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ABSTRACT

In vitro studies were conducted to determine whether conditioned
medium from rat fetal urogenital sinus expiants would affect phenotypic
characteristics of NBT-II urinary- bladder carcinoma cells in culture.
NBT-II cells were exposed to medium (30%, v/v) conditioned for 48 h
by intact urogenital sinus expiants derived from 18-day fetal rats. Upon
exposure for 23 h the | 'I I|lliymidine incorporation by NBT-II cells was

decreased by 403% relative to control cultures. This effect was paralleled
by a similar decrease in proliferation. NBT-II cultures decreased in cell
number by 32.1 and 45.8% on days 2 and 4, respectively, after exposure
to conditioned medium. Although cell proliferation was inhibited, condi
tioned medium acted to induce an increase in protein secretion. An
increase of 18.6% was observed in the incorporation of [â€¢"Sjmethionine
into newly synthesized, secreted proteins by NBT-II cells exposed to
conditioned medium for 23 h. Morphologically the NBT-II cells exposed
to conditioned medium were larger, more spread out, and exhibited a
greater array of lamellipodia and filopodia, although [35S|methionine

incorporation into cellular proteins was decreased by 11.1%. These
results suggest that diffusable factors produced by fetal urogenital sinus
expiants can induce changes in proliferation, protein synthesis, protein
secretion, and phenotypic morphology of NBT-II carcinoma cells in
culture.

INTRODUCTION

It has been well established that complex stromal-epithelial
interactions occur during embryogenesis characterized by a
stromal induction of the eventual phenotype and differentiated
function of opposing epithelium. Such interactions have been
shown to be important in the development of the mammary
gland (1,2), epidermis (3,4), eye (5,6), lung (7,8), and prostate
gland (9, 10). In addition, tissue recombinant studies have
shown in several cases that stroma from one tissue can alter the
phenotype of epithelium from a separate tissue. The fetal rat
UGS3 has been shown to induce both fetal and adult normal
bladder epithelial cells to express a prostate-specific phenotype
(11-14). These studies indicate clearly that the stromal com
partment of an organ is of central importance in the develop
mental pattern, adult differentiation, and function of the re
spective epithelium. The mechanisms responsible for stromal
induction of epithelial phenotype remain unknown.

Related to studies using normal tissues are additional obser
vations which suggest that factors produced by normal tissues
can in some cases regulate the growth and differentiation of
neoplastic cells as well. Normal skin stroma can induce basal
cell carcinomas to express a normal phenotype characterized
by growth, differentiation, and keratinization (15). Moreover,
in vitro studies with rat trachÃ©alepithelial cells have demon
strated that diffusible factors produced by normal cells can
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inhibit the growth of carcinogen-induced epithelial cells (16).
Since UGS can alter the phenotype of normal bladder epi

thelium, and evidence exists suggesting that normal stroma can
affect carcinoma phenotype, the aim of the present study was
to determine whether factors produced by expiants of normal
fetal UGS could influence the growth and protein synthesis of
NBT-II rat bladder carcinoma cells in vitro. We report here
that diffusible factors produced by fetal UGS organ expiants
will alter the phenotypic expression of NBT-II cells in vitro, as
characterized by an inhibition of cell proliferation, a stimulation
of protein secretion, and an alteration in cell morphology.

MATERIALS AND METHODS

Materials. The following materials were purchased: DMEM was
from Grand Island Biological Company (GIBCO, Grand Island, NY);
fetal bovine serum from Flow Laboratories (McLean, VA) and Hazelton
Research Products (Denver, PA); Nu-Serum from Collaborative Re
search (Lexington, MA); penicillin, streptomycin, trypsin (type II,
crude), insulin (1-5500), phenylmethylsulfonyl fluoride, 2-mercaptoeth-
anol, and sodium dodecyl sulfate from Sigma (St. Louis, MO); tri/
mabase, urea, and TCA from Fisher (Fair Lawn, NJ); testosterone from
Steraloids (Wilton, NH); [m<tfA>'/-3H]tliymidinefrom ICN Radiochem-
icals (Irvine, CA); L-[]JS]methionine and aqueous counting scintillant
from Amersham (Arlington Heights, IL); glass microfiber filters (934-
AH; 2.4 cm) from Whatman (Maidstone, England); sampling manifold
filter holder (No. 1225; 25 mm) from Millipore (Bedford, MA): 96-
and 24-multiwell tissue culture plates (Nos. 76-003-05 and 76-033-05)
from Flow (Linbro) (McLean, VA); 25-cm2 tissue culture flasks (No.
25100) from Corning (Corning, NY); and 75-cm2 tissue culture flasks

from Falcon (No. 3024; Becton Dickinson) (Oxnard, CA).
Tissue and Cell Culture. Embryos were removed aseptically from 18-

day timed pregnant Sprague-Dawley rats (Texas Animal Specialties,
Houston, TX, and HarÃanSprague-Dawley, Houston, TX). UGSs were
removed from each embryo using a dissection microscope and washed
once in sterile cmf Hanks'. Each UGS was individually transferred

under a laminar flow hood to a single well of a 96-weIl tissue culture
plate. To each well were added 300 n\ of medium B, composed of 90%
DMEM, 5% fetal calf serum, 5% Nu-Serum, penicillin (100 units/ml),
streptomycin (100 fig/ml), insulin (5 Â¿Â¿g/ml),and testosterone (0.5 *ig/
ml). The plates were placed in a water jacketed incubator (Forma
Scientific, Marietta, OH) and aerated with 5% CO2 at 37*C. The UGS

expiants were allowed to condition the medium for 48 h at which time
fresh medium B was added (300 ^I/well). Conditioned medium B was
obtained and fresh medium B added at each 48-h interval. The condi
tioned medium B was clarified by centrifugation at 500 X g for 4 min,
used immediately or stored at -100Â°C.

NBT-II cells were received from the American Type Culture Collec
tion (Rockville, MD), (American Type Culture Collection catalogue
number ATCC CRL 1655). Maintenance cultures were incubated with
medium A composed of 90% DMEM, 10% fetal calf serum, penicillin
(100 units/ml), and streptomycin (100 Mg/ml) at 37Â°Cand 5% CO2.

The maintenance cultures were passaged every 3-5 days when confluent
by using brief exposure to trypsin (2.5% in cmf Hanks').

Effects of Conditioned Medium. NBT-II cell viability was assessed by
the trypan blue dye exclusion test. NBT-II cells were plated at 5 x IO4
viable cells/cm2 in 24-well tissue culture plates in medium A. The

medium was changed to medium B 24 h after plating. Triplicate wells
received either 30% v/v UGS conditioned medium B or 30% v/v control
medium B (batch matched and stored with conditioned medium B).
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Fig. l. Urogenital sinus expiants in organ culture. Whole organ urogenital sinuses were removed from 18-day embryonic rats and established in organ culture as

described in "Materials and Methods." a, edge of an expiant with adjacent unattached cells, 48 h after plating in culture, x 96. h. expiant after S days in culture. Note

the monolayer of fibroblastoid cells adjacent to the expiant periphery, x 96. c. multicellular bud arising from the surface of the expiant after 15 days in culture, x
192. il. sites which organized from the fibroblast monolayer after IS days in culture x 96.

The wells were assayed in triplicate for cell proliferation, morphological
changes, and [3H]thymidine and Â¡35S]methionineincorporation into

total cellular and secreted proteins at various intervals.
Incorporation of | 'I l| I li>mulini-. [3H]Thymidine was added (2 /Â¿Ci/

ml) to triplicate wells 2 h prior to the end of the incubation period. The
growth medium was removed, and 500 n\ of extraction buffer (50 mM
Tris, 8 M urea, l % sodium dodecyl sulfate, 0.01 % phenylmethylsulfonyl
fluoride, and 1% /5-mercaptoethanol, pH 7.0) were added. The extract
was precipitated by an equal volume of 20% TCA for 1 hour at 2Â°C.

The TCA precipitate was recovered on filters by adding the mixture to
a sampling manifold filter holder under vacuum titled with 14 cm
diameter glass fiber filters. Each filter was washed 3x with 2 ml of
100% ethyl alcohol at -15'C. The filters were removed from the

manifold, added to scintillation vials containing 5 ml of aqueous
counting scintillant, and radioactivity was determined by scintillation
counting.

[3H]Thymidine uptake was correlated with cell number. At the end

of the incubation period(s), triplicate wells were exposed to trypsin
(2.5% in cmf Hanks') briefly. The cells lifted off, were washed twice in
cmf Hanks' and counted manually with an improved Neubauer hemo-

cytometer.
Incorporation of |3*S|Methionine. [35S]Methionine (10 MCi/ml) was

added to triplicate wells at the time the cultures were exposed to
conditioned medium. At 20-24 h the growth medium was collected
and the proteins precipitated with TCA (10%) at 2Â°Cfor 1 h. Each well
was rinsed with 500 p\ of cmf Hanks', and the cell monolayer was

extracted with the extraction buffer. The proteins in the cell extract
were precipitated with TCA (10%) at 2*C for 1 h. The TCA precipitates

from both the spent medium and cell monolayer were analyzed individ
ually for radioactivity incorporation using the filter assays identical to
those described previously for [3H]thymidine incorporation.

RESULTS

Urogenital Sinus Expiants. Organ expiants were established
from 18-day fetal UGSs. Multiwell plates (96 well) were chosen
in order to reduce the volume of growth medium to a minimum
(300 Â¿i')-Each UGS was approximately 0.8 mm3 in size when

removed and was left intact when placed in culture. The UGS
expiants required approximately 36-48 h to become firmly
attached. Fig. la shows an edge of an expiant approximately
48 h in culture. Adjacent to the expiant periphery an accumu
lation of rounded, unattached cells was observed. Between days
2 and 5 these cells became firmly attached and flattened. These
cells were most likely fibroblasts, owing to a distinctive fibro
blastoid morphology and were observed emanating from the
expiant boundary as a monolayer (Fig. \b). At this time the
expiants assumed a reduction in size by approximately 30-50%
and appeared more dense. However, the UGS expiants ap
peared not to be degenerating, i.e., there was no apparent
detachment from the culture surface or evidence of floating
debris. Subsequent to 10-15 days in culture, buds of tissue
could be observed, projecting from the explant surface, as
illustrated in Fig. \c. The buds were rounded on the outer edge,
and distinct cellular outlines were observed when focussing
through these structures. The buds appeared to represent cel
lular proliferation within the three-dimensional structure of the
expiant itself.

Changes were also observed in the fibroblast monolayer sub
sequent to 10-15 days in culture. At the sites separate from the
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original UGS explant, the fibroblastoid monolayer organized
into lobular masses of cells as shown in Fig. Id. These structures
took on a three-dimensional appearance and appeared to be
secondary sites of explant growth, although they originated
from the fibroblastoid monolayer. The UGS expiants and the
secondary sites of cell accumulation maintained their apparent
viability for as long as we have cultured the expiants to date
( 100 days). Indeed, the secondary sites were observed to increase
in size with time and were numbered from 5-15 sites/well in
the 96-well culture plate. At 100 days in culture 50% of the
secondary sites reached a maximum detectable size to date of
approximately 1 mm3.

Conditioned medium was harvested from the expiant cultures
each 48 h beginning on the third day of culture. A variety of
medium formulations were tested for expiant growth, viability,
and the production of factor(s). The latter was assayed by effects
on NBT-II cell cultures as will be described next. The medium
formulations tested included DMEM supplemented with either
10, 5, or 1% fetal calf serum or these same percentages of Nu-
serum independently. The only formulation found capable of
consistently producing conditioned medium which affected
NBT-II cells was medium B as formulated in "Materials and
Methods."

[3H]Thymidine Incorporation and Cell Proliferation Studies.

We were initially interested in assessing what effects the con
ditioned medium from the UGS expiants might have on the
thymidine incorporation into DNA of monolayer cultures of
NBT-II cells. The NBT-II is an epithelial cell line derived from
a male Wistar rat bladder tumor. NBT-II cells were seeded into
24-well tissue culture plates at 5 x IO4 viable cells/cm2 in

medium A. Cells were incubated undisturbed for 24 h in order
to allow for attachment and flattening. All wells were then
switched to medium B plus either 30% v/v conditioned medium
from UGS expiants or control medium B not exposed to
expiants and allowed to incubate for 23 h. Fig. 2 shows the [3H]
thymidine incorporation during the last 2 h of the 23-h period.
The cultures exposed to conditioned medium exhibited approx
imately a 35-50% reduction in [3H]thymidine incorporation as

compared to control. Parallel wells were assayed for cell num
ber. As incorporated into Fig. 3, the cell number at the day 1
time point (time point represented by Fig. 2) did not change.
Accordingly, the results in Fig. 2 indicate that the percentage

240

1,^200

Ã‹ x 120

80

40

Fig. 2. Effect of UGS conditioned medium on [3H]thymidine incorporation
by NBT-II cells. NBT-II cultures were exposed to medium B plus 30% v/v UGS
explant conditioned medium or 30% nonconditioned control medium. Cultureswere incubated for 21 h after which 2 u( 'i nil of [3H]thymidine was added for an

additional 2 h. The cell monolayer was extracted, precipitated with TCA. and
[3H)thymidine incorporation into DNA was assayed by the filter method as
described in "Materials and Methods." Parallel cultures were assayed for cell
number. Values, average Â±SE (bars) of n = 3 determinations. E, experimental;
C, control.
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Fig. 3. Effect of UGS conditioned medium on NBT-II cell proliferation. NBT-
II cultures were exposed to medium B plus either 30% v/v UGS expiant condi
tioned medium or 30% v/v nonconditioned control medium for 6 days. At the
indicated periods, the cells in triplicate wells were harvested and counted as
described in "Materials and Methods." Values, average Â±SE (bars) of n = 3

determinations. O, control medium; â€¢,conditioned medium.

Table I Effect of UGS conditioned medium on various parameters
of NBT-II cell cultures

Parametertested"[3H]Thymidine

incor

poration
Cell no.

Day 2
Day 4

[35S]Methionine in

corporation
Secreted protein
Cellular proteinResponse

range
(%)35.5-49.7*20.3-43.8

39.2-52.412.3-24.9

7.6-14.5Av.

change
(%)e40.332.1

45.818.6

11.1Effect

of UGS
conditioned
medium on

NBT-IIcells_<(+

" The (3H|thymidine and ("Sjmethionine incorporation values were determined

by precipitating DNA and proteins with TCA followed by quantitation using the
filter assay as described in "Materials and Methods." The cell number was

determined by cell counting with an improved Neubauer hemocytometer.
* Range of percentage changes recorded for the individual set of experiments.
' All average values were based on n = 6 determinations. All percentage changes

were statistically significant at the P < 0.05 confidence level as determined by
Student's t test.

J â€”,percentage change represents a decrease in the experimental (cultures

exposed to 30% v/v UGS conditioned medium) values as compared to the control;
+. percentage change represents an increase in the experimental (cultures exposed
to 30% v/v UGS conditioned medium) values as compared to the control.

of decrease in [3H]thymidine can be interpreted as a labeling

index, i.e., percentage of decrease per cell.
The ability of UGS conditioned medium to decrease the

[3H]thymidine incorporation by NBT-II cultures was observed
consistently, even when conditioned medium from UGS ex-
plants, which had been in culture for 1 month, was tested. Table
1 summarizes the average and range of observed decreases in
[3H]thymidine incorporation which was determined in these

experiments.
Since the results from Fig. 2 did not indicate a change in cell

number, we were next interested in determining whether there
might exist a change in NBT-II cell proliferation when assayed
for cell number over a period of 6 days with exposure to UGS
conditioned medium (30%, v/v). Fig. 3 shows representative
growth curves of cultures exposed to either UGS conditioned
medium or control medium. In the experiment represented by
Fig. 3 there was a decrease in cell number of 20.3% by day 2
and 39.2 and 39.4% by days 4 and 6, respectively, in cultures
exposed to conditioned medium. Clearly, the change in [3H]-

thymidine was directly comparable to an eventual change in
cell number, indicating a 1- to 2-day lag between [3H]thymidine

incorporation and change in cell number. In addition these data
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showed clearly that proliferation of NBT-II cells exposed to
conditioned medium did not cease, but was inhibited. Table 1
summarizes the values obtained from the cell proliferation
studies.

[''SIMoihioninc Incorporation. Since conditioned medium
from UGS expiants was capable of eliciting a change in [3H]-

thymidine incorporation and a decrease in the proliferation of
NBT-II cells, we next assessed whether protein synthesis and
secretion might also be altered in the NBT-II cell cultures. For
these experiments the NBT-II cultures were set up (seeding
density, medium, time of incubation, etc.) under conditions
identical to those described for [3H]thymidine incorporation in

order to provide for a direct comparison. Changes in protein
synthesis and secretion were determined by assaying for incor
poration of [35S]methionine into total cellular and secreted

proteins, respectively. Fig. 4 shows that UGS expiant condi
tioned medium (30%, v/v) was capable of inducing an 18.6%
average increase in the secretion of newly synthesized proteins.
In contrast, under identical conditions the levels of newly
synthesized total cellular proteins was decreased by an average
of 11.1% upon exposure to UGS expiant condition medium
(Fig. 5). As in the experiments with [3H]thymidine, the total
cell number at the day 1 time point was unchanged. Accord-
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Fig. 4. Effect of UGS conditioned medium on ["S]methionine incorporation
into secreted proteins by NBT-II cell cultures. NBT-II cell cultures were exposed
to medium B plus either 30% v/v UGS expiant conditioned medium or 30% v/v
nonconditioned control medium for a total of 23 h in the presence of 10 jiCi/ml
("Sjmethionine. The growth medium was removed and proteins were precipitated
and assayed for [35S)methionine incorporation by procedures outlined in "Mate
rials and Methods." Values, average Â±SE (bars) of n = 3 determinations. E,

experimental; C, control.
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Fig. 5. Effect of UGS conditioned medium on [35S]methionine incorporation
into cellular proteins of NBT-II cultures. Experimental conditions were identical
to those described in Fig. 4. The cell monolayers were extracted, and total cellular
protein was precipitated and assayed as described in "Materials and Methods."
Values, average Â±SE (bars) of a = 3 determinations. E, experimental; C, control.

ingly, the induced changes were indicative of a change on a per
cell basis. As summarized by Table 1 the range of values
recorded indicated an increase of 12.3-24.9% for secreted pro
teins and a decrease of 7.6-14.5% for cellular proteins.

Morphological Studies. [3H]Thymidine incorporation, cell
proliferation, and [3SS]methionine incorporation studies all in

dicated that UGS expiant conditioned medium contained fac
tors which would alter the physiology of NBT-II cell cultures.
Since many in vitro studies have shown a clear correlation
between changes in physiology and morphology, we analyzed
the NBT-II cell cultures for phenotypic changes in cell mor
phology upon exposure to UGS conditioned medium. Cultures
of NBT-II cells were tested under conditions identical to those
described in previous experiments. Fig. 6a shows NBT-II cells
in control medium (medium not containing UGS conditioned
medium). Cultures were typical of epithelial cells in vitro. Cells
were arranged in close apposition, and cultures assumed a
mossaic-like configuration. Regions of cells were clearly orga
nized as separate islands. Individual cells were observed to have
regular boundaries and in most cases were closely apposed to
at least 4-5 other cells. In contrast, NBT-II cultures exposed
to UGS conditioned medium demonstrated several clear
changes in morphology. Fig. 6A shows that these cultures lost
the island-like appearance of closely apposed cells. The individ
ual cells appeared larger and were more spread out. The cells
became more spindle shaped and less regular in the shape of
their cell boundary. The cells appeared to lose their requirement
for close contact with neighboring cells. Unlike control cultures,
many cells demonstrated lamellipodia (broad, flat cellular ex
tensions) and filopodia (thin, spindle-like cellular extensions).
These structures are shown in Fig. 6c. The filopodia were
observed to extend several cell lengths to contact distant cells.
These changes in both overall cultural and individual cell mor
phology were quite evident and required less than a 20-h ex
posure to UGS conditioned medium.

DISCUSSION

Our studies suggest that soluble factors are produced by fetal
UGS expiants in vitro which are capable of inducing phenotypic
changes in NBT-II bladder carcinoma cells in culture. The
phenotypic changes are characterized by a decrease in [3H]-

thymidine incorporation, a decrease in cell proliferation, an
increase in protein secretion, a decrease in synthesis of total
cellular protein, and a change in cell morphology. The morpho
logical changes include a separation and spreading of cells and
the appearance of multiple lamellipodia and filopodia. Such
morphology in vitro generally suggests an increase in cell sur
face ruffling and cell locomotion and movement. Cell migration
in vitro has been reported to be stimulated by certain growth
factors, particularly under conditions which inhibit reentry into
the cell cycle (17). Recently, TGF-0 has been implicated in
several studies involving conditioned medium from one cell
type inhibiting the proliferation of another cell type. This factor
has been isolated from many cell types and tissues (18). A
kidney-derived factor which inhibits the growth of lung and
mammary neoplastic cells is closely related to TGF-0 (19). In
addition, the factor responsible for growth inhibition of neo
plastic trachea! epithelial cells, derived from normal trachea!
cells appears to be either TGF-ÃŸor a closely related peptide
(16). It is possible that the UGS expiants in this study produced
TGF-/3 or a TGF-/3-like protein which has induced the observed
effects on NBT-II cells. This awaits further study.

Events which have been identified as paralleling terminal
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Fig. 6. Effect of UGS conditioned medium on NBT-II culture culture mor
phology. NBT-II cultures were exposed to medium B plus either 30% v/v UGS
explant conditioned medium or 30% v/v nonconditioned control medium for 23
h. a, NBT-II cell cultures exposed to control medium. Cells were arranged in
discrete islands, and individual cells had regular borders and were in close
apposition to neighboring cells. * and c, NBT-II cultures exposed to UGS expiant
conditioned medium, b, cells were more randomly spread out and were not
organized in discrete islands, b and c, individual cells appeared larger with less
regular borders. In many areas individual cells showed lamellipodia (broad, flat
cellular extensions) and filopodia (thick, rod-like cellular extensions) (arrow;)
extending from the cell border, x 100.

differentiation of cells in culture include a decrease in prolifer-
ative capacity, a change in protein synthesis and secretion, and
changes in cell morphology (20). The effects of UGS condi
tioned medium on NBT-II cells is consistent with this pattern.
It is an attractive hypothesis that factors produced by UGS
expiants might confer a certain degree of cytodifferentiation on
NBT-II carcinoma cells.

From in vivo studies, it is clear that UGS tissue can induce
epithelial cell differentiation. Tissue recombinant studies have
shown that fetal UGS stroma can induce a prostate-specific
phenotype in adult urinary bladder and postnatal vagina epithe
lium, including the expression of prostate-specific antigen and
androgen receptor protein (10, 14, 21, 22). These observations
are significant, since the NBT-II cell line was derived from an
adult rat urinary bladder carcinoma.

A variety of studies has shown that tissue stroma in general
can induce a functional phenotype in adjacent epithelium.
Stroma induces the branching pattern of epithelium in the fetal
lung (8), the hormone responsivity of mammary epithelium (1,
23), the hormone regulation of surfactant synthesis in fetal lung
epithelium (7), and the androgen regulated prostate-specific
epithelial phenotype in fetal urogenital sinus (9, 10).

Normal tissues have been shown to affect neoplastic tissues
as well. Normal dermis can induce basal cell carcinoma to
change to a normal phenotype (15) and in vitro studies have
shown that normal trachea! epithelial cells produce a factor
which will inhibit proliferation of neoplastic trachÃ©alepithelial
cells (16). Moreover, in vitro studies have suggested the presence
of diffusible factors derived from normal mammary gland (24)
and normal kidney (19) which will inhibit the proliferation of
neoplastic cells. Of particular significance to the present study,
is the observation that fetal urogenital sinus stroma can induce
a glandular pattern of partial differentiation from urinary blad
der transitional cell carcinoma when tested in vivo (25). Ac
cordingly, it seems likely that the mechanisms involved in
normal stromal, epithelial interactions and in normal tissue,
neoplastic tissue interactions are closely related.

The findings in this report support a growing body of evidence
which suggests that factors produced by normal tissues will
induce phenotypic changes in neoplastic cells. Studies are cur
rently underway to define the physicochemical properties of the
factor(s) produced by UGS expiants and to understand the
mechanisms of action and regulation. The in vitro model de
scribed in this report should provide a good system with which
to approach these questions in detail.
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