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Abstract. Transforming growth factor B1 (TGF-31) has been
shown to exhibit anti-proliferative activity for mammary gland
epithelial cells and for human breast cancer cells. Insulin-like
growth factor [ (IGF-[), in contrast, is a well-characterized
mitogenic and anti-apoptotic factor involved in mammary
aland physiology. In order to examine the hypothesis that
IGF-[ suppresses TGF-B1 expression in the mammary
gland. we studied the effect of various manipulations of the
growth hormone - IGF-I axis on TGF-B1 mRNA abundance.
Administration of IGF-1 to intact animal suppressed TGF-81
mRNA levels in a dose-dependent manner to ~20% of control
levels. Administration of the somatostatin analogue octreotide
In a manner previously shown to acutely suppress the growth
hormone - [GE-I axis increased mammary gland TGF-31
expression ~3-fold. Transgenic mice overexpressing growth
hormone expressed TGF-B1 in the mammary gland at
only ~12% of the level of control animals, while mice [GF-I
deficient due to the *lit’ mutation expressed TGF-B1 at slightly
higher levels than control animals. The large differences
in TGIF-B1 expression between control and GH-transgenic
animals were correlated with major differences in architecture
of the mammary gland, while the appearance of mammary
glands of normal and “/ir" animals was similar. These data
document a previously unrecognized relationship between
TGE-631 and IGE-I physiology in the mammary gland, and
suggest a novel mechanism by which somatostatin analogues
influence the proliferative behaviour of breast epithelial
cells.

Introduction

Several reports have suggested that transforming growth
factor 31 (TGF-01) has important negative regulatory roles in
normal breast physiology and that this pepuide can inhibit
proliferation of breast cancer cells (1.2). Conversely, there are
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many reports demonstrating that insulin-like growth factor [
(IGF-I) bioactivity has important stimulatory and anti-apoptotic
actions on a variety of cell types, including both normal and
transformed mammary epithelial cells (3-5). This evidence
includes direct demonstration of mitogenic responsivity of
breast cancer cells to [GF-I in vitro (6,7) and growth-inhibitory
effects of both host IGF-I deficiency (8) and blocking anti-
bodies against the IGF-I receptor (9) on in vivo breast cancer
proliferation.

Separate proposals have been made that up-regulation
of TGF-B1 bioactivity (2) and reduction of IGF-I bioactivity
(10-12) deserve consideration as therapeutic strategies for
breast cancer prevention and/or treatment. Interestingly,
data have been presented that implicate both up-regulation of
TGF-B1 expression (13-15) and reduction of IGF-I binactivity
(via effects on IGF-I (16,17), [GF-I receptors (18), and IGF
binding proteins (19,20)] as potential mediators of the anti-
proliferative action of anti-estrogens.

Prior evidence for interactions between [GFE physiology
and TGF-01 physiology include the demonstration that the
anti-proliferative action of TGF-B81 in certain experimental
systems involves the reduction of responsivity to [GFs by the
up-regulation of IGF binding protein expression (21), and the
demonstration of a role for the [GF-II receptor in the post-
translational processing of TGE-B1 (22). We sought to evaluate
the possibility that the growth stimulatory actions of [GF-I
involve suppression of TGF-B1 expression.

Materials and methods

Animals. Animals were obtained trom the Jackson
Laboratory. Control animals were [it/+ heterozygotes that are
indistinguishable from +/+ C57BL/6J amimals homozygous
for the lir mutation (8,23.24) were used to model growth
hormone - [GF-I deficiency. and transgenic C57BL/6J animals
overexpressing the human growth hormone gene were used
to model growth hormone - [GE-[ excess (25). All experiments
were performed on virgin animals approximately 8 weeks of
age.

Photomicroscopy. Breast tissue from virgin mice 8 weeks of
age was obtained following sacnifice, fixed in 10% formalin,
and sections were stained with haematoxyviin and eosin.
Multiple shdes from each of several animals were prepared.
and photographed at x400 magnificatuon.
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Figure 1. Suppression of TGF-BI expression in the mammary gland by systemic administration of IGF-1. IGF-1 (or vehicle) was administered at indicated doses
subcutaneously as desenbed in Materials and methods. Twelve hours after the last injection. animals were sacrificed, and breast tissue was frozen for subsequent
extraction of RNA and Northern bloting as descnbed (16). Blots were hybndized with rat TGF-B1 (A) or (as loading control) 188 (B) cDNAs. Representative
Northern blots are shown in (A} and (B, [ndependent RNA samples were obtained from 4 separate animals at cach dose level, and subjected 10 Northern analysis
and guantification by densitometne scanming. Aggregate results are summarized in {C) (mean + 5.
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Figure 2. TGF-0B1 expression in mammary glands of fedi. GH-transgenic, and control (fi/+) C3TRL/G) mice. Breast nssue (rom untreated mice was frozen for
subsequent extraction of RINA and Northern blotnng as deseribed 160, Blots were hyvbridized with rat TGF-B1 (A) or ias loading control) 185 (B) cDNAs.
Representatve Northem blots are shown in ¢A) and ( B). Independent RNA samples were obtained from 4 separate ammals of each group. and subjected 1o Nurthemn
analysis and quanufication by densitometric scanning  Aggregate results are summarnized in (C) (mean £ SD).

Northern blotting. The TGF-B1 probe was obtained from
ATCC. Messenger RNA was prepared from tissue and
Northern blotting was carried out as previously described
(16.26.27).

Actre responses to treatment with IGF-1 or octreotide. The
acute response to octreotide (kindly provided by Novartis
Pharma) was determined by tnjecting the doses indicated
on the figure legend subcutaneously at baseline, repeating
this infection 12 h later, and then sacrificing animals for
trssue collectnion and mRNA solatton 244 h atter the 'iminal

infection. The acute response to [GF-[ was determined by
infecting recombinant human IGF-T (a kind gift from Celtrix
Pharmaceuticals) at the doses indicated subcutaneously at
baseline. repeating this injection 12 h later, and then sacrificing
animals for tussue collection and mRNA solation 24 h after
the initial injection,

Results

As shown 1n the short-term cxperiments summarized in
fres 1 IGE-T admimistravon acutely down-regulated TGEF-51
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Frgure 3. Histology of mammary glands of control, i, and GH-ransgene C3TBLG) muce. Histolozical sections were prepared as descnbed in Matenals and
mcthods, and photographed at x400. Manmumary ussues of control and figde anirnals were indistinguishable and are shown in (A (B). shows the ductal hyper-

plasia found in the GH-transgemce animals,

expression in a dose-dependent fashion. As an initial approach
to studying the impact ot chronic changes n IGF T level on
mammary gland TGF-B1 expression, we compared TGFE-61
mRNA abundance 1n the mammary glands of transgenic mice
aoverexpressing growth hormone (GH) (23, mice with 1GF-1
deficiency due to the “lir" mutation (8). and control mice
(Fig. 2). TGF-B1 mRNA abundance in mammary glands of
transgenic mice overexpressing GH was less than 2095 that
of controls. On the other hand. suppression of the [GF-1 -
GH axis by the /ir mutation was associated with a modest but
statistically sigmificant increase in TGF-A1 mRNA abundance.

The photomicrographs shown in Fig. 3 demonstrate the
cttects of experimental manipulation of the GH - IGI--1 axis on
mammary gland morphology. Excess mitogenic stimulatnion 1s
associated with hypertrophy ot the epithehial ductal structures,
and an abnormally high ratio of ductal to stromal tissuc.

Fig. 4 demonstrates a significant acute stimulatory
etfect of octreotide on mammary gland TGF-GT mRNA
abundance.

Discussion

[n this study, we have found that in vive, IGF-1 suppresses
TGE-B1 gene expression n the mammary gland. Treatment
of mice with somatostatin analogue octreotide results in up-
regulation of TGF-I51 gene expression. Low levels of TGF-01
eXpression in mice overexpressing growth hormone is
associated with mammary epithehial cell hypertrophy.

Our animal models of [GF overexpression and under-
cxpression each involved alterations of [GF-I expression
sceondary to changes in GH expression. The fact that we
were able in the acute experiments shown in Fig. | to rephicate
the TGF-B1 suppressive eftect of GH overexpression by
the administration of [GF-[ (a manipulation which raises IGF-1
levels and suppresses GH secretion), provides evidence that it
15 [GF-1 rather than GIH that regulates TGE-31 expression.

Somatostatin analogues such as octreotuide have been
shown o have anti-proliferative activity in a variety of in vivo
hreast cancer models (28,290, These compounds are known
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Figure 4 Effect of octreotide administration on mammary 2iand TGF-B1 mRNA abundance. Octreotide {or vehicle) were administered at indicated doses
subcutanceusly as desenbed in Matenals and metheds. Twelve hours after the last injection. animals were sacrificed, and breast tissue was frozen for subscquent
extraction of RNA and Northern blotting as descnibed (101 Blots were hybndized with rat TGF Bl (A) or (as loading control) 185 (B) ¢DNAs. Representative
Northemn blots are shown in (A} and (B). Independent RNA samples were obained from 4 separate animals of each group at each dose level. and subjected to
Northern analvsis and quantfication by densitometrie scanming. Aggresate results are summarized i (C) (mean = SD).

to suppress Gl secrenion and [GF-1 levels (30.31). in addition.
they may have direct growth inhibitory actions related to
binding to somatostatin receptors known to be present on
experimental and human breast cancers (29.32-34). As
prior work has shown that short-term administration of
octreotide 1s associated with oniy modest (~30) suppression
of IGF-I serum levels and IGI*-[ gene expression (33}, we were
anticipating only a modest effect of octreotide as an inducer
of TGF-B1 expression in the breast, particulariv in view of
the small etfect (Fig. 1) ot the profound [GF-1 deficiency
associated with the “fir” mutation (8). The resulis theretore
suggest that the stimulatory etfect of octreotide on mammary
gland TGE-B1 expression involve other mechanisms in
addition to that related to reduction in IGF-T influence. It 1s
tempting to speculate that octreotide may act directly by
binding to somatostatin receptors present in normal breast
tssue. Octreotide binds to at least three of the five cloned
somatostatin receptors, which trigeer various intraceliular
growth inhibitory signal transduction pathwavs (36-38).
Although somatostatin receptors are frequently expressed in
breast cancers, the localization ol receptors among the various
cell types (vascular, stromal. epithelial) comprising neoplastic
breast tissue 15 the subject of on-going nvestgations. and
Little 1s known regarding the abundance or distribution of
somatostatin receptor sublypes among the cell types comprising
normal breast tissue.

The data presented here document a previously un-
recogmzed inhibitory effect of [GEF-[ on TGE-1 expression.
This interaction between the TGF-631 and [GEF networks of
arowth factors in signthicant in several contexis. First, as
[GF-Tas a potent mitogen and anti-apoptotie factor 14, 1t
has been proposed that pharmacoloaread srrategres that target
[GE-T broactivity may be uscetul in breast cancer treatment
and/or prevention (3.10-120. Our results suggest rhat such
strateaies will also up-regulate TGE-51 expression. and

thus may lead to a greater eitect than that drecthy related to

reduction in IGF-[ bioactivity. Second. it has been previously
shown that the administration of anti-estrogens is associated
on the one hand with reduced TGF-1 gene expression (16.17)
and increased expression of [GF binding proteins (19.20)
(both of which would be expected to reduce [GF bioactivity)
and on the other hand with increased TGF-B1 expression
(13-15). Our results motivate further studics to determine if
the up-regulation of TGF-B1 expression associated with anti-
estrogen therapy in vivo ts mediated in part by reduced IGF
bioactivity. Third, our results demonstrate a novel action of
the somatostatin analogue octreotide on mammary tissue.
The potent octreotide-induced up-regulation of TGF-1
expression may not be completely attributable to the IGF-I
suppression achieved by this somatostatin analogue. and to
tully characterize this effect it will be necessary to examine
the cell-tvpe specific expression of the 3 cloned somatostatin
receptors in normal breast. Finally, the results motivate
studies to compare the ettect of anti-estrogens and somatostatin
analogue administration as single agents and 1n combinaton
on TGFE-B1 expression in normal and neoplastic breast
tissue. This combination has been shown to have greater
anti-neoplastic activity than either agent alone in the DMBA
mammary tumor model (39), and is currently being studied
in chinical trials (40). Tt has been proposed that the apparent
benetir of co-administering these agents may be rclated in part
to greater inhibition of IGFE bioactivity as compared to single-
agent therapy (35). Data prescnted here raised the possibility
that the enhanced ann-neoplastic acuvity of the combination
(s in part attributable to enhanced up-regulation of TGF-31
2xpression.
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