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Matriptase-2

The invention relates to a novel agent for treating prostate cancer; a composition
including same; means for increasing the cellular levels of either exogenous or
endogenous matriptase-2; anti-bodies to matriptase-2 and a method for treating

prostate cancer which involves the use of matriptase-2.

Matriptases are a small family of serine proteases, implicated in tumour

progression, that have been generating a high degree of interest in recent years.

-Members of this emerging group have been termed type Il transmembrane

serine proteases (TTSP’s). TTS‘P’s are characterised by a short N-terminal

cytoplasmic tail, a membrane-spanning region, potential ligand binding domains

~and a C-terminal serine protease domain. These proteolytic enzymes are

therefore ideally positionéd to interact with other cell surface proteins, as well as

soluble proteins, extra-cellular matrix components and proteins on adjacent

- cells. Human _mémbers of the = TTSP faminA include

enteropeptidase/enterokinase, matriptase/membrane-type serine protease-

1/TADG-15, hepsin/TMPRSS1, TMPRSS3/TADG-12, and cofih.

Matriptase-2 (also known as TMPRSS6) is a new, highly conserved, membrane- .

bound enzyme that belongs to the TTSP family. Matriptase-2 shares structural

‘similarities with matriptase-1, however, matriptase-1 is located at 11q25,

whereas the gene encoding matriptase-2 maps to chromosome 22q13.1.
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The majority of the identified TTSP’s demonstrate restricted tissue distribution,
but reports suggest TTSP expression is widely dys-regulated during tumour
growth ahd progression. Matriptase-1 plays an important role in tumour invasion
and metastasis as this proteése possesses the ability to activate growth and
angiogenic factors and degrade components of the extra-cellular matrix. Studies
also report that matriptase-1 can actfvate hepatocyte growth factor (HGF),
urokinase-type plasminogen activator (UPA) and protease-activated receptor 2
(PAR2), importantly, these factors are known to .enhance tumour cell invasion
and metastasis. Matriptase—1 was originally identified in breast cancer cells, and
has recently been gaining attention in human cancer-based studies as
matriptase-1 is highly expressed in a variety of epithelial derived cancers
including breast, colorectal, proState, cervical and ovarian. Importantly, inhibition
of matriptase-1 stopped both primary tufnour growth and metastasis in murine

models of prostate and ovarian cancer. Matriptase-1 expression also correlates

~with HGF and c-Met expression, while increased levels of matriptase-1 are

associated with poor prognosis in breast cancer patients.

The pro-tumorigenic nature of matriptase-1 is further demonstrated in several
studies targeting this protease which show that the reduced expression or
inhibition of ‘matriptase-1 is associatedeith a decrease in in vitro cellular traits
such as invasion,l migration and scattering and wfth decreased tumour

development in vivo.
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Matriptase-2 is related to matriptase-1 (35% homology) and appears to possess
the same matrix-degrading properties. To date, the biological and biochemical
roles of matfiptase-z are unk'nown, and it is not clear whether matriptase-2 has

any function in the neoplastic process.

Owing to its structural similarities to matriptase-1, we -anticipated a similar
function between the two matr'ipatases. Matriptase-1 has- been i_nd'icated’as an
proteinase activator for pro-HGF, é cyfokine that increase the invasiveness and
aggressiveness of cancer cells and a known angiogenic factor. Pro-HGF, which
is biological inactive, can be activated' by matriptase-1 and become a pro-cancer
active cytdkiné. All of these findings have led to a lot of interest being focused
on Matriptase-1, its invoIverrAIent and role in various cancers, and its possible

uses in future treatments.

We investigated the function of matriptase-2, by hypothesising that it may act in
a similar fashion to matriptase-1 and thus act as a molecule that may promote

the aggressiveness of cancer cells.

However, to our surprise, matripase-2 had a very different pattern of expression
and function in prostate cancer. Subsequently, we have obtained evidence to
show that matriptase-2 is an inhibitor to the invasiveness of prostate cancer and
the growth of prostate turﬁours. This makes matriptase-2 the first and only

TMPRSS that has anti-cancer actions.
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Our invention therefore concerns the role of matriptase-2 in prostate cancer and.

more particularly the inhibitory role of matriptase-2 in prostate cancer.

| According to a first aspect of the invention there is therefore provided a nucleic

acid molecule encoding a polypeptide that has anti-cancer activity in or against
prostate tumour. cells and is characterised by the nucleic acid sequence shown
in Figure 6, SEQ ID NO.1; or a homologue thereof; or a nucl_eic acid molecule
that hybridises to the molecule shown in Figure 6 under stringent conditions; or a

fragment thereof which fragmént also has anti-cancer activity in prostate cells.

Reference herein to stringent conditions includes reference to either increasing

the temperature of incubation to above 25°C and more preferably above 50°C

and more preferably still up to 65°C and/or washing the annealed molecules
using a salt solution having an ionic strength of 1.0N sodium chloride — 0.02N .
sodium chloride, and most preferably 0.5N sodium chloride — 0.02N éodium
chloride and more breferably still 0.1N sodium chloride to 0.02N sodium

chloride.

According to a further aspect of the invention there is therefore provided an anti-
cancer agent for treating prostate cancer comprising a nucleic acid molecule

encoding matriptase-2 as shown in Figure 6, SEQ [D NO:1.
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According to a further aspect of the invention there is provided a bolypeptide that
has anti-cancer activity in or against treating prostate tumour cells comprising a
polypeptide as shown in Figure 7, SEQ ID NO:2; or a homologue thereof; or a
fragment thereof which fragment also has anti-cancer activity in or against

prostate tumour tissue.

According to a further aspect of the invention there is provided an anti-cancer
agent for treating prostate cancer comprising the polypeptide matriptase-2 as

shown in Figure 7, SEQ ID NO:2.

According to a further aspect of the invention there is provided the use of the
aforementioned nucleic acid molecule encoding matriptase-2 and/or the

corresponding‘afdrementioned polypeptide for treating prostate cancer.
According to a further aspect of the invention there is provided a medicament
comprising the aforementioned nucleic acid molecule encoding matriptase-2
and/or the corresponding aforementioned polypeptide.

The medicament of the invention is most suitable for treating prostate cancer.

Further, the medicament of the invention includes the aforementioned nucleic

acid molecule encoding matriptase-2 and/or the corresponding aforementioned

'polypeptide formulated with a suitable excipient, carrier or emollient.
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According to a further aspect of the invention there is provided a method for

treating prostate cancer comprising administering to an individual to be treated a

medically effective amount of the aforementioned matriptaSe-Z nucleic acid

molecule and/or its corresponding polypeptide.

According to a further aspect of the invention there is provided a method of
treating prostate cancer comprising increasing the cellular levels of either

exogenous or endogenous matriptase-2 polypeptide in prostate cells.

Reference herein to the exogenous increase in cellular levels of matriptase-2
polypeptide includes reference to: introducing into prostate cells either externally
manufactured matriptase-2 polYpeptide;'or introducing means for increasing the
said cells production of matriptase-.2 by, for example, increasing the number of

copies of the matriptase-2 gene.

Reference herein to the endogenous increase in cellular levels of matriptase-2
polypeptide includes introduéing into prostate cells means that enables the
prostate cells to increase native production of matriptése-z polypeptide, for
example, éuitable means include supplementing the cells’ manufacturing
machinery to provide for the increased production of matriptase-2 such as by
increasing the effeétiveness or activity of the promoter} controlling the expression
of the matriptase-2 gene whereby the overall production of matriptase-2 is
increased, or, additionally or alternatively, supplementing the cells’ other cellular

protein production .pathways whereby the amount of matriptase-2 produced is
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increased. Those skilled in the art will be familiar with ways by which this can be

achieved.

According to a yet further aspect of the invention there is provided a véctor
adaptéd to transfect or transform prostate cells wherein said vector includes:

(1) at least one co‘py of the matriptase-2 gene; and/or

(2) at least one over-expressing or constitutively active promoter
which is either coupled to the matriptase-2 gene of part (1) and/or which is
designed for insertion into a host genome upstream of the native matriptase-2
gene of said prostate cells 'whereby transfection or transformation of said cells

with said vector results in the enhanced expression of matriptase-2.
Ideally, said vector is engineered to transfect or transform human prostate cells.

According to a further aspect of the invention there is provided an antibody

selective for the aforementioned matriptase-2 polypeptide.

Most preferably, the antibody is selective for the human form of matriptase-2 -

and, ideally, is monoclonal.

According to a further aspect of the invention there is provided a process for the
production of antibodies that selectively bind to matriptase-2 ponp'eptide

comprising:



10

15

20

WO 2008/009895 . PCT/GB2007/002598

8
(a) introducing matriptase-2 polypeptide into a mammalian animal,
(b) obtaining anti-sera from said animal; and
(c)  purifying the anti-sera in order to obtaining matriptase-2 antibody.
In a preferred method of the invention the matriptase-2 polypeptide
comprises either the whole polypeptide or a fragment thereof and, most suitably,

where a fragﬁ"lent is used the following fragment is preferred,

GQGDGGDGEEAEPEGMFKAC. Ideally said animal is non-human.

An embodiment of the invention will now be described by way of example only -

with reference to the following materials methods and results wherein:

Figure 1 shows staining of matriptase-1 (A and B) and matriptase-2 (C and D) in
human prostate tissues. Prostate tumours over-expressed matriptase-1 protein

(B vs A);

However, matriptase-2 had a completely different staining pattern (C and D).

Matriptase-2 is membranous protein in normal prostate epithelial cells (C).

‘However, prostate cancer cells (D) loss the membranous pattern and reduced in

its staining intensity.

Figure 2 shows western blotting (A and B) and Q-RT-PCR (C and D) showing
matriptase-z'expression levels in PC-3 (A and C) and DU-145 (B and D) cell

lines;



10

15

20

WO 2008/009895 PCT/GB2007/002598 .

9 -
We successfully isolated full length human matriptase-2 from a cDNA of normal
tissues and generated a mammalian expression cohstrucf. This was used to
transfect prostate cancer cell lines PC-3 and DU-145, bot‘h had little expression
of matriptase-2, figure 2 (A and B). As shown in figure-2, we successfully over-
expressed matriptase-2 in PC-3 (A and C) and DU-145 (B and D) cells. This was
confirmed at protein level (A and B) and mRNA level (C and D), using Western

blotting and quantitative PCR analysis, respectively.

Figure 3 shows matriptase-2’s expression and cell growth in the PC-3 (A and B)

and DU-145 cells (C and D);

We tested the growth rate of prostate cancer cell lines that carried either
matriptase-2 expression vector, a control vector or noﬁe (wild type). As shown in
figure-3, over-expression Vof matriptase-2 resulted in significantly slower growth
i'n PC-3 cells (figure 3 A and ,B‘)’ althdugh not as significant in DU-145 cells, (C-

and D).

(A and C) Histogram representing the percentage increase at day 3 and day 5. .
Stétistical comparison to the pEF6 control indicating a highly _significant
decrease in growth at day 5 (*** represents p < 0.001) following the forced
expression of Matriptase-2 in the PC-3 ce|ll line. Data show is the mean data of
3 individual experiments and error bars represent the standard error of the

mean. (B and D) Line graph representing growth trends over the 5 days.
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Figure 4 shows how over-expressing matriptase-2 resulted in significantly

reduced in vitro invasiveness (A and B) but not matrix adhesiveness (C and D);

Prostéte cancer cell lines that were forced to over-express matriptaée-z, showed
a significantly reduced in vitro invasiveness as shown in figure-4 (A-PC-3 cells,
B-DU-145 cells). However, the capability of both cells to extracellular matrix

were not affected (Figure-4 C and D).

Significantly reduced invasiveness was seen in both the (A) PC-3
(*** represents p < 0.001) and (B) DU-145 (** represents p < 0.01) cell lines
following forced expression of Matriptase-2. In contrast, no significant difference

was seen with mafrix adhesiveness in both cells.

Figure 5 shows how matriptase-2 over-expressing prostate cancer cells had
dramatically reduced in vivo growth. |

Using an in vivo model (athymic nude mice), it was shown that Matriptase-2
over—expression PC-3 cells had a dramética"y-r(aduced growth .rate compared

with control.

This reduced capacity was noticeable from the earliest experimental reading at 7
days and continued through the entire. experiment to the experimental end point
were PC-3Matiptase-2 EXP 4 mours were barely noticeable and were insufficient in
size to be excised. In compariéon to fhis, PC-3 cells containing an empty pEF6

plasmid (PC-3PEF®) grew rapidly and developed into noticeable tumours following
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sub-cuténveously 4injection. The development of the PC-3P5F® tumours continued
steadily through the experiment and these tumours were obviously apparent

upon reaching the experimental end point.

Data shows a significantly reduced capacity for PC-3 cells with forced
expression of Matriptase-2 to growth and develop in the living environment
(p<0.001 vs control).

.

Figure 6 shows the nucleic acid molecule encoding matriptase-2 polypeptide.
Figure 7 shows the amino acid sequence of the polypeptide matriptase-2.

Figure 8 shows over-expression of matriptase-2 reduced cellular migration and
motility, as assessed by a migration/wound healing assay, in the (A) PC-3 and
(B) DU-145 cell lines. Both PC-3Metitase2EXP a4 py|j_q45Matritase2 EXP conie \vare
significantly»less.able to migréte info, and close a wound created in the cell
monolayer than their respective pEF6 control cell lines. wa p<0.001 and ** p <

0.01 vs respective pEF6 control cells.

Figure 9 shows the localisation and expression' of paxillin and FAK molecules in

the presence and absence of HGF cytokine in PC-3"T, PC-3PEF® and PC-

3Matr|ptase~2 EXP cells.
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MATERIAL AND METHODS

Human prostate tissues.

This was archival materials obtained from the operating theatre, immediately
after sUrgery. PC-3 and DU-145 cell lines were purchased from the American
Type Culture Collection (ATCC, Rockville, Maryland, USA). These cells were
maintained in Dubecco’s Modified Eagle Medium (DMEM) (PAA Laboratories
Ltd, Somerset, UK) supplemented with penicillin, streptomycin and 10% foetal
calf serum (_PAA Laboratories Ltd, Someréet, UK) and incubated at 37°C, 5%
CO, and 95% humidity. |

Matriptase-2 Antibody is available commercially (Triple Point Biologics, Forest
Grove, Oregon, USA). However it can also be made using the following
procedure.

Matriptase- 2 Antibody Production, Purification and Analysis of Specificity

The matriptase péptide (GQGDGGDGEEAEPE'GMFKAC, matrip2N20) was

generated from the N—termiﬁa[ domain of each protein, no overlapping between
these two regions was 4ensured. The peptide was attached the KLH. keyhole
limpet Megathﬁra crenulata and ihjected ‘in'to' rabbit with complete Freunds
solution, following a standard procedure. Antisera were obtained after series
injection and booster injections. Immunoglobulin was purified using a protein-A
sepharose affinity column (Sigma, Poole, Dorset, England). The antibodies we

obtained following a series of purification steps developed in our laboratories.

The specificity of matriptase-2 was verified using synthetic peptides and cell

Iysateé. The cell lystates were from MCF-7, DU-145, HECV and MRC5 cell lines
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(see ‘cell lines and tissues’ for details). Matriptase peptides were blotted onto a

" nitrocellulose membrane, at different concentrations,‘to confirm that the purified

- matriptase antibodies speciﬁcally recognised the appropriate matriptase-1 or

matriptase-2 peptide. A variety of human normal and cancer cell line lysates.
were also examinéd with Western Blot analysis to confirm the presence of the

matriptase proteins.

Cell lines and tissues

Human prostate, breast, endothelial cell and stromal fibroblast cell lines were

purchased from ECACC and ATCC. Prostate cancer celll lines were: PC3,

DU145, CA-HPV, breast cancer were MDA MB 231, MCF-7, fibroblast was

MRC5. A human endothelial cell Iine, HECV, was from Interlab Cell line

Collection (ICLC), Naples, Italy.

Immuno-histochemical Staining of Breast Specimens

Frozen sections of prostéte tumours were cut at a thickness of 6um using a
cryostaf. The sections were mounted.on_super frost plus fnicroscope slides, éir-
dried and then fixed in a mixture of A50% Acetone and 50% methanol. The
sections were then placed in “Optimax” wash buffer for 5 —10 minutes to
rehydrate. Sections were incubated for 20 minutes in a 0.6% BSA blocking.
solutién and probed with the'primary antibodies._FoIlowing extensive washings,

sections were incubated for 30 minutes in the secondary biotinylated antibody

. (Multilink Swine anti- goat/mouse/rabbit immunoglobulin, Dako Inc.). Following

washings, the Avidin Biotin Complex (Vector Laboratories) was then applied to
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the sections, followed by extensive washing steps.. Diamino benzidine
chromogen (Vector Labs) was then added to the sections, and incubated in the
dark for 5 minutes. Sections were then counter stained in Gill's Haematoxylin
and dehydrated in ascending grades of methanol before clearing in xylene and

mounting under a cover slip

Generation of a Matriptase-2—expressing prostate Cancer Cell Line

The full sequence of Matriptase-2 was amplified from a cDNA bank generated in
our Iaboratéry from normal human tissues. PCR primers used were: forward 5'-
ATGCCCGTGGCCGAGG -3’ and reverse 5'- GGTCACCACTTGCTGGATCCA -
. .

This matriptase-2 seque.nce was then cloﬁed into pEF6/V5-His-TOPO vector
(Invitrogen, Paisley, UK). The technique used to generate this expressibn
plasmid is outlined in greater depth in the recently published breast cancer study
Parr et al 2007, CCR. The vector was then electroporéted into the prostate
cancer cell lines (PC-3 and DUi145) which were virtually negative in matriptase-
2 expression. Cells conta_ining- the matriptase-2 expression plasmid and
displaying enhanced matriptase-2 expression were designated PC-3Matriptase-2 EXP
or DU—145"""""“’““55'2 ®XP_ similarly cells containing a close pEF6 plasmid only
(containing no expression sequence, to demonstrate the lack of effects exerted
by the plasmid alone) were designated PC-3°5™® and DU-145P5"® whereas the

unaltered wild type cells were simply labelled PC-3"" or DU-145‘_’VT, ‘
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Knockout .of Matriptase-2 Expression Using a Ribozyme Transqenes

A Matriptase-2 ribdzyme system was employed td knockout the expression of
mafriptase-z Iin cancer cell lines, to examine the effect of its loss. The procedure
was as we previously described (Jiang et al 2005, BGRC). The primers used for
the generation of the ribozyr_ne were forward 5’- CTGCAGCACTAC
AATTCCCGGCGGGTAACTGATGAGTCCGTGAGGA -3’ and reverse 5'-
ACTAGTTGTACTCAATCGCCACTTCTCCCAGGATTTCGTCCTCACGGA—S’.
As describedv previously, riquyme insert was generated using the primers under
a tdﬁch-down condition, the resulting products were T-A cloned into the
pEF6/VV5-His-TOPO vectbr, Following selection and amplification in E. Coli,
purified plasmid was then electroporated into the PLC-PRF-5 liver cancer cell
line with the aim of suppressing the expression of matriptase-2 in the cell line
were it is found most abundantly. The PLC-PRF-5 cells with matriptase-2
expression suppressed were called PLC-MAT-2-KO, and properties were

assessed through a series of cell assays described below.

Cell growth Assay .

The growth rates of PC-3 and DU-145 control cells was examined and
compared to that of those containing the matriptase-2 expression plasmid using
an in vitro growth assay.

Cells were seeded in a 96 well plate at a density of 3,000 or 7,000 cells/well, and
incubated at 37°C for 24, 48 or 72 hours. MTT was added in solution ‘to the cells
(200ug/well) and incubated for 4 hours at 37°C, then the cells were lysed with

Triton (10%) and the intensity of the colour released was determined by a plate |
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reader (Titertek Multiskan, Eflab, Finland). The number of cells was shown as

absorbance units.

Tumour Cell Invasion Assay

We quantified the invasive néture of the matriptase-2 ﬁwodiﬁed cancer cells and
control cells using the standard invasion assay procedure as described
previously (Parr et al, 2001). Transwell chambers, equipped with a 6.5mm
diameter polycarbonate filter insert (pore size 8um)(Becton Dickinson, Labware,
Oxford, UK), were preécoated with éoug/insert of solubilised tissue basement
membrané, Matrigel (Collaborative Research Products, Bedford, Massachusetts,
USA). 10,060 or 15,000 control and matriptase-2 modified cancer cells were
seeded into each insert and allowed to invade for 3 days. Following incubation,
cells that had invaded through the basement membrane were fixed (4%
formaldehyde), and then stained with crystal violet 0.5%(w/v). For analysis, the
cells were counted in 10 fields/insert (x40 magnification); to determine the mean

number of invaded cancer cells.

Real-time Quantitative Polymerase Chain Reaction (QPCR)
Real-time Quantitative PCR was also used to assess the matriptase-2 mRNA

levels present in the control and transfected cell lines.
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The iCycler IQ system (BioRad, Camberley, UK), was employed to quantify the
level (shown as copies/ul from internal standard) of matriptase-2 in each of the

control and transfected cells. Results are given as number of transcripts/pl

based on an internal standard and the results were further normalised using the

expression of B actin in these samples. Matriptase-2 forward and reverse
primers were 5'-CCGAGTACGAAGTGGAC-3' and 5'-
TAGCTGTAGCGGTAACAACC-3'. The QPCR technique utilised the Amplifluor
system (Intergen Inc, England) and Q-PCR master mix (ABgene, Surrey,
England), in conjunction with a universal probe (UniPrimer™). Real-time QPCR
conditions were 95°C for 12 minutes, followed by 65 cycles at 95°C for15s, 55°C
for‘ 60s, 72°C for.20s. The results of the test molecules were normalised against

levels of B-actin, using a B-actin quantitation kit from Perkin-Elmers (Perkin-

Elmers, Surrey, England, UK).

SDS-PAGE and Western blotting

Cancer cells were grow to confluence, detached and lysed in HCMF
buffer containing 0.5% SDS, 1% Triton X-100, 2 mM CaCl,, 100 ug/ml
phenylmethylisulfonyl fluoride, 1 mg/ml leupeptin, 1 mg/ml' aprotinin and, }10 mM
sodium orthovanadate on a rotor wheel for 1 hour before being spun at 13,000g
to remove insolubles. Following lysis, protein levels were quantified using the
Bio-Rad DC Protein Assay kit (Bio-Rad laboratories, California, USA),'
standardised to 2mg/ml and diluied 1:1 with Laemmli 2x concentrate sample
buffer (Sigma, Dorset, UK). Samples weré boiled for 5 n;iﬁutes before loading

into a 10% acrylamide gel and being subjected to electrophoretic separation.
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Once sufficient separation had occurred the proteins were blotted onto a
Hybond—C~ Extra nitrocellulose membrane (Amersham Biosciences UK Ltd,
Bucks, UK), Blocked in 10% milk and subjected to specific antibody probing.
Matriptase-2 expression was detected using both commércial antibodies
available at the time of the study; RP-1 matriptase-z recognising the cytoplasmic
region and RP-2 matriptase-2 recognising the stem region of the matriptase-2
protein (both antibédies were obtained from Triple Point Biolog‘ics, Forest Grove,
Oregon, USA), in addition to these commercially available antibodies a third
antibody generated in house was also used. An anti B-actin antibody (Santa
Cruz Biotech'nology, Inc., Californria‘, USA) was also used to indicate uniform
protein eXpression levels in thé samples. Bound primary antibodies were then
detected using peroxidise conjugated anti-rabbit (matriptase-2) or anti-goat (8-
actin) antibodies (Sigma; 6orset, UK) and visualised through the addition of

Supersignal West Dura Extended Duration substrate chemi-luminescent system

- (Perbio Science UK Ltd, Cramlington, UK)

RNA extraction and Reverse Transcription-Ponmeraée Chain Reaction
(RT-P(;R) |

Cells were grown to confluence in a 25cm? tissue culture flask; RNA was then
extracted from these cells using the ABgene total RNA isolation reageht kit
(Advanced Biotechnologies Ltd, Surrey, UK) in accordance with the supplied
protocol. Following extraction, cellular RNA was quantified through
spectrophotometric measurement (WPA UV 1101, Biotech Photometer,

Cambridge, UK). RNA levels throughout samples were then standardised to
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250ng for use in reversé transcription. Reverse transcription was carried out
using a enhanced avain reverse transcriptase-PCR-100 kit with anchored
oligo(dt) prirﬁers and in accordance with the supplied protocol (Sigma, Dorset,»

UK). The quality of the cDNA generated was tested using B-actin primers before

probing for the expression of matriptase-2 using specific primers (full primer

sequences are outlined in tabl'g: 1). PCR was performed in a T-Cy Thermocycler
(Creacon Technologies Ltd, The Netherlands) using REDTag® ReadyMix™
PCR Reaction Mix (Sigma, Dorset, UK). PCR conditions were as follows:
denaturing at 94°C for 1 minute, annealing at 58°C for 2 fninutes and extension
at 72°C for 3 minutes. PCR was conducted over 38 cycles with an initial 5
minute denaturing step (94°C) and a final 10 minute extension step (72°C).
Following PCR, products were Ioadéd~on a.0.8% agarose gel, séparated
electrophoretically, stained in ethidium bromide and visualised under ultraviolet

light.

In vitro Matrigel adhesion assay

The adhesion of Vcontroi. and transfected cells to an artificial basement
membrane was quantified using an in vitro Matrigel adhesion assay adapted
form a previously descrill)ed method [22]. Briefly, 45,000 cells were seeded into
the.wells of a 96 well plate that had been previously coated with 5ug of Matrigel
artificial basement membrane. Cells were incubated for 45 minutes before being
subjected to vigorous washing in BSS, to remove non-adherent cells. Adhevrent

cells were then fixed in 4% formaldehyde (v/v) and sfained with 0.5% (w/v)
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crystal vielet. The number of stained, ‘adherent cells was counted in several

random fields under x 40 objective magnification.

In vitro migration/wound healing.assay
Migration rates of control and transfected cells were assessed using a wound
healing/migration assay. This techr)ique has been modified from a .preyiously'
described method réported by our group [23], examining cell migration rates
through their capacity to close an artificial wound. Briefly, cells were cultured in
a 24 well plate, upon' reaching confluence; the cell monolayer was wounded
using a 21G needle. The closure of this wound, through the migration of cells,
was tracked and recorded over a 90 minute period using a tihe-lapsed video
system (Panasonic, Japan) 90 min_utes. Cel]ular migration was then calcﬁlated

using the Optimas 6 motion analysis software.

In vivo development of prostate tumours.
Athymic nude mice (Nude CD-1) of 4-6 weeks old were purchased from Charles
River, UK, and maintained in filter-toped units. 100ul of cell suspension (in

0.5mg/ml Matrigel) was injected subcutaneously at the left scapula area. Mice

"~ were weighed and tumour sizes measured twice weekly for 4 weeks. Mice with

weight loss over 25% and tumour size larger than 1cm in any dimension were
terminated according to the UK Home Office and UKCCCR guideline. The
volume of the tumour was determined using the formula: tumour volume =

0.523Xwidth?Xlength. At the conclusion of the experiment, animals were
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terminally anaesthetised, primary tumours were dissected, weighéd and frozen

at —80°C. Part of the primary tumours was fixed for histological examination.

Immuno-Fluorescent staining

Cells for use in immuno-fluorescent staining were seeded at a dénsity of 20,000
cells per well in a 16-well chamber slide (LAB-TEK Fisher Scientific- UK,
Longhborough, Leics, UK). Duplicate rows were‘seeded and the cells were
cultured overnight to adhere_and éstabliéh before one of the duplicate rows was
treatéd with 40ng/ml HGF for 2 hours. Following treathent, the médium was

aspirated and the cells were fixed in ice cold ethanol at -20°C for 20 minutes.

The cells were then rehydrated in BSS for 20 minutes at room temperature

before being permeablized with a BSS solution containing 0.1% Triton X100 for
5 miﬁutes. A blocking solution of MenaPath Autowash buffer (A. Menarini
Diagnostics, Berkshire, UK), containing 2 drops of horse serum per 5ml, was
then placed on th_e cells for 20 minutes to block non-specific binding; 'Cells were
next washed with wash buffer twice befofe probing for épeciﬁc expression of
paxillin or FAK using anti-paxillin (Transduction Laboratories) and anti-FAK
(Transduction Laboratories) prihaw anﬁbodies made up in wash buffer at a
1:100 concentration for 1 hour. The primary antibody was then completely
removed by washing the cells three times in wash buffer. A FITC conjugated
anfi—’mouse secondary antibody (Insight Biotechnology Ltd., Middlesex, UK) was
then added and the slides were incubated on a shaker platform for 1 hour in the
dark. Finally the slides weré washed three times to remove un-bound secondary

antibodies, mounted with Fluor-save (Calbiochem-Novabiochem Ltd.,
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Nottingham, UK) and visualised under an Olympus BX51 microscope at X100

objective magnification.

Results

Figure 1 shows antibody staining of normal prostate epithelial cells (A and C)

~ and human prostate cancer tissues (B and D). Slides A and B shows staining of

m‘atriptase-1 and slides. C and D show stainings of matriptase-2 in human -
prostate tissue. A comparisoh of slides A and B shows thaf tumours over-
expressed matriptase-1 protein. However a comparison of slides C and D
shows that matriptase-2 had a completely different staining pattern. Indeed,
matriptase-2 is membranous protein in normal prostate epithelial cells (C), but
prostate cancer cells (D) lost the memb'ran_ou.s pattern and reduced As»taining

intensity.

The surprising results shown in Figure 1 were investigated further by
determining the expression pattern of matriptase-2 in prostate cancer cell lines

transfécted with matriptase-2. |

RT-PCR and Q-PCR demonstrated that both of the wild type cells (PC-BWT and
DU-145"") and the pEF6 control cells (PC-3°5° and DU-145°%"%) showed
minimal to no expression of the matriptase-2 gene.. However, upon tranéfection
with the expression plasmid an increase in matriptase-2 mRNA expression could
be seen (figure 2A-D). The transfection process appears to have been more

efficient in the PC-3Matiptase2EXP ool fina than the DU-145MatPtase-2EXP o jina a5
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forced expression was obvious using conventional RT-PCR in the PC-3Matriptase-2
EXP cell line whereas Q-PCR was required to identify this trend in the DU-

145Matrlptase-2 EXP cell line.

Additionally, Weétern blotting was used to probe for matriptase-2 protein levels
in both the control and transfected cell lines. Two commercially avai|abie
antibodies and one antibody generated “in-house” were used to detect
matriptase-2 protein expressidn (figure 2E). Similar to the trends seen at the
mRNA level, protein expression of matriptase-2 was found to be minimal in all of
the control cell lines (PC-3"T, DU-145"T, PC-3°FF® and DU-145°%%) and was
enhanced in these cell lines following transfection with the matriptase-2

expression plasmid (PC-3\alitese2EXP gnq py.q45Matiptase2EXP)

However, when these cell lines were investigated for cell growth sighiﬁcantly

slower growth was determined as illustrated in Figure 3.

Matriptase-2's effects on the growth of PC-3 and DU-145 cells were examined
using an in vitro tumour cell growth assay (see figure 3). ContrastingA results for -
the effects of matriptase-2 expression on tumour cell growth were seen between
the PC-3 and DU-145 cell lines. In the PC-3 cell line, forced-expression of
matriptase-2 resultéd in a significant decrease in the growth over a 5 day
incubation period and a significant difference was seen between the PC-

3Matriptase-2 EXP and PC-3PEF6 cell line after 5 days (P < 0.001)_
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Even more surpriéing we discovered that this reduced growth also correlated
with significantly reduced in vitro invasiveness without effecting matrix
adhesiveness. Both cell lines containing the expreésion plasmid (PC-3Matriptase-2
EXP and DU-145Matptase-2 EXP) \were found to have a significantly reduced capacity
to invade through an artificial Matrigel basement membrane compared to their
respective pEF6 control cell lines (PC-3PEF6 ys pC-3Matriptase-2 EXP 1y < 0.001, DU-
145PEF ys DU-145MelPlase2BXF b = 0.003). This appears to highlight contrasting.
roles between matriptase-1 and matriptase-2 in cellular invasion, indicating a
suppressive role of matriptase-2 in prostate cancer cell invasion. The capacity
of PC-3 and DU;145 prostate cancer cells to adhere to an artificial Matrigel
basement membrane over a 45 minute period was examined using an. in vitro
Matrigel adhesion assay. Transfection of both prostate cancer cell lines with the
matriptase-2 expression plasmid did not result in any noticeable change in the
adhesive properties of the prostate cancer cell lines. No significant difference in
adhesive capacity Was seen between cells containing the expression plaémid
(PC-3Matriptase-2 Exf’ and DU-145Matrptase2 EXPy nd their respéctive pEFS control
cells (PC-3PEF® and DU-145°EF%). This data is represented in Figure 4 where it
can be seen that the expression of matriptase-2 in either of the cell lines
investigated, i.e. ‘PC-3 or DU;145, reduced cell invasiveness (A and B).
However, the capability of both these cell lines to adhere to the extra cellulan
matrix was not affected (C and D).

The effect of matriptase-2 over-expression on cell migration was assessed using
a migration/wound healing assay (see ~figur‘e 8). Transfection with the

matriptase-2 expression plasmid affecfed the closure of the artificial wound.
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Both PC-3Vetiptase2 EXP 5 py_q45Matipiase2 EXP ool fines were found to have

-significantly reduced migratory rates compared to their respective pEF‘G controls

(PC_3Matriptase-2 EXP VS PC—BPEFG p = 0034, DU_145Matriptase-2 EXP VS Du_145pEF6 p=

© 0.002).

In an in vivo environment,{ PC-3 cells grow rapidly and develop into large tumour
masses. However, transfection of this aggressive prostate cancer cell line with
the matriptase-z expression plasmid was found to dramatically reduce in vivo
growth and resulted in minimal to no tumour development (see figure 5). The
effect of matriptase-2 over-expression Was noticeable from the first experimental
reading, where a s‘igjnificant difference in' tumour develophent was seen
between the PC-3VatiPtase2 EXP gng pC-3PEF8 cell lines (p = 0.0002). This trend
was continued over the course of the entire experiment, making the excision of
the PC-3Matiptase-2 ExP tumour impossible due to its small size énd lack of
development. Similar in vivo effécts demonstrated here using prostate cancer
cells héve also been found in the aggressive MDA-MB-231 cell line. Together
this strongly indicates a role for matriptase-2 in the development of tumours in
vivo. |

The localisation and expressioﬁ of the paxilin and FAK molecules in the
presence and absence of the HGF cytokine were examined in PC-3VT, PC-3PEF®
and PC-3Matrirtase-2 EXP oo 15 (see figure 9). Minimal staininé of both paxillin and
FAK were apparent in the PC-3"T and PC-3P5® cell lines, both in the presence

and absence of HGF. However PC-3MaPtase2 EXP cais had a greater deg.ree of
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staining for both paxillin and FAK, and this staining was focused in the areas of
the focal adhesion complexes at the cellular peripheries. Interestingly, treatment
of thése cells' with HGF prior to fixation and stéining seemed to reduce the
degree of paxillin and FAK staining. This results suggésts there is sofne
interactibn between these adhesion molecules and the matriptase-2 protease
and that this interactioﬁ may be responsible for the changes in the migratory

3Matrlptase-2 EXP cells.

rates previously demonstrated in the PC-
In this study, matfiptase-z was forcibly up-regulated in two prostate cancer cell
lines, which normally have minimal expression levels ;)f this molecule, using an
expression plasmid. Transfection of these cell lines with the matriptase-2
expression plasmid affected a number of in vitro cellular traits directly linked to
cancer aggression. In both of these prostate cancer cell lines, over-expression
of’ matriptase-2 statistically reduced cellular migration and invasioh, traits
strongly linked to cancer .invasion, dissemination and metastasis. Thése
prostate studies suggest a role for matriptase-2 in the suppression of cellular
invasion and migration, both key events in cancer metastasis, and imply a

preventative effect of matriptase-2 in cancer progression.

In addition to the in vitro data, the result_s of the in vivo tumour growth and

| development assay again demonstrate the dramatic effects of matriptase-2 over-

expression in tumour development in a complex living environment where
numerous other factors and interactions can influence tumour growth. PC-3

cells containing the matriptase-2 expression plasmid developed very poorly inan -
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in vivo environment and were significantly smaller than PC-3 cells transfected
with an empty pEF6 plasmid vector. This in vivo evidence further suggests that
mariptase-2 may have an anfagonistic effect on the development and
progression of prostate cancer and highlights the potential of this proteasé for
use in the developmeht of new therapeutics for the treatment of cancer

progression and metastasis.
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CLAIMS
1. A nucleic acid molecule enco'ding a polypeptide that has anti-
cancer activity in prostate cells and is characterised by the nucleic acid
sequence shown in Figure 6, SEQ ID NO:1; or a homologue thereof; or a nucleic
5 acid molecule that hybridises to.the molecule shown in Figure 6, SEQ ID NO:1,
| under stringent conditions; or a fragmént thereof which fragment also has anti- |
cancer activity in prostate cells. |
2. A polypeptide that has anti-cancer activity in prostate cells
comprising a polypeptide as shown in Figure 7, SEQ ID NO:2, or a homologue
10 'thereqf; or a fragment thereof which fragment also has anti-cancer activity in
prostate tissue.
3. - A medicament comprising the nucleic acid molecule according to

claim 1 and/or the polypeptide according to claim 2.

4, The use of a nucleic acid molecule according to claim 1 in the
15 manufacture of a medicament for treating prostate cancer.
5. The use of the polypeptide according to claim 2 in the manufacture

of a medicament for treating prostate cancér.
6. A medicament aécc)rding fo claims 3, 4 or 5 wherein the
medicament is formulated with a suitable excipient, carrier or emollient.
20 7. A vectof adapted to transfect or transform prostate cells wherein
said vector includes:
(1) at least one copy of the matriptase-2 nucleic acid molecule
according to claim 1; and/or

(2). at least one over-expressing or constitutively active promoter
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which is either coupled to the nucleic acid molecule of part (1) and/or which is
designed for insertion into a host genome upstream of the native matriptase-2
gene of said prostate cells whereby transfection or transformation of said cells
with said vector results in the enhanced expression of matriptase-2.

8. An antibody selective for the polypeptide according to claim 2.

| 9. An antibody according to claim 8 wherein the antibody is selective
for the human form of‘ the said polypeptide.

10. A process for the production of antibodies that selectively bind to

the polypeptide of claim 2 comprising:

(a) introducing matriptaée-z polypeptide according to claim 2, or an
immunogenic fra_gment thereof, into a non-human mammalian animal;

(b) obtainihg an_ti-sera from said animal; and

(c) purifying the anti-sera in order to obtain matriptase-2 antibbdy.

11. A method according to claim' 10 wherein the matriptase-2"
polypeptide comprises at least the following fragment
GQGDGGDGEEAEPEGMFKAC. | |

12.  An a:nti-cancér agent for treating prostate cancer comprising thé
nucleic acid molecule according to claim 1 and/or the polypeptide according to
claim 2.

13.  The use of a nucleic acid molecule according to claim 1 and/or the
polypebtide according to claim 2 for treating prostate cancer. .

14. A method for treating prostate cancer comprising -administering to
an individual to be treated a medically effective amount of the nucleic acid

molecule according to claim 1 and/or the polypeptide molecule according to
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claim 2.
15. A method for treéting_ prostate cancer comprising increasing
ceilular levels of either exogenous or endogenous matriptése-z polypeptide

according to claim 2 in prostate cells.
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