of NSCLC cell lines including A549, PC9, and
NCI-H1993. The mRNA levels of PRSS8 in human
NSCLC cell lines were obviously lower than those in the
normal human bronchial epithelial cell line (BEAS-2B)
(Fig. 1A). Western blot analysis showed that the protein
expression levels of PRSS8 were significantly downregu-
lated in human NSCLC cell lines (Fig. 1B).

Ectopic Expression of PRSSS Inhibited
Tumor Growth In Vitro and In Vivo

We generated a PRSS8-expressing vector in order to
investigate the effect of PRSS8 on tumor growth in vitro
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Figure 1. PRSS8 was expressed in a low amount in NSCLC cell lines. (A) mRNA expression of PRSS8 in human NSCLC cell lines
was analyzed by qRT-PCR. (B) Protein expression of PRSS8 in human NSCLC cell lines was analyzed by Western blot analysis.

Experiments were performed in triplicate. *p<0.05 versus BEAS-2B.

and in vivo. Both the protein and mRNA levels of PRSS8
were dramatically increased in A549 cells after transfec-
tion with PRSS8 (Fig. 2A). In addition, results of the
WST-1 assay demonstrated that ectopic expression of
PRSS8 significantly inhibited the proliferation of A549
cells (Fig. 2B), compared with the mock group. To fur-
ther confirm the role of PRSS8 in NSCLC in vivo, we
constructed xenograft implanted human NSCLC in nude
mice. The results indicated that mean subcutaneous tumor
size was lower in the PRSS8-treated group than in the
mock group over time (Fig. 2C). Ectopic expression of
PRSS8 greatly reduced the tumor weight in a xenograft
model (Fig. 2D).

Ectopic Expression of PRSSS Inhibited
the Migration and Invasion of NSCLC Cells

To detect the effect of PRSS8 on NSCLC cell migra-
tion, a Transwell migration assay was performed in A549
cells transfected with PRSS8. We found that ectopic
expression of PRSS8 sharply reduced the number of
A549 cells that migrated into the lower chamber, with a
40.3% reduction in A549 cells (Fig. 3A). Results of the
Matrigel invasion assay indicated that ectopic expression
of PRSSS significantly inhibited the invasion of A549
cells (Fig. 3B). In order to examine whether PRSSS inhib-
its the EMT process in NSCLC cells, A549 cells were
transfected with PRSS8 or mock for 24 h. E-cadherin and
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Figure 2. Ectopic expression of PRSSS inhibited tumor growth in vitro and in vivo. A549 cells were transfected with PRSS8 or mock
for 24 h. (A) The corresponding transfection efficiency was detected by Western blot and qRT-PCR. (B) Cell proliferation was evalu-
ated using the WST-1 assay. PRSSS cells (5 x 10°) and control cells were injected subcutaneously into the left and right dorsal flanks of
4-week-old female BALB/c-nu mice. (C) Tumor volume was monitored every 5 days. (D) After 20 days, the animals were sacrificed,
and the tumors were excised and weighed. Experiments were performed in triplicate. *p <0.05 versus mock group.

N-cadherin expression levels were detected using Western
bolt analysis. We found that the expression of E-cadherin
was significantly upregulated, while the expression of
N-cadherin was downregulated in A549 cells transfected
with PRSS8, compared with the control cells (Fig. 3C
and D).

Ectopic Expression of PRSSS Inhibited Activation
of the JAK/STAT3 Signaling Pathway in NSCLC Cells

To investigate the molecular mechanism by which
PRSS8 inhibited NSCLC cell proliferation and metastasis

in A549 cells, we examined the effects of PRSS8 on JAK/
STAT3 activation. Western blot analysis indicated that,
compared with the mock group, ectopic expression of
PRSS8 significantly downregulated the active tyrosine-
phosphorylated forms of JAK1 and JAK?2 and suppressed
the expression of phosphorylation of the downstream
JAK substrate STAT3 in A549 cells (Fig. 4).

DISCUSSION

In the present study, we showed that PRSS8 was
expressed in a low amount in NSCLC cell lines. Ectopic
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Figure 3. Ectopic expression of PRSS8 inhibited the migration and invasion of NSCLC cells. A549 cells were transfected with PRSS8
or mock for 24 h. (A) Cell migration was analyzed by Transwell assay. (B) Cell invasion was determined by Matrigel invasion assay.
(C) Western blot assay was performed to detect the expression of N-cadherin and E-cadherin. (D) Graphic presentation of the relative
abundance of N-cadherin and E-cadherin proteins. Experiments were performed in triplicate. *p <0.05 versus mock group.

expression of PRSS8 inhibited tumor growth in vitro and
in vivo. Furthermore, ectopic expression of PRSS8 inhib-
ited the migration and invasion of NSCLC cells and sup-
pressed the EMT process in A549 cells. Mechanistically,
we found that ectopic expression of PRSS8 downregu-
lated the protein expression levels of p-JAKI, p-JAK2,
and p-STAT3 in A549 cells.

Previous studies found that PRSS8 was involved in
tumor progression and development. A study by Tamir
et al. reported that the expression of PRSS8 was greatly
upregulated in ovarian cancer tissues, compared with
normal or benign ovarian lesions'”. In contrast, PRSSS
expression was lower in high-grade transitional cell car-
cinomas and cell lines than that of normal human urothe-
lium and in a normal human urothelial cell line'’. These
findings suggest that PRSS8 performs anoncogenic or a

tumor suppressing function depending on the cell type
or context. In this study, we observed that the expres-
sion levels of PRSS8 in both mRNA and protein were
significantly downregulated in human NSCLC cell lines.
Ectopic expression of PRSS8 inhibited tumor growth in
vitro and in vivo. These data imply that PRSS8 may func-
tion as a tumor suppressor in the development and pro-
gression of NSCLC.

There is substantial evidence that EMT is crucial for
the initiation of the metastatic process in NSCLC'""®,
EMT is defined by the loss of epithelial characteristics
and the acquisition of a motile, invasive, and migratory
mesenchymal phenotype. Downregulation of E-cadherin,
an epithelial marker, is a hallmark of EMT"?, In addi-
tion, it has been reported that the loss of PRSS8 expression
was related to reduced E-cadherin expression and a loss
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Figure 4. Ectopic expression of PRSSS8 inhibited the activa-
tion of the JAK/STAT3 signaling pathway in NSCLC cells.
A549 cells were transfected with PRSS8 or mock for 24 h.
(A) Western blot assays were performed to detect the expres-
sion of p-JAK1, JAK1, p-JAK2, JAK2, p-STAT3, and STAT3.
(B) Graphic presentation of the ratio of p-JAK1/JAKI, p-JAK2/
JAK?2, and p-STAT3/STAT3. Experiments were performed in
triplicate. *p<0.05 versus mock group.

of epithelial morphology in transitional cell carcinoma
cells'. Similarly, in this study, we observed that ectopic
expression of PRSS8 inhibited the migration and inva-
sion of NSCLC cells, as well as upregulated the expres-
sion of the epithelial marker E-cadherin and decreased
the expression of the mesenchymal marker N-cadherin in
A549 cells. These results suggest that PRSS8 is able to
regulate the migration and invasion of NSCLC cells by
suppressing the EMT process.

The JAK/STAT3 signaling pathway plays a criti-
cal role in the development and progression of various
human cancers, including NSCLC*"*. The JAK family
of proteins includes JAKI1, JAK2, JAK3, and tyrosine
kinase2. It was reported that JAKI activated STAT3
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activity in lung cancer cell lines™. STAT3 is persistently
activated in 50% of lung adenocarcinomas and lung
cancer-derived cell lines®, and activated STAT3 resulted
in transmodulation of downstream target genes that are
involved in cell proliferation, survival, angiogenesis,
and metastasis™?®. Thus, inhibition of the JAK/STAT3
pathway may offer a novel targeted therapeutic approach
for NSCLC. For example, two novel small-molecule
STAT3 inhibitors (C188-9 and piperlongumine) reduced
the levels of pSTAT3 and blocked tumor growth in nude
mice bearing A549 tumor xenografts”’. In line with these
results, we found that the ectopic expression of PRSS8
downregulated the protein expression levels of p-JAKI,
p-JAK2, and p-STAT3 in A549 cells. These results sug-
gest that PRSS8 inhibited tumor growth in vitro and in
vivo in human NSCLC cells, at least partially, through
modulating the JAK/STAT3 signaling pathway.

In summary, our results showed that PRSS8 plays an
important role in the growth and metastasis of NSCLC.
PRSSS inhibited tumor growth in vitro and in vivo in
human NSCLC cells, at least partially, through modu-
lating the JAK/STAT3 signaling pathway. Thus, PRSS8
may be a novel therapeutic target for the treatment
of NSCLC.
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