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ABSTRACT

Breast tumors are a complex mix of epithelial, stremai, and vascular
elements. We examined primary cultures of breast fibroblasts derived
from benign and malignant lesions for expression of various growth
factors. All fibroblast cultures, regardless of whether they were derived
from benign or malignant lesions, expressed platelet-derived growth
factor A chain, basic fibroblast growth factor, fibroblast growth factor 5,
and transforming growth factor Â¡HniRNA. None expressed platelet-
derived growth factor B chain or transforming growth factor a mRNA.
However, examination of mRNA expression for the insulin-like growth
factors revealed that 7 of 8 fibroblasts derived from benign lesions
expressed insulin-like growth factor I (IGF-I) mRNA, while only 1 of 9
fibroblasts derived from malignancies expressed IGF-I mRNA. The
opposite picture was seen for insulin-like growth factor II (IGF-II) mRNA
expression, in which 1 of 9 benign-derived fibroblasts expressed IGF-II
mRNA, while 5 of 9 malignant-derived fibroblasts expressed IGF-II.
This correlated with previous in situ hybridization data, which showed
IGF-I mRNA expression confined to the stroma of benign breast tissue.
PDGF treatment of tumor fibroblasts resulted in a 3-fold increase in
IGF-II mRNA. Thus there was an apparent dichotomy between IGF-I
mRNA expression in the majority of fibroblasts derived from benign
lesions and IGF-II mRNA expression in the majority of tumor-derived
fibroblasts. Since the insulin-like growth factors are potent mitogens for
breast tumor epithelial cells, this further supports the notion of a para-
crine growth-promoting role for the insulin-like growth factors in breast
lesions and suggests that IGF-II may be the more important growth
promoter in malignant lesions.

INTRODUCTION

Numerous studies over the past several years have examined
the role of peptide growth factors in the regulation of growth
of breast cancer and other malignancies (1). In large part, these
studies have relied on cultured tumor epithelial cells as an
experimental model. Since breast tumors are a complex mix of
epithelial, stromal, vascular, and other elements, an exclusive
focus on growth factor expression in tumor epithelium may not
examine important growth factor effects arising in other cellular
components of the tumor. Overall tumor growth is not simply
the result of autonomous growth of tumor epithelial cells.
Interactions between the various cell types within the tumor are
essential for overall tumor growth, but the nature of these
interactions remains poorly defined. Stromal and vascular ele
ments grow in an abnormal fashion along with epithelial cells
in a malignant tumor even though the cells which comprise
tumor stroma and vessels are not in and of themselves
transformed.

It has not been fully defined how communication between
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cell types in malignant tumors is controlled, but several exam
ples suggest that peptide growth factors have an important role
in intercellular growth regulation. For example, production of
PDGF3 by tumor epithelial cells can be a potent stimulus for

the growth of stromal fibroblasts (2), while the production of
fibroblast growth factors by tumor epithelium promotes the
growth of vascular elements essential for tumor survival (3, 4).
Considerably less is known about how growth factor production
by nonepithelial tumor elements can modulate the growth of
transformed tumor epithelial cells, but these interactions seem
very likely to be important as well.

The present study arose from our previously published obser
vations on the expression and function of the insulin-like
growth factors IGF-I and IGF-II in human breast cancer. The
insulin-like growth factors have been extensively characterized
and have been shown by several groups to be potent mitogens
for breast cancer epithelial cells (5-8). While the overwhelming
majority of surgical breast tumor specimens we examined ex
pressed both IGF-I and IGF-II mRNA, no cultured breast
tumor epithelial cells were found to express authentic IGF-I
mRNA when tested with a highly specific RNase protection
assay (9). Similarly, significant IGF-II mRNA expression was
found in only a single malignant breast epithelial cell line, T47-
D (7). In situ hybridization studies demonstrated that IGF-I
mRNA could be detected in the stroma of normal tissue at a
distance from the breast tumor but not in the stromal or
epithelial cells of the tumor itself (9). Since we detected both
IGF-I and IGF-II mRNA in the majority of tumor surgical
specimens but only very rarely in cultured tumor epithelial cells
and since the surgical specimens analyzed include a mix of
various tumor and nontumor elements, our results raised the
possibility that the IGF message we detected in surgical speci
mens arose primarily from tumor stroma and not from tumor
epithelial cells.

The notion that IGF expression might be primarily stromal
in origin is supported by the fact that IGF overexpression has
been reported in a number of sarcomas (10, 11) which are
tumors of mesenchymal origin without a predominant epithelial
component.

On the basis of these observations, we performed two sets of
experiments. The majority of data in this paper are relevant to
the expression of IGF-I and IGF-II as well as members of
several other growth factor families in primary cultures of
stromal fibroblasts derived from benign and malignant breast
lesions. On the basis of these experiments, we were able to
identify stromal growth factors which might be important in
the overall growth regulation of benign and malignant breast
lesions.

Having established the pattern of growth factor expression
in breast fibroblasts, we then performed some preliminary ex-

3The abbreviations used are: PDGF, platelet-derived growth factor; IGF-I,
insulin-like growth factor I; IGF-II, insulin-like growth factor II; TGF-a, trans
forming growth factor a; TGF-/31, transforming growth factor 01; basic FGF,
basic fibroblast growth factor; FGF-5, fibroblast growth factor 5; cDNA, comple
mentary DNA.
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pÃ©rimantsto determine whether paracrine interactions between
different cell types can play a role in the regulation of growth
factor expression by either breast tumor stromal or epithelial
cells.

MATERIALS AND METHODS

Fibroblast Cultures

The surgical specimen of breast tissue was dissected free of fat,
minced into 1-3-mm pieces with surgical scissors, and put into colla-
genase (Sigma C-0130) and hyaluronidase (Sigma H-3506) in F-12
media as described (12,13), with penicillin (100 units/ml), streptomycin
(100 units/ml), fungizone (2.5 units/ml), gentamicin sulfate (50 /ig/
ml), and 10% fetal calf serum. After mixing on a tumbler overnight at
37Â°C,the digested tissue was centrifuged. If there was more than 0.2

ml of packed digest, it was then passed through a Si-firn polyester filter,

and the cells that passed through the filter were centrifuged and seeded
in a 25- or 75-cm2 tissue culture flask in MM media (13). If there was

less than 0.2 ml of packed digest, it was seeded without filtration into
a 25-cm2 flask with MM media. After 4-7 days, when the epithelial

colonies were well established, the flask was differentially trypsinized
to dissociate fibroblasts while leaving epithelial patches attached to the
flask. Second-passage fibroblasts were then seeded into a separate flask
in a 1:1 mix of Dulbecco's modified Eagle's medium/F-12 media with

10% fetal calf serum.
Fibroblasts were subsequently passaged in Dulbecco's modified Ea

gle's medium with 20% fetal calf serum, Ix Basal Medium Eagle

Vitamin solution (Gibco, Gaithersburg, MD), Ix glutamine (Biofluids,
Rockville, MD), and Ix nonessential amino acids (Biofluids). Cell
monolayers were harvested for RNA when they reached confluence.

Verification of Fibroblast Origin by Immunofluorescence

To verify that the cells being studied were indeed fibroblasts, eight
cell lines were selected for analysis. The cells to be analyzed by immu
nofluorescence were grown directly on Lab-Tek chamber slides (Nunc,
Inc., Thousand Oaks, CA). The cells were fixed and stained as previ
ously described (14). Murine monoclonal antibodies against vimentin
(V9), desmin (DEBS) (both from Boehringer-Mannheim), and cytoker-
atin (4.62) (ICN, Lisle, IL) were used for primary labeling with fluores-
cein- or rhodamine conjugated goat anti-mouse secondary antibody for
detection (Boehringer-Mannheim).

RNA Preparation

Total cellular RNA was harvested by the guanidine/cesium chloride
method (15). Confluent tissue culture flasks were washed three times
in iced phosphate-buffered saline, and the cell layer was harvested
directly in guanidinium isothiocyanate solution. After ultracentrifuga-
tion on a cesium chloride cushion, the purified RNA was quantified
spectrophotometrically, and aliquots were electrophoresed on 1.1%
agarose minigels containing 7.2% formaldehyde and stained with el hid
ium bromide to confirm RNA integrity.

Riboprobes

IGF-I. The original cDNA was provided by Dr. Ken Gabbay (Baylor
College of Medicine, Waco, TX). A Pstl-BamHl fragment was cloned
into a pGem4 vector (Promega, Madison, WI). The vector was linear
ized with Â£coRI, providing a template for an antisense riboprobe
protecting a 540-base pair mRNA fragment.

IGF-II. An 833-base pair Pstl-Pstl fragment of the cDNA provided
by Dr. Graeme Bell was cloned into a pGem4 vector. This was linearized
with Rsa, providing a template for an antisense riboprobe protecting a
336-base pair mRNA fragment.

PDGF A Chain. An Sstl-Stul fragment of the cDNA provided by Dr.
C. H. Heldin was (Â¡gatedinto a pGEM4 vector. This was linearized
with EcoRl, providing a template for an antisense riboprobe protecting
a 392-base pair mRNA fragment.

PDGF B Chain. A 325-base pair Bgl\\-Ava\ fragment of the cDNA
provided by Dr. Keith Robbins was inserted into a pGEM4 vector. This
was linearized with Xbal providing a template for an antisense ribo
probe protecting a 262-base pair mRNA fragment.

TGF-a. An Sphl-Apal fragment of the TGF-a sequence provided by
Dr. Graeme Bell was cloned into a pGEM4 vector. This was linearized
with Â£coRI,providing a template for riboprobe which protected a 152-
base pair mRNA fragment.

TGF-/ÃŽ1.A 1050-base pair Â£coRIfragment of the cDNA provided
by Dr. Michael Sporn was ligated into a pGEM4 vector. This was
linearized with Hindlll, providing a template for a 277-base pair
antisense riboprobe.

Basic FGF. A PvuII fragment of the cDNA provided by Dr. Judith
Abraham was cloned into a pGem3 vector. This was linearized produc
ing a template for an antisense riboprobe which protected a 223-base
pair mRNA fragment.

FGF 5. A BamHl-SMAl fragment of the FGF-5 cDNA provided by
Dr. Mitchell Goldfarb was cloned into a pGEM7zf vector. This was
linearized providing an antisense riboprobe which protected a 281-base
pair mRNA segment.

36B4. A 220-base pair PSTÃ•fragment of the 36B4 cDNA provided
by Dr. Pierre ChambÃ³n was cloned into a pGem4 vector. This was
linearized with EcoRl, providing a template for a riboprobe with an
expected protected fragment of 220 base pairs. Because of the high
constitutive expression of 36B4 in the cell lines examined, when this
riboprobe was labeled, only one-fifth of the normal amount of 32P-

labeled UTP was used, although the total molar concentration of UTP
in the riboprobe labeling mixture was not changed. This resulted in a
low-specific-activity riboprobe of approximately IO4dpm/sample. Con

trol experiments with RNA samples showed that this produced a good
linear correlation between band intensity and total RNA loaded (data
not shown).

RNase Protection Assay

Antisense 32P-labeled RNA probes were prepared following the vec
tor manufacturer's protocol (Promega). The probe (5 x 10" cpm) was
hybridized overnight with 20 Mgtotal cellular RNA at 50Â°C.In some

experiments, the RNA samples were hybridized with two or three
probes of different sizes simultaneously. The samples were then digested
with RNase A, extracted, and precipitated as previously described (16).
The samples were then fractionated on a 6% polyacrylamide gel con
taining 8 M urea. Size markers were prepared by end-labeling pBR322
which had been digested previously with Mspl (New England Biolabs,
Beverly, MA). The gels were dried and exposed to X-ray film in the
presence of an intensifying screen for 16 h to 1 week.

Conditioned Media Preparation and Radioimmunoassay

Fibroblasts for study were plated in cell factories (Nunc) in their
standard media. When the cells approached confluence, they were
washed in phosphate-buffered saline and switched to serum-free media
which was subsequently collected and concentrated as previously de
scribed (17). Binding protein was extracted by acid chromatography on
Cig Sep-pak columns (18). Since in our experience this procedure
removes only 80-90% of the binding protein present, the extraction
was performed twice in sequence on each sample, removing more than
95% of the binding protein, while yielding 60-70% of the starting
amount of IGF. To ensure that binding protein had been adequately
removed, a charcoal separation binding assay ( 19) was performed prior
to radioimmunoassay and demonstrated no detectable residual binding
protein activity. Radioimmunoassay (20) was performed using a murine
monoclonal anti-IGF-II (Amano Pharmaceuticals, Troy, VA). IGF-II
which had been radioiodinated by the lactoperoxidase method was
generously provided by Dr. James Perdue.

Paracrine Regulation of Growth Factor Expression

To examine the role of stromal/epithelial interactions in the regula
tion of growth factor expression, we performed two preliminary exper
iments on induction of growth factor mRNA expression by paracrine
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factors. We first asked whether PDGF, which is produced by breast
cancer epithelial cells, could increase IGF-II mRNA expression in
breast tumor fibroblasts. Fibroblasts (fibroblast 906) derived from a
breast carcinoma were plated at equal density in multiple T-175 flasks.
These were allowed to grow in normal medium until the fibroblasts
reached approximately 90% confluence. The fibroblasts were then
washed for 5 min three times in phosphate-buffered saline at 37Â°Cand

then switched to serum-free medium consisting of phenol-red-free
improved minimum essential medium with 2 mg/liter transferrin, 2
mg/liter fibronectin, 20 mM 4-(2-hydroxyethyl)-l-piperazineethanesul-
fonic acid buffer, 292 mg/liter glutamine, and Ix trace elements (Bio-
fluids). After an additional 48 h, the serum-free medium was replaced
with fresh serum-free media containing 10 ng/ml human recombinant
PDGF BB homodimer (Upstate Biotechnology, Lake Placid, NY).
Flasks of PDGF-treated fibroblasts were harvested at the time points
indicated and analyzed for IGF-II expression by RNase protection
assay as described above. A low-specific-activity 36B4 probe described
above was used as a control for RNA integrity and equivalent loading
of RNA in all samples. The molar quantity of the 36B4 probe was the
same as that of the IGF-II probe in the hybridization mixture.

A complementary experiment was performed to analyze the effect of
IGF treatment on the expression of PDGF mRNA by breast cancer
epithelial cells. Since we had demonstrated IGF expression in breast
fibroblasts, we asked whether IGF from these cells could increase
PDGF expression in breast tumor epithelial cells. For this analysis,
MCF-7 cells were plated at identical densities into multiple T-175
flasks. When the flasks approached confluence, the cell monolayers
were washed and switched to serum-free medium as described for the
fibroblast experiment. After 48 h in serum-free medium, the medium
was replaced with serum-free medium containing 40 ng/ml human
recombinant IGF-I (Amgen, Thousand Oaks, CA) or 80 ng/ml human
recombinant IGF-II (Bachern, Terranee, CA). The cells were harvested
after 6 h of treatment, and RNA was hybridized with a cocktail of three
probes for PDGF A chain, PDGF B chain, and 36B4, which again
served as a control for integrity and equal loading of RNA.

Experiments were performed in duplicate. Induction of PDGF or

IGF-II mRNA expression was quantitated by examination of the ap
propriate autoradiograms with a scanning densitometer (Beckman).

Statistical Analysis

Results of RNase protection assays were compared using the stand
ard normal test for differences between proportions.

RESULTS

Verification of Fibroblast Origin by Immunofluorescence

Eight fibroblast lines were selected for study and were ana
lyzed with monoclonal antibodies against vimentin, keratin,
and desmin. These included four fibroblast lines derived from
benign breast lesions and four from malignant breast tumors.
All fibroblasts showed strong vimentin expression, while none
stained with antibodies directed against keratin or desmin. This
is the expected immunophenotype for cells of mesenchymal
origin. An example (fibroblast 559) is shown in Fig. 1. Addi
tionally, all cells exhibit the spindle cell morphology typical of
fibroblasts. In contrast, MCF-7 breast tumor epithelial cells
stained strongly for keratin (Fig. ID) but not for vimentin or
desmin (data not shown).

Growth Factor RNase Protection Assays

IGF-I. Seventeen fibroblast cell lines were tested in total.
Eight were positive for IGF-I mRNA expression. Seven of 8
fibroblast lines derived from benign lesions were positive for
IGF-I mRNA expression, while 1 of 9 fibroblast lines derived
from malignant tumors was positive for IGF-I mRNA (Fig.
2A). CHP-100, a neuroepithelioma cell line known to express
IGF-I mRNA, served as a positive control. The difference in
frequency of IGF-I expression between benign- and malignant-
derived fibroblasts is statistically significant, with P = 0.002.

Fig. 1. Verification of fibroblast origin by
immunofluorescence. A representative exam
ple of staining of fibroblasts and epithelial cells
with antibodies against vimentin, keratin, and
desmin is shown.. I. fibroblast 559 stained with
a monoclonal antibody against vimentin.
There is strong cytoplasmic staining, and the
cells demonstrate spindle cell morphology typ
ical of fibroblasts. B, fibroblast 559 stained
with a monoclonal antibody against keratin.
There is no significant staining. C, fibroblast
559 stained with a monoclonal antibody
against desmin. There is no significant stain
ing. D, MCF-7 epithelial cells. There is posi
tive staining with the anti-keratin antibody.
MCF-7 cells did not stain with antibodies
against vimentin or desmin (data not shown).
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IGF-II. Eighteen fibroblast lines were examined in several
experiments. T47-D, a breast cancer epithelial cell line, which
has been demonstrated previously to express IGF-II mRNA,
served as a positive control (7) (Fig. 2B). Six of 18 lines were
positive for IGF-II mRNA expression. Only 1 of 9 fibroblast
lines derived from benign tumors was positive for IGF-II
expression, while 5 of 9 tumor-derived fibroblasts were positive
for IGF-II. At least one fibroblast line (559) was noted to lose
most of its detectable IGF-II mRNA with serial passage. At
passage 6, the message was readily detectable, but at passage
12, there was little IGF-II message seen. The difference in
IGF-II expression between the fibroblasts derived from be
nign and malignant lesions also is statistically significant, with
P = 0.046.

TGF-a and TGF-/31. Since these riboprobes are of easily
separable sizes, samples were hybridized with a mixture of both
probes to conserve total RNA. MDA MB-231, a breast cancer
epithelial cell line known to express both TGF-a and TGF-ÃŸl,
was used as a positive control. Ten of 10 cell lines showed easily

detectable TGF-01 message, while none show TGF-a message
(Fig. 3).

PDGF A and B Chains. Ten fibroblast RNA samples were
probed with a mix of PDGF A and B chain probes. MCF-7
cells, which have been demonstrated to express both PDGF
chains, served as a positive control. All 10 samples expressed
PDGF A chain mRNA, while none expressed detectable B
chain mRNA (Fig. 4).

Basic FGF. Thirteen fibroblast samples were probed for basic
FGF expression. SK-Hep 1, a human hepatoma cell line, served
as a positive control. All thirteen cell lines expressed easily
detectable mRNA (Fig. 5A).

FGF-5. Ten breast fibroblast samples were analyzed for FGF-
5 mRNA expression. Two normal skin fibroblasts were ana
lyzed as well. Breast cancer epithelial cell line MDA MB-231
served as a positive control. All fibroblasts expressed easily
detectable FGF-5 mRNA (Fig. 5B).

The data from the RNase protection assays for the various
factors are summarized in Table 1.

Fig. 2. Insulin-like growth factor RNase
protection assays in human breast fibroblast v
A, IGF-I RNase protection assay. Seven of 8
fibroblast lines derived from benign lesions
were positive for IGF-I mRNA expression,
while 1 of 9 fibroblasts from malignancies were
positive. CHP-100, a neuroepithelioma cell
line, serves as a positive control, showing the
540-base pair protected fragment. B, IGF-II
RNase protection assay. One of 9 fibroblast
lines derived from benign tumors were positive
for IGF-II mRNA expression, while 5 of 9
lines derived from malignant tumors were pos
itive, showing the 336-base pair protected frag
ment. T47-D, a breast epithelial tumor cell
line known to express IGF-II, serves as the
positive control. All specimens show a small
artifactual band at the full probe size (357 base
pairs) which is due to incomplete digestion of
probe, possibly due to some small amount of
sense transcript from the cDNA template. The
correct size for the IGF-II transcript is marked.

A.
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Fig. 3. TGF-a and TGF-01 RNase protec
tion assay in human breast fibroblasts. In this
experiment, the fibroblast samples were hy
bridized with a mixture of both the TGF-a and
TGF-/31 probes. MDA MB-231, an estrogen
receptor-negative breast tumor cell line, served
as a positive control first for the TGF-a probe
alone, then the TGF-/31 probe alone, and fi
nally both probes mixed together. The TGF-
.11 protected fragment is 277 base pairs in
length, while the TGF-a protected fragment is
152 base pairs long. All fibroblast lines ex
pressed TGF-,81 mRNA, while none expressed
TGF-a mRNA.
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IGF-II Radioimmunoassay of Fibroblast-conditioned Media

To confirm that fibroblasts which expressed IGF-II mRNA
were capable of producing detectable amounts of the corre
sponding protein, two lines were selected for study by radio-
immunoassay. After extraction of all detectable binding protein,
fibroblast line 559, which was positive for IGF-II mRNA,
produced 50 Â±6.4 (SD) ng IGF-II/106 cells/24 h. Fibroblast
994, which did not have detectable IGF-II message, produced
<5ng IGF-II/106 cells/24 h.

Paracrine Regulation of Growth Factor Expression

PDGF Induction of IGF-II mRNA in Breast Tumor Fibro
blasts. We hypothesized that PDGF produced by breast cancer
epithelial cells might exert a paracrine growth-stimulatory ef
fect in tumors by inducing IGF-II mRNA expression in breast
tumor fibroblasts. To examine this, fibroblast line 906 was
selected for further study. This line was derived from a malig
nant tumor and expressed IGF-II mRNA at baseline. Line 906
cells grown in serum-free conditions showed a 3-fold increase
in IGF-II mRNA following treatment with human recombinant
PDGF BB homodimer (Fig. 6). The induction was maximal
after approximately 6 h and declined to baseline from that
point.

IGF Induction of PDGF mRNA in Breast Tumor Epithelial
Cells

We also hypothesized that IGF produced by breast tumor
stromal cells might induce PDGF expression in breast tumor
epithelial cells. To study this, MCF-7 breast cancer epithelial
cells were grown in serum-free conditions and subsequently
treated with human recombinant IGF-I. These cells showed a
2-fold increase in PDGF A chain mRNA after 6 h of IGF
treatment (Fig. 7). There was a slight increase in PDGF B
chain mRNA as well. Similar results were seen with MCF-7
cells treated with recombinant IGF-II (data not shown).

DISCUSSION

Most of the growth factors examined showed consistent
patterns of mRNA expression regardless of whether the fibro
blast line originated from a benign or malignant lesion. All
fibroblasts examined expressed PDGF A chain, while none
expressed PDGF B chain. All expressed TGF-ÃŸl, while none
expressed TGF-a. All expressed both basic FGF and FGF-5

IÂ£llHl

l

.."i

B.

Fig. 5. Basic FGF and FGF-5 RNase protection assay in human breast
fibroblasts. A, basic FGF RNase protection assay. Thirteen of 13 fibroblast lines
showed mRNA expression with the expected protected fragment of 223 base
pairs. SK-Hep 1, a human hepatoma cell line, served as the positive control. B,
FGF-5 RNAse protection assay. Nine of 9 fibroblast lines tested expressed FGF-
5 message. The protected fragment is 281 base pairs in length. Breast tumor
epithelial cell line MDA MB-231 was the positive control.

mRNA. Only the pattern of expression for the insulin-like
growth factors showed differences that correlated with whether
the fibroblast originated from a malignant or benign lesion.
IGF-I expression was seen in 7 of 8 fibroblasts derived from

benign lesions but in only 1 of 9 lines derived from malignant
tumors. IGF-II expression was roughly the opposite, seen in
only 1 of 9 lines derived from benign lesions, but was present
in the majority (5 of 9) of lines derived from malignant tumors.
For both IGF-I and IGF-II, the differences in mRNA expres
sion between fibroblasts derived from benign and malignant
lesions were statistically significant despite the small total num-

t̂* rv

Fig. 4. PDGF A and B chain RNase pro
tection assay in human breast fibroblasts. In
this assay, the fibroblast samples were hybrid
ized with a mixture of riboprobes for both
PDGF A chain and PDGF B chain. MCF-7
cells were used as a positive control for both
probes. The protected fragment for the A chain
probe is 392 base pairs while the protected
fragment for the B chain is 262 base pairs. All
of the fibroblasts express PDGF A chain, while
none express PDGF B chain.

l
O} v^
Os ^
Oi ^

- A Chain

â€¢T
B Chain
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Table I Growth factor mRNA expression by breast fibroblast cell lines

Fibroblast19136542944687998799910341097197406559788906926971974977995IGF-IIGF-II PDGFA+

-++
â€”++
-ND"ND
-ND+
-ND+
-NDâ€”
â€”++
â€”++
+NDND

NDND+
-NDâ€”
++â€”
++â€”
++-
-ND-
+NDâ€”
â€”+â€”
+ ++PDGF

B-â€”NDNDNDNDâ€”â€”NDNDNDâ€”â€”â€”NDNDâ€”â€”-TGF-Â«-â€”NDNDNDNDNDâ€”NDNDNDâ€”â€”â€”â€”NDâ€”â€”-TGF-01++NDNDNDNDND+NDNDNDâ€¢f+++ND+++BasicFGF++NDND++ND+++++ND++ND+ND+FGF-5++NDND+NDND+ND+++NDND+ND+ND+SourceReduction

mammoplastyReduction
mammoplastyReduction
mammoplastyReduction
mammoplastyFibroadenomaFibroadenomaFibroadenomaFibroadenomaReduction

mammoplastyTumorTumorTumorTumorTumorTumorTumorTumorTumorTumor

' ND, not done.

ber of samples. There did not appear to be any readily identi
fiable correlation, however, between IGF expression and other
prognostic indicators such as estrogen and progesterone recep
tor status or nodal involvement (data not shown). Analysis of
one of the IGF-II-positive tumor-derived fibroblast lines dem
onstrated secretion of biologically significant quantities of IGF-
II protein, confirming the RNA data.

It is important to note that the fibroblasts studied are not
malignant cells per se, in that they show normal phenotypic
behavior in tissue culture, with normal contact inhibition,
monolayer growth, and senescence after approximately 15 to

b- b.

20 passages. Nor are the cells monoclonal. Each line was pooled
from all of the fibroblasts which grew from the original tumor.
Therefore the difference in IGF-I and IGF-II expression seen

between fibroblasts derived from malignant and benign lesions
is not the result of a transformation event within those cells.

I â€¢>51Â»*
â€¢Â»M v -^ ^ M

.....
- PDGFA

- IGF-II

ftirn - 36B4

Fig. 6. IGF-II RNAse protection assay for breast tumor fibroblasts stimulated
with PDGF. Breast tumor fibroblast line 906 was grown in serum-free medium
as described in "Materials and Methods." The cells were then treated for the time

periods shown with recombinant human PDGF BB homodimer, 10 ng/ml. Total
RNA was extracted, and 20-^ig samples were hybridized with a mixture of IGF-
II and 36B4 probes. 36B4 is produced constitutively and serves as a control for
equal loading of RNA in all lanes. The protected fragments for the two probes
are marked with IGF-II at 336 base pairs and 36B4 at 220 base pairs. Hep G2, a
human hepatoma cell line which markedly overexpressed IGF-II mRNA, served
as a positive control for both IGF-II and 36B4 mRNA. There is a 3-fold increase
in IGF-II mRNA between 0 and 8 h of PDGF treatment, with a decline to
baseline by 48 h. The level of 36B4 expression is unchanged by PDGF treatment.

- PDGFB

â€¢- 36B4

Fig. 7. PDGF A and B chain RNAse protection assay for MCF-7 cells treated
with human recombinant IGF-I. Breast tumor cell line MCF-7 was grown in
serum-free medium as described in "Materials and Methods." The cells were then
treated for 6 h with human recombinant IGF-I (40 ng/ml). The cells were then
harvested, and total RNA was extracted for comparison to untreated controls.
The RNA samples were hybridized with a mixture of 3 probes, for PDGF A
chain, PDGF B chain, and 36B4. MCF-7 cells grown in improved minimum
essential medium with 10% fetal calf serum served as the positive control.
Protected fragments for PDGF A chain, B chain, and the 36B4 loading control
are marked. There is a 2-fold increase in PDGF A chain message with IGF
treatment as well as a slight increase in PDGF B chain message. 36B4 bands are
equal in all samples.
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Breast Tumor
Epithelial Cell Breast Tumor

Stromal Cell

Fig. 8. Proposed model for stromal/epithelial interactions in breast cancer.
IGF-II produced by breast tumor stromal cells binds to the type 1 IGF receptor
on breast tumor epithelial cells. This results in a mitogenic signal for the epithelial
cell but also induces PDGF mRNA expression by the epithelial cell. PDGF in
turn serves as a paracrine mitogenic signal for tumor stromal cells. In addition,
PDGF induces IGF-II mRNA expression by the epithelial cell, completing a
cooperative paracrine loop.

Several explanations are possible for the difference in IGF-I
and IGF-II gene expression described. First, the difference may
have existed prior to tumor formation. If this is the case, it is
conceivable that IGF-II expression in breast tumor stroma in
some way predisposes to malignant transformation. Alterna
tively, it may be a passive marker of some other transforming
event.

If the pattern of IGF expression we have demonstrated fol
lows rather than precedes tumorigenesis, it may result from
recruitment and expansion of a preexisting stromal cell popu
lation. It is less likely that there may be a change in the pattern
of IGF gene expression in the stroma which results from
interactions with transformed tumor epithelium. Since the pat
tern of IGF expression persists in serial culture in the absence
of tumor epithelial cells, the mechanisms responsible for those
stromal/epithelial interactions are not clear. We do not yet
know whether the pattern of growth factor expression seen in
the breast fibroblasts we have examined is the same for fibro-
blasts from skin or other organs in the same patients. At
present, we are examining growth factor expression in normal
skin fibroblasts from patients with and without breast cancer,
as well as fibroblasts from cancer families.

Stromal/epithelial cell interactions have been postulated to
have great significance both in the regulation of normal mam
mary gland development (21) and in breast cancer (22) as well
as other malignancies. Numerous studies have demonstrated
phenotypic differences between fibroblasts from tumors or skin
of cancer patients compared with normals. Pfeffer et al. (23)
noted abnormal growth behavior in skin fibroblasts derived
from patients with familial polyposis of the colon, a condition
associated with very high predisposition for tumor formation.
Azzarone et al. (24, 25) have demonstrated abnormal growth
behavior in skin fibroblasts derived from breast cancer patients
compared with normal controls. Sappine et al. (26) demon
strated that fibroblasts from breast tumors exhibit smooth
muscle differentiation with expression of Â«smooth muscle actin
which was absent in fibroblasts from normal breast. Schor et
al. (27) have shown fetal patterns of motility in collagen gels
for skin fibroblasts derived from patients with a number of

malignancies including breast cancer, melanoma, and Wilms'

tumor. They hypothesized that the persistence of this fetal
fibroblast motility pattern is associated with an increased risk
of subsequent tumor development (28) and more recently have
isolated a M, 50,000-60,000 protein produced by fetal and
cancer patient fibroblasts which stimulates the migration of
adult cells but is not made by normal adult cells (29, 30). It is
of interest that the majority of tumor-derived fibroblasts in this
study express IGF-II, which is felt to act primarily as a mediator
of fetal growth (31). Insulin-like growth factors have also been
found to stimulate tumor cell chemotaxis in a melanoma cell
model (32), but they are clearly different from the migration-
stimulating activity isolated by Schor el al. (27).

Adams et al. (33) showed that the conditioned medium from
breast tumor fibroblasts had a marked stimulatory effect on
MCF-7 cells in culture, while conditioned medium from fibro
blasts derived from benign breast tissue actually inhibited the
growth of MCF-7 cells. Transformed fibroblasts have been
shown to accelerate the growth of several tumor cell types in
tissue culture and nude mouse models (34). Of the growth
factors produced by the fibroblasts examined in this study, IGF-
I and IGF-II have the most clearly defined mitogenic effects on
tumor epithelial growth. TGF-/31 appears to be most active as
an inhibitor of breast tumor epithelial cell growth (35, 36).
Breast tumor epithelial cells in vitro lack receptors for PDGF
and do not respond to it in biological assays (37), so presumably
they would not be affected by production of PDGF A chain by
the tumor fibroblasts. Basic FGF has been shown to stimulate
mitogenesis in MCF-7 and T47 D breast tumor cells (8) as well
as a murine breast tumor cell line (38). However, the overall
growth-regulatory effect on tumor epithelium of the fibroblast
growth factors is not as well defined as it is for the other
families of growth factors analyzed here.

In the last experiments described in this paper, we asked a
fundamentally different question, that is, whether paracrine
exchange of growth factors between different cell populations
within a tumor can alter the expression of an individual growth
factor in an individual subset of cells. As an example, we looked
for a model for interactions between PDGF and IGF. Despite
the fact that breast tumor epithelial cells produce both PDGF
A and B chains, they have not been found to have PDGF
receptors and so presumably cannot respond to PDGF in an
autocrine fashion. The observation that PDGF can induce an
increase in IGF-II mRNA expression by stromal fibroblasts
raises the possibility of an important paracrine role for PDGF
production by tumor epithelial cells. Not only can PDGF from
tumor epithelium accelerate growth of stromal fibroblasts, but
it may also induce production of IGF by the fibroblasts, which
in turn can act as an epithelial mitogen. This notion is supported
by the observations of Clemmons (39), who reported an increase
in IGF protein production in a radioimmunoassay analysis of
fibroblasts treated with PDGF.

The observation that IGF treatment induced a slight increase
in PDGF mRNA expression by MCF-7 cells suggests a possible
cooperative paracrine loop between tumor epithelium and
stromal fibroblasts (Fig. 8). Epithelial production of PDGF
stimulates stromal production of IGF, which in turn stimulates
greater epithelial production of PDGF, etc. Just how important
such a mechanism might be in promoting actual tumor growth
is still speculative, however.

The findings of this study support the idea that stromal cells
can have a significant role in the regulation of tumor growth
and are capable of producing a number of potent factors which
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have important growth-modulating effects on tumor epithe
lium. They also suggest that there are important differences in
growth factor expression between stromal fibroblasts from be
nign and malignant tumors, which may in part contribute to
some of the differences in the clinical behavior of these lesions.
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