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CELL CULTURE METHOD FOR OBTAINING PROSTATE-LIKE ACINI

The invention relates to a method for the formation of prostate acini; acini derived by said
method; cells or cell-lines derived from said acini; methods to identify agents capable of
inhibiting the proliferation and/or motility of ca;ncerous prostate_cells; agents identified by
said method; and methods to identify novel markers of prostate cell differentiation or of

cancerous prostate cells.

Prostate cancer is a leading cause of cancer related deaths in men. The prostate is a male sex
gland located in the lower pelvis just below the bladder, the prostate surrounds the urethra,
producing the fluid component of semen and helping to control the flow of urine.
Enlargement of the prostate is common with age and is a non-maligant condition. Symptoms
include, blood in the semen or the urine, frequent pain or stiffness in the lower back, hips or
upper thigh. Prostate cancer is a disease of uncontrolled cell proliferation which results in the
formation of tumours. The tumours may be primary (ie located in the organ of origin) or
secondary (ie tumours which form in other organs due to the ability of cancerous cells to

move and invade other tissues via the circulatory system).

Prostate cancer can be relatively harmless or extremely aggressive. Some prostate tumours
are slow growing and cause few clinical symptoms. Aggressive prostate tumours spread
rapidly to the lymph nodes and other organs, especially bone. It is known that the growth of
prostate cancer can be inhibited by blocking the supply of male hormones such as
testosterone. However, prostate cancers eventually develop and become independent of male
sex hormones (ie they become androgen-independent prostate cancer cells). These cells are

linked with aggressive, malignant prostate cancer.

All male mammals have a prostate gland but only humans and dogs are known to naturally

develop prostate cancer.

There are a number of model systems which purport to be useful models for the study of
prostate cell biology. US 5, 874, 305 describes a prostate cell-line which grows in
monolayer. The cell-line is androgen- independent (not sensitive to the addition of male sex

hormones) prostate cancer cell-line. These cells are known in the art and correlate with

1
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aggressive tumour forming ability. The cell-line is grown in monolayer and therefore is not
an authentic representation of the development of prostate tumours. It would be desirable to
target prostate cancer cells before they become androgen independent and more recalcitrant

to therapy.

In men over the age of 40 the prostate represents a major medical problem since both benign
prostatic hyperplasia and prostatic carcinoma are becoming increasingly prevalent (Boyle.
1994)). Both the epithelia and stroma play roles in the advancement of these diseases
therefore good models to study the interaction of these cell types is very important. For
example, US 5, 917, 124 and US 5, 907, 078 disclose transgenic murine models of prostate
cancer. Each patent discloses the use of prostate specific promoters to drive expression of
SV40 T antigen in transgenic mice. The prostate cells become transformed to reflect the
aggressive form of prostate cancer. These transgenic animals do not necessarily reflect the
development of a prostate tumour since not all tumours are virally induced. Also, as with
studying androgen-repressed prostate tumour cells, the transgenic models only reflect the

aggressive prostate tumours of late stage prostate cancer.

Although animal models exist to study prostatic growth and differentiation (Timms, Lee,
Aumiiller, & Seitz. 1995)) there are no human three dimensional models which successfully
employ stromal and epithelial cultures to produce morphological and functional
differentiation of the prostate. Such models are essential to understand the normal physiology

of the prostate and better understand disease development.

In the prostate, rat epithelial cultures have been grown within both collagen gels (Ma,
Fujiyama, Masaki, & Sugihara. 1997) and Matrigel™ (Freeman, Bagli, Lamb, et al. 1994). In
collagen, these formed acinus-like structures which secreted Prostate Specific Antigen whilst
in Matrigel, spheroids of cell masses with no normal morphological and functional
differentiation were produced. Normal human prostatic epithelial cell lines cultured in
Matrigel showed acinus-like structures with lumen and PSA secretion (Webber, Bello,
Kleinman, & Hoffman. 1997), however, primary cultures formed solid cell masses with little
functional differentiation (Hudson, O'Hare, Watt, & Masters. 2000).
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We have developed an in vitro cell culture method which provides a culture regime which
allows prostate epithelial cells to form prostate-like-acini which closely resemble prostate
acini found in vivo. Our method relies on a combination of serum, hormones and a suitable
cell matrix support which allows the epithelial cells to attach, proliferate, differentiate and
form prostatic-like-acini. The system is able to support growth of cloned normal prostate
epithelial cells as well as cloned cancerous prostate cells, primary prostate epithelial cells,
extends life span of cells such as P4, E6 and primary cancerous prostate cells to provide a 3D
structure which reflects the in vivo state. The system is invaluable for the study of prostate
cell differentiation and prostate cell transformation. It will provide a tool for use in the
identification of agents effective at inhibiting the proliferation and metastasis of prostate
cancer cells and also to identify novel markers of prostate cell differentiation and

transformation.

The invention relates to a cell culture method which combines a cell support matrix to which
prostate cells attach and proliferate and culture conditions which combine serum, stromal cell
extract and hormones the combination of which promotes the formation of prostate like -

acini with similar characteristics to in vivo acini.

According to a first aspect of the invention, there is provided an in vitro method for the

formation of prostate-like acini comprising:

1) providing a cell culture vessel comprising:
a) prostate derived cells;
b) a cell culture support matrix to which the cells in (a) can attach and
proliferate;
c) cell culture medium supplemented serum, a stromal fraction and a suitable

ratio of the hormones oestrogen and dihydrotestosterone, or functional
derivatives thereof;
i) providing conditions which promote the growth and differentiation of said prostate

derived cells in said vessel.

“Vessel” is defined as any means suitable to contain the above described cell culture.
Typically, examples of such a vessel is a petri dish; cell culture bottle or flask; multiwell

culture dishes.
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In a further preferred method of the invention the supplemented cell culture medium
comprises a mixture of serum, stromal fraction, hormones and cell culture medium to which
the prostate derived cells are added. Alternatively, or preferably, the stromal fraction is
provided in a separate vessel, but in liquid contact with the other components of the
supplemented cell culture medium. Typically the separate vessel is an insert or similar means
which allows the cells contained in the stomal fraction to proliferate but prevents cell contact

with the prostate derived cells contained in the vessel.

We have observed that a combination of components are required to maximise acini
formation. In the presence of stroma, the number of spheroids formed approximately doubled
and further increased with the addition of oestrogen and dihydrotestosterone. In addition,
presentation of the stroma in the co-culture was examined by comparing stroma within an
insert to that directly mixed with epithelia in a cell culture support (eg Matrigel) , or added to
the top of a preset gel. Our results indicated that stroma co-cultured within an insert

produced maximal spheroid formation.

In a preferred method of the invention said prostate cells are epithelial cells, preferably human
epithelial cells. Preferably said epthelial cells are derived from prostate glands which have

been maintained as explants for at least 7 days.

We have observed that the use of epithelial cells from 7 day explants rather than freshly
isolated led to greater acini forming efficiency and that the acini subsequently produced

maintained in culture for longer periods.

In a preferred method of the invention, the prostate derived cells are normal (ie non-
cancerous), preferably epithelial cells. Normal prostate epithelial cells exhibit number of
characteristics for example, the cells are differentiated, have low motility and are non-
invasive. Differentiated prostate epithelial cells express a number of characteristic cell

markers for example, CKg, PSA, PSMA, E cadherin.

In a further preferred method of the invention said epithelial cells are primary prostate

epithelial cells.
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Current methods which use cell-lines in monolayers typically use cell-lines isolated from one
patient. This means any results produced from the cell-line are not representative of the male
population, nor the clonal nature of prostate cancer itself. It is currently believed that cancer
treatments will have to be tailored to an individual’s genetic profile. Therefore, cell-line
models will have limited use in answering many questions required for clinical diagnosis and
devising an appropriate treatment regime for cancer sufferers. Primary cultures provide a
heterogeneous mixture of prostate epithelial cells and are derived from many patients thus
providing a model which is representative of cell and patient populations, however, each

primary cell line is specific to each patient.

In a further preferred method of the invention said prostate epithelial cells are cancerous.

Cancerous prostate epithelial cells are characterised by anchorage independent growth, an
invasive and motile phenotype. Some cancerous epithelial cells are also characterised by an
undifferentiated state which is reflected in the lack of expression of cell markers typical of
normal epithelial cells. Cancerous cells also express a number of unique cancer specific

antigens, so called tumour rejection antigens.

In a further method of the invention there are provided prostate epithelial cells characterised

in that said cells are genetically engineered by recombinant techniques.

For example, and not by way of limitation, pro-drug activating genes may be transfected into
prostatic cells to monitor the efficacy of pro-drugs as cytotoxic agents. A pro-drug activating
gene refers to a gene the expression of which results in the production of protein capable of
converting a non-therapeutic compound into a therapeutic compound, which renders the cell
susceptible to killing by external factors or causes a toxic condition in the cell. An example
of a prodrug activating gene is the cytosine deaminase gene. Cytosine deaminase converts 5-
fluorocytosine to S-fluorouracil, a potent antitumor agent. The lysis of the tumor cell
provides a localized burst of cytosine deaminase capable of converting SFC to 5FU at the
localized point of the tumor resulting in the killing of many surrounding tumor cells. This
results in the killing of a large number of tumor cells without the necessity of infecting these

cells with a vector (the so-called “bystander effect”). Another example of a prodrug-
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activating gene is thymidine kinase (TK) (see US5,631,236 and US 5,601,818) in which the
cells expressing the TK gene product are susceptible to selective killing by the administration
of gancyclovir, This is merely meant to be illustrative of recombinant methods which could
be used in combination with the cells according to the invention. ~Other examples may
include the transfection of tumour suppressor genes, (eg p53). The term tumor suppressor
gene refers to a nucleotide sequence, the expression of which in a target cell is capable of

suppressing the cancerous phenotype and/or inducing apoptosis.

Genetically engineered prostate epithelial cells may be normal primary cells, cancerous

primary cells, cloned normal cells or cloned cancerous cells.

In a further preferred embodiment of the invention said prostate epithelial cells are
transformed with an oncogene, preferably a viral oncogene (e.g. the HPV E6 or E7

oncogenes, SV40 T antigen).

Methods to introduce nucleic acid into cells are well known in the art and typically involve
the use of chemical reagents, cationic lipids or physical methods. Chemical methods which
facilitate the uptake of DNA by cells include the use of DEAE —Dextran (Vaheri and Pagano
Science 175: p434) . DEAE-dextran is a negatively charged cation which associates and
introduces the DNA into cells but which can result in loss of cell viability. Calcium phosphate
is also a commonly used chemical agent which when co-precipitated with DNA introduces

the DNA into cells (Graham et al Virology (1973) 52: p456).

The use of cationic lipids (eg liposomes, see Felgner (1987) Proc.Natl.Acad.Sci USA,
84:p7413) has become a common method since it does not have the degree of toxicity shown
by the above described chemical methods. The cationic head of the lipid associates with the
negatively charged nucleic acid backbone of the DNA to be introduced. The lipid/DNA
complex associates with the cell membrane and fuses with the cell to introduce the associated
DNA into the cell. Liposome mediated DNA transfer has several advantages over existing
methods. For example, cells which are recalcitrant to traditional chemical methods are more

easily transfected using liposome mediated transfer.
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More recently still, physical methods to introduce DNA have become effective means to
reproducibly transfect cells. Direct microinjection is one such method which can deliver DNA
directly to the nucleus of a cell (Capecchi (1980) Cell, 22:p479). This allows the analysis of
single cell transfectants. Electroporation is arguably the most popular method to transfect
DNA. The method involves the use of a high voltage electrical charge to momentarily
permeabilise cell membranes making them permeable to macromolecular complexes.
However physical methods to introduce DNA do result in considerable loss of cell viability
due to intracellular damage. These methods therefore require extensive optimisation and also

require expensive equipment.

More recently still a method termed immunoporation has become a recognised techinque for
the introduction of nucleic acid into cells, (see Bildirici et al, Nature 405, 769) The technique
involves the use of beads coated with an antibody to a specific receptor. The transfection
mixture includes nucleic acid, typically vector DNA, antibody coated beads and cells
expressing a specific cell surface receptor. The coated beads bind the cell surface receptor and
when a shear force is applied to the cells the beads are stripped from the cell surface. During
bead removal a transient hole is created through which nucleic acid and/or other biological
molecules can enter. Transfection efficiency of between 40-50% is achievable depending on

the nucleic acid used.

In a further preferred method of the invention said cell culture support is collagen based.

In a yet further preferred embodiment the serum is provided at between about 0.5%- 4% (v/v).
Preferably said serum is provided at about between 1%-3% (v/v). Most preferably said serum

is provided at about 2% (v/v).

In a further preferred method of the invention oestrogen is provided at about 10ng/ml and

dihydrotestosterone at about 107M.

According to a further aspect of the invention there is provided a cell culture composition

comprising a collagen based cell support; stroma, oestrogen and dihydrotestosterone.
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In a further preferred embodiment of the invention oestrogen is provided at about 10ng/ml

and dihydrotestosterone at about 10”7M.

According to a further aspect of the invention there is provided a prostate like-acinus formed

by the method according to the invention.

According to a yet further aspect of the invention there is provided a prostate like-acinus

which has been genetically modified by recombinant techniques.

According to a yet further aspect of the invention, there is provided a cell or cell-line derived
from the prostate acinus formed by the method of the invention. The cell or cell-lines may be

genetically engineered.

According to a further aspect of the invention there is provided a method to identify agents

capable of inhibiting the proliferation of cancerous prostatic cells comprising:

i) providing culture conditions and at least one cancerous acinus according to the
invention;
i) adding at least one agent to be tested; and

ili)  monitoring the anti-proliferative activity of the agent with respect to the cells

comprising the cancerous acinus.

According to a yet further aspect of the invention there is provided a method to identify

agents capable of inhibiting the motility of cancerous prostatic cells comprising:

i) providing culture conditions and at least one cancerous acinus according to the
invention;
ii) adding at least one agent to be tested; and

iii)  monitoring the motility of cells comprising the cancerous acinus.

According to a yet further aspect of the invention, there is provided an agent identified by the

methods according to the invention.
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According to a further aspect of the invention there is provided a method to identify markers

of prostate cell differentiation.

According to a further aspect of the invention there is provided a method to identify markers

of prostate cell transformation.

Methods used in the identification of cell differentiation markers and/or markers of prostate
cell transformation include immunogenic based techniques (eg using the cells as complex
immunogens to develop antisera to cell surface markers and the like) nucleic acid based

techniques (eg differential screeing using cDNA from normal and transformed acini).

Also, it has been known for many years that tumour cells produce a number of tumour cell
specific antigens, some of which are presented at the tumour cell surface. These are generally
referred to as tumour rejection antigens and are derived from larger polypeptides referred to
as tumour rejection antigen precursors. Tumour rejection antigens are presented via HLA’s to
the immune system. The immune system recognises these molecules as foreign and naturally
selects and destroys cells expressing these antigens. If a transformed cell escapes detection
and becomes established a tumour develops. Vaccines have been developed based on
dominant tumour rejection antigens to provide individuals with a preformed defence to the
establishment of a tumour. The method according to the invention provides a means to
identify tumour rejection antigens and precursors which will have utility with respect to the
vaccine development to provoke the patients own immune system to deter the establishment

of prostate tumours.

According to a yet further aspect of the invention there is provided an in vitro method to
analyse the development of cancerous prostatic cells from normal prostatic cells comprising
exposing acini formed by the method of the invention to at least one agent capable of

inducing prostatic cell transformation.

In a preferred method of the invention said normal prostatic cells are transformed with an

oncogene, preferably a viral oncogene.
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It is well known in the art that there are agents capable of transforming a normal cell into a
transformed cell with many of the features of cancerous cells. These include, by example
only, viruses, DNA intercalating agents, oncogenes, telomerase genes. An embodiment
described in the present application is the introduction of the E6 gene using retroviruses

(amphotrophic).

According to a further aspect of the invention there is provided a transformed prostate
derived cell wherein said transformation is mediated by a nucleic acid molecule comprising a

retroviral vector which includes a nucleic acid molecule which encodes a viral oncogene.

Preferably said transformed prostate derived cell is an prostate epithelial cell.

In a preferred embodiment of the invention said retroviral vector is an amphotrophic

retrovirus.

In a further preferred embodiment of the invention said oncogene is a human papilloma virus
oncogene, preferably the E6 or E7 oncogene. Preferably said human papilloma virus is

HPV16 and said oncogene is E6.

According to a further aspect of the invention there is provided a retroviral vector wherein
said vector includes an human papilloma virus oncogene. Preferably said oncogene is the E6

or E7 oncogene.

According to a further aspect of the invention there is provided a method to transform a

prostate derived cell comprising the steps of:
1) providing a cell sample comprising prostate derived cells;
ii) providing a vector according to the invention;

iii)  forming a preparation of (i) and (ii);

10
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iv) providing transformation conditions wherein said prostate derived cells are

transformed.

In a preferred method of the invention said prostate derived cells are prostate epithelial cells.

An embodiment of the invention will now be described by example, only and with reference

to the following figures;

Figure 1. illustrates prostate epithelial spheroids grown in Matrigel and KSFM (sample C). a)
Phase image. Bar indicates 80 pm. b) TEM of a whole spheroid, bar indicates 10 um. c¢) High
magnification TEM indicating both tight (TJ) and desmosomal-like (D) junctions present

between the tightly associating inner cells. Bar indicates 1 um;

Figure 2. illustrates prostate epithelial spheroids grown in Matrigel and K2 (sample C). a)
Phase image. Bar indicates 90 pm b) TEM of a whole spheroid, bar indicates 10 um. c¢) High
magnification TEM of a whole cell within the spheroid, showing luminal microvilli (mv),

secretory vesicles (sv) and Golgi apparatus (G). Bar indicates 10 pm;

Figure 3. illustrates prostate epithelial spheroids grown in Matrigel, K2, 107 M DHT, 10
ng/ml OES and stroma (sample C). a) Phase image. Bar indicates 70 pm. b) TEM of whole
spheroid, bar indicates 10 pm. ¢) High magnification TEM of a whole cell within the
spheroid. Secretory vesicles (sv) are all polarised towards the lumen and microvilli are also
visible on the luminal surface. Bar indicates 6 pm. d) High magnification TEM showing the
luminal half of an epithelium (shown in c). The figure shows a large active golgi (g) and
stacked rough endoplasmic reticulum. In addition a tight junction (TJ) is visible at the luminal
surface. Bar indicates 2 pm. €) A desmosomal-like junctional complex (D) present at a
cell:cell interface on a luminal edge. Bar indicates 1 um. f) Basal edge of spheroid showing

that no intact basal lamina was visible. Bar indicates 1 um;

Figure 4. illustrates examples of a budding spheroid with multiple acini and duct-like
structures also with evidence of budding, in phase contrast (bars indicate 100 um). Toluidene
blue stained thick sections of budding and duct-like structures, showing the presence of

stratified cells (bars indicate 50 um);

11
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Figure 5. illustrates stromal cultures increased spheroid forming efficiency. Epithelial sample
C was mixed into Matrigel and grown for two weeks in either KSFM, K2, K2 and primary
stroma (S) or K2, S and 10”7 M dihydrotestosterone (D) and 10 ng/ml oestrogen (0);

Figure 6. illustrates stromal cultures affect spheroid size. Epithelial sample J was mixed into
Matrigel and grown for one week in either K2 or K2 plus primary stroma (S), 107 M
dihydrotestosterone (D) and 10 ng/ml oestrogen (O) or K2 plus STO cells, D and O. Spheroid

size was measures using a graticule;

Figure 7. illustrates dual immunostaining of cytokeratin 18 (green) and cytokeratins 1, 5, 10,
14 (red) of prostatic epithelia grown in Matrigel. Epithelia (sample C) were grown in the
presence of KSFM, K2 or K2 plus primary stroma (S), 10”7 M dihydrotestosterone (D) and 10
ng/ml oestrogen (O), for 2 weeks. Cell nuclei in spheroids were counter stained with DAPI

(blue). Bar indicates 80 pm.;

Figure 8. illustrates polarisation of PSA and B1 integrin in Matrigel epithelial spheroids when
co-cultured with stroma. Using confocal analysis the expression of PSA and B1 integrin was
compared between epithelial spheroids (sample C) grown in K2 or K2 plus primary stroma
(S), 107 M dihydrotestosterone (D) and 10 ng/ml oestrogen (O), for 2 weeks. Bar indicates 70

pm;

Figure 9. illustrates examples of immunohistochemical staining of prostatic epithelial
matrigel spheroids. All spheroids shown were grown in KSFM, except for that illustrating
androgen receptor expression which was cultured in the presence of K2, 10'M
dihydrotestosterone (DHT), 10 ng/ml oestrogen (O) and primary stroma. Spheroid nuclei
were counter stained with DAPI (blue). (Epithelial sample C was cultured for 2 weeks). Bar

indicates 80 um;

Figure 10. illustration of prostatic epithelial and stromal cell co-culture in Matrigel;

12
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Figure 11 illustrates the morphology of Shmac cell lines and P4E6 growing as monolayers.

Phase contrast pictures were taken at x10 objective magnification;

Figure 12 illustrates the growth curves of prostate cell lines growing in K2 medium in

monolayer;

Figure 13 illustrates the invasive ability of Shmac cell lines through Matrigel coated cell
inserts, in response to co-culture with stromal cell lines. Results are expressed as the mean of

three triplicates;

Figure 14 illustrates immunocytochemical staining of Shmac 5 cells growing in monolayer
culture. A) Dual staining of cytokeratin 18 (red) and cytokeratins 1,5,10,14 (green). B)
Vimentin. C) PSA. D) PSMA. E) Androgen receptor. F) E-cadherin. G) B1 integrin. H)
CD44. Cell nuclei were counterstained with DAPI (blue). All images were captured at x20

objective magnification;

Figure 15: illustrates how stromal co-culture affects spheroids forming efficiency. Epithelial
cells were plated into Matrigel and grown for 1 week in K2 with (white) or without (black)
stromal co-culture. The mean number of spheroids were counted per field. SE were less than

10% of the mean;

Figure 16 illustrates typical phase contrast morphologies (A) and 1 um sections (B) of
prostate cell line spheroids grown in Matrigel. All pictures were taken at x10 objective

magnification after 7-10 days growth. Bar, 100 pm; and

Figure 17 illustrates transmission electron microscopy of Shmac 5 epithelial cells grown in
Matrigel in the presence of stroma. Cells are columnar in shape and show polarization of
cellular organelles. Microvilli (mv), secretory vesicles (sv) and Golgi (G) were all luminal

whilst the nucleus (n) was basal. Bar, 2 um;

Figure 18 illustrates immunocytochemical staining of Shmac 5 cells growing in Matrigel

culture. A) Dual staining of cytokeratin 18 (red) and cytokeratins 1,5,10,14 (green). B) PSA,;

13
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C) Androgen receptor. D) CD44. E) B1 integrin. Cell nuclei were counterstained with DAPI

(blue). All images were captured at x20 objective magnification;

Figure 19 illustrates Comparative morphology of primary epithelial outgrowth and the E6
immortalised culture. Shown on the left panel is an epithelial outgrowth from a fragment of
prostate tissue. The tissue is the large black object at the top right of the panel. In the right
panel, the epithelial component from this outgrowth has been infected with a recombinant E6-

expressing retrovirus and a cloned epithelial culture produced. Note the similar morphology;

Figure 20 illustrates Detection of E6 DNA and mRNA in the immortalised cultures by RT-
PCR Agarose gel electrophoresis of PCR products from an E6-transformed prostatic
epithelial cell. Marker lane (M) is a 100 bp ladder from Life Technologies. Lane 1 is the
amplification of cDNA from the cell line showing both E6 and E6*-specific products. Lane 2
is a negative control; lane 3 contains DNA from the same cell line (455 bp product only) and

lane 4 is the CaSki cell DNA positive control, and

Figure 21 illustrates immunodetection of E6 protein in E6 transformed prostatic epithelial
cells Panel A shows positive immunostaining (mainly pancellular) with an anti-E6 antisera
(20) of the same cell line as analysed for DNA and RNA as shown in figure 2. Panel B is the
corresponding negative control in which the primary antibody has been replaced with PBS in

the full staining procedure;

Materials and Methods

General chemicals were purchased from Sigma (Poole, UK), tissue culture media from Life
Technologies (Paisley, UK) and tissue culture plastic from (Coming Costar Ltd., High
Wycombe, UK) unless otherwise stated. Antibodies were purchased from Dako (High
Wycombe, UK) unless stated.

Cell Line Culture

STO cells (mouse embryonic fibroblasts) were obtained from the European Collection of

Animal Cell Cultures (Porton Down, UK) and were routinely cultured in DMEM culture

14
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media (Life Technologies, Paisley, UK) supplemented with 10 % foetal calf serum (PAA
Laboratories, GmbH, Linz, Austria) and 2 mM glutamine (Life Technologies). Cells were

routinely cultured without antibiotics in a humidified atmosphere at 37 °C and 5% CO,.

Prostate Tissue Collection

Non-malignant tissue was obtained from consenting patients undergoing transurethral
resection for benign prostatic hyperplasia or cystoprostatectomy for bladder cancer. 7 samples
were collected for epithelial culture (age range 54-86) and 5 for stromal cultures (age range

57-89), summarised in table 1.

Prostate Primary Cell Culture

Epithelial and stromal cultures were prepared (Lang, Clarke, George, Allen, & Testa. 1998)
and characterised (Lang, Stower, & Maitland. 2000) as described before, these methods were
based on those by Chaproniere and McKeehan (45). Briefly, prostatic tissue was digested by
collagenase and trypsin, and differential centrifugation was used to enrich for epithelial and
stromal fractions. The enriched stromal fraction was resuspended in stromal cell growth
medium (RPMI 1640 medium supplemented with 10% FCS and 1% antibiotic/antimycotic
solution) and cultured routinely in 75 ml tissue culture flasks. Stromal cultures were used
between passages 2-5. The epithelial fraction was resuspended in keratinocyte serum free
medium supplemented with 5 ng/ml epidermal growth factor, 50 pug/ml bovine pituitary
extract and 1% antibiotic/antimycotic solution (media subsequently referred to as KSFM) and
passed through a cell sieve (40 pm) to obtain single cells. Single cells were used immediately
for further experiments, frozen for storage or plated into 25 ml flasks in 8 ml of KSFM and

grown for 1 week.

Media conditioned by stroma was collected from confluent cultures of stromal cells by
incubating the cultures for 48 hours in 15 ml of serum-free medium (DMEM/F12
supplemented with 10pug/ml insulin, Spg/ml transferrin and 1 ng/ml selenium). Conditioned

medium was removed, filtered (0.2 um pore) and frozen at -20 °C until required.
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Cell Cultures and viruses

The PA317 murine packaging cell line was (ATCC CRL-9078) was obtained from the
American Tissue Culture Collection. Retroviral transfer vectors pLNCX and pLXSN are can

be obtained as part of the RetroX kit marketed by Clontech.

Setting up primary prostate epithelial cultures for retroviral transduction

This method has been optimised for prostatic epithelium, but any method of tissue
disaggregation can be employed. A critical step for the amphotrophic retroviral procedure is
to obtain dividing cell cultures, as the viral life cycle is not completed in GO cells (in this case

a lentiviral vector could be substituted).

Preparation of Biopsy for Culture

Tissue is mechanically disaggregated (chopped) in a sterile petri dish to produce pieces 1
mm? in diameter in 1 ml of transport medium (RPMI 1640, 3% (v/v) horse serum, 50 pgml™
gentamycin (Sigma), 2.5 pgml” Fungizone ).

Seeding of Biopsy Material in Explant Culture

Using a disposable transfer pipette, the disaggregated biopsy is aspirated and transferred to 25
cm’ tissue culture flasks with 0.2 um vented lids (Corning). The medium of choice for the
primary culture is described elsewhere (Primary Culture medium). The majority of the
disaggregated tissue specimens should be seeded directly onto tissue culture plastic, but other

substrata such as polylysine and collagen can be used to aid adhesion of the explants.

Maintenance and growth of recombinant amphotrophic retroviruses.

To generate producer cell lines for retrovirus, the recombinant DNA transfer vector must be
transfected into the packaging cell line (PA317). This requires the insertion of the
immortalising gene into a transfer plasmid vector, manipulated in bacteria, which mimics the
proviral form of the retrovirus in its most primitive form i.e. a transgene coding region,
flanked by the viral LTR sequences. Many such transfer vectors exist, and the immortalising

gene used in this example is inserted in pLXSN (Genbank accession number M28248). This
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vector also contains an SV40 promoter-driven neomycin/G418 resistance gene to allow
selection of the producer cells. The immortalising gene (the E6 gene from human
papillomavirus) is under the control of the retroviral promoter in the LTR. A more elegant
(and ultimately safer alternative) is to use the related pLNCX transfer vector (Genbank
accession number M28247) in which the retroviral promoter in the LTR is inactive and the
immortalising gene is under the control of a separate but stronger cytomegalovirus immediate
early promoter. Complete kits for the generation and manipulation of amphotrophic

retroviruses are now available commercially (Retro-X from Clontech).

Maintenance of Retroviral Producer Cell Line

The murine fibroblast cell line PA317 is one of several effective hosts for recombinant
retroviruses. It contains the gag, pol and env open reading frames from the transfer vector
pPMAM3 co-transfected into 3T3 cells with an HSVITK gene. The gag, pol and env genes
are constitutively expressed and provide the “packaging” function for any small RNA (<9kb)
with appropriate packaging signals derived from the retroviral terminal LTR sequences, such

as pLXSN.

1. The cell line is maintained in D10 medium and is subcultured 1:10 - 1:40 every 4 -5 days,

using standard techniques.
2. Replicate frozen stocks of PA317 are prepared in 40% DMEM, 50% FCS and 10% DMSO

and stored in liquid nitrogen.

Generation and Storage of Recombinant Amphotropic Retroviruses

All transfections into PA317 are performed utilising Dosper® transfection (Roche) reagent .
1. Adherent cells are passaged 1:2 48 hours before transfection, and again, 24 hours
before transfection at 50 - 80% confluency.
2. One microgram of transfer plasmid DNA is mixed with 3.125ul of Dosper reagent
and serum-free medium added to about 0.1ml. The reaction is incubated at 20 C for

15 minutes.
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Immediately before transfection, 10 volumes of the appropriate complete medium are
added to the transfection mixture and the complete mixture gently pipetted onto the
cells.

Transfections are carried out at 37°C for 5 - 12 hours, after which the transfection
mixture is replaced with fresh complete medium.

Transfected cells are incubated for 6 - 16 hours, after which the cells are washed once
with PBS and 1 ml D10 medium per 25 cm? added for a further 24 - 48 hours.
Transiently produced retroviruses are collected by removing the growth medium and
floating cells removed by 0.45 um disc filtration (Supor®, Gelman Sciences).

The retrovirus-containing supernatant can be stored at 4°C for up to several months or

frozen at -80°C without further modifications.

Titration of the Virus Stock

1.

HaCaT cells (ATCC number from (18) ) are plated into a 6-well tissue culture plate at
25 - 30% confluency, and left to completely adhere for 12 - 24 hours.

The medium is replaced with 0.7 - 1 ml fresh DF10 containing 8 pg/ml
hexadimethrine bromide (polybrene). 10 pl of serial diluted retroviral supernatant
(1:1, 1:2,1:10, 1:100, 1:1000, 1:10000) is added to the prepared HaCaT cells and
incubated for 4 - 12 hours at 37°C.

After the transduction is complete, the retroviral supernatant is removed, the cells are
washed several times with PBS, and maintained for a further 48 hours in complete
DF10 medium.

HaCaT cells are then incubated with selection medium containing 500 pg/ml G418®
(pLNCX or pLXSN series. Selection is carried out for 10 - 20 days, changing medium
every 3 - 4 days.

For visualisation of generated colonies the cells can be stained with Giemsa's staining
solution (BDH): The medium is removed, cells washed once with PBS and 500 pl
Giemsa's staining solution added to each well. Cells are incubated for 10 - 20 min and
excess staining solution removed with several washed with tab water. The fixed cells
are air-dried and colonies counted.

The titre is calculated as follows, and expressed in colony-forming units (cfu) per

millilitre of virus (after (19)).
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number of colonies

G418 - resistant CFU/ml = :
resstan " retroviral dilution volume (ml)

Immortalisation of primary prostatic epithelium

The actual immortalisation procedure is an extension of protocol above, used to assay the
recombinant viral stock. Prostatic epithelial cells are notoriously difficult to transfect by
conventional precipitation or liposome mediated techniques, but our experience with
retroviruses indicates that the cells are readily infectable with as high an efficiency as most

mammalian cell lines.

Infection of the Primary prostatic epithelial cells with retrovirus stock

For infection of primary prostatic epithelial cells undiluted viral stock is used.

1. The medium is drawn off from the prostatic cell outgrowths.

2. Cells are washed 2x5 min. in PBS prior to addition of 1.5 ml of virus with polybrene
at 8 pgml” per 25 cm? flask. Cells are incubated in the presence of the virus for 2
hours at 37°C, 5% CO2.

3. After this time, the polybrene-containing medium is removed and the cells washed
2x5 min. with PBS. This is replaced with fresh D10 medium, and the cells incubated
for a further 48 hours prior to selection with G418 at 25 pgml™.

Ring Cloning of Transfected Cells

After 10-14 days of drug selection discrete colonies are observed which can be individually
ring cloned into 12.5 cm? flasks.
1. Cells are washed 2x3 min. in PBS-Ca®*/Mg?*, and the lid of the flask cut off under
sterile conditions.
2. A sterile glass ring (10 mm in diameter) is dipped in autoclaved petroleum jelly and
placed over the individual colonies, creating a seal.
3. 500 pul of 0.25% (v/v) trypsin/EDTA was placed in the ring and immediately
aspirated off together with the PBS.
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Trypsin is again applied and the cells monitored. As they began to round up, cells are

gently pipetted up and down and placed in flasks containing R10 culture medium.

The isolated colonies are incubated at 370C,- 5% CO,, until they can be subcultured into larger

tissue culture flasks.

Cell Lifts for DNA Purification

To monitor the immortalisation process, and to provide an indication of the origin of the cells

immortalised, a micro-assay from the growing immortalised colonies of epithelial cells can be

carried out. Using the procedure described below, sufficient cells are obtained to carry out a

PCR amplification of either known genes (to compare mutation status between the original

tumour and the cellular outgrowths) or a microsatellite/Single nucleotide polymorphism

analysis. Full protocols for the latter analysis are available elsewhere.

1.
2.

The medium is aspirated from growing cells, which are then washed 2x5 min. in PBS.
Squares of 3MM paper are cut (measuring 3x3 mm) and sterilised by autoclaving in a
glass petri dish.

Using sterile forceps, the 3MM squares are placed onto the cells, left for 20 sec. and
then removed into an eppendorf tube containing 200 pl of DNA extraction buffer.
Fresh medium is restored to the cultured cells, which can then continue growing.

The 3MM squares are processed as follows. Fifty microlitres (or more) are added to
an eppendorf tube containing the 3MM square and incubated overnight at 42 C.
Next day, the proteinase K was inactivated by incubation at 95 C for 8-10 minutes,
and the paper either centrifuged to the bottom of the tube or carefully removed with a
sterile tip.

The resulting solution is ready for PCR amplification and further analysis, when used

to make up no more than 10% of a PCR reaction final volume.

Detection of E6 DNA in Infected Cells

1.

Cells are pelleted by centrifugation and the DNA extracted by standard methods. 20
ng of the DNA is used as a substrate for PCR.

_ 20



5

10

15

20

25

30

WO 03/014334 PCT/GB02/03675

2. Reaction mixtures contain 2 mM dNTPs, 0.05% W-1, 1.5 mM MgC12, 0.3 uM
forward and reverse primers (see note 6) and 0.5 U of Tag. DNA polymerase. Thirty
five cycles of amplification, with annealing at 55 C are sufficient to detect the low
copy numbers of E6 retained in the immortalised cells.

3. PCR product (455bp) is detected by electrophoresis in a 1% (w/v) agarose gel.

RT -PCR to detect E6 mRNA

1. 5 pg total cell RNA is pipetted into a DEPC-treated Eppendorf tube with 0.5 pl of
RNAguard solution (Boeringer Mannheim), 500 ng of oligo-dT primer and sterile
ddH,0 to a volume of 10.5 pl.

2. The tube is heated to 70°C for 10 min. and snap-cooled on ice. The Eppendorf tube is
then pulsed in a microfuge to collect the contents.

3. The cDNA synthesis reaction is set up by the addition of 0.5 pl RNAguard, IX
Superscript buffer (Boehringer Mannheim), 10 mM DTT, 1 mM dNTPs and 200 U of
Superscript enzyme.

4. The contents of the tube are mixed gently and incubated at 42°C for 1 hr. After this
period the cDNA is precipitated at —-80°C for 1 hr. by addition of 0.05 volumes of
glycogen solution, 0.5 volumes of 3 M NaCl and 3 volumes of absolute ethanol.

5. The cDNA is pelleted by centrifugation at 15,000 rpm at 4°C for 5 min. and following
a final wash with ice-cold 70% ethanol the pellet is air-dried and resuspended in 20 pl
sterile ddH,O.

6. 2 ul of cDNA is used as a substrate for PCR to detect E6 expression. The reaction
mixture also consists of 2 mM dNTPs, 0.05% W-1 detergent, 1.5 mM MgCl,, 3
pmoles of each of the forward and reverse primers (see note 6), 1xPCR buffer and 1 U
of Taq. DNA polymerase (Gibco-BRL).

7. Products are resolved by electrophoresis in a 1% (w/v) agarose gel as shown in Figure

20.

Shmac Cell-Lines

The Shmac series of prostate epithelial cell lines were derived from a sequential series of

tissue biopsies, grown as explants in primary culture as described above and infected with E6
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retrovirus as described in Maitland et al (2001). Individual populations selected by drug
(G418) resistance are not immortal (like PAE6) but have an extended life span.

Immortalisation and culture of cell lines

Shmac 2, 3 and 6 cells were derived from benign prostatic hyperplasia. Shmac 4 cells were
derived from a well differentiated tumour (1+2) and Shmac 5 from a moderately
differentiated tumour (3+3). P4E6 was immortalised from prostate epithelial cells derived
from a well differentiated tumour, Gleason score 4 [Maitland et al 2001]. Epithelial cell lines
were routinely cultured in keratinocyte serum free media supplemented with 2 % foetal calf
serum (PAA Laboratories, GmbH, Linz, Austria), 5 ng/ml epidermal growth factor and 25
ng/ml bovine pituitary extract (K2).

STO cells (mouse embryonic fibroblast cell line) were obtained from the European Collection
of Animal Cell Cultures (Porton Down, UK) and were routinely cultured in DMEM culture
media supplemented with 10 % foetal calf serum and 2 mM glutamine. All cells were

routinely cultured without antibiotics in a humidified atmosphere at 37 °C and 5% CO,.

Cell Morphology and Growth assay of Shmac Cell-Lines

Phase images were observed with a Nikon TE300 inverted microscope and captured with a
JVC 3-CCD video camera. Images were subsequently prepared using Adobe Photoshop 4.

For growth assays cells were prepared at a concentration of 10* cells/ml in appropriate growth
media. 200 pl of cell solution was then added to the well of a 96 well plate. Cells were media
changed or counted every 3 — 4 days. Cell counts were performed by haemocytometer after

trypsinisation. Cell solutions were diluted with trypan blue and viable cell counts taken.

Invasion and motility assays for Shmac Cell-lines

Both assays were performed as detailed in Lang et al, 2000. Briefly, motility was measured by
observing an epithelial cell colony of approximately 8-16 cells. Phase contrast images were
captured every 4 minutes for 8 hours using a JVC video camera, and recorded on computer

using a Scion Image CG7 frame grabber [Scion Corporation, Frederick, Maryland, USA]).
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Motility was scored by assessing membrane ruffling, pseudopodial and translative movement,

based on the method of Mohler et al, 1988.

Invasion was measured by counting the number of epithelial cells invading Matrigel (Becton
Dickinson, Oxford, UK) coated cell culture inserts (8 um pore, Becton Dickinson) in serum
free medium. Inserts were placed in 24 well plates which contained confluent cultures of STO
stromal cells. Epithelial invasion was measured overnight, after which the inserts were
removed and crystal violet was used to stain and count the cells which had invaded to the

underside of the insert.

Isolation of CD44+ Epithelial Cells

Single cell suspensions of primary prostatic epithelia (10° cells) were labelled with 2.5 ug
anti-CD44 (Pharmingen, Becton Dickinson UK Ltd., Oxford, UK) for 5 mins at 4°C and then
washed extensively using PBS supplemented with 2mM EDTA and 0.5% (w/v) BSA.
Antibody was then linked to 20 pl goat anti-mouse MACS microbeads (Miltenyi Biotec Ltd.,
Bisley, UK) at 4°C for 15 mins, the cells were again washed extensively after which they
were added to a MACS column and the labelled basal cells were eluted and resuspended in

appropriate culture media (basal cells formed 10-43% of the total epithelial cell population).

Cell Culture in Matrigel

Epithelial cells were prepared at a concentration of 60 000 cells/ml in KSFM. On ice they
were mixed 1:1 (v/v) with Matrigel (Becton Dickinson, Oxford, UK) and 0.25 ml aliquots
were subsequently plated into 24 well plates. The Matrigel was set by incubating at 37 °C for
30 mins. For experiments requiring stromal co-culture, stroma was pre-grown onto cell
culture inserts, these were then placed on top of the Matrigel/epithelial cell mix (illustrated in
figure 1). 1 ml of required growth media was added to each well and cells were thereafter
medium changed every 3 days, by the removal of 0.5 ml of spent media and the addition of
0.5 ml of fresh media. Equivalent batches of Matrigel were used throughout. Phase images
were observed with a Nikon TE300 inverted microscope and captured with a JVC 3-CCD

video camera. Images were subsequently prepared using Adobe Photoshop 4.
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Transmission Electron Microscopy

Cells growing in Matrigel were washed twice with phosphate buffered saline (PBS) and then
fixed for 1 hour at room temperature in 100 mM phosphate buffer, 4% paraformaldehyde
(TAAB, UK) and 2.5% Ultrapure glutaraldehyde. Cells were further processed for electron
microscopy as described by Allen and de Wynter (46). Thick sections were cut at 1 pm and
stained with 0.6% toluidene blue in 0.3 % sodium bicarbonate. 70 nm sections were cut and
stained with saturated uranyl acetate in 50% ethanol followed by Reynolds lead citrate and

observed with a Jeol JEM 1200 Ex transmission electron microscope.

Fluorescent Immunostaining

Cells grown in Matrigel were snap frozen in liquid nitrogen after embedding the gel in OCT
Compound (BDH, Poole, UK). Embedded gels were stored at -20 °C. 7 um sections were cut

on a Leica cryostat and mounted onto Super frost microscope slides (BDH).

Immunostaining was carried out according to table 2. Antibodies were prepared in PBS
supplemented with 1% bovine serum albumin. Each step was followed by three washes in
PBS. Primary antibodies were incubated at room temperature for one hour and secondary
antibodies for 30 minutes. Spheroids were counter stained with 1 ug/ml DAPIL Coverslips
were mounted to slides using Cityfluor (Agar Scientific Limited, Stansted, UK).
Immunostained cultures were observed and photographed using a Nikon Eclipse TE300
fluorescent microscope. Digital images were subsequently prepared using Adobe Photoshop

4.

Confocal Microscopy

Samples embedded in OCT were sectioned at 20 um and inmmunostained as described
above. Sections were then observed at 1 pm layers using a MRC1000 Biorad Confocal

Microscope (Hemel Hempstead, UK).
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EXAMPLE 1

Seven day cultures of non-malignant prostatic epithelia were seeded as single cells directly
into Matrigel, and in the presence of KSFM, the single cells developed into spheroids which
were irregular in shape (figure 1a). TEM demonstrated that these spheroids were solid masses
of both cuboidal and stratified cells and their appearance was consistent with a hyperplastic
growth (figure 1b). In the centre of the spheroid there was evidence of necrosis. The central
stratified/cuboidal cells had very tight cell to cell contacts (figure 1c) whereas the outer
cuboidal cells contacted each other much more loosely, had relatively sparse cytoplasms and
elongated nuclei with prominent nucleoli. High power magnification indicated there were
multiple junctional complexes consistent with desmosomal-like and tight junction-like cell
contacts, present between both cell types (examples shown in figure 1c). The presence of
oestrogen, dihydrotestosterone or media conditioned by prostatic stromal cultures did not

affect the morphology (results not shown).

Addition of 2% serum to the media led to the spheroids appearing less dense (figure 2a),
TEM indicated this was due to the spheroids developing lumen (figure 2b). The spheroids had
1/2 epithelial cell layers and were cuboidal or columnar in shape. Microvilli were observed at
the luminal edge of the epithelium but other signs of polarisation were not evident. Golgi
bodies, secretory vesicles and stacked rough endoplasmic reticulum (RER) were all present,
consistent with a secretory function. No basal lamina was observed and few junctional
complexes were observed. Serum was included in these experiments to support stromal

growth.

Research has shown that stroma, oestrogen and dihydrotestosterone are required to induce
prostate epithelial differentiation (Bayne, Donnelly, Chapman, Bollina, Buck, & Habib.
1998)). The addition of these factors plus serum to epithelium growing in Matrigel led to the
formation of compact spheroids which were regular in shape (figure 3a). TEM demonstrated
the spheroids were similar to in vivo acini since they contained lumen surrounded by one or
two epithelial cell layers which were closely organised and columnar (figure 3b). Higher
magnification (figure 3c) indicated the cells were polarised, such that microvilli, golgi and
secretory vesicles were organised to the luminal side whilst nuclei were predominantly basal.

Golgi were consistently large and stacked RER was evident. No intact basal lamina was
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visible though a greater number of junctional complexes (desmosome-like and tight junction-

like) were visible laterally and were predominantly toward the lumen.

This experiment was carried out in parallel on three different epithelial cultures (B, C, D).
The results were similar for all, however only sample C (shown in figures 1-3) demonstrated
a high degree of polarisation in the presence of stroma (figure 3b). Samples B and C produced

lumen containing spheroids with columnar or cuboidal epithelium but no polarisation.

Table 1 summarises all repeat experiments in K2, DHT, Oes and stroma. Overall experiments
in these culture conditions showed evidence of columnar polarised epithelia in 2/4 examined
epithelial samples (C, J). In two separate experiments spheroids did not grow in serum free
conditions (samples F and G). Growth in 2% serum consistently led to the formation of
spheroids with lumen (5/7 samples) where it did not there was no growth (sample F) or there
was irregular spheroid formation (sample G), as illustrated in figure 1. The sample showing
no growth, produced spheroids only in the presence of stroma and in this instance the
spheroids were irregular. The sample which produced irregular spheroids in 2% serum,
produced lumen in the presence of stroma but the epithelia were cuboidal, columnar and
stratified, with no evidence of polarisation. Subsequently, TEM analysis of polarisation was

only carried out if compact acinus-like spheroids were observed.

Basal epithelium in the prostate express CD44 (25) and may represent a candidate epithelial
population more likely to differentiate in Matrigel culture. Therefore, we selected CD44
positive epithelium from four (of seven) prostate epithelial preparations (F, G, I, J). No
noticeable differences were observed in spheroid formation or morphology in comparison to
those produced from whole epithelial populations (samples B, C, D). However, CD44
negative epithelial populations showed no growth within Matrigel (results not shown).

Two of the samples (B, F) formed budding and ductal structures when grown in K2, DHT,
OES and stroma, a further two (D, G) also exhibited such morphologies when grown without
stroma (examples shown in figure 4). All samples which produced budding and ductal
structures were accompanied by stratified epithelia. Since epithelia are not normally stratified

in prostatic duct or acini we concentrated our studies on the acinus-like spheroids.
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EXAMPLE 2

The presence of stromal cultures was found to significantly increase the spheroid forming
efficiency of epithelial samples. Figure 5 indicates that approximately equal numbers of
spheroids formed in KSFM and K2 (sample C). In the presence of stroma, the number of
spheroids formed approximately doubled, and further increased with the addition of oestrogen
and dihydrotestosterone. Two other samples (B and D) examined in parallel, showed
increased spheroid formation only in the presence of stroma (approximately double), but
hormones had no further effects. Increased spheroid formation in the presence of stroma was
reproduced on three further samples examined on separate occasions (F, G, J). In addition,
presentation of the stroma in the co-culture was examined by comparing stroma within an
insert to that directly mixed with epithelia in the Matrigel, or added to the top of a preset gel.
Our results indicated that stroma co-cultured within an insert produced maximal spheroid
formation. In addition, the different ways of presenting stroma had no effect on spheroid
morphology (results not shown). We also observed that the use of epithelial cells from 7 day
explants rather than freshly isolated led to greater spheroid forming efficiency and that the

spheroids subsequently produced maintained in culture for longer periods (results not shown).

EXAMPLE 3

The size and type (irregular or acinus-like) of epithelial spheroids forming within Matrigel
varied between samples (summarised in table 1). However we consistently observed that
stromal co-cultures predominantly produced smaller sized spheroids. Figure 6 shows that,
after 1 week in Matrigel and K2, equivalent numbers of 0.1 mm and 0.2 mm diameter
epithelial spheroids had grown (22 cells/field did not form spheroids but remained as single
cells). In total, an average of 30 spheroids/ field formed. In the presence of primary and cell
line stroma 36 and 43 total average spheroids/field, formed respectively, but were

predominantly 0.1 mm in diameter. Notably, co-culture with STO cells led to greater numbers

- of spheroids forming.

EXAMPLE 4
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Spheroids were sectioned and stained by fluorescence immunohistochemistry to compare the
phenotypic profiles of those grown in serum free conditions to those grown with sera, stroma
and hormones. The spheroids were phenotyped by investigating a variety of differentiation
markers. Luminal prostatic epithelium were identified using; cytokeratin 18 and prostate
specific antigen (PSA) (Nagle. 1996)), whilst basal epithelial cells were identified using;
basal cytokeratin (1,5,10,14), CD44 and 1 integrin (Knox, Cress, Clark, et al. 1994)).
Vimentin was analysed since it can reflect differentiation (Iwatsuki, Sasaki, Suda, & Itano.
1999). Androgen receptor, PSA and prostate specific membrane antigen (PSMA) served as
functional differentiation markers (30, 31). Finally, the cell adhesion molecules, E-cadherin
and desmoglein were also analysed. The results are summarised in table 2 and examples of
each stain are shown in figures 7, 8, and 9. Intermediate filaments stained at similar
intensities between the different spheroid types (table 2). However, localisation of
cytokeratins 18 and 1,5,10,14 varied between the different spheroids (figure 7). Spheroids
grown in the presence of KSFM showed expression of cytokeratins 1,5,10,14 in the epithelia
at the outer edge of the spheroid, whilst cytokeratin 18 was expressed independently by the
cells in the middle of the spheroid. Spheroids grown in the presence of serum and/or stroma
were predominantly cytokeratin 18 positive but also co-localisation of cytokeratins 18 and
1,5,10,14 was observed. PSA was strongly expressed in all the spheroids, but, expression was
polarised (towards the lumen) in spheroids grown in the presence of stroma (figure 8). PSMA
was strongly expressed by all spheroid types, but expression was stronger in the outer cells of
spheroids grown in serum free conditions (figure 9). Androgen receptor was only weakly
detected in spheroids grown with stroma (figure 9). E cadherin and desmoglein were
expressed by all spheroids at cell to cell contacts. CD44 and Bl integrin were likewise
strongly expressed by all spheroids at the cell membrane, but noticeably both markers were
only expressed by the outer cells of spheroids grown in serum free conditions. In addition, p1

integrin expression was strongly polarised (basally) in the presence of stroma (figure 8).

The present study demonstrates for the first time that human primary prostate epithelium
seeded into Matrigel can form acinus-like structures in the presence of stroma, androgen,
oestrogen and serum. These acini show a high degree of functional (PSA+/PSMA+/androgen
receptor+) and morphological differentiation consistent with human prostatic acini in vivo.

This represents a very useful model with which to study prostatic biology and will
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complement existing animal models (Hayward, Rosen, & Cunha. 1997)) by reducing the

complexity inherent in such systems.

PSA expression can be induced by Matrigel alone (shown here) or stroma alone (Bayne,
Donnelly, Chapman, Bollina, Buck, & Habib. 1998)). Induction of PSA expression by
epithelium without stroma indicates that epithelial differentiation is partly inherent. In our
model, both Matrigel and stroma were clearly required to induce architectural organisation,
androgen receptor expression and polarised secretion of PSA. Previously, androgen receptor
expression in human primary prostate has been observed in both epithelia and stroma when
co-cultured together but not in isolation (Bayne, Donnelly, Chapman, Bollina, Buck, &
Habib. 1998), emphasising the importance of both cell types for terminal epithelial
differentiation. The requirement for stroma to induce the correct architectural organisation
has previously been demonstrated in mouse models (32). Our results also found that stromal
co-culture produced greater numbers of small spheroids, which may indicate that the stroma
and hormones either reduced growth or increased adhesion (thereby compacting the cells into
a smaller spheroid). Stroma was clearly important for increasing spheroid forming efficiency.
The ability of stroma to double spheroid forming efficiency suggests that stroma can recruit
more epithelia to form spheroids. It is possible that epithelium in isolation can form spheroids
if they have already received signals to differentiate but are then unable to undergo proper
differentiation. The factors governing these differentiation pathways are unknown. One
stromal derived factor, hepatocyte growth factor was found to increase the growth of primary
lung epithelium and also increase the numbers of spheroids formed in Matrigel two-fold (Sato
& Takahashi. 1997). Hepatocyte growth factor is clearly worth further investigation in our

own model system.

The addition of unknown serum factors to Matrigel went some way to producing the correct
morphological organisation of spheroids into acinus-like structures, but stromal co-culture
was required for greater differentiation. Experiments examining the behaviour of primary
mammary epithelium cultured in Matrigel alone found that breast specific proteins can also
be expressed (Chen & Bissell. 1989)5). However, breast epithelial spheroids can be grown in
Matrigel and demonstrate both functional and morphological differentiation in the presence of
serum and hormones alone (Barcellos-Hoff, Aggeler, Ram, & Bissell. 1989). Stromal co-

culture systems increased differentiation, and, in agreement with our own results, produced
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alveolar morphogenesis rather that ductal (Darcy, Zangani, Shea-Eaton, et al. 2000). Breast
studies have shown that differences in growth factor/ kinase receptor activation can account
for alveolar or ductal morphologies (Niemann, Brinkmann, Spitzer, et al. 1998). Recent
studies indicate that a complex mix of growth factors and hormones can override the need for
serum when breast epithelium is grown in Matrigel with stromal co-culture (Darcy, Zangani,
Shea-Eaton, et al. 2000), and such studies are clearly now required to understand the
important factors in prostatic differentiation. Stromal co-culture is also required for the
induction of functional and morphological differentiation in other organ models, such as
ovarian epithelium (Ohtake, Katabuchi, Matsuura, & Okamura. 1999). The differentiation of
urothelium in collagen matrix is also dependent on the formation of a basement matrix
specifically driven by stromal interactions, and not by soluble stromal factors (Fujiyama,
Masaki, & Sugihara. 1995). The breast and ovarian models discussed above all found
evidence of a complete basal lamina forming beneath the epithelium, whilst our results found
only an incomplete basal lamina suggesting that Matrigel alone was sufficient to induce
differentiation, a phenomenon also reported with rat prostate (Ma, Fujiyama, Masaki, &

Sugihara. 1997).

Previous attempts to produce the prostatic model described here have failed to produce
morphological differentiation, most likely due to the absence of stromal cultures. Early
attempts using primary rat epithelia (Freeman, Bagli, Lamb, et al. 1994) and more recently
human primary epithelia (Hudson, O'Hare, Watt, & Masters. 2000) both successfully grew
spheroids in serum free media and in both instances spheroids of solid cells exhibiting a
phenotype of hyperplastic growth were produced. Such morphologies were evident even in
the presence of soluble stromal factors and the expression of androgen receptor (Hudson,
O'Hare, Watt, & Masters. 2000). In contradiction of this, prostatic cell lines can undergo
morphological and functional differentiation in Matrigel when plated without stroma
(Webber, Bello, Kleinman, & Hoffman. 1997), suggesting the immortalisation process can
override the requirement for stromal cells to induce full differentiation as described here. The
importance of mesenchyme for epithelial differentiation is fundamental and has been
demonstrated by numerous animal studies (Timms, Lee, Aumiiller, & Seitz. 1995)17).
Mesenchyme from different origins can induce epithelia to differentiate along different
pathways. For example urogenital mesenchyme can induce bladder epithelium to undergo

prostatic differentiation, indicating the potential existence of a urogenital stem cell (39). More
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recently, a greater contribution of stroma towards the development of disease is being
considered. Studies have shown that stroma from different reproductive states of the of the
breast (Bemis & Schedin. 2000) or prostate tumours (Lang,SH., Stower,M. and Maitland,NJ.
(2000) In vitro modelling of epithelial and stromal interactions in non-malignant and
malignant prostates. British Journal of Cancer 82(4): 990-997 , Hall, J., Maitland, N.J.,
Stower, M., Lang, S., (2001) Primary Prostate Stromal Cells Modulate the Morphology and
Migration of Primay Prostate Epithelial Cells in Type 1 Collagen Gels. Cancer Research 62:
58-62) can modulate invasion and motility of the epithelium, characteristics clearly important
for cancer progression. Our model will provide a useful tool for studying how epithelial/

stromal interactions contribute towards cancer progression.

The formation of spheroids in Matrigel in the presence of serum had distinct effects on the
phenotypic profile of the epithelium. Spheroids grown in serum free media showed two
distinct cellular compartments. The outer cells of the spheroid were basal in morphology and
phenotype (cytokeratin 1,5,10,14+/cytokeratin 18-/CD44+/B1 integrint), whilst the central
cells were intermediate (cytokeratin 1,5,10,14+/cytokeratin 18+/CD44-/B1 integrin-) or
luminal in phenotype (cytokeratin 1,5,10,14-/cytokeratin 18+/CD44-/B1 integrin-). The
presence of PSA in all the cell populations indicates that the basal-like cells are more likely
early intermediate in phenotype. These serum free spheroids are similar to those previously
produced by Hudson et al (21) and also to the budding structures produced in monolayer
culture by van Leenders et al (42). Phenotypically the spheroids produced in serum free
conditions are more similar to in vivo acini since they contain separate cellular compartments
(basal and luminal-like layers). The lack of lumen and columnar, luminal epithelium means
they are morphologically dissimilar. Spheroids grown in the presence of serum, hormones and
stroma produced spheroids which are morphologically very similar to in vivo acini.
Phenotypically they show intermediate (cytokeratin 1,5,10,14+/cytokeratin 18+/PSA+/AR+)
or luminal-like (cytokeratin 1,5,10,14-/cytokeratin 18+/PSA+/AR+) epithelial profiles but the
presence of a distinct basal layer is lost. The presence of androgen receptor and a more
complete morphology indicates these spheroids are more differentiated than those grown in
serum free conditions. It is possible that the majority of spheroids (grown under any
conditions) are derived from early basal cells and only a few are derived from stem cell
populations. Those derived from early basal cells would have the capacity to differentiate but

not replace a basal cell population. Those elusive spheroids derived from stem cells may
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therefore contain basal and luminal cells in a morphologically differentiated spheroid. It is
highly likely that a proportion of the primary epithelium used in these studies were stem cell-
like (or early basal cells) since they were proliferative and pluripotent (capable of producing
both basal and luminal cells, stratified, columnar or cuboidal cells and also acinus-like or
duct-like structures). Spheroids derived from CD44+ (basal) cells certainly gave rise to
PSA+/cytokeratin 18+/CD44- (luminal) cells. This study provides further evidence for the
hierarchical relationship in which basal and luminal cells are linked in a precursor progeny
relationship. The heterogeneous expression of several markers of basal and luminal cells
suggest that the putative stem cell population, reside within the basal layer and give rise to
intermediate cells (cytokeratin 1,5,10,14+/cytokeratin 18+/PSA+) and terminally
differentiated cells (cytokeratin 18+/PSA+/AR+).

Our experiments showed a variation between tissue samples. This is not unexpected given the
diversity of tissue samples and the heterogeneous nature of prostatic disease. Indeed this type
of analysis will bring us closer to the phenotype of prostate tumours than the analysis of a few
cell lines. The age of the patient from which the tissue was obtained also plays a role in
culture. In our experiments (table 1) culture of tissue from 70-90 year olds was less successful
than that from younger patients (54/57 years old). This may indicate that the model requires a
viable stem cell population, since stem cells will be more predominant in younger tissue.
Thus our future studies will concentrate on the use of younger tissue whilst trying to analyse

the contribution of age and stem cell populations to the formation of acinus-like structures.

EXAMPLE 5

Morphology of cell lines in monolayer

All the cell lines showed a typical epithelial morphology, which was round or cuboidal and
became cobblestone-like when confluent (figure 11). Untypically, all cell lines also showed
the presence of pseudopodial extensions in a percentage of the cell population, particularly
when subconfluent. Shmac 2 cells were notable for having a stringy and vacuolated
appearance. Shmac 3 cells were the largest in appearance. Shmac 4 cells were notable for the

appearance of blebs at the cell membrane.

32



10

15

20

25

30

35

WO 03/014334 PCT/GB02/03675

EXAMPLE 6

Growth in monolayer

Shmac 3 cells did not grow successfully beyond 3 or 4 passages after immortalisation, thus
further experiments were not attempted. Shmac 2 cells were not used beyond passage 10,
whilst Shmac 4,5,6 and P4E6 were not used beyond passage 15. Figure 12 indicates the
growth of all other cell lines in K2 over a period of 17 days. Overall Shmac 6 and P4E6 grew
very quickly and soon reached confluence. Doubling times were just over 24 hours for P4E6
and 48 hours for Shmac 6. Shmac 5 cells grew slowly to start with a doubling time of
approximately 5 days but then grew more quickly to confluence. Shmac 2 and 4 grew very

slowly and did not reach confluence after the 17 day culture period.

EXAMPLE 7

Invasion and motility of cell lines

The potential metastatic ability of the Shmac cells was investigated by measuring their
motility and invasive ability, in vitro. Shmac 5 was the only cell line capable of invasion
through a Matrigel coated insert. MDA-MB-231 and P4EG6 cells were included as positive and
negative controls respectively. In contrast, all cell lines showed high levels of motility, though
this was mainly confined to ruffling of the cell membrane. Shmac 4 cells showed lots of
translation as a scattered colony, whilst only Shmac 5 and 6 were capable of individual cell
translation. The invasion and motility of P4E6, PNT2-C2 and PC-3 have been measured

before (Lang et al, 2001 ) but were included for comparison.

EXAMPLE 8

Phenotype of cell lines in monolayer

The cellular phenotype of the cell lines was determined by immunocytochemistry. We
examined a standard variety of cellular markers, as previously reported {25970}. Cytokeratins
1,5,10,14, the 1 integrin family and CD44 are all markers of basal prostatic epithelium,
whilst cytokeratin 18, prostate specific antigen (PSA), prostate specific membrane antigen
(PSMA) and androgen receptor are all markers of luminal or functionally differentiated

prostate epithelia. In addition the cell adhesion marker, E-cadherin and mesenchymal marker
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vimentin were also investigated. The results for all Shmac cells are summarized in table 2
(P4E6 are included for comparison) and an example of each stain is demonstrated for the

Shmac 5 cell line in figure 14.

All cell lines except Shmac 5 and P4E6 showed very strong cytokeratin 8 staining in the
cytoplasm. For Shmac 5 and Shmac 2 this staining was confined to roughly 50% of the cell
population and was seen most strongly expressed by cells which were uppermost in the
culture. Stronger expression was also noted for Shmac 4 and 6 in cells which were sat on
other cells in a monolayer culture. Conversely, most cell lines showed weak basal cytokeratin
staining, except Shmac 5 and Shmac 4. Vimentin staining was moderate or strong in all cell
lines. PSA expression was weak in most cell lines except P4E6 and Shmac 4 where it was
moderate. PSMA was moderate to strong in all and was expressed in the cytoplasm or located
to the cell membrane. No androgen receptor expression was detected in any cell line, though a
minority of cells may have shown weak expression (see figure 14E).The basal markers CD44
and B1 integrin were strongly expressed by nearly all the cell lines and staining was
membrane or cell to cell or cytoplasmic. Similarly E-cadherin expression was found in all cell

lines and the cell to cell expression indicated the protein was functional.

EXAMPLE 9

Growth and morphology of Shmac cell lines and P4E6 grown in Matrigel

Previous investigations of the common prostate cell lines found that only PC-3 (not PNT2-
C2, PNTla, DU145 and LNCaP) could form spheroids in Matrigel that resemble in vivo acini
(Lang et al 2001a and unpublished results). To determine what cellular factors are important
to establish in vitro acini we examined the wider range of Shmac cell lines and P4E6.
Experiments with primary cultures indicated that stromal co-culture could enhance
differentiation of the in vitro acini therefore cells were plated with and without stromal co-

culture.

Shmac 4 cells did not form spheroids large enough to form lumen after 14 days in Matrigel
culture. Stromal co-culture increased the number of spheroids forming from the culture of
Shmac 5, 6 and P4E6 (Figure 15), but had little effect on spheroid formation from Shmac 2

cells. Figures 16a and 16b show the phase images and sections of spheroids grown from cells
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plated into Matrigel after 7 —10 days in culture. Shmac 2 and P4E6 cells formed large
spheroids in the absence of stroma, sectioning revealed them to be mutilayered. Stromal co-
culture reduced their size and led to the loss of lumen. Shmac 5 and 6 cells also formed
smaller spheroids in the presence of stroma, though the differences were less apparent. Shmac
5 cells formed acinus-like spheroids both with and without stromal co-culture and had
predominantly single layers of epithelia. Examination of several sections indicated the
epithelia grown in the presence of stroma were predominantly columnar or cuboidal, whereas
culture in the absence of stroma produced cuboidal or stratified cells. Examination of single
epithelia within Shmac 5 spheroids grown with stroma indicated the cells showed luminal
polarization of microvilli, secretory vesicles and Golgi (figure 17). Golgi were notably
extensive throughout the cytoplasm. Nuclei were mainly basal in position. In addition,
desmosomal-like junctions were visible between adjacent cells. The lumen showed very little
cellular debris or necrotic cells. Shmac 5 cells grown in the absence of stroma could also
exhibit polarization of intracellular organelles, though this was less frequently observed.

Shmac 6 cells produced small spheroids which showed no evidence of lumen.

EXAMPLE 10

Phenotype of Shmac 5 Matrigel spheroids

Shmac 5 Matrigel spheroids were further investigated by immunocytochemical analysis,
results are summarized in table 3. In particular, evidence of cellular polarization was
examined (figure 18). The Shmac 5 spheroids demonstrated a phenotype very similar to
primary epithelial cell spheroids co-cultured with stroma {25970}. The outer cells of the
spheroid stained for basal cytokeratins, whilst the inner cells stained for luminal cytokeratins
or co-localised for both. Androgen receptor expression was now apparent throughout the
cytoplasm of all the cells in the spheroid, and accasionally in the nucleus. There was little
localisation of PSA expression to the lumen and little basal expression of Pl integrins.
However, CD44 did localize to the basal surface of the spheroid. PSMA expression was
cytoplasmic or membrane specific and E-cadherin was cytoplasmic or found at cell:cell

membranes indicating it was functional.
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EXAMPLE 11

Immortalisation or extended life span of E6 Transformed Prostate Epithelial Cells?

Introduction of the E6 gene into a primary prostatic cell culture serves to extend the lifespan
of the cells. For prostatic epithelium, any extension beyond passage 3-4 represents an
extension of life-span. In the initial stages, the cells are genetically stable and resemble the
original culture in morphology (see Figure 19). The cells are NOT however immortal at this
stage, and require to pass through a crisis for full immortalisation to occur. After the crisis
period, the cells are still epithelial in morphology, although certain chromosomal

rearrangements will have occurred.

The extended lifespan cells, produced after the first retroviral infection, are genetically stable,
and behave in a very similar way to the original primary cells in most of the biological assays
for up to 12 population doublings. If extremely large cell numbers are not required, then the
extended life span cells are preferable. To maintain these cells, a proportion of the culture
should be preserved by standard cryo-preservation at every passage, particularly while the

cells are proliferating.

EXAMPLE 12

Passage numbers

For most of the E6 extended life span cultures, at least 25 passages are possible after
introduction of the E6 gene and selection of cell clones. This is unpredictable, and may
depend on the age of the patient. We have seen no relationship to the tumorigenic phenotype
however. Almost inevitably, after up to 30 passages the epithelial cells enter a crisis, and a
prolonged GO phase. The essential requirement at this point is the patience to maintain the
cultures for periods up to 6 weeks, feeding essentially static and apparently dead cells.
Spontaneously immortalised cells emerge from this crisis infrequently, frequently resembling
the original culture, but with a less epithelial phenotype (expression of vimentin — a stromal

marker- is sometimes upregulated compared to the original culture)
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CLAIMS
1. An in vitro method for the formation of prostate-like acini comprising:
1) providing a cell culture vessel comprising:

a) prostate derived cells;
b) a cell culture support matrix to which the cells in (a) can attach and
proliferate;
c¢) cell culture medium supplemented serum, a stromal fraction and a suitable
ratio of the hormones oestrogen and dihydrotestosterone, or functional
derivatives thereof;
ii) providing conditions which promote the growth and differentiation of said

prostate derived cells in said vessel.

2. A method according to Claim 1 wherein said stromal fraction is provided in a
separate vessel, but in liquid contact with the other components of the supplemented

cell culture medium.
3. A method according to Claim 2 wherein said separate vessel is an insert
which allows said cells contained in said stomal fraction to proliferate but prevents

cell contact with the prostate derived cells contained in said vessel.

4, A method according to any of Claims 1-3 wherein said prostate cells are

human epithelial cells.

5. A method according to Claim 4 wherein said epthelial cells are derived from

prostate glands which have been maintained as explants for at least 7 days.

6. A method according to any of Claims 1-5 wherein said prostate derived cells

are non-cancerous.
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7. A method according to any of Claims 1-5 wherein said prostate derived cells

are cancerous.

8. A method according to any of Claims 4-7 wherein said epithelial cells are

primary prostate epithelial cells.

9. A method according to any of Claims 1-8 wherein said prostate derived cells

are genetically engineered by recombinant techniques.

10 A method according to Claim 9 wherein said prostate derived cells are

transformed with an oncogene.

11 A method according to Claim 10 wherein said oncogene is a viral oncogene.
12 A method according to Claim 11 wherein said viral oncogene is selected from
the group consisting of: Human Papilloma Virus (HPV) E6 or E7 oncogenes, SV40

T antigen.

13. A method according to any of Claims 1-12 wherein said cell culture support

is collagen based.

14. A method according to any of Claims 1-13 serum is provided at between
about 0.5%- 4% (v/v).

15 A method according to Claim 14 wherein serum is provided at about between

1%-3% (v/v).

16 A method according to any of Claims 1-13 wherein serum is provided at about
2% (v/v).
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17. A method according to any of Claims 1-16 wherein oestrogen is provided at

about 10ng/ml and dihydrotestosterone at about 107M.

18. A cell culture composition comprising a collagen based cell support; stroma,

oestrogen and dihydrotestosterone.

19. A composition according to Claim 18 wherein oestrogen is provided at about

10ng/ml and dihydrotestosterone at about 107M.

20. A prostate like-acinus formed by the method according any of Claims 1-17.

21. A cell derived from the prostate acinus formed by the method according to

any of Claims 1-17.

22. A method to identify agents capable of inhibiting the proliferation of

cancerous prostatic cells comprising:

1) providing culture conditions and at least one cancerous acinus according to
Claim 20;
ii) adding at least one agent to be tested; and

iii)  monitoring the anti-proliferative activity of the agent with respect to the cells

comprising the cancerous acinus.

23. A method to identify agents capable of inhibiting the motility of cancerous

prostatic cells comprising:

i) providing culture conditions and at least one cancerous acinus according to
Claim 20;
i) adding at least one agent to be tested; and

iii) monitoring the motility of cells comprising the cancerous acinus.

24,  An agent identified by the methods according to Claim 22 or 23.

45



10

15

20

25

WO 03/014334 PCT/GB02/03675

25.

26.

27.

A method to identify markers of prostate cell differentiation comprising:

1) providing a prostate acinus according to Claim 20; and

ii) determining the presence of a RNA or protein molecule indicative of
prostate cell differentiation.

A method to identify markers of prostate cell transformation comprising:

1) providing a prostate acinus according to Claim 20; and

i) determining the presence of a RNA or protein molecule indicative of

prostate cell transformation.

A in vitro method to analyse the development of cancerous prostatic cells

from normal prostatic cells comprising exposing acini according to Claim 20 to at

least one agent capable of inducing prostatic cell transformation.

28.

A method according to Claim 27 wherein said normal prostatic cells are

transformed with an oncogene.

29.

30.

A method according to Claim 28 wherein said oncogene is a viral oncogene.

A method according to Claim 29 wherein said viral oncogene is a human

papilloma virus oncogene.
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Table 2. Immunofluorescent phenotype of primary prostate epithelial spheroids grown in Matrigel

Marker KSFM K2 K2+S+DO
Cytokeratin 18 ++° ++ ++
Cytokeratin ++° ++ ++
1,5,10,14

Vimentin + + +
PSA + A+ ]
PSMA +++° +++ +++
androgenreceptor - - +
E-Cadherin ++ ++ ++
Desmoglein ++ ++ ++
CD44 +++° +4++ ' +++
B1 integrin 40 +++ ‘ +++°

Abbreviations used were: +, weak staining; ++ moderate staining; +++ strong étaining; 1, luminal; b, basal; o, outer

cells; ¢, central cells
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Table 3. Antibodies and Procedures for Fluorescent Immunostaining

Antigen Clone/sera Supplier Dilution Secondary
procedure

Cytokeratin 18 CY90 Sigma 1:20 -

(FITC conjugate)

Cytokeratin 34BE12 Dako 1:50 RB, SF

1, 5,10, 14

Vimentin VIM 13.2 Sigma 1:200 RF

PSA rabbit Dako 1:20 SB, SF

PSMA PSM-P12 IM Villete 1:100 RF

androgen receptor NCL-AR-318 Novocastra 1:50 RB, SF

Desmoglein CBL 174 ) Cymbus 1:10 RB, SF

Biotechnology

E-Cadberin HECD-1 R&D 10 pg/ml RB, SF

p1 integrin sc-9970 Santa Cruz 2 pg/ml RF

CD44 F10 44-2 Novocastra 1:10 RB, SF

Abbreviations are as follows: RF = 1:30 dilution of FITC conjugated rabbit anti mouse; RB = 1:300
dilution of Biotinylated rabbit anti- mouse; SF = 1:50 dilution of FITC conjugated streptavidin; SB

= 1:300 dilution of Biotinylated swine anti-rabbit.
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Table 4: Motility of the Shmac cell lines
Cell Line Ruffling Pseudopods Translation Motility Index
Shmac 2 2 1 1 4
Shmac 4 3 1 3 7
Shmac 5 3 1 1+1 6
Shmac 6 3 1 1+1 6
P4E6 2 3 3+2 10
PC-3 2 1 2 5
PNT2-C2 1 0 0 1

Motility was scored as follows: Ruffling, 1,2 or 3; Pseudopodial movement, 0,1,2,3,or 4; translative movement as a

colony, 1,2 or 3 and individual cell translation +1 or +2. For details see Lang ét al 2000.
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Table 5: Phenotype of E6 transformed cell lines in monolayer

PCT/GB02/03675

Shmac 2 Shmac 4 Shmac 5 Shmac 6 P4E6
Cytokeratin 18 | +++50%*uc | +++c ++ 50%,u,c +H+c ++c
Cytokeratin +¢ ++ ¢ ++c +c +c
1,5,10,14 :
Vimentin ++c ++c ++c ++c +++c
PSA +c ++c +c +c ++c,m
PSMA +++c,m +++c ++c ++c,m ++c
AR - - - - -
B1 integrin +++c,m,c:c +++ c,m,c:c ++ c,m,c:c +++ c,m,cic +++ mycic
CD44 +++ c,m,c:c +++cm,cic +++ c,mycic +++ ¢,m,c:c ++m
E-cadherin +c,cic ++¢,cic ++ c,cic +c,cic +c

*100% of the cell population show positive staining unless noted

abbreviations used were: u=upper cells; ¢ = cytoplasmic; m = membrane; c:c = cell to cell interface

Intensity of staining was: +++ high; ++ moderate; + weak.
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Table 6: Phenotype of Shmac 5 in Matrigel

Shmac 5
Cytokeratin 18 | ++ic
Cytokeratin ++o,c
1,5,10,14
Vimentin +c
PSA ++c,m
PSMA ++cm
AR ++c
B1 integrin ++c,cic
CD44 ++¢,b
E-cadherin ++c,cic

abbreviations used were: i=inner cells; ¢ = cytoplasmic; o=outer cells; m = membrane; c:c = cell to cell interface;

b=basal.

Intensity of staining was: +++ high; ++ moderate; + weak.
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