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Abstract. The type II transmembrane serine proteases (TTSPs) 
are a family of cell surface proteolytic enzymes contributing to 
a number of processes, such as tumour invasion and metastasis. 
Within the TTSPs, matriptase-2 is a relatively newly identi-
fied member and this protease has been shown to play a key 
role in cancer progression. β-catenin has long been regarded 
as an oncogene. The deregulation of the β-catenin signalling 
pathway plays a significant role in the progression and possibly 
the development of cancer. However, little is known about the 
role of matriptase-2 in prostate cancer. This study aimed to 
examine the correlation between matriptase-2 and β-catenin.  
Matriptase-2 was knocked down in the normal prostate cells, 
PZHPV7 and PNT2C2, using a ribozyme transgene targeting 
matriptase-2. The altered cells were used in a number of in vitro 
experiments designed to investigate the involvement of matrip-
tase-2 with β-catenin and to further characterise its function. 
The knockdown of matriptase-2 had no effect on cell growth or 
adhesion but significantly reduced cell motility (PZHPV7 cells, 
p<0.001; PNT2C2 cells, p=0.001 vs. respective control cells) 
and invasive capability (PZHPV7 cells, p=0.001; PNT2C2 
cells, p=0.007). The knockdown also caused a large increase in 
β-catenin protein expression at the cell membrane in PZHPV7 
and PNT2C2 cells and a decrease in PC3 cells overexpressing 
matriptase-2, but did not affect the mRNA levels. Matriptase-2 
may have an important impact on prostate cancer progression. 
The data gained from this study suggest that matriptase-2 
protects against the development and progression of prostate 
cancer by regulating the motility and invasive capabilities of 
prostate cancer cells. Matriptase-2 also reduces the levels of 
β-catenin at the cell membrane. As β-catenin is highly involved 
in the regulation of cellular processes, including motility and 

invasion, the reduction of β-catenin expression by matriptase-2 
may be a possible mechanism by which matriptase-2 functions.

Introduction

Matriptase-2 is a member of the type II transmembrane serine 
protease (TTSP) family, a family of proteases, which has 
attracted significant scientific interest due to differential expres-
sion patterns in normal and cancerous tissue and cells (1-5). The 
matriptase-2 gene is located on chromosome 22 encoding an 
88,901‑kDa molecular weight protein (6). The protein structure 
of matriptase-2 is characteristic of that of the TTSP group, 
consisting of a mixture of domains common to this family of 
proteases and has been described in a number of studies (7,8). 
Matriptase-2 shares homology with matriptase-1, another TTSP 
whose expression is altered in various human cancers  (9). 
However, whereas the overexpression of matriptase-1 leads 
to cancer progression (10,11), matriptase-2 overexpression 
significantly reduces breast and prostate cancer growth and 
the reduced expression of matriptase-2 is associated with poor 
patient outcome (12,13). This difference in apparent functions of 
both proteases has prompted more in depth investigation into the 
potential anti-metastatic properties of matriptase-2. Currently, 
the molecular mechanisms involved in the activation and regu-
lation of matriptase-2 remain largely unknown due to the small 
number of studies currently investigating matriptase-2.

Cancer cells arise from normal cells via mutation. These 
mutations allow the previously non-cancerous cells to gain 
characteristics facilitating the progression to an aggressive 
phenotype. A cancer cell relies on a number of vital biological 
processes with which to establish itself in its environment and to 
subsequently metastasise. The most significant of these include 
changes in cell growth and invasive and migratory capacities. 
Cancer cells can influence these processes in several ways, 
most significantly by altering the expression of molecules that 
play key roles in controlling these cellular traits. Matriptase-2 
has previously shown the ability to reduce the migration of PC3 
and DU145 cells and the adhesion of PC3 cells (13).

β-catenin was first described as a structural component in 
adherens junction formation, a mechanism of cell-cell adhesion 
and is normally maintained at low levels in the absence of Wnt 
stimulation, due to its constitutive proteasomal degradation (14). 
The reduction of β-catenin degradation upon Wnt stimulation 
leads to the increased participation of β-catenin in two major 
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cellular processes: nuclear signalling and cell-cell adhesion. 
β-catenin accumulation in the cytoplasm results in its trans-
location into the nucleus and interaction with DNA-binding 
transcription factors, the most prominent of which are those 
of the T cell-specific transcription factor (TCF)/lymphoid 
enhancer factor (LEF) family. Once localized to the nucleus, 
the complex formed between β-catenin and its DNA-binding 
transcription factors initiates the transcription of its target 
genes. These target genes are highly involved in the regulation 
of many proteins that are involved in maintaining the proper 
functions of the cell. These target genes include c-MYC (15), 
MMP-7 (16,17), VEGF (18) and MET (19). Due to the impor-
tance of these target genes in maintaining the correct function 
of the cell, the balance between the degradation and activation 
of β-catenin must remain tightly controlled. The deregulation 
of this pathway plays a significant role in the progression and 
possibly the development of cancer.

In the present study, the expression of matriptase-2 was 
knocked down in the normal prostate cell lines, PZHPV7 and 
PNT2C2, using a ribozyme transgene targeting matriptase-2. 
The biological functions of these cells were subsequently 
examined. In order to investigate any link between matrip-
tase-2 and β-catenin, matriptase-2 expression was also forced 
in the aggressive prostate cancer cell lines, PC3 and DU145. A 
mammalian expression plasmid containing the matriptase-2 
gene was used to produce the overexpressed cell lines.

Materials and methods

Cell lines and culture conditions. The prostate epithelial cell 
line, PZHPV7, was purchased from the American Type Culture 
Collection (ATCC; Rockville, MD). PNT2C2 prostate epithe-
lial cells were a kind gift from Professor Norman Maitland 
(University of York, York, UK). These cells were maintained 
in Dulbecco's modified Eagle medium (DMEM) (PAA 
Laboratories Ltd., Somerset, UK), supplemented with penicillin, 
streptomycin and 10% foetal calf serum (PAA Laboratories 
Ltd.) and incubated at 37˚C, 5% CO2 and 95% humidity.

Generation of cell lines displaying altered expression of matrip-
tase-2. The ribozyme transgene was generated using touchdown 
PCR before being inserted into a pEF6/V5-His-TOPO plasmid 
and cloned into E. coli. The plasmids were then checked to ensure 
that the ribozyme was in the correct orientation. PZHPV7 and 
PNT2C2 cells were subsequently transfected with this plasmid. 
The matriptase-2 coding sequence had previously been cloned 
into a pEF6/V5-His-TOPO plasmid vector in our laboratory 
(12). PC3 cells had also been previously transfected with the 
matriptase-2 expression plasmid (13). These cells were utilised 
in this study. To ensure that an efficient/stable transfection was 
achieved, the cells were placed into a selection medium (5 µg/ml  
blasticidin), utilising the blasticidin resistance gene coded on 
the pEF6 plasmid to select cells containing the plasmid. Cells 
were subsequently cultured in maintenance medium (0.5 µg/ml 
blasticidin) and routinely tested to confirm matriptase-2 overex-
pression or knockdown. Cells containing the ribozyme transgene 
were termed PZHPV7mat2 rib1 and PNT2C2mat2 rib1, whereas PC3 
cells containing the expression plasmid were designated as 
PC3mat2 exp. Similarly, cells containing a closed pEF6 plasmid 
(containing no expression sequence/ribozyme transgene, to 

demonstrate the lack of effects exerted by the plasmid alone) 
were termed PZHPV7pEF6, PNT2C2pEF6 and PC3pEF6.

RNA extraction, quantification and RT-PCR. Cells were grown 
to confluence in a 25 cm2 tissue culture flask before extracting 
RNA from the cells using TRI reagent (Sigma, Dorset, UK) 
in accordance with the provided protocol. Subsequently, RNA 
concentration was calculated using a spectrophotometer (WPA 
UV 1101, Biotech Photometer, Cambridge, UK) and samples 
were standardised to 250  ng prior to undertaking reverse 
transcription (enhanced avian reverse transcriptase-PCR-100; 
Sigma). The quality of the cDNA generated was tested using 
GAPDH primers (full primer sequences are outlined in Table I).

Quantitative-polymerase chain reaction (Q-PCR). Matriptase-2 
transcript levels in each of the samples were detected using the 
iCycler IQ system. The results are presented as the number of 
transcripts/µg RNA, based on an internal standard. Matriptase-2 
transcript levels were normalised within each sample in rela-
tion to the expression of GAPDH. For the Q-PCR analysis, the 
Amplifluor system (Intergen Inc., Purchase, NY), Q-PCR Master 
Mix (ABgene, Surrey, UK) and a universal probe (Uniprimer) 
were used, recording emitted fluorescence. Conditions for Q-PCR 
were: an initial 15 min 95˚C period followed by 80 cycles of 95˚C 
for 15 sec, 55˚C for 60 sec and 72˚C for 20 sec. Full details of 
primers used are presented in Table I.

SDS-PAGE and western blot analysis. Cells were grown to 
confluence, detached and lysed in a lysis buffer containing 
0.5% SDS, 1% Triton X-100, 2 mM CaCl2, 100  mg/ml 
phenylmethylsulfonyl fluoride, 1 mg/ml leupeptin, 1 mg/ml 
aprotinin and 10 mM sodium orthovanadate on a rotor wheel 
for 1 h before the removal of insolubles by centrifugation at 
13,000 rpm. The Bio-Rad DC Protein Assay kit (Bio-Rad 
Laboratories, Hemel Hempstead, Hertfordshire, UK) was 
used to quantify protein levels in each sample and samples 
were subsequently standardised to 2  mg/ml, diluted with 
Laemmli 2X concentrate sample buffer (Sigma) and boiled for 
5 min. Samples were loaded, in equal quantities, onto a 10% 
acrylamide gel and subjected to electrophoretic separation. 
The proteins were blotted onto a Hybond-C Extra nitrocel-
lulose membrane (Amersham Biosciences UK Ltd., Bucks, 
UK), blocked in 10% milk and subjected to specific antibody 
probing. Matriptase-2 expression was detected using matrip-
tase-2 stem region-specific antibodies (Abcam, Cambridge, 
UK). The detection of the GAPDH housekeeping protein, 
to indicate uniform protein expression levels in the samples, 
was undertaken using an anti GAPDH antibody (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA).

Immunocytochemistry (ICC). A total of 20,000 cells in 200 µl 
DMEM medium were seeded into chamber slides (Nalge Nunc 
International, Lab-Tek®, Rochester, NY, USA) and left to incu-
bate overnight at 37˚C, with 5% CO2. After incubation the cells 
were fixed with 200 µl formalin for 20 min at 4˚C. Subsequent 
to fixation, the cells were rehydrated with 200 µl BSS for a 
minimum of 30 min at room temperature. Cells were permea-
bilised with 0.1% Triton X-100, then incubated with β-catenin 
primary antibody for 1 h. After 4 washes with wash buffer, 
the cells were incubated with 200 µl of working Vectastain® 
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Universal secondary antibody for 30 min, followed by extensive 
washing and further incubation with ABC complex (Vector 
Laboratories Inc., Burlingame, USA). Following the removal 
of the ABC solution, a few drops of DAB chromogen (Vector 
Laboratories Inc.) were added to the cells and left to incubate 
for 5 min in the dark. The cells were then counterstained with 
Mayer's haematoxylin for approximately 1 min.

Immunofluorescent (IFC) staining. A total of 20,000 cells in 
200 µl DMEM medium were seeded into chamber slides (Nalge 
Nunc International, Lab-Tek®) and left to incubate overnight at 
37˚C, with 5% CO2. After incubation, the medium was aspirated 
and the cells fixed with 200 µl ice-cold pure ethanol for 20 min 
at 4˚C. Subsequent to fixation, the cells were rehydrated with 
200 µl BSS for a minimum of 30 min at room temperature. 
Cells were permeabilised with 0.1% Triton X-100, and incu-
bated with β-catenin primary antibody for 1 h. The primary 
antibody was then washed off and replaced with the corre-
sponding FITC-labelled secondary antibody (Sigma). FluorSave 
(Calbiochem-Novabiochem Ltd., Nottingham, UK) was added 
to the cells before placing a cover-slip over the slide. Following 
this, cells were viewed using a fluorescent microscope.

In  vitro growth assay. Cells were seeded into triplicate 
96-well plates at a density of 3,000 cells per well. Plates were 
then incubated for overnight, 3- or 5-day periods before being 
fixed in 4% formaldehyde (v/v) and stained with 0.5% (w/v) 
crystal violet. The crystal violet stain absorbed by the cells 
was subsequently extracted using 10% acetic acid (v/v) and 
the cell density was determined by measuring the absorbance 
of this solution using a Bio-Tek ELx800 multi-plate reader 
(Bio-Tek Instruments Inc, Winooski, VT).

In  vitro cell motility assay. A total of 500,000 cells were 
incubated in 10 ml of growth medium containing 100 µl of 
cytodex-2 beads (GE Healthcare, Cardiff, UK) for 3.5 h to 
allow cell adherence to the cytodex beads. The beads were then 
carefully washed twice in 5 ml of normal medium to remove 
non-adherent or dead cells. Following the second wash, the 
beads were re-suspended in 5 ml of growth medium and 300 µl 

of this solution was then added to a 96-well plate and incubated 
overnight at 37˚C, 5% CO2 and 95% humidity. Following incu-
bation, the cells that had migrated from the cytodex-2 beads and 
adhered to the base of the well were fixed in 4% formaldehyde 
and stained with 0.5% crystal violet and counted.

In vitro Matrigel adhesion assay. A total of 45,000 cells were 
seeded into the wells of a 96-well plate that had been previously 
coated with 5 µg of Matrigel artificial basement membrane. 
Cells were incubated for 45 min before being subjected to 
washing in BSS to remove non-adherent cells, after which 
adherent cells were fixed in 4% formaldehyde (v/v), stained 
with 0.5% (w/v) crystal violet and counted under a microscope.

In vitro invasion assay. A total of 40,000 cells were seeded 
into transwell inserts containing 8‑µm pores, that had previ-
ously been coated with 50 µg Matrigel, in a 24-well plate and 
were incubated for a period of 3 days. Following incubation, 
cells which had degraded and migrated through the Matrigel 
to the other side of the insert were fixed in formaldehyde, 
stained with crystal violet and counted under a microscope.

Statistical analysis. Statistical comparisons relative to the control 
cell lines containing an empty pEF6 vector were made. Data were 
analysed using the Minitab 14 software and statistical compari-
sons were drawn using the two samples: two-tailed t-test or the 
Mann-Whitney non-parametric test. All experimental procedures 
were repeated for minimum of three times. A p-value <0.05 was 
considered to indicate a statistically significant difference.

Results

Confirmation of knockdown in PZHPV7 and PNT2C2 cells. 
PZHPV7 and PNT2C2 cells were chosen as they expressed 
matriptase-2 at a high level (Fig. 1A). To confirm matriptase-2 
knockdown at the mRNA levels, Q-PCR was performed and 
showed that there was a visible reduction in matriptase-2 mRNA 
levels in both cells lines compared to the respective wild-type 
and plasmid control cell lines (Fig. 1B and C). To confirm 
matriptase-2 knockdown at the protein level, two methods were 

Table I. Primer sequences.

Molecule	 Primer name	 Primer sequence

Matriptase-2 ribozyme	 Matrip2 RZ1F	 CTGCAGCACTAGAGATTCCCGGCGGGTAACTGATGAGTCCGTCAGGA
	 Matrip2 RZ1R	 ACTAGTTGTACTCAATCGGCACTTCTCCCAG
Matriptase-2	 Matrip2 F2	 GAAAGACATAGCTGCATTG
	 Matrip2 R2	 GTAGTAGCTGGGGAAGTACG
GAPDH	 GAPDH F10	 AGCTTGTCATCAATGGAAAT
	 GAPDH R10	 CTTCACCACCTTCTTGATGT
Matriptase-2	 Matrip2 ZF	 ACTGAACCTGACCGTACAGCCGAGTACGAAGTGGAC
(Q-PCR)	 Matrip2 R2	 GTAGTAGCTGGGGAAGTACG
GAPDH	 GAPDH ZF	 ATGATATCGCCGCGCTCA
(Q-PCR)	 GAPDH R10	 CTTCACCACCTTCTTGATGT
β-catenin	 β-catenin F22	 AAAGGCTACTGTTGGATTGA
	 β-catenin R22	 TCCACCAGAGTGAAAAGAAC
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used. ICC staining revealed that there was indeed matriptase-2 
knockdown at the protein level. This also showed the position 
of matriptase-2 at the cell membrane (Fig. 1D and E). Western 
blot analysis also confirmed matriptase-2 protein knockdown 
in both the PZHPV7mat2 rib1 and PNT2C2mat2 rib1 cells compared 
to the respective wild-type and plasmid control cell lines 
(Fig. 1F and G).

Matriptase-2 has no effect on PZHPV7 or PNT2C2 cell growth 
or adhesion. The impact of matriptase-2 knockdown appeared 
to have little effect on the in vitro growth rates of PZHPV7 and 
PNT2C2 cells. There were no obvious differences in the growth 
rates of PZHPV7mat2  rib1 cells compared to the control cells 
(Fig. 2A). Cell growth at 5 days was not significantly different in 
the PZHPV7mat2 rib1 cells (478.20±72.27) compared to the control 
PZHPV7pEF6 cells (495.88±132.99; p=0.716). Similarly, there 
was also no significant difference in cell growth observed in the 
PNT2C2 cell line. Cell growth at 5 days was not significantly 
different in the PNT2C2mat2 rib1 cells (367.65±71.54) compared 
to the PNT2C2pEF6 cells (347.14±115.04; p=0.711) (Fig. 2B). The 
cells were further analysed for their adhesive capacity in an 
in vitro Matrigel adhesion assay. Cells displaying a suppressed 
level of matriptase-2 displayed little difference in adhesive 
capacity compared to the respective control lines. There was 
no significant difference in cell adhesion in the PZHPV7mat2 rib1 

cells (29.36±4.90), compared to the control PZHPV7pEF6 cells 
(31.20±7.03; p=0.465) (Fig.  2C). Similarly, no significant 
difference in cell adhesion was observed in the PNT2C2mat2 rib1 
cells (101.53±24.64) compared to the control PNT2C2pEF6 cells 
(100.33±27.25; p=0.900) (Fig. 2D).

Knockdown of matriptase-2 significantly increases the motility 
and invasive capabilities of PZHPV7 and PNT2C2 cells. The 
motility of both cell lines was examined using a cytodex-2 bead 
assay. The matriptase-2 knockdown cells displayed a signifi-
cant difference in their motility rates compared to control cells. 
A significant increase in cell motility was observed in the 
PZHPV7mat2 rib1 cells (118.33±12.02) compared to the control 
PZHPV7pEF6 cells (61.20±9.05; p<0.001) (Fig. 3A). There was 
also a significant increase in cell motility in the PNT2C2mat2 rib1 
cells (103.40±8.83), compared to the control PNT2C2pEF6 cells 
(59.93±9.67; p<0.001) (Fig. 3B). The cells were further analysed 
for their invasive capability. The knockdown of matriptase-2 in 
these prostate epithelial cells significantly altered their invasive 
capacities. A significant increase in invasion was observed in 
the PZHPV7mat2 rib1 cells (21.50±0.70) compared to the control 
PZHPV7pEF6 cells (7.00±0.00; p=0.001) (Fig. 3C). In keeping 
with this trend, a significant increase in invasiveness was also 
observed in the PNT2C2mat2 rib1 cells (55.00±10.71), compared to 
the control PNT2C2pEF6 cells (33.25±6.18; p=0.007) (Fig. 3D).

Figure 1. Confirmation of knockdown of matriptase-2 in PZHPV7 and PNT2C2 cells. (A) RT-PCR analysis revealed a high expression of matriptase-2 in 
PZHPV7 and PNT2C2 cells. (B) Q-PCR was used to confirm the knockdown of the matriptase-2 mRNA transcript in the PZHPV7mat2 rib1 cell line (C) Q-PCR 
was used to confirm the knockdown of the matriptase-2 mRNA transcript in the PNT2C2mat2 rib1 cell line. (D and E) Immunocytochemistry (ICC) was used to 
demonstrate the knockdown of matriptase-2, at the protein level, in PZHPV7 and PNT2C2 cells containing the matriptase-2 ribozyme transgene plasmid, using 
a commercially available antibody. Matriptase-2 levels were found to be successfully knocked down in both cell lines. (F and G) Suppression of matriptase-2 
protein expression was also demonstrated in PZHPV7 and PNT2C2 cells transfected with the matriptase-2 ribozyme transgene in comparison to the respective 
controls using western blot analysis.
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Knockdown of matriptase-2 increases expression of β-catenin 
protein. β-catenin expression was examined in PZHPV7mat2 rib1, 
PNT2C2mat2 rib1 and PC3mat2 exp cells. This revealed no change in 
β-catenin mRNA levels in the PZHPV7mat2 rib1 cells (Fig. 4A) 
but showed increased levels of β-catenin at the protein level 
following western blot analysis (Fig. 4B). IFC revealed that 
the increased levels of β-catenin protein were localised in the 
cell membrane (Fig. 4C). PNT2C2 cells followed a similar 
trend, with no obvious change in β-catenin mRNA expression 
(Fig. 4D), but an increased level of β-catenin protein expres-
sion (Fig. 4E), which was subsequently found to be localised 
in the cell membrane (Fig. 4F). To further investigate the effect 
of matriptase-2 on β-catenin, the PC3 cell line overexpressing 
matriptase-2 was used in similar experiments. There was no 
change in β-catenin mRNA levels in this cell line (Fig. 4G). 
However, a decrease in the β-catenin protein level was 
observed in the PC3mat2 exp cells compared to the control cells 
(Fig. 4H) and this reduction was apparent at the cell membrane 
following IFC staining (Fig. 4I).

Discussion

An increase in the cellular levels of β-catenin resulting from 
mutations in β-catenin itself, or in components of the destruc-
tion complex, is frequently observed in many cancer cells, 
including prostate cancer. The detection of β-catenin mutations 

in prostate cancer samples has been reported previously, with 
approximately 5% of samples revealing mutations at the serine 
or threonine residues in the NH2-terminal of the β-catenin 
protein (20-22). The examination of the β-catenin protein by 
ICC has revealed the aberrant localization of the protein in 
prostate cancer specimens (23,24). Alterations of APC and 
b-TrCP1, which directly affect the degradation of β-catenin, 
have also been observed in prostate cancer samples (21). The 
direct role of β-catenin in promoting prostate cancer cell 
growth has been previously examined. The biological role of 
β-catenin in the tumorigenesis of prostate cancer was further 
characterized using a transgenic mouse model (25). The specific 
expression of a mutant β-catenin, lacking exon 3, in prostate 
tissues has been shown to result in the development of prostate 
intraepithelial neoplasia (PIN), a precursor to prostate cancer, 
in mice ranging between 10-21 weeks of age (25). However, 
using similar approaches, another study observed hyperplasia 
of the prostate and squamous metaplasia but no PIN lesion in 
a similar animal model (26). Although the precise mechanism 
of β-catenin in the development of prostate cancer remains 
unclear, the above data have provided a solid link between 
β-catenin and the pathogenesis of prostate cancer.

To fully investigate the effect of matriptase-2 on β-catenin, 
the aggressive prostate cancer cell line, PC3, was utilised in 
the experiments, along with the prostate epithelial cell lines, 
PZHPV7 and PNT2C2. The PC3mat2 exp cell line was previously 

Figure 2. An in vitro growth assay was used to determine the effect of matriptase-2 knockdown in PZHPV7 and PNT2C2 cells. (A) Cell growth at 5 days was 
not found to be significantly different in the PZHPV7mat2 rib1 cells compared to the control PZHPV7pEF6 cells (p=0.716). (B) Similarly, cell growth at 5 days was 
not significantly different in the PNT2C2mat2 rib1 cells compared to the PNT2C2pEF6 cells (p=0.711). The cells were further analysed for their adhesive capacity 
in an in vitro Matrigel adhesion assay. (C) There was no significant difference in cell adhesion in the PZHPV7mat2 rib1 cells, compared to the control PZHPV7pEF6 
cells (p=0.465). (D) There was also no significant difference in cell adhesion in the PNT2C2mat2 rib1 cells, compared to the control PNT2C2pEF6 cells (p=0.900). 
Values represent the mean ± standard deviation; images of representative microscopic fields are shown.
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Figure 4. β-catenin expression was examined in the PZHPV7mat2 rib1, PNT2C2mat2 rib1 and PC3mat2 exp cells. No change was observed in β-catenin mRNA expres-
sion in the PZHPV7mat2 rib1, PNT2C2mat2 rib1 or PC3mat2 exp cells (A, D and G), but an increase in β-catenin protein expression was observed, as shown by western 
blot analysis (B and E). The PC3mat2 exp cells, however, showed a decrease in β-catenin protein expression, as shown by western blot analysis (H). IFC revealed 
that the increase and decrease in β-catenin protein expression was at the cell membrane (C, F and I). Images shown are representative.

Figure 3. (A) The motility of both cell lines was examined using a cytodex-2 bead assay. There was a significant increase in cell motility in the PZHPV7mat2 rib1 
cells compared to the control PZHPV7pEF6 cells (p<0.001). (B) There was also a significant increase in cell motility in the PNT2C2mat2 rib1 cells compared to 
the control PNT2C2pEF6 cells p<0.001. (C) The cells were further analysed for their invasive capability. There was a significant increase in invasion in the 
PZHPV7mat2 rib1 cells compared to the control PZHPV7pEF6 cells (p=0.001). (D) There was also a significant increase in invasiveness in the PNT2C2mat2 rib1 cells 
compared to the control PNT2C2pEF6 cells (p=0.007). Values represent the mean ± standard deviation; images of representative microscopic fields are shown.
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established within our laboratory, as this cell line displays 
minimal expression levels of matriptase-2 (13). By contrast, 
the PZHPV7 and PNT2C2 cell lines expressed a high level of 
the matriptase-2 transcript and were thus chosen as a model to 
target matriptase-2 expression. Once matriptase-2 knockdown 
was confirmed, these model systems were used to explore the 
potential correlation between matriptase-2 and β-catenin.

Examination of the mRNA levels of β-catenin in the 
matriptase-2-manipulated and respective control cell lines 
revealed that matriptase-2 expression status had no effect on 
the transcript levels of β-catenin. In light of this, the protein 
levels of β-catenin were then examined using western blot 
analysis. The western blots revealed that an overexpression of 
matriptase-2 greatly decreased the protein levels of β-catenin 
in the PC3mat2 exp cell line. Conversely, in the matriptase-2 
knockdown cells, PZHPV7mat2 rib1 and PNT2C2mat2 rib1, there 
was a large increase in β-catenin protein. These results suggest 
a potential role for matriptase-2 in regulating β-catenin protein 
expression.

To further examine the protein expression of β-catenin, IFC 
was conducted on all cell lines. This also revealed a decrease 
in β-catenin expression in the PC3mat2 exp cells, where the lack 
of fluorescence was clearly visible. As with the western blot 
analysis, the PZHPV7mat2  rib1 and PNT2C2mat2  rib1 cells also 
showed an increase in β-catenin protein staining. The regula-
tion of β-catenin protein by matriptase-2 was apparent at the 
cell membrane location. As matriptase-2 is also found at the cell 
membrane, it is in the ideal place to affect β-catenin. This change 
in β-catenin levels in the cells may account for the changes in 
motility and invasion observed in the cells, as β-catenin target 
genes are often involved in regulating such cellular processes. 
The exact manner in which matriptase-2 performs this regula-
tory action currently remains unknown. One potential theory 
is that matriptase-2 may affect extracellular signals that would 
have a knock-on effect on β-catenin.

Matriptase-2 plays a complex role in prostate cancer cells. 
This study has provided additional evidence that matriptase-2 
may have a protective function in preventing the development 
and progression of prostate cancer. It may utilise its proteolytic 
action toward the regulation of β-catenin to bring about this 
protective function. Further investigation is required in order 
to fully elucidate the correlation between matriptase-2 and 
β-catenin and to identify whether this may be a key mecha-
nism in the protective function of matriptase-2 in prostate 
cancer progression.
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