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ABSTRACT

A central issue in tumor biology is the understanding of the interactions
between tumor cells and their environment. Using normal and ras onco
gene transfected rat fibroblast cells, we now demonstrate that the trans-

fected cells make altered extracellular matrices (ECM) and that their
resulting ECM influence the proliferation and genetic regulation of human
bladder cancer EJ cells.

Using Western blot analyses, we observed that the ras transfected fi
broblast cells lacked the ability to produce extracellular matrix component
laminin whereas the normal parental fibroblast cells were able to produce
intact laminin. Both transfected and nontransfected fibroblast cells were
able to synthesize other extracellular matrix molecules such as type IV
collagen and fibronectin.

Human bladder tumor EJ cells were grown on ECM derived from
normal and transfected rat fibroblast cells, and the proliferation rate and
type IV collagen inRNA expression of EJ cells were determined. We ob
served that EJ cells, when grown on ECM derived from the ras transfected
fibroblast cells, had a higher growth rate than when grown on ECM
derived from the normal fibroblast cells (/' < 0.037). Furthermore, EJ

cells grown on ECM derived from transfected fibroblast cells showed
up-regulation of type IV collagen inRNA expression when compared with

EJ cells grown on ECM derived from nontransfected fibroblast cells.
Finally EJ cells grown on purified laminin but not on collagen IV coated
flasks showed the same level of type IV collagen mRlNA expression as when
grown on ECM derived from nontransfected parental fibroblast cells.

Haptotactic/motility assays with EJ cells and ECM derived from ras
transfected and nontransfected fibroblast cells demonstrated that ECM of
ras transfected fibroblast cells, but not the parental fibroblast cells, pro
vided a permissive or fertile soil for EJ tumor cell invasion.

Finally, two-dimensional gel electrophoresis of 35S-labeled nuclear ma

trix proteins of EJ cells cultured on ECM derived from TOAtransfected
fibroblast cells revealed expression of proteins in the molecular weight
range of W, 35,000-45,000 and isoelectric focusing pH range of 5.5 to 6.0.

These proteins were not present in EJ cells cultured on ECM derived from
parental nontransfected fibroblast cells.

We conclude that extracellular matrices derived from transformed
stroma producing cells may influence the proliferation, genetic regulation,
and maintenance of the overlying urothelial tumor cells. The mechanism
by which the ECM may influence cellular behavior and phenotype may be
in their ability to modulate the nuclear matrix proteins of the overlying
cell.

INTRODUCTION

Superficial transitional cell carcinoma of the bladder has a recur
rence rate of over 50%. The mechanism of tumor recurrence has
generally been assumed to reflect instability of the urothelium and
broad urothelial changes. These changes have led some authors to
suggest that various factors including soluble urinary carcinogens,
growth factors, and tumor cell dissemination during operative ma
nipulation may play a role in the recurrence and progression of uro
thelial tumors (1).
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More recently, cell-cell and/or cell-matrix interactions have been

suggested as one of several factors which may regulate tumor cell
behavior (2). Previous work in a rat model has demonstrated that
carcinogen treated denuded bladders induced alterations in the stromal
tissue, which in turn affected and enhanced the growth and prolifera
tion of carcinogen initiated urothelial cells (3). The authors demon
strated that carcinogen exposed denuded or stroma bladders provided
a better soil for neoplastic cells to proliferate and showed that the
mean tumor volume as well as the mean total tumors per bladder were
significantly higher than in control denuded bladders (3).

The importance of stromal-epithelial interactions in the growth,

morphogenesis, and differentiation of embryonic and adult tissue have
been previously demonstrated (4). In the case of epithelial tissues with
a high rate of cell turnover, such as the epidermis and the corneal
epithelium, active cell proliferation is localized to only the basal layer.
These cells are in close contact with a basal lamina or ECM.3 In

contrast, cells in the upper layers, which have lost their ability to
proliferate, are no longer in contact with the ECM. Thus the contact
between the cells and their substrate could have a permissive influence
on cell proliferation and implicate that any interruption in these in
teractive processes may lead to altered growth and maintenance of
epithelial tissue.

Extracellular matrix has been shown not only to provide the struc
tural support for overlying epithelial cells but appears to be a regulator
of cell behavior (5). Bissel (6) has postulated that ECM may affect
cellular functions by: (a) prevention or acceleration of the synthesis
and secretion of soluble regulators such as growth factors; (/>) alter
ations of receptor components and polarity of the cell; and (c) regu
lation of mRNA processing.

In this study, we determined the role of altered extracellular matri
ces in the proliferation and gene expression of the overlying urothelial
cells. We demonstrate that extracellular matrices derived from ras
oncogene transformed rat fibroblast cells stimulate the proliferation
rate of human bladder cancer cell line EJ. Furthermore, we show that
the EJ cells express a higher level of type IV collagen mRNA on ECM
derived from ras oncogene transformed rat fibroblast cells than on
ECM derived from normal parental rat fibroblast. Haptotactic/motility
assays reveal greater degree of invasion and motility through matrices
derived from transformed rat fibroblast cells than on ECM derived
from normal fibroblast cells. We suggest, therefore, that transformed
stromally derived extracellular matrices may play a role in determin
ing the risk of tumor cell recurrence and proliferation of human
bladder tumors by providing a permissive or fertile soil.

MATERIALS AND METHODS

Cell Lines. Human bladder cancer cell line EJ (2, 7) and NRK fibroblast
cells were used in this study. The cells were free of mycoplasma contamination
and were grown in RPMI 1640 containing 10% fetal calf serum, 2 HIMgluta-

mine, 1% nonessential amino acids, 100 Â¡igpenicillin/ml, and 100 fig strep
tomycin/ml.

â€¢¿�'Theabbreviations used are: ECM, extracellular matrices; SDS, sodium dodecyl

sulfate; PBS, phosphate-buffered saline; PMSF, phenylmethylsulfonyl fluoride; SSC, stan
dard saline-citrate; NRK, normal rat kidney (fibroblast cells); NRK-Ha, NRK cells trans
fected with Ha-ras oncogene.
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DNA Transfection. Plasmili DNA containing the mutated Ha-ras onco

gene was isolated from HB101 bacteria. The DNA was transferred to the
recipient NRK cells in a calcium phosphate precipitate as previously described
(8). After 24 h, the precipitate medium was removed and the cells were washed
with PBS (pH 7.5) and placed on soft agar. Transformed foci were observed at
2â€”3weeks. NRK cells transfected with Ha-ras oncogene arc called NRK-Ha.

Northern Blot Analysis. RNA was isolated from cells as previously de
scribed (9). Briefly, cells were trypsinized and resuspended in lysis buffer and
digested with proteinase K for 2 h at 45Â°C,extracted with equal volumes of

phenol/chloroform, and then precipitated in ethanol. Total RNA was then
resuspended. separated in denaturing formaldehyde gels, and transferred to
nitrocellulose membranes for hybridization (9). Blots containing 20 (Â¿gof total
RNA were probed for Ha-ras oncogene sequences or for the type IV collagen
sequences. Probes were labeled with p2P]dCTP (Amersham Corp.) with the

use of the random-priming method (10). After 2 h of prehybridization. hybrid
izations were carried out overnight at 42Â°Cin the presence of 2 x SSC (150

ITIMNaCl-15 ITIMsodium citrate). 1 Â¿ig/mlbovine serum albumin. 1 /xg/ml
Ficoll, 1 fig/ml polyvinylpyrollidine. 0.1% SDS, 25 ITIMNaH:PO4, 50% deion-
ized formamide, 100 /xg/ml sheared salmon sperm DNA, and 3-8 x 10'' cpm

of labeled probe. Blots were washed first in 2 X SSC at room temperature,
followed by 0.1% SDS and 0.2 X SSC at 45Â°C,and finally with 0.1% SDS and
0.2 x SSC at 60Â°C.Blots were then exposed to XAR-5 film (Eastman Kodak
Co.) with intensifying screen overnight at -70Â°C as described (11).

Preparation of Culture Dishes Coated with an ECM and Culture Con
ditions. Normal rat kidney fibroblasts or the ras transfected NRK-Ha fibro-

blasts were grown to confluence on tissue culture dishes. After confluence, the
cultures were washed with PBS and then exposed to PBS containing 0.5%
Triton X-IOO and incubated (30-60 min) at room temperature with gentle

shaking. The culture dishes were then washed 5 times with PBS and the
remaining nuclei and cytoskeletons were removed by pipetting. The procedure
removed all of the cell layer and left the ECM firmly attached to the tissue
culture dish as previously described (12). and 10" log phase EJ cells were then

plated onto the matrix coated dishes. After 72 h, the EJ cells were removed
from the matrix with limited trypsin digestion, centrifugcd, and counted, and
the total RNA was immediately isolated for analysis as described above.

Extracellular Matrix Isolation. NRK. NRK-Ha, and EJ cell lines were
grown to IO7 cells. The cell layers were briefly rinsed 3 times with phosphate-
buffered saline at room temperature. Then they were treated at 4Â°C,on a slowly

moving shaker tor 3 periods of 1(1min. with buffer containing 10 HIMTris-HCl
(pH 7.4), 1% sodium dcoxycholate, 1 mm PMSF, and 1% Triton X-100. The

cells were then centrifugcd at 14,(XK) x g for 20 min. and the pellet was
resuspended in buffer containing Kl ITIMTris-HCl (pH 7.4), 6 Murea, 1% Triton
X-100. and 1 rmi PMSF. and then incubated in ice for 20 min. The suspension
which contains the ECM components was then dialyzcd against phosphate-
buffered saline (pH 7.0) containing 1 ITIMPMSF at 4Â°Cfor 48 h as previously

described (13). Isolated matrices were quick frozen and stored at -20C until

use.
Immunoblot Analysis of Isolated Matrix Composition. Equivalent

amounts of isolated matrix proteins (20 pig), as determined by the Bradford
procedure (14), were loaded onto a 10% SDS polyacrvlamide gel and electro-

phoretically transferred to nitrocellulose filters. After blocking with 5% nonfat
milk, the filters were incubated overnight at room temperature with polyclonal
rabbit anti-laminin antibody (E-Y Lab) (1:100), polyclonal rabbit anti-collagen
IV antibody (Collaborative Research) (1:100). or with polyclonal rabbit anti-

fibronectin antibody (Collaborative Research) (1:100). The filters were then
incubated with biotinylated goat anti-rabbit antibody (Vector Lab) (1:200). and
with avidin-biotin peroxidase complex as previously described (7). The filters

were then washed and developed with enzyme substrate solution containing
4-chloro-l-nupthol (Bio-Rad) as described by the manufacturer.

Cell Motility Assays. EJ cells in logarithmic phase of growth were de
tached by brief exposure to 0.05% lrypsin/0.02% EDTA and allowed to re
generate for 1 h in serum containing medium. Haptotaxis/motility was assayed
in triplicate using modified Boyden chambers, with 8-jum pore size polycar

bonate Nucleopore filters as previously described (15). Filters were coated
overnight at 37Â°Cin solutions containing either ECM derived from raj trans-

fectant NRK-Ha cells, parental NRK cells, or ECM derived from the El cells.

Additional ECM containing solutions were placed in the lower chamber in
order to create a concentration gradient. EJ cells were then placed on the upper
chamber and the chamber was incubated in a humidified atmosphere at 37Â°C

for 6 h. At the end of the assay, the filters were removed, fixed and stained with
Diff-Ouik (Baxter Scientific), and then mounted on glass slides. Cells that

migrated were quantitated by light microscopy as previously described (15).
Nuclear Matrix Isolation. Twenty-five /iCi of [15S]methionine (Amer

sham) per ml of medium were added to the EJ cells which were grown on the
various ECMs and on plastic culture dishes. After 48 h of labeling, the nuclear
matrix proteins were isolated as previously described (16). The cells were
treated on ice with 0.5% Triton X-100 to release the lipids and soluble proteins

in a buffered solution containing 2 ITIMvanadyl ribonucleoside. Salt extraction
with 0.25 M ammonium sulfate with vanadyl ribonucleoside was added to
release the soluble cytoskclctal elements. DNase-l and RNase treatment at
25Â°Cwere used to remove the soluble chromatin and RNA. The remaining

insoluble fraction containing intermediate filaments and nuclear matrix pro
teins was then disassembled in 8 Murea, and the insoluble components which
consist of carbohydrates and extracellular matrix components were then pel
leted. The urea was then dialyzed out, and the intermediate filaments were
allowed to reassemble and removed by centrifugation. The nuclear matrix
proteins which remain soluble were then precipitated by ethanol.

Quantitation of [-<5S]Methionine Labeled Proteins. Ten /Â¿Iof nuclear

matrix proteins from EJ cells grown on ECM of NRK, NRK-Ha, and on plastic

were spotted onto Whatman 3MM filter papers and air dried. The filter papers
were sequentially immersed in 10% trichloracetic acid for 30 min, 5% trichlor-

acetic acid for 30 min, and 30 min in 100% ethanol in ice. The filter papers
were then air dried and placed in scintillation vials with 10 ml Aquasol-2.

Radioactivity was determined by liquid scintillation spcctroscopy.
Two-Dimensional Gel Electrophoresis. Two-dimensional gel electropho-

resis was modified from the protocol previously described (16). Each gel was
loaded with 1 x 10'' cpm of ["Sjmethionine labeled nuclear matrix protein

samples. The first dimension was ran for 16 h at 400 V. For the second
dimension, a 10% SDS acrylamide gel was used. The gels were then imme
diately fixed in 50% methanol and 10% acetic acid and stained with Coomassie
blue G-250 for the molecular weights and isoelectric standards (Bio-Rad).
After staining, the gels were dried onto filter paper and placed with XAR-5

film (Eastman Kodak Co.). which was aligned with the molecular weights and
isoelectric point standards, and exposed at -70Â°C for 14 to 20 days.

RESULTS

Transfection of \\-.\-m\ Oncogene. Normal rat fibroblasts and

cells transfected with the ras oncogene were assayed for the expres
sion of the oncogene with Northern blot analysis. Using 3~P-labeled

Ha-ras oncogene as probe, a 0.6-kilobase band corresponding to the

0.6 kb

Fig. 1. Northern blot analysis for the Ha-ras mRNA expression at a molecular weight
of 0.6 kilobases. Lane 1, NRK-Ha cells. Lane 2, NRK cells.
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Fig. 2. Immunoblot analysis of extracellular ma
trix components in parental NRK cells and in ras
transfected NRK-Ha cells. Lane 1, molecular

weight standards; Lane 2, ECM proteins derived
from NRK cells; Lane 3, ECM proteins derived
from NRK-Ha cells. Note the presence of an intact
laminin band at Afr 220,000 in NRK cells but the
absence of the laminin band in NRK-Ha cells. Note
the identical presence of intact coltagen IV and
fibronectin between the ras transfected NRK-Ha

cells and the parental NRK cells. kD, molecular
weight in thousands.

NRK H-ras

2 3

205 kD

NRK H-ras

2 3

â€¢¿�220 kD

-210 kD

NRK H-ras

2 3

Â» â€”¿� 197 kD

Collagen IV Fibronectin

mRNA of actively transcribed Ha-ras oncogene was identified only in
the transfectant NRK-Ha and not in the parental cell line NRK

(Fig. 1).
Immunoblot Analysis of Extracellular Matrix. Purified extracel

lular matrix fractions of normal rat fibroblast cells demonstrated the
expression of intact laminin at the molecular weight of M, 200,000
(Fig. 2), as well as intact collagen IV and intact fibronectin when
probed with the various antibodies (Fig. 2). However, ras transfectants
NRK-Ha did not demonstrate the presence of laminin with the same
protein concentration (Fig. 2). NRK-Ha cells do, however, synthesize

intact collagen IV and fibronectin when probed with the various
antibodies (Fig. 2)

Expression of Type IV Collagen mRNA. There was a marked
expression of type IV collagen mRNA at 7 kilobases for the human
bladder cancer cell El when the cells were grown on plastic tissue
culture dishes (Fig. 3). When the EJ cells were grown on culture
dishes coated with extracellular matrix derived from parental normal
rat fibroblast cells, the expression of the type IV collagen mRNA was
down-regulated (Fig. 3). When the EJ cells were grown on culture

dishes coated with extracellular matrix derived from ras transfected
NRK cells (NRK-Ha), however, there was a marked expression of

type IV collagen mRNA at 7 kilobases (Fig. 3).
Finally, when the EJ cells were grown on culture dishes coated with

purified extracellular matrix components such as laminin, fibronectin,
or collagen IV, the expression of the type IV collagen mRNA was
down-regulated only when the EJ cells were grown on laminin (Fig.

4A) and not on collagen IV or fibronectin (Fig. 44). In all cases, the
28S and the 18S ribosomal RNA bands were of the same intensity and
served as an internal control of RNA degradation and amounts (Fig.
45).

Proliferation Rate of EJ Cells on Differing Extracellular Ma
trix. EJ cells were grown on plastic tissue culture dishes, on culture
dishes coated with ECM derived from normal rat fibroblast cells, and
on dishes coated with ECM derived from ras transfected rat fibroblast
cells (NRK-Ha). The growth rate of the EJ cells were analysed at 24,

48, and 72 h. There was a significant increase in proliferation rate of
EJ cells grown on ECM which was derived from ras transfected rat
fibroblast cells (NRK-Ha) at 48 h when compared with EJ cells grown

on ECM derived from normal parental fibroblast cells (P < 0.037)
(Table 1). Furthermore, at 72 h the mean cell counts were higher in EJ
cells grown on ECM derived from NRK-Ha than EJ cells grown on

ECM derived from NRK (Table 1). No significant difference in pro
liferation was found when EJ cells were grown on ECM derived from
NRK cells when compared with EJ cells grown on ECM derived from
NRK-Ha cells at 24 h (Table 1).

Haptotatic/Motility Assay with the Various Matrices. Filters
coated with ECM derived from ras transfectant NRK-Ha cells were

permissive for motility by the EJ cells (Fig. 5A). Filters coated with
ECM derived from the EJ cells themselves also were permissive for
migration by the EJ cells and served as a control (Fig. 5C). However,
filters coated with ECM derived from nontransfected parental NRK
cells were not permissive for migration by the EJ cells (Fig. 5B).

Moreover, when the number of cells migrated were compared with the
various matrices, the ECM derived from the ras transfected NRK-Ha

cells provided the most permissive soil for migration. More EJ cells
were able to penetrate and migrate through the ras transfected
NRK-Ha matrix (n = 1200 cells/high power field) than through either
the ECM derived from the parental NRK cells (n ~ 0 cells/high power

field) or the ECM derived from the EJ cells themselves (n = 800

cells/high power field) (Fig. 5, A versus B and C).
Furthermore to rule out any secretory factors which may stimulate

the migration of EJ cells by the ras transfectant NRK-Ha cells, con
centrated conditioned medium from NRK-Ha cells was placed in the

bottom of the Boyden chamber. No migratory or motility factors were
detected in the conditioned medium from NRK-Ha cells (Fig. 5D).

Two-Dimensional Gel Electrophoresis Analysis. 35S-labeled

nuclear matrix proteins from EJ cells that were grown on plastic
culture dishes showed expression of several proteins with molecular
weights between Mr 35,000-45,000 and pH range of 5.5 to 6.0 (Fig.

6A). EJ cells that were grown on ECM derived from NRK cells did
not express these same matrix components with molecular weights
between Mr 35,000 and 45,000 and pH range of 5.5 to 6.0 (Fig. 65).
35S-labeled nuclear matrix components from EJ cells that were grown

on ECM derived from NRK-Ha, however, showed the same nuclear
matrix proteins with molecular weights between Mr 35,000-45,000

and pH ranges of 5.5 to 6.0 as that of EJ cells grown on plastic culture
dishes (Fig. 6, A and C). Although there may be additional nuclear
matrix proteins that are differentially expressed when the EJ cells
were grown on the various ECMs, the nuclear matrix proteins high
lighted (Fig. 6, A-C) were used only as an illustration for altered

nuclear matrix proteins in the EJ cells.

DISCUSSION

The majority of patients with transitional cell carcinoma of the
bladder present with superficial disease. On a cellular and molecular

7 kb

EJ/NRK EJ/NRK EJ/plastic
(ras)

Fig. 3. Northern blot analysis of type IV collagen mRNA in EJ cells grown on
extracellular matrices derived from NRK, from NRK-Ha cells, and from plastic culture
tissue flasks. Note the expression of a 7-kilobase message in EJ cells when grown on
plastic and on ECM derived from NRK-Ha but a down-regulation of the 7-kilobase

message in EJ cells grown on ECM derived from NRK cells, kb, kilobases.
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7 kb

LM FN

f
28S

EJ/LM EJ/C EJ/P B
Fig. 4. A, Northern blot analysis of type IV collagen mRNA in EJ cells grown on

purified laminin (LM), fibronectin (FN), collagen IV (C), or on plastic (P) coated tissue
culture flasks. Note a decrease of the 7-kilobase message in the FJ cells when the EJ cells
were grown on laminin (LM). Note the expression of the 7-kilobase message when the EJ

cells were grown on collagen IV (C), fibronectin (FN), and on plastic (P). In B, the 28S
ribosomal RNA bands are labeled to serve as internal controls for RNA degradation and
amounts, kb, kilobases.

Table 1 Proliferation of EJ cells on plastic tissue culture flasks, on ECM derived from
NRK cells, or on ECM derived from NRK-Ha cells. Cells were counted in triplicate

Mean EJ cell counts (X IO5)

EJ cells on
plastic

EJ cells on
NRK matrix

EJ cells on
NRK-Ha Matrix

24 h
48 h
72 h

9.95
12.5
23.5

6.95
6.25
7.9

7.20
10.3
13.3

P < 0.143, EJ cells on plastic vs. NRK matrix at 24 h; P < 0.16, EJ cells on plastic
vs. NRK-Ha matrix at 24 h; P < 0.451, EJ cells on NRK matrix vs. NRK-Ha matrix at
24 h; P < 0.09, EJ cells on plastic vs. NRK matrix at 48 h; P < 0.415, EJ cells on plastic
vs. NRK-Ha matrix at 48 h; P < 0.037, EJ cells on NRK matrix vs. NRK-Ha matrix at
48 h; P < 0.027, EJ cells on plastic vs. NRK matrix at 72 h; P < 0.029, EJ cells on
plastic vs. NRK-Ha matrix at 72 h; P < 0.027, EJ cells on NRK matrix vs. NRK-Ha ma

trix at 72 h.

level, the predisposition to recurrence may not only be due to inherent
changes within the urothelial cell itself, but may also be due to the
changes in cellular processes induced or enhanced by the juxtacellular
environment.

Clinically, tumors with tentacular growth are generally more ag
gressive and more likely to metastasize as opposed to those tumors
with papillary growth (1). Although these growth and morphological
patterns have been documented, investigations as to whether the stro-

mal component may determine the tumor architecture and behavior
have not been adequately performed.

It was previously demonstrated that the morphology of the EJ cell
line can be influenced by an artificial basement membrane. On plastic,
the cells were spindle-shaped with a suggestion of pseudopodia-like

projections. On an artificial basement membrane, Matrigel, the cells
were clustered and had a papillary-like organization (2).

In this study, we have demonstrated that normal rat fibroblast cells
expressed altered extracellular matrix following ras oncogene trans-

fection and transformation (Fig. 2). Normal rat fibroblast cells ex
pressed and synthesized intact basement membrane components such
as laminin, collagen IV, and fibronectin. The same cells following
transfection and transformation with the Ha-ras oncogene, however,

lacked the ability to synthesize intact laminin but were able to syn
thesize collagen IV and fibronectin (Fig. 2).

In order to address whether altered extracellular matrices could
have a permissive influence on cellular proliferation and gene expres
sion, human bladder cancer cell line EJ were grown on extracellular
matrix derived from the NRK cells and from the ras transfected rat
fibroblast cells (NRK-Ha) which were coated onto tissue culture

dishes. Our results demonstrated that there was a significant increase
in proliferation rate of EJ cells grown on ECM derived from the ras
transfected rat fibroblast cells (NRK-Ha) when compared with EJ

cells grown on ECM derived from normal parental fibroblast NRK
cells at 48 and 72 h (Table 1). These results suggest that the prolif
eration of tumor cells can be modulated by their adhesive interaction
with altered extracellular matrix.

In order to determine the effects on gene expression that ECM may
have on the overlying urothelial cells, type IV collagen mRNA ex
pression was analyzed. When the EJ cells were grown on plastic tissue
culture dishes, the type IV collagen mRNA was up-regulated (Fig. 3).

Furthermore, when the EJ cells were grown on ECM derived from
NRK cells, the type IV collagen mRNA was down-regulated (Fig. 3).

Finally when the EJ cells were grown on ECM derived from ras
transfected rat fibroblast cells (NRK-Ha), the type IV collagen mRNA
was up-regulated to the level seen for the EJ cells growing on plastic

culture dishes (Fig. 3).
Others have shown that extracellular matrices have an effect, posi

tively and dramatically, on the functional secretion of milk proteins in
cultured mammary epithelial cells (17). More recently, Fong et al.
(19) have demonstrated that when prostatic epithelial cells were
grown on a basement membrane, they secreted markedly higher levels
of prostate-specific antigen than the same cells which were grown on

plastic tissue culture dishes. Furthermore, Streuli and Bissel (24) have
demonstrated that the levels of laminin, type IV collagen, and fibro
nectin mRNAs are highest in cells cultured on plastic surfaces and that
the interaction between mammary epithelial cells and both basement
membrane and stromally derived matrices appears to exert a negative
influence on the expression of mRNA for extracellular matrix com
ponents. Our results with the type IV mRNA expression are consistent
with these findings and suggest that the extracellular matrix may play
a role in the genetic regulation of overlying cells.

Because the major detectable difference in extracellular matrix
components between normal rat fibroblast cells and that of the ras
transfected NRK-Ha cells is in the synthesis and secretion of laminin

(Fig. 2), we assayed the effects of purified laminin on the type IV
collagen mRNA expression in EJ cells. We showed that when EJ cells
were grown on culture dishes coated only with purified laminin, the
type IV collagen mRNA expression was down-regulated (Fig. 4).

However, when the EJ cells were grown on purified type IV collagen
or fibronectin matrix, the type IV collagen mRNA was not down-

regulated (Fig. 4) and thus suggest that a mechanism other than simple
feedback is involved in such gene regulation. This suggests that the
absence or altered laminin may influence certain gene expression (i.e.,
type IV collagen mRNA) in human urothelial cells.

Laminin is the major glycoprotein of basement membranes. In
vitro, laminin has been found to interact preferentially with tumor
cells (18). Recently, the effect of tissue culture environment on cyto-
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Fig. 5. Haplotactic/motilily assay of ELIcells on filters coated with ECM derived from raj transfected NRK-Ha cells, parental NRK cells, or the EJ cells themselves. Note the presence
of EJ cells on the underside of the filter coated with ECM from NRK-Ha cells (A) (n = 1200 cells in this high power field). Note the absence or inhibition of the migration of EJ cells

to the underside of the filter when the filter was coated with ECM from NRK cells (ÃŸ).Note the presence of migration of EJ cells to the underside of the filter coated with ECM from
the EJ cells themselves (C) (n = 800 cells in this high power field). Note the absence of migration when concentrated conditioned medium from the ras transfected NRK-Ha cells

were used as chemoattractants (D).

keratin expression by prostatic epithelial cells was reported. Several
studies have shown that in vitro propagation of prostate cells will
induce expression of vimentin, a cytoskeletal polypeptide (19). Fong
et al. (19), however, have demonstrated that cultivation of prostatic
epithelial cells on the basement membrane component laminin, but
not on type IV collagen, will suppress vimentin expression. These
findings indicate that some regulation of epithelial cell growth and
differentiation may be influenced by specific components, such as
laminin, of the extracellular matrix.

One possible mechanism explaining these observations is based on
known interconnections between the extracellular matrix, cytoskele-

ton, and nuclear matrix. Such interactions with the extracellular matrix
may occur via transmembrane receptors known as Â¡ntegrins(20). The
carboxyl-terminal of such receptors resides in the cellular cytoplasm

and has been shown to have an affinity for one of the cytoskeletal
proteins, talin (20). Although it is not clear how these different matrix
systems are integrated within a whole tissue, several models have
been proposed which imply a dynamic interaction between nuclear,
cytoskeletal, and extracellular matrices in which there is bidirectional
information transfer from the nucleus to the cytoskeleton to the ECM
and vice versa (6, 16).

It has been proposed that the nuclear matrix may be the site of DNA
replication and transcribing genes (21). In the chicken oviduct, it has
been documented that steroid hormones stimulated the transcription of
specific genes such as the ovalbumin gene (22). O'Malley et al. (22)

have shown that only the actively transcribed genes are associated
with the nuclear matrix and that this association was reversible when

hormone was withdrawn. Furthermore, they have also observed that
95% of the unprocessed mRNA precursor for ovalbumin was associ
ated with the nuclear matrix. When the introns were processed out, the
mature mRNA was released from the nuclear matrix (22). This sug
gests that any alterations in the nuclear matrix structures, which may
occur as a result of an altered or different basement membrane com
ponents, could alter important steps in transcription and mRNA pro
cessing.

We investigated the possible interaction between the nuclear, cyto
skeletal, and extracellular matrices. We used two-dimensional gel
electrophoresis analysis of -15S-labeled nuclear matrix proteins iso

lated from EJ cells grown on ECM derived from NRK, on ECM
derived from NRK-Ha cells, and from EJ cells grown on plastic. Our

results demonstrated that while most nuclear matrix protein patterns
are identical between those of EJ cells grown on plastic and on ECM
derived from NRK-Ha cells (Fig. 6, A and C), they are significantly

altered when EJ cells are grown on ECM derived from NRK cells
(Fig. 6, B versus A and C). If the nuclear matrix is involved in mRNA
processing, then any alteration of the nuclear matrix, which may occur
as a result of altered extracellular matrix, may subsequently alter the
genetic regulation of a cell. Our results are consistent with that of
Getzenberg et al. (16) in which they have demonstrated that the
nuclear matrix of the NRK cells could be affected by an artificial
basement membrane Matrigel.

To further demonstrate whether signals from the extracellular ma
trix may exert as much control over the behavior of cells as do
hormones and other soluble mediators, we analyzed the ability of the
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EJ CELLS GROWN ON PLASTIC

Pi 5.0 6.0

75 kD

50 kD

39 kD

27 kD

17 kD

Fig. 6. Two-dimensional gel electrophoresis analysis
of i5S-labeled nuclear matrix from EJ cells cultured on

plastic (A), EJ cells cultured on ECM derived from
NRK (B). and EJ cells cultured on ECM derived from
NRK-Ha (C). Note the similar protein patterns between
EJ cells grown on plastic \<ersus EJ cells grown on ECM
derived from NRK-Ha (A versus C, arrows), and the
difference in protein pattern when EJ cells were grown
on ECM derived from NRK (B versus A and C, ar
rows). Although there may be additional nuclear matrix
proteins that are differentially expressed when the EJ
cells were grown on the various ECMs, the nuclear
matrix proteins highlighted were used only as an illus
tration for altered nuclear matrix proteins in EJ cells.
kD, molecular weight in thousands.

EJ CELLS GROWN ON ECM DERIVED FROM NRK

Pi 5.0 6.0 7.0

75 kD

50 kD

39 kD

27 kD

17 kD

B

EJ CELLS GROWN ON ECM DERIVED FROM NRK-Ha

pi 5.0 6.0 7.0

75 kD

50 kD

39 kD

27 kD

17 kD
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purified ECMs derived from ras transfected NRK-Ha cells and the

parental NRK cells to induce the migration and/or haptotaxis of the EJ
cells. Our results demonstrated that the basement membrane derived
from ras transfected NRK-Ha cells permitted the invasive behavior of

the EJ cells while the ECM derived from the parental NRK cells
suppressed this behavior (Fig. 5, A and B). Furthermore, in order to
rule out the role of secretory factors in mediating the mobility of the
EJ cells, concentrated conditioned media from the ras transfected
NRK-Ha cells were used. No secretory stimulatory factors were de

tected with our Boyden chamber assay (Fig. 5D). Extracellular ma
trices derived from the EJ cells themselves also provided a permissive
soil for migration of the EJ cells and served as a positive control (Fig.
5C).

In bladder cancer, current research has focused mainly on the ge
netic alterations of the urothelial cells. The role of stroma in either
enhancing or suppressing such genetic alterations has yet to be ad
equately addressed. The stroma clearly plays an active, rather than a
passive, role in regulating prostate growth (23). The maintenance of
glandular epithelium in the adult prostate requires the presence of
fibromuscular stroma and that both malignant and benign hyperplastic
prostatic epithelial cell growth are stimulated by factors produced by
fibroblasts (23). Our current results demonstrated that altered extra
cellular matrices and perhaps specific components of the ECM can
alter gene expression, cellular proliferation, and invasiveness of the
overlying urothelial cells. If so, altered extracellular matrices, as pro
duced by carcinogen-exposed or transformed stroma, may play an

important role in determining the ability of an epithelial tumor, such
as human bladder cancer, to proliferate, recur, or progress. Current
work is underway to determine whether the effects by the ECM on the
overlying tumor cells result in a permanent or a transient change in
tumor cell behavior.
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