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ABSTRACT

Hepatocyte growth factor/scatter factor (HGF/SF) is a stromallv de
rived modulator of epithelial cell proliferation and morphology. To better
assess the potential role of HGF/SF in tumor progression we sought to
identify factors and biological conditions which regulate its expression. We
show that several adult human primary fibroblast cultures from breast
and prostate produce HGF/SF. HGF expression in the MRC-5 human fetal

lung fibroblast cell line is stimulated by conditioned media harvested from
human breast tumor cell lines (MCF-7, T47D, and MDA-MB-231). In

contrast, both indirect and direct coculture of each of these tumor lines
with MRC-5 fibroblasts down-regulates HGF/SF expression. Finally, we
show that MRC-5 HGF expression is inhibited by several known peptide

growth factors, including transforming growth factor ÃŸ,epidermal growth
factor, and transforming growth factor a.

INTRODUCTION
Recent findings concerning HGF' suggest that our concept of this

molecule and its potential biological role must be enlarged. HGF was
initially characterized as a potent stimulator of hepatocyte prolifera
tion ( 1). Independently, SF was discovered in media conditioned by
certain cultured fibroblast cell lines based on its ability to "scatter"

colonies of epithelial cells (2). Recently, protein sequencing, comple
mentary DNA analysis, immunological data, and functional assays
revealed that these two factors are identical (3-5). In addition, char
acterization of a broad-spectrum lung fibroblast-derived mitogen re

vealed that it too was a highly related to HGF (6). To reflect the
functional duality of this molecule as both a mitogen and a motogen,
we will refer to it henceforth as HGF/SF.

HGF/SF is synthesized as a single polypeptide chain with a mo
lecular weight of 87,000. This form is then processed into a dimeric
protein composed of light (M, 30,000) and heavy (M, 60,000) chains
linked by a disulfide bond ( 1, 7). The receptor for HGF/SF is a
tyrosine kinase transmembrane protein encoded by the c-met protoon
cogene (8, 9). Despite detailed characterization of HGF/SF (10-12),

the definition of its role in vivo remains incomplete. Although several
studies have established HGF/SF as a humoral mediator of liver
regeneration [reviewed by Nakamura (13), Michalopoulos and Zarne-

gar (14), Zarnegar et al. (15). and Gohdaef al. (16)], it is clear that this
definition alone is insufficient. Increasing evidence suggests that
HGF/SF may have a more global impact on stromal epithelial inter
actions in processes such as: wound healing (17), carcinogenesis
[reviewed by Gherardi and Stoker (18)], and morphogenesis (19).

Because HGF/SF affects both epithelial cell proliferation and mo-

tility, the potential role of HGF/SF in tumor progression is particularly
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compelling. To better assess this possibility, we sought to identify the
factors and biological conditions which regulate its expression. Here
we show that HGF/SF expression is regulated in a paracrine fashion
by human breast tumor cell lines and show that several PGFs inhibit
HGF/SF expression.

MATERIALS AND METHODS

Cell Culture. The MRC-5 human fetal lung fibroblast cell line was pur

chased from the American Type Culture Collection (Rockville, MD). The
human breast carcinoma cell lines including MCF-7, T47D. and MDA-MB-

231 were donated by the laboratory of Dr. Marc E. Lippman (Lombardi Cancer
Center. Washington. DC). All cell lines were maintained in DMEM (Irving
Scientific. Santa Ana, CA) plus 10% FBS and antibiotics (Sigma Chemical
Co., St. Louis. MO).

Conditioned Media Experiments. Breast carcinoma cell lines MCF-7.
T47D, and MDA-MB-231 were plated at a density of 300.000 cells/cm2. These

cultures were left overnight in DMEM plus 10% FBS to attach. Cells were then
washed with serum free DMEM and pretreated for 4 h to remove residual
serum. Following pretreatment cells were placed in fresh DMEM and left for
24 h prior to the collection of conditioned medium. MRC-5 cells were plated
at 50,000 cells/cm- and left overnight in DMEM plus 10% FBS to attach. Cells

were then washed with serum free DMEM and pretreated for 4 h to remove
residual serum. Following pretreatment in DMEM, conditioned media from the
breast carcinoma cultures were added directly to MRC-5 cultures. Treatments
were left for 24 h, at which time, the media and MRC-5 RNA were harvested.

For some experiments, breast carcinoma cell line conditioned media samples
were either frozen, heat treated to 80Â°Cfor 5 min. or dialyzed in an Amicon

Centricon-30 microconcentrator (Danvers. MA) prior to being added to
MRC-5 cultures.

Coculture Experiments. In coculture experiments, the overall cell num
bers and the ratio of carcinoma cells to MRC-5 fibroblasts were identical to

those in conditioned media experiments (i.e., breast cell lines, 300.000 cells/
cm-; MRC-5 cells, 50,000 cells/cm2; ratio, 6:1). Coculture experiments were

done in direct or indirect fashion. For direct coculture, both cell types were
plated simultaneously in six-well plates and left overnight in DMEM plus 10%

FBS to attach.
For indirect coculture. the breast carcinoma cell lines were plated indepen

dently in Millipore (Bedford, MA) culture inserts (30 mm diameter; tissue
culture treated polycarbonate membranes. 0.4 urn pore size). MRC-5 cells were
seeded in a six-well plate, and each cell type was allowed to attach overnight

in DMEM plus 10% FBS. Culture inserts containing the human breast carci
noma cell lines were then placed into the wells containing MRC-5 fibroblasts.

Both direct and indirect cocultures were washed in DMEM and pretreated for
4 h prior to beginning the 24-h conditioning period. Following the 24-h

conditioning period coculture conditioned media were harvested. For indirect
coculture experiments, RNAs from breast carcinoma cell lines and the MRC-5

cell line were harvested separately.
For coculture experiments involving the use of blocking antibodies to TGF-

ÃŸ,.the indirect coculture format was used. Antibodies were added following
the 4-h pretreatment in DMEM, at levels sufficient to block 4 ng/ml TGF-ÃŸ,.

Treatments were left for 24 h prior to Western blot analysis.
Growth Factor Experiments. MRC-5 cells were prepared for treatment as

in the conditioned media experiments. Following pretreatment in DMEM for
4 h. cells were placed in fresh DMEM and growth factors were added. EGF,
TGF-a, aFGF. and bFGF (Sigma) were added in 10-ng/ml doses. TGF-ÃŸ,
(a gift from Dr. Anita B. Roberts) was added in doses of 10-1000 pg/ml.
Treatments were left for 24 h at which time conditioned media and MRC-5

RNA were harvested.
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Western Blot Analysis. Western analysis was done using standard proto
cols as described previously (20). Conditioned media samples were concen
trated in Centricon-30 microconcentrators with a molecular weight cutoff of

30,000 (Amicon. Danvers. MA). Concentrated samples were loaded on a per
cell basis and eleclrophoresed through a 10% polyacrylamide minigel (Mini-
Protean II; Bio-Rad, Richmond, CA) under nonreducing conditions. Following
electrophoresis. gels were transferred onto nitrocellulose using the Mini-Trans-
Blot apparatus (Bio-Rad). Blots were probed for HGF using a polyclonal
ami-human HGF antibody (diluted 1:500) (17). Following a 1-h incubation in
the primary antibody, blots were washed and incubated in a horseradish per-
oxidase conjugated goat anti-rabbit secondary antibody diluted 1:2000. 3-Ami-
no-9-ethylcarbazole (Sigma) was used to develop the blot. Following a wash

in distilled water, developed blots were photographed using Polaroid 4x5
instant film, type 55/positive-negative (Polaroid Co., Cambridge, MA).

Northern Blot Analysis. RNA was isolated as described by Chomczynski
and Sacchi (21). Total RNA (5-30 ug) was electrophoresed through a 1%

agarose gel containing 1.85% formaldehyde. RNA gels were transferred onto
Zeta-Probe membrane (Bio-Rad) using a vacuum transfer apparatus (Hoefer

Scientific Instruments. San Francisco, CA). Following transfer, blots were
hybridized to a '2P-labeled (Amersham, Arlington Heights, IL) human HGF

complementary DNA probe (10) according to the method of Church and
Gilbert (22). Blots were then exposed to X-ray film for appropriate time

intervals such that the most intense bands were prominent but not saturated.

RESULTS

To strengthen the possible correlation between HGF/SF and tumor
progression, we first sought to determine if the factor is present in the
stroma surrounding tumor tissue. Total RNA samples from primary
fibroblast cultures (406 and 974), generated from human breast car
cinomas (23), or from normal adult skin (ATCC CRL-7308) were a
gift of the laboratory of Dr. K. J. Cullen. RNA samples were subjected
to Northern analysis. Total RNA (20 ug) was electrophoresed in a 1%
agarose gel, blotted, and probed with a 32Plabeled human HGF probe

(Fig. 1/4). We found significant HGF/SF expression in breast tumor
fibroblast culture 406 (Fig. \A, Lane I ), but not 974 (Fig. \A, Lane 3).
Human adult skin fibroblasts (CRL 7308) expressed detectable levels
of HGF/SF (Fig. \A, Lane 2).

We also assayed media conditioned by BPH fibroblasts by using
Western blot analysis (Fig. IÃŸ).Conditioned media collected from
BPH fibroblasts was positive for HGF/SF. Conditioned media samples
from human breast carcinoma cell lines MDA-MB-231 (Fig. IÃŸ,Lane
I) and MCF-7 (Fig. IÃŸ,Lane 2) were included as negative controls.
In both experiments, the human fetal lung fibroblast cell line MRC-5
was used as a positive control (Fig. 1, Lanes C), since it is known to
be an abundant source of HGF/SF (24).

Given that the overlying epithelium represents the target for
HGF/SF activity, we hypothesized that epithelial cells may regulate
HGF/SF expression in a feedback paracrine loop. In this series of
experiments, we examined human breast carcinoma cell lines MCF-7,
T47D. and MDA-MB-231 for their ability to regulate HGF/SF ex
pression. These cell lines were chosen because they are well charac
terized, particularly in terms of PGF expression (25). In this and all
other studies discussed in this paper, MRC-5 cells were used as the
HGF/SF producer. Experiments used either conditioned media or co-

culture paradigms.
In conditioned media experiments, serum free conditioned media

samples harvested from the human breast carcinoma cell lines
(300,000 cells/cm2) were added to serum starved cultures of MRC-5
fibroblasts (50,000 cells/cm2). After 24 h MRC-5 media and RNA

were harvested and assayed for HGF/SF expression by Western and
Northern blot, respectively. Conditioned media from each of the hu
man breast carcinoma cell lines tested induced HGF/SF expression

C 1 2 3

B
C 1 2 3

â€¢¿�!

Fig. I. Analysis of HGF/SF expression in primary cultures of human adult fihroblasts.
In A, HGF/SF mRNA taken from breast carcinoma tissue or normal skin was assessed
using a 12P labeled (Amersham. United Kingdom) human HGF complementary DNA

probe (10). Total RNA (20 ug) from primary fibroblasl cultures 406 (Lane /) and 974
(Lane J) generated from the stroma of human breast tumors or from normal human adult
skin (ATCC CRL-7308. Lane 2) was blotted onto Zeta-Probe (Bio-Rad) nylon membrane.
MRC-5 total RNA (30 ug) (Lane C) was included as a positive control. Ethidium bromide
staining of the 28S rRNA band was used to confirm equivalent loading of RNA samples.
B. Western blot analysis of HGF/SF expression by BPH fibroblasts. Conditioned media
from 200,000 cell equivalents of BPH fibroblasts was collected following a 24-h incu
bation period and electrophoresed through a 10% polyacrylamide gel (Lane 3). Condi
tioned media samples from human breast carcinoma cell lines MDA-MB-231 (Ltine 1)
and MCF-7 (Lane 2) were included as negative controls. MRC-5 conditioned medium was
used as a positive control (Lane C).

from MRC-5 fibroblasts (Fig. 2). Northern analysis shows that this
up-regulation of MRC-5 HGF/SF expression occurred at the RNA
level (Fig. 3).

Preliminary efforts were made to characterize the factor(s) respon
sible for the induction of HGF/SF (Table 1). Heat treatment of con
ditioned media samples to 80Â°Cabolished its HGF/SF inducing ac
tivity (Fig. 3). Freeze-thawing had no effect. The HGF/SF inducing
activity was retained following dialysis of conditioned media samples
in Centricon microconcentrators with a molecular weight cutoff of
30,000 (data not shown), suggesting that the factor(s) are greater than
or equal to this size.

Coculture experiments were designed to simulate conditioned me
dia experiments with respect to cell number, density, type, and treat
ment time. In coculture experiments, epithelial cells were plated either
with MRC-5 fibroblasts (direct coculture) or in Millipore culture
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10 and 1000 pg/ml) for 24 h. Of the PGFs tested, TGF-ÃŸ,,EGF, and
TGF-a all resulted in a dramatic decrease in HGF/SF mRNA levels
(Figs. 6 and 1A ). Only TGF-ÃŸ,produced down-regulation of MRC-5
HGF/SF protein secretion within the 24-h treatment time as indicated

by Western blot analysis (Fig. IB; Table 2). Neither aFGF nor bFGF
had any effect on HGF/SF expression (Table 2).

Table 1 Clitirtictrri-tilton of HCt-'/SI-' \tiinnltilini; durili in MCF-7 comlmon media

MCK-7 conditioned medium was subjected to several treatments prior to being added
to MRC-5 cultures. HGF/SF inducing activity was assessed by Western analysis of
treated MRC-5 cultures.

Treatment of MCF-7
conditioned media

HGF/SF inducing
activity

Freeze-thaw
Heat (80Â°C for 5 min)

Dialysis in Centricon-30
ND
+

" +. stimulation of HGF/SF expression; ND, no detected change in HGF/SF expression

relative lo control.

Fig. 2. Western blot analysis of MRC-5 HGF/SF expression following treatment with
breast carcinoma cell line conditioned media. MRC-5 cells were exposed to serum free
conditioned media samples harvested from MCF-7. T47D. or MDA-MB-231 cells. Con
trol cultures of MRC-5 U^inc Ci were placed in fresh DMEM during the 24-h treatment
period. Harvested MRC-5 media samples were concenlrated in a Centricon-30. electro-
phoresed through a I0*/f polyacrylamide gel, and blotted onto nitrocellulose (Bio-Rad):

2(XUHX)cell equivalents of concentrated medium were loaded per lane. HGF/SF protein
levels were assessed using a polyclonal antibody against human HGF diluted I:5(K) (17).

n o
r .

6 kb -

28$ -

Fig. 3. Northern hlot analysis of MRC-5 HGF/SF expression following treatment with
MCF-7 conditioned medium. Total RNA was prepared from MRC-5 cultures following
treatment with MCF-7 conditioned media (Ltint' M(Y'-7c). MCF-7 conditioned media
heated to 80Â°Cfor 5 min (Lane MCF-7hÃ¬.or DMEM (Lune C). Five ug of total MRC-5

RNA were loaded per lane. Ethidium bromide staining of the 28S rRNA band was used
to confirm equivalent loading of RNA samples, kb, kilobases.

inserts (indirect coculture), which were subsequently placed in culture
wells containing MRC-5 cells at the start of the experiment. Coculture

conditions were maintained for 24 h prior to collection of the media
and MRC-5 RNA. Coculture, both direct and indirect, resulted in a
dramatic inhibition of MRC-5 HGF/SF expression (Fig. 4). Northern
analysis of MRC-5 HGF/SF expression following indirect coculture
confirms that the observed down-regulation occurred at the RNA level

(Fig. 5).
In an effort to identify the regulatory factors expressed by breast

carcinoma cell lines, we surveyed a number of PGFs for their ability
to modulate HGF/SF expression. In all, five growth factors were
tested, including EGF, TGF-a, TGF-ÃŸ,. bFGF, and aFGF. Growth
factors were added to serum starved MRC-5 cultures at doses of 10
ng/rnl in DMEM (except TGF-ÃŸ,.for which the dose ranged between

c i 2
r n

Fig. 4. Western blot analysis of MRC-5 HGF/SF expression following direct or indirect
coculture with MCF-7 cells. Concenlrated conditioned media samples from indirect UMÂ»?
I ) and direct (Lane 21 cocultures of MRC-5 and MCF-7 cells, as well as from control
MRC-5 monocultures (lune Ci, were electrophoresed through a lO'Ãpolyacrylamide gel
and blotted onto nitrocellulose; 200.000 MRC-5 cell equivalents were loaded in each lane.

1

m
Fig. 5. Northern blot analysis of MRC-5 HGF/SF mRNA from indirect MRC-5/MCF-7

cocultures. Total RNA was prepared from MRC-5 cells following 24 h of indirect cocul-
ture with MCF-7 cells plated in a Millipore culture insert (Lane I}. Control monivullurcs
of MRC-5 cells were incubated in DMEM during the 24-h treatment period (lane O. Ten
ug of total MRC-5 RNA were loaded per lane Ethidium bromide staining of the 2XS rRNA
band was used lo confirm equivalent loading of RNA samples.
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Fig. 6. Northern blot analysis of MRC-5 HGF/SF expression following treatment with
peptide growth factors TGF-a, aFGF, and bFGF. Each growth factor was used at 10 ng/ml.
Total RNA samples were harvested after 24 h of treatment. RNA from untreated MRC-5
cells was used as a control (Lane C). Ten (jg of total MRC-5 RNA were loaded per lane.
Ethidium bromide staining of the 28S rRNA band was used to confirm equivalent loading
of RNA samples.

agent(s) in the conditioned media. Evidence for such a factor has been
suggested in other systems. For example, "injurin," a HGF/SF induc

ing agent found in the serum of rats following partial hepatectomy or
unilateral nephrectomy, has recently been characterized by Matsu-

moto et al. (17). However, it appears unlikely that our inducing agent
and injurin are the same, since HGF/SF inducing activity was retained

TGF-Ã¶ (pg)

o
o

O
o
o

O
o
o

It is not clear which, if any, of these growth factors are responsible
for the observed coculture dependent down-regulation of HGF/SF
expression. The addition of TGF-ÃŸ,blocking antibodies was ineffec
tive in preventing down-regulation of HGF/SF expression in indirect
cocultures of MRC-5 and MDA-MB-231 cells (Fig. 8). However, it is
possible that our efforts were unsuccessful because MDA-MB-231
cells produce relatively high levels of TGF-ÃŸ(26) and may be capable
of secreting TGF-ÃŸin excess of the 4 ng/ml effectively blocked by the

antibody. In addition, each of the breast tumor cell lines tested produce
all three regulatory growth factors. Therefore, it may be necessary to
block each of these growth factors simultaneously.

B

TGF-b (pg)

,- o
H- O O

\ o o o

DISCUSSION

Recent experiments have revealed HGF/SF to be a molecule of
potential importance in stromal epithelial communication in vivo.
From its initial characterization as a narrowly targeted hepatocyte
mitogen ( 1), the functional attributes of HGF/SF have grown consid
erably. As more is learned about this molecule, defining its potential
role in tumor progression becomes more difficult. Several studies
suggest an inhibitory role for HGF/SF in tumor progression. Monte-

sano et al. (19) showed that HGF/SF induces morphogenesis in Madin
Darby canine kidney cells suspended in collagen. Other studies have
shown that HGF/SF acts as an antiproliferative agent for certain
carcinoma cell lines (27). Bieche et al. (28) suggest that the c-met

protooncogene may act as a metastasis suppresser gene. Other evi
dence suggests that HGF/SF may play a facilitory role in tumor
progression. For example, HGF/SF is known to be a broad spectrum
mitogen (6), and motogen (3, 4), The studies conducted in this paper
were designed to reveal more about the function of HGF/SF in vivo by
determining what factors regulate its expression in vitro.

We examined a variety of breast tumor cell lines in different culture
conditions to see if they modulated HGF/SF expression. Conditioned
media samples from each of the tumor cell lines tested induced HGF
expression to a similar extent, suggesting the presence of an inducing

Fig. 7. Analysis of MRC-5 HGF/SF expression following treatmenl with TGF-ÃŸ,.A.
Northern blot analysis of total MRC-5 RNA harvested from MRC-5 cultures treated for 24
h with O (Lane Ci, 500, 1000, or 2000 pg/ml TGF-ÃŸ,in DMEM. Five (ig of total RNA
were loaded per lane. Ethidium bromide staining of the 28S rRNA band was used to
confirm equivalent loading of RNA samples. B. Western blot analysis of MRC-5 HGF
expression following 24 h of treatment with O(LaneC), 1, 10, 100, or 1000 pg/ml TGF-ÃŸ
in DMEM; 200.000 cell equivalents of MRC-5 conditioned media were loaded per lane.

Table 2 Regulation of MRC-5 HGF/SF expression b\ peptide growth factors

MRC-5 cells were treated with PGFs at the doses indicated for 24 h. MRC-5 HGF/SF
expression was monitored by Western and Northern analysis.

PGFTGF-ÃŸ,

TGF-a

EOF
bFGF
aFGFDose(ng)1

10
10
1010MRC-5

HGF/SFexpressionWestern

Northern_a

_NDND

ND ND
ND ND

" -, inhibition of HGF/SF expression; ND. no delected change in HGF/SF expression

relative to control.

1236

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1233/2453417/cr0530061233.pdf by guest on 19 M

ay 2023



REGULATION OF HGF/SF EXPRESSION
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Fig. 8. A, Western blol analysis of MRC-5 HGF/SF expression following incubation of
MRC-5 monocultures (50,000 cells/cm2) in DMEM only (Lane 1) or pure TGF-ÃŸ,in the
absence (Lane 2) or presence (Lane 3) of blocking antibodies toTGF-ÃŸ,. B. Western blol
analysis of MRC-5 HGF/SF expression in control monocultures (Lane I) or following
coculturc with the breast carcinoma cell line MDA-MB-231, in the absence (Lane 2) or
presence (Â¡Mne3) of blocking antibodies to TGF-ÃŸ[.All treatments were left 24 h prior
to harvesting. Enough antibody was added to block 4 ng/ml TGF-ÃŸ|.

the culture conditions implies that a delicate balance between epithe
lial and mesenchymal compartments may exist in vivo. For example,
it is possible that changes in the organizational or proliferative state of
carcinoma cells which take place during tumor progression may di
rectly or indirectly influence the neighboring stroma. When this in
fluence alters the expression of epithelially targeted, stromally derived
molecules, such as HGF/SF, keratinocyte growth factor (31 ), tenascin
(32), or stromelysin-3 (33), changes in the behavior of the epithelia
may be reinforced or attenuated depending on the nature of the stro-

mal signal. Therefore the identification of molecules made by normal
or neoplastic epithelial cells which influence the expression of stro
mally derived molecules, such as HGF/SF, may be of some signifi
cance.

in breast carcinoma conditioned media concentrated in a Centricon ACKNOWLEDGMENTS
microconcentrator with a molecular weight cutoff of 30,000. The
approximate molecular weight of injurin was reported to be between
10,000 and 20,000. Further, injurin is stable to heat treatment of
100Â°Cfor 5 min. In contrast, heat treatment of breast carcinoma
conditioned media for 5 min at 80Â°Ccompletely abolished its HGF

inducing activity.
Coculture of breast carcinoma MCF-7, T47D, and MDA 231 cells

with MRC-5 fibroblasts results in a significant down-regulation of
MRC-5 HGF/SF expression. As with the inducing agent, the down-

regulation takes place at the RNA level. These results, although sim
ilar to the findings of Kamalati et al. (29), differ in one important
aspect. Kamalati el al. (29) maintain that direct coculture conditions
are necessary for the observed down-regulation to occur. Conse

quently, they conclude that the regulation is not mediated by soluble
factors present in the coculture environment but rather by physical
contact between the epithelial and stromal cells. In our studies, indi
rect cocultures using Millipore culture inserts were as effective as
direct coculture conditions. We conclude therefore that the negative
regulator is a soluble factor released by epithelial cells in coculture
with stromal cells.

To identify the factors responsible for the regulation of HGF/SF we
surveyed a number of PGFs. These studies revealed a number of
possible candidates for the inhibitory agents present in coculture con
ditions. It has been reported that TGF-ÃŸ, significantly inhibits

HGF/SF expression in freshly isolated fat storing cells of rat liver
(30). Our present study suggests that TGF-ÃŸ,down-regulates HGF/SF
expression by MRC-5 human lung fibroblasts as well. In addition, we
find that TGF-a and EGF also significantly inhibit MRC-5 HGF/SF
expression. Unlike TGF-ÃŸ|, TGF-a, and EGF fail to affect protein
levels of HGF/SF within the 24-h treatment time (Table 2). The

mechanistic basis for these differences are unknown. Work reviewed
by Lippman and Dickson (25) demonstrates the presence of all three
of these PGFs in media conditioned by MCF-7, T47D, or MDA-MB-

231 cells. This suggests that one or more of these growth factors may
be responsible for the observed down-regulation of HGF/SF in cocul

ture conditions.
In conditioned media studies, HGF/SF induction occurs despite the

presence of the inhibitory PGFs (i.e., EGF, TGF-a, and TGF-ÃŸ)in the

media of the human breast carcinoma cell lines. This suggests that the
inducing agent(s) present in the conditioned media is able to coun
teract the inhibitory effects of the PGFs. It is not clear why this
relationship is not maintained in coculture. It is possible that coculture
conditions inhibit the expression of the unknown inducing factor(s).
Conversely, expression of the inhibitory PGFs may be up-regulated in

coculture conditions.
Our results indicate that the regulation of fibroblast HGF/SF ex

pression is complex. The demonstration that the carcinoma cell lines
can exert either positive or negative paracrine effects depending upon

We thank Dr. Marc E. Lippman for his encouragement and support. The
authors are grateful to Drs. HÃ©lÃ¨neSmith and Kevin Cullen for primary breast
fibroblast cultures and RNA samples. Dr. Anita B. Roberts for pure TGF-ÃŸ,
and for TGF-ÃŸ,and TGF-ÃŸ2blocking antibodies, and Dr. Daniel Djakiew for

BPH fibroblast conditioned media.
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