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In vitro modelling of epithelial and stromal interactions
in non-malignant and malignant prostates

SH Lang 1, M Stower 2 and NJ Maitland 1

1Yorkshire Cancer Research Unit, Department of Biology, University of York, Heslington, York YO10 5YW, UK; 2Department of Urology, York District Hospital,
Wigginton Road, York YO31 8HE, UK

Summary To study the effects of stromal epithelial cell interactions on prostate cancer metastasis, we have used primary human prostatic
stromal cells derived from malignant and non-malignant tissues and established epithelial cell lines from normal (PNT1a and PNT2-C2) and
tumour (PC-3, DU145 and LNCaP) origins. The effects of stromal cells on epithelial cell growth were studied in direct and indirect (using
culture inserts) co-culture and by exposure to stromal cell-conditioned medium (assessed by MTT assay). The influence of stromal cells on
epithelial cell invasion was measured using matrigel invasion chambers and on epithelial cell motility using time lapse microscopy. Results
indicated that epithelial cell line growth was similarly unaffected or inhibited by stromal cells derived from malignant (n = 8) or non-malignant
tissue (n = 8). In contrast, PNT2-C2 and PC-3 cells were found to be the least and the most invasive and motile epithelia respectively. Stromal
cultures enhanced the invasion of both epithelial cells, but no differences were observed between the use of malignant and non-malignant
tissues. All stromal cultures modestly stimulated PNT2-C2 motility but displayed a greater stimulation of PC-3 cell motility, while stromal cells
derived from malignant tissue stimulated PNT2-C2 and PC-3 cell motility more than stromal cultures from non-malignant tissues. © 2000
Cancer Research Campaign
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Prostate cancer is the most common form of male cancer in
Western world (Dijkman and Debruyne, 1996). It is thought t
most elderly men have foci of prostate cancer but most of t
tumours are latent and only a few patients will develop life-thr
ening disease. Individual patients can have multiple tumour 
of which only one or a few will actually progress to a metast
stage. At present there are no means with which to identify w
tumours will progress and thus require interventive measu
Early development of prostate epithelial cells is dependent on
prostatic mesenchyme. Since tumour cells are often consider
have reverted to a more primitive developmental stage (du
their motile and invasive nature) they may also be regulated b
prostatic stroma/mesenchyme. Such a hypothesis has 
discussed by Hayward et al (1997). Indeed, studies have s
that tumour-derived fibroblasts can alter the morphology
epithelial cells in vitro to a more malignant phenotype (Atula e
1997).

Studies investigating the interactions between prostatic str
and epithelia have produced conflicting data. In vitro models h
shown that primary cultures of prostatic stromal cells can sti
late epithelial growth derived from normal and malignant tis
(Kabalin et al, 1989) but also that prostate fibroblasts derived f
normal and malignant tissue inhibit or have mixed effects
epithelial growth (Konig et al, 1987; Kooistra et al, 1995a;
Degeorges et al, 1996). In vivo models indicate that whilst
prostate tumour fibroblasts can stimulate LNCaP tumour 
growth, embryonic mouse fibroblasts had no effect (Camps e
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1990; Gleave et al, 1991). Extensive studies have not been ca
out with the latter model to establish whether or not tumour form
tion was stimulated by prostate tumour fibroblasts only. Th
studies did not establish whether the increased tumour forma
was due to increased tumour cell proliferation or whether ot
factors important for metastasis were involved.

Our interest lies in looking for changes to epithelial–strom
interactions in the early stages of prostate cancer metastasis. 
light of previous work, we initially looked at the effects of strom
cell cultures on epithelial cell growth. Since prostate cancer 
very heterogeneous disease in both its presentation in the po
tion and in its focal and cellular nature (MacIntosh et al, 1998),
decided to analyse whether or not this heterogeneity explains
conflicting results generated so far and whether any overall tre
could be established. Therefore we analysed the effects of se
primary stromal cultures derived from malignant and non-ma
nant prostate tissues on the growth of immortal prostate epith
cell lines, also derived from malignant and non-malignant tissu
In addition we wanted to extend the study from growth assays
investigate the effects stromal cultures had on cellular charact
tics important for metastasis (invasion and motility). Such stud
were devised to help understand the differences occurring betw
in vitro and in vivo assays.

MATERIALS AND METHODS

Epithelial cell line culture

PNT-1a and PNT2-C2 are normal, immortalized prostate epithe
cell lines (Berthon et al, 1995). Both are routinely cultured
RPMI-1640 (Life Technologies, Paisley, UK) culture mediu
supplemented with 10% fetal calf serum (FCS). Maligna
prostate epithelial cell lines, PC-3, DU145, LNCaP (fast grow
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Prostate epithelial:stromal interactions 991
clone) and MDA MB 321 (breast carcinoma) were obtained fr
the European Collection of Animal Cell Cultures (Porton Dow
UK). DU145 LNCaP and MDA MB 231 cells were routinel
cultured as for the normal epithelial cell lines, whilst PC-3 ce
were cultured in Ham’s F12 (ICN, Basingstoke, UK) cultu
medium supplemented with 7% FCS (Life Technologies). All ce
were grown routinely in antibiotic-free media at 37°C in 5%
carbon dioxide.

Primary stromal cell culture

Stromal cultures were prepared and characterized as desc
before (Lang et al, 1998). Briefly, a cell pellet enriched for fibr
blasts was produced from prostatic tissue (obtained by tra
urethral resection or prostatectomy) by collagenase digestion
differential centrifugation. Whenever possible ‘tumour strom
was derived from the excision of obvious malignant nodules fr
a piece of tumour tissue. The enriched stromal fraction was re
pended in stromal cell growth medium (RPMI-1640 mediu
supplemented with 10% FCS and 1% antibiotic/antimycotic so
tion) and used to produce equivalent stromal cell cultures in 75
tissue culture flasks and 24-well culture plates, as required. 
ensured that all the stromal cell cultures were not passaged an
could be characterized and comparative studies made.

Stromal characterization

Cultures of stroma were prepared in 24-well plates, washed twic
phosphate-buffered saline (PBS) and then fixed in methan
acetone (1:1) for 10 min. Cultures were blocked for 30 min w
0.3 ml Tris-buffered saline (TBS) supplemented with 1% bov
serum albumin (BSA) and 5% rabbit serum. Individual wells we
incubated with either 0.3 ml TBS supplemented with 1% BSA,
1/200 anti-vimentin (Sigma, Poole, UK), or 1/3200 anti-pan cyto
eratin (Sigma), or 1/400 anti-smooth muscle actin (Sigma). A
washing twice with TBS all wells were incubated with 1/30
biotin-labelled rabbit anti-mouse (Dako, High Wycombe, UK
for 30 min, followed by peroxidase streptavidin ABComple
(Dako, prepared to manufacturer’s instructions) followed by 5 m
with 3,3′ diaminobenzidine tetrahydrochloride (DAB; Sigma
solution.

Collection of stromal culture conditioned medium

Confluent cultures of stromal cells were prepared in 75 ml flas
These were washed with PBS and then incubated with 15 m
serum-free medium Dulbecco’s modified eagle’s mediu
(DMEM)/F12 (Life Technologies) supplemented with 10µg ml-1

insulin, 5µg ml–1 transferrin and 1 ng ml–1 selenium), for 48 h. The
conditioned medium was removed, filtered (0.2µm pore) and
frozen at220°C until required.

Direct co-culture of epithelial and stromal cells

Confluent stromal cultures were prepared in 24-well plat
medium was aspirated and replaced with 0.5 ml of stromal 
growth media. Then 0.5 ml of an epithelial cell solution (104 cells
ml–1 prepared in stromal cell growth media) was added to e
well of stromal cells and left to grow for 5 days. Control we
were established of stromal cultures alone, epithelial cells a
© 2000 Cancer Research Campaign
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and tissue culture plastic alone. Each experiment was don
triplicate. Epithelial cell number was evaluated by cytokera
enzyme-linked immunosorbent assay (ELISA) as follows. C
cultures were washed twice in PBS and then fixed 
methanol–acetone (1:1) for 10 min. Cultures were blocked 
30 min with 0.35 ml PBS supplemented with 1% BSA and 5
rabbit serum and then incubated with 0.35 ml of 1/3200 anti-
cytokeratin (Sigma) for 1 h. Cultures were washed twice with P
supplemented with 0.2% BSA and then incubated with 0.35 m
1/300 biotinylated rabbit anti-mouse (Dako) for 1 h. Cultures w
washed as before, then incubated with 0.35 ml of 1/1000 stre
vidin β galactosidase (Boehringer Mannheim, Lewes, UK) 
30 min, washed then incubated with 0.35 ml of 3 mM ONPG
(Boehringer Mannheim) for 15 min finally 0.14 ml of 1M Na2CO3

was added to stop the reaction. Plates were read at 405 nm. R
were blanked against control stromal cultures alone or cul
plastic.

Morphology of epithelial cells In co-culture

After 5 days growth in direct co-culture, cultures were fixed a
incubated with anti-pan cytokeratin as before. They were t
incubated with 1/30 (v/v) TRITC-conjugated rabbit anti-mou
(Dako) for 30 min. Cultures were then photographed using
Nikon Eclipse TE300 fluorescent microscope.

Indirect co-culture of epithelial and stromal cells

Confluent stromal cultures were prepared in 24-well plat
medium was aspirated and replaced with 0.5 ml of stromal gro
media (or RPMI-1640 supplemented with 1% FCS and 1% an
otic/antimycotic solution). Cell culture inserts (0.4µm Millipore,
Watford, UK) were added to each well and 0.25 ml of an epithe
cell solution (2 × 104 cells ml–1 prepared in stromal cell media
supplemented with either 10% or 1% FCS) was added to e
insert and incubated for 5 days. Control wells of epithelial ce
were established above tissue culture plastic alone. Each ex
ment was done in duplicate. Epithelial cell number was evalua
by 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyltetrazolium bromid
(MTT) assay. Then 100µl of MTT (Sigma) solution (1.5 mg ml–1

MTT in PBS) was added to the inserts and left to incubate for 
after which the inserts were removed from the stromal cell cultu
and added to fresh 24-well plates. Culture media was remo
from the inserts and replaced with 300µl dimethyl sulphoxide
(DMSO) (Sigma). The absorbance of the solutions was rea
570 nm.

Effects of stromal cell conditioned media on epithelial
cell growth

Cell lines were plated at 500 cells per well into 96-well plates
0.1 ml of stromal cell conditioned medium or a control of seru
free medium (prepared as above). After plating, 0.1 ml of ser
free medium or 0.1 ml of stromal cell growth medium was add
to each well as appropriate. Each experiment was done in tr
cate. After 5 days growth epithelial cell numbers were evalua
by MTT assay. Then 100µl of culture medium was removed an
replaced with 50µl MTT solution and left to incubate for 4 h, afte
which the culture media was removed and replaced with 15µl
DMSO. Absorbance of the solutions was read as before.
British Journal of Cancer (2000) 82(4), 990–997
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Invasion assay

Invasion chambers were prepared by diluting Matrigel (Bec
Dickinson) 1/45 (v/v) with DMEM (Life Technologies), following
the manufacturers’ instructions. A total of 100µl of diluted
Matrigel was added to each cell culture insert (8µm pore, Becton
Dickinson) and left over night at 37°C. Stromal growth medium
was aspirated from stromal cultures prepared in 24-well plates
replaced with 0.5 ml DMEM supplemented with 0.1% (w/v) BS
Matrigel-coated inserts were placed over the stromal cultu
Epithelial cells were prepared in DMEM supplemented with 0.1
(w/v) BSA to a concentration of 4 × 105 cells ml–1 and 0.25 ml of
this cell suspension was added to each insert. Control wells, w
contained no stromal cell cultures, were also prepared. E
experiment was carried out in duplicate. The invasion assay 
left overnight, after which the inserts were removed from 
wells, washed in PBS, fixed in methanol for 10 min and th
stained with 0.1% (w/v) crystal violet (Sigma). Cells which h
invaded to the underside of the insert were counted accordin
the manufacturers’ instructions.

Motility assay

Epithelial cells were plated into 25-ml flasks at a concentration
5 × 103 cells ml–1 in epithelial growth medium. After an overnigh
incubation, cells were washed in PBS and medium was repla
with 3 ml stromal conditioned medium and 3 ml epithelial grow
medium. Cultures were gassed with 5% carbon dioxide and 
placed onto the heated stage of a Nikon Eclipse TE300 mi
scope. A colony of approximately 8–16 cells was selected 
images were captured with a JVC video camera, and recorde
computer using a Scion Image CG7 frame grabber (Sc
Corporation, Frederick, MD, USA). Images were recorded for 
(120 frames were grabbed, one frame every 4 min) and t
motility was scored, based on the method of Mohler et al (19
according to Table 1.

Statistical analysis

Results were compared using the Mann–Whitney test wit
threshold for significance at P < 0.05.

RESULTS

Fibroblast characterization

Stromal cultures were characterized according to the proportio
cells in a given culture which stained for vimentin, smooth mus
α actin or cytokeratin. The results are summarized in Table 2 
an example of staining is shown in Figure 1. Stromal cells cultu
from benign and malignant tissue were found to have sim
British Journal of Cancer (2000) 82(4), 990–997

Table 1 Quantification of motility assays

Score 0
Ruffling N
Pseudopods None
(approx. % of cell population)

Score 0 1
Translation None Little
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characteristics, i.e. the cells were predominantly vimentin-posi
and with little variation in the proportion of positive cells betwe
different cultures. Approximately half of the cells in cultur
stained for smooth muscle α actin, though the ranges were muc
more variable, and a small percentage of cells were cytokera
positive. Stromal cultures, which contained a small proportion
epithelial cells were not found to significantly affect experimen
results in comparison to stromal cultures without epithelia.

Growth of prostatic epithelial cells in direct co-culture
with prostatic stroma

Prostate epithelial cell lines were plated directly onto conflu
stromal cultures. The cytokeratin phenotype of the epithelial c
growing on stromal cells derived from non-malignant prost
tissue is shown in Figure 2. Essentially the stromal cells form
confluent layer below (and above; see below) the epithelium. O
the cytokeratin-positive (red) epithelial cells are shown for clar

PNT1a cells showed a marked change in morphology fr
cobblestone epithelia on tissue culture plastic to very elonga
scattered fibroblast-like cells on stromal cells. PNT2-C2 ce
retained colony formation on the stromal cells, but the cells in
colony were more compact and elongated. With tumour epithe
cells, PC-3 and DU145 cells showed morphology changes sim
to PNT1a, although DU145 cells were the most heterogeneou
response, with > 75% of colonies adopting the ‘scatter
morphology, whereas 25% of colonies had the tight morpholo
shown with PNT2-C2. In Figure 2, a tight colony of DU145 
shown surrounded by three scattered colonies, when plate
non-malignant stromal cells. In contrast, LNCaP cells, wh
produce striking multilayers on tissue culture plastic, show
changes similar to PNT2-C2, i.e. they adopted a single elong
cell layer when co-cultured with stromal cells.

These experiments were repeated on three different stroma
cultures derived from non-malignant prostatic tissue and f
derived from malignant tissue, and no observable differences w
detected between the tissue types. However, 50% of the stro
cultures derived from malignant tissue resulted in co-cultu
where all the epithelial cell line colonies were invasive, i.e. gr
within the stroma rather than on top.

The relative ability of prostate epithelial cells to grow o
different stromal cultures is shown in Figure 3. Individual cell lin
showed a large range of growth responses on different stro
cells. In general, stromal cells from non-malignant and malign
tissue could be either inhibitory or stimulatory for a given epithe
cell line; however, median values indicate that on average 
cultures with stromal cells were inhibitory to cell line growth 
comparison to growth on tissue culture plastic alone. No signific
differences were found between the growth of any cell line 
stromal cells derived from malignant tissue in comparison to 
© 2000 Cancer Research Campaign
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Table 2 Characterization of primary prostate stromal cultures

Tissue derivation n Vimentin a Smooth muscle α actin a Cytokeratin a

BPH 20 95% (80–100) 50% (0–90) 5% (0–35)
CaP 14 95% (85–100) 50% (0–100) 5% (0–30)

aThe median value of the percentage of positively staining cells in primary cultures for a given
antibody are presented (with the range of positivity for all cultures in brackets).

Figure 1 Typical immunocytochemical characterization of a stromal culture
derived from non-malignant tissue. The proportion of cells staining for (A)
vimentin, (B) smooth muscle α actin or (C) cytokeratin are shown in brown

C

A

B

derived from non-malignant tissue and no differences were fou
between the growth of normal epithelia and malignant epithelia 
cells from either stromal type. Direct co-culture experiments 
epithelia on foreskin fibroblasts showed no significant grow
differences to that on prostatic stromal cells (results not shown).

Growth of prostatic epithelial cells indirectly 
co-cultured with prostatic stromal cells

Using either tissue culture inserts (Figure 4) or exposure 
medium conditioned by prostatic stromal cells (Figure 5), prosta
epithelial cells were indirectly co-cultured with prostatic stroma
cells. The results indicated that indirect stromal co-culture did n
affect the growth of epithelia, and indeed predominantly caus
growth inhibition. In low serum or serum-free conditions, additio
of stromal factors were growth stimulatory, by up to 40% wit
PNT2-C2 and LNCaP cells, and up to 70% with PNT1a (medi
values). Again, growth responses varied considerably betwe
different stromal cultures leading to large disparities in grow
response. This was not found to correlate to the difference in c
types present in the stromal cultures. Overall we found no sign
cant differences between the use of either normal and malign
epithelial cells or the use of stromal cells derived from maligna
and non-malignant tissue sources. Exceptions to this were 
growth of PC-3 cells, which was significantly more inhibited whe
exposed to medium conditioned by stromal cells derived fro
malignant tissue in comparison to that from non-malignant tiss
(serum-free conditions), while PNT1a cell growth was stimulate
significantly more in medium conditioned by stromal cells derive
from non-malignant tissue in comparison to those derived fro
malignant tissue (serum-free conditions).

Effects of stromal cultures on epithelial cell invasion

The invasion of prostate cell lines through matrigel invasio
chambers was measured in the absence of stromal cultures. P
and PNT2-C2 were found to be the most and the least invas
(results not shown), therefore we selected these two lines 
subsequent experiments. Figure 6 shows typical results of cell 
invasion in the presence of stromal cultures. In the absence
stromal cells, 0.5 PNT2-C2 cells showed invasion per avera
field compared to 24 PC-3 cells per average field and 118 MD
MB231 cells per average field. MDA MB 231 is an invasive brea
cancer cell line and was included as a positive control. Indirect 
culture of both normal and malignant epithelial cells with strom
cultures led to an increase in their invasive ability, up to 16 a
178 cells per average field for PNT2-C2 and PC-3 cells resp
tively. No significant differences were measured between t
effects of stromal cells derived from two malignant and two no
malignant tissues and these findings remained true when repe
on up to eight different stromal cultures of each tissue type.
British Journal of Cancer (2000) 82(4), 990–997
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PNT2

PC-3

DU145

LNCaP

Tissue culture plastic Non-malignant stromal cells

Figure 2 Typical cytokeratin immunostaining of prostate cell lines plated onto tissue culture plastic or a stromal culture derived from non-malignant tissue. Cell
lines plated on to confluent stromal cell monolayers were: PNT1a, PNT2-C2, PC-3, DU145 and LNCaP

PNT1a

l o
en

ells
cell
e to
sure
Effects of media conditioned by stromal cultures on
epithelial cell motility

The motility of epithelial cells was graded according to the leve
cell membrane ruffling, pseudopodial and translative movem
British Journal of Cancer (2000) 82(4), 990–997
f
t.

Initial experiments showed again that PNT2-C2 and PC-3 c
respectively showed the least and the most motility of the five 
lines (Table 3). Therefore these were selected for exposur
stromal cell conditioned media, and more detailed study. Expo
© 2000 Cancer Research Campaign
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Figure 3 Direct co-culture of prostate cell lines on stromal cultures derived from malignant (A) or non-malignant (B) prostatic tissues. After 5 days co-culture,
growth was assessed by cytokeratin ELISA and compared to controls on tissue culture plastic. Each bar represents the median value of nine different stromal
cultures with the range of values shown by the error bar
of PNT2 C2 cells to 11/13 stromal cell conditioned media led to
increase in motility (Figure 7). Increased motility was primar
due to increased ruffling and some translative movement. 
conditioned media had little effect on pseudopodial produc
(results not shown). Similarly 14/18 stromal cell condition
media led to an increase in PC-3 motility (four samples cau
inhibition), these increases were due primarily to pseudopo
and translative movements with ruffling being less importa
Overall there was a trend for stromal cells derived from malign
tissue to stimulate motility more than that from non-malign
tissue.
© 2000 Cancer Research Campaign
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Figure 4 Indirect co-culture of prostate cell lines with stromal cultures
derived from malignant (A) or non-malignant (B) prostatic tissues. Growth
was assessed after 5 days growth in either media supplemented with 10%
FCS (diagonal hatched bars) or 1% FCS (stippled bars) and compared to
control values. Each bar represents the median value of eight different
stromal cultures with the range of values shown by the error bars
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DISCUSSION

Stromal and epithelial cells have both been implicated in 
progression of prostate tumours (Atula et al, 1997; Hayward e
1997). To understand how stromal–epithelial cell interactions
important for normal tissue growth and how they might chang
British Journal of Cancer (2000) 82(4), 990–997
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Figure 5 Growth of prostate cell lines in the presence of media conditioned
by stromal cultures derived from malignant (A) or non-malignant (B) prostatic
tissues. Growth was assessed after 5 days in either media supplemented
with 5% FCS (grey-filled bars) or serum free conditions (unfilled bars) and
compared to control values. Each bar represents the median value of eight
different stromal cultures with the range of values shown by the error bars.
*P < 0.05
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Figure 7 The effects of stromal cell conditioned media on PNT2-C2 and
PC-3 motility. Motility was graded according to the level of ruffling, translative
and pseudopodial movement (Table 1) in the presence of serum free medium
(control: shaded circles), media conditioned by stromal cells derived from
malignant tissue (MS: filled circles) or media conditioned by stromal cells
derived from non-malignant tissue (NMS: open circles)

Table 3 Motility of prostate cell lines

Cell line Ruffling Pseudopodial Translative Motility 
movement movement index

PNT1a 2 1 2 5
PNT2-C2 1 0 0 1
PC-3 2 1 2 5
DU145 2 1 1 4
LNCaP 2 1 1 4
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Figure 6 Invasion of epithelial cell lines through matrigel invasion chambers
in response to indirect stromal co-culture. TCP, tissue culture plastic; NMS,
stroma derived from non-malignant prostate tissue; MS, stroma derived from
malignant prostate tissue
malignant prostate tissue, we have co-cultured prostatic str
and epithelial cells in a unique series of in vitro assays design
investigate epithelial cell growth and metastatic ability (invas
and motility). In particular we have addressed how the sourc
cells (whether from malignant or non-malignant tissues) affe
the results. A range of established epithelial cell lines and prim
stromal tissue cultures have been used with the aim of reprodu
the heterogeneity of disease presentation seen in the popul
Ultimately it is hoped this approach will allow us to identify t
most relevant findings and further understand the conflicting f
ings of other groups (Kabalin et al, 1989; Gleave et al, 19
Kooistra et al, 1995a).

Overall, we found that prostate stromal cells had no signific
effects on epithelial cell growth but significantly stimulated epithe
cell motility and invasion, and altered cell morphology in dir
British Journal of Cancer (2000) 82(4), 990–997
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co-culture. However, the morphological changes could be reprodu
with foreskin fibroblast cultures. We found no differences betwe
the growth responses of non-malignant and malignant epitheli
stromal cultures, but non-malignant epithelial cells were less mo
and invasive than malignant cells even when stimulated with stro
cultures. A heterogeneous response was only observed with
DU145 cell line. Only in the case of PNT1a cells did the condition
medium from malignant stromal cells show a statistically signific
increased growth stimulatory effect. However, this stimulation w
not observed in indirect co-culture, suggesting further cross-
between the cell types and/or the production of labile inhibit
factors which are not retained in the conditioned media.

Interestingly, stromal cultures derived from malignant tiss
tended to stimulate the motility of epithelial cells more than strom
cells from non-malignant tissues. Similar findings have not b
reported before, although research by Schor et al (1988) has s
that fibroblasts derived from cancer patients are more motile t
fibroblasts derived from normal patients. This increased motility w
due to the production of an autocrine motility factor. Such a fac
may also stimulate epithelial motility. Increased motility was a
indicated by the change in epithelial morphology when directly 
cultured with stromal cells. The epithelial cells became more fibr
lastic in appearance or were more elongated, both of which
consistent with a more motile cell. Stromal cell lines have alre
been shown to stimulate breast cancer line motility and invas
(Heylen et al, 1998) and fibroblast-stimulated epithelial cell li
invasion has been widely reported (Ito et al, 1995; Nakamura e
1997). Such increases in invasion were attributed to both incre
expression of hepatocyte growth factor and matrix metalloprotein
production. It may be considered unusual that stromal cells can s
ulate non-malignant epithelial cell invasion (though the numbe
actual cells invading was small), but a similar modulation of invas
capacity can be achieved with the PNT1a cells by transfection 
keratinocyte growth factor cDNA (Ropiquet et al, 1999). In th
system the expression of KGF, which is expressed exclusively
fibroblasts in normal prostatic tissues, stimulated both PNT1a 
invasion through matrigel invasion chambers and the productio
matrix metalloproteinase 1 and plasminogen activator, although
cells remained non-malignant in vivo. This suggests that, in v
other important factors are present which prevent normal epith
cells becoming invasive, such as adhesion to the basem
membrane or the type of proteolytic enzyme induced. Motility a
invasion are essential characteristics for metastasis. Motility
dependent on the adhesion status of a cell (whether cell–ce
cell–matrix). The types of motility factors, adhesion molecules a
proteolytic enzymes produced and induced by prostatic epithelia
stroma will be the focus of further investigations, to aid our und
standing of the early events of prostate metastasis.

Initially we hypothesized that, if a prostate cancer cell were to
invasive and survive, such a cell must show some growth advan
© 2000 Cancer Research Campaign
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over normal cells when in direct contact (or co-culture) w
stromal cells. However, the results presented here and those 
previously (Lang et al, 1998) do not support this hypothesis. 
results, using a mixed population of stromal cells, would agree 
both the theories that fibroblasts can stimulate (Kabalin et al, 1
Gleave et al, 1991) or inhibit (Kooistra et al, 1995a; Degeorges et
al, 1996) epithelial cell growth when compared to growth on tis
culture plastic. However, the majority of stromal cultures had
effect on, or inhibited epithelial cell growth. Characterization of 
stromal cultures indicated that they were primarily composed
fibroblasts (95%), based on an unequivocal immunostain 
vimentin. Many of the vimentin-positive cells also express
smooth muscle α actin (50%). While epithelial cells in primary
cultures from human prostate can express low levels of vime
(Berthon et al, 1995), the epithelial content of the stromal cultu
was assessed both on morphology and on the strong staining
cytokeratin. No significant changes in the composition were no
between stromal cells derived from malignant and non-malign
tissues. Earlier work has indicated that the proportion of smo
muscle decreases in the stroma of tumour samples (Hayward 
1997) but we did not find significant differences in the cell com
sition of primary stromal cultures, even of stromal cultures fr
poorly differentiated tissue. Stromal cultures were used which w
unpassaged, therefore giving rise to a mixed population of cells
while this may be considered ill-defined, we wished to use this 
model to mimic the cell populations present in the patient and 
to avoid using later passaged cultures whose characteristics
growth stimulating effects become altered (Kooistra et al, 199a,
1995b; Pasternack et al, 1997). Further investigation is require
isolate primary cultures of smooth muscle cells or fibroblasts a
and analyse their effects on epithelial cell growth. Our results 
demonstrated a wide range of epithelial cell growth response
stromal cells (stimulatory and inhibitory). This is not unusual, a
has been reported for other tissue models (van Roozendal 
1996). Our results represent cells from many patients rather 
one or two cell lines and thus provide a useful comparison, de
the obvious heterogeneity.

However all in vitro experiments have to be critically analys
since many parameters will affect the results. These include
presence of serum, the cell density, derivation and age of c
Further experiments aim to extend the growth studies, to take
account the potential importance of patient age, androgen de
dency and tumour stage. Despite the expected and observed
ability, the results presented suggest that the fibroblast stimula
of tumour formation in vivo may not be due to growth prolifer
tion but to the stimulation of motility and invasion of epitheli
cell lines. Such characteristics were not considered by the ea
experiments of Gleave et al (1991) and Camps et al (1990)
should now be applied to such models. Such ideas were addr
by Noel et al (1998) who demonstrated that the fibroblast-sti
lated growth of breast tumours required metallo-proteinases.

In summary, epithelial cell motility and invasion showed t
greatest disparity between normal and tumour stromal 
cultures. Primary prostatic stromal cultures derived from ma
nant tissue increased epithelial cell motility more than stro
derived from non-malignant tissue. Stromal cultures had no ef
or inhibited epithelial cell line growth and no differences we
observed between the use of normal or malignant cells. T
findings will be further explored with the ultimate aim of tryin
to produce markers which will identify progressive prosta
tumours.
© 2000 Cancer Research Campaign
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