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SUMMARY

Competitive binding techniques were used to study the interaction of
insulin-like growth factor I (IGF-11 with a plasma membrane-enriched
subcellular fraction purified from primary breast and colon carcinoma
specimens obtained at surgery. The presence of specific binding sites for IGF-I
was detected in all tumour specimens studied. Scatchard analysis and
competition studies with insulin and insulin-like growth factor-II (IGF-111
revealed the presence of specific IGF-I receptors, showing a Kdvalue of
approximately 2 nM. These results are consistent with the hypothesis that
somatomedins play a role in determining the proliferative behaviour of human
breast and colon tumors, and suggest that recent laboratory studies showing
dependence of neoplastic cells on somatomedins for optimum proliferation may
have clinical relevance.

INTRODUCTION

The somatomedins (insulin-like growth factors) are a family of polypeptide
mitogens structurally related to proinsulin [l]. IGF-I, a 76 amino acid
polypeptide, has been regarded as the key mediator of growth hormone action,
and is synthesized by hepatocytes in response to growth hormone stimulation.
More recent reports have confirmed that the liver is an important site of
growth-hormone induced IGF-I synthesis [2], but have also shown that there are
widespread extra-hepatic sites of IGF-I production [3], which may be less
directly controlled by growth hormone levels. IGF-II is a 67 amino acid
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polypeptide. Its levels are not regulated by growth hormone to the same extent
as IGF-I levels are. While IGF-II is generally regarded as an important mitogen
involved in the control of fetal cellular proliferation, its role in postnatal life is
less clear [4].
The somatomedins have been shown to be potent mitogens for a variety of
normal and neoplastic cell types in several in vivo and in vitro experimental
systems [l]. As is the case with other peptide growth factors, the mechanism of
action of somatomedins is incompletely understood, but a crucial first step
‘involves binding of the mitogen to specific high-affinity cell-surface receptors.
IGF-I and IGF-II receptors are distinct from each other and from insulin
receptors, each receptor species having highest affinity for its own mitogen.
The IGF-I receptor protein has been characterized [5,6], and is thought to have
an extracellular IGF-I binding domain, a transmembrane domain, and an
intracellular domain that shows limited homology with the intracellular
tyrosine-specific protein kinase domain of the epidermal growth factor
receptor. It is possible that binding of IGF-I to the extracellular portion of the
receptor results in a conformational change that increases the activity of
kinase portion, and that this is an important early step in the transduction of
the mitogenic signal. Less is known concerning the structure and signal
transducing mechanisms of the IGF-II receptor; it has been proposed that
despite the higher affinity of IGF-II for its own receptor, its mitogenic effect
may at least in some tissues, be mediated through the IGF-I receptor [‘7].
IGF-I receptors have been detected in a wide variety of normal tissues [S]. It
is well known that certain human tumours may retain a degree of dependence
on mitogens that normally regulate the proliferation of the tissue of their
origin. This dependence has been exploited in clinically useful and widelyapplied hormonal treatments for androgendependent prostate cancer and
estrogen-dependent breast cancer. We speculated that somatomedins might
function as mitogens for human tumours, and therefore surveyed a series of
neoplasms for the presence of IGF-I receptors.
MATERIALS

AND METHODS

After careful dissection, fresh surgical specimens obtained at routine
operation for primary breast or colon cancer were frozen in liquid nitrogen and
stored at - 70°C. Adjacent tissue was submitted for histological study to
confirm diagnosis. After thawing, homogenization was carried out in 50 mM
phosphate buffer (pH 7.41containing 0.25 M sucrose, 2 mM EGTA, 1 mM (PMSF)
and Aprotinin, 0.6 pglml, using a Polytron homogenizer. A plasma-membrane
enriched subcellular fraction was prepared by differential centrifugation [9].
1251-Labelledrecombinant human IGF-I was obtained from Amersham,
recombinant IGF-I from Amgen, and insulin from Sigma. Rat IGF-II was
purified to homogeneity using previously described methods [lo], and amino
acid analysis of the purified peptide revealed the composition predicted from
IGF-II cDNA [ll].
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Binding assays were performed at 20°C for 1 h using 100 c(g membrane
protein in 250 4 of binding buffer (50 mM phosphate buffer, 1 mglml bovine
serum albumin (BSA), and Aprotinin, 0.6 pglml, pH 7.41 with 20,000 cpm 1261[IGFI], and varying amounts of unlabelled IGF-I, IGF-II or insulin. Two 100-d
aliquots from each incubation were centrifuged at 100,000 x g for 6 min in a
Beckman Airfuge, and the membrane pellet-associated
radiolabel was counted
using a LKB Compugamma counter [12].
Specific binding was determined for each individual specimen by subtracting
‘%I-labelled IGF-I binding
that occurred
in the presence
of excess
unlabelled IGF-I from binding in the absence of excess IGF-I. Percent
specific binding was calculated
using the ratio of specifically
bound
radiolabel to total radiolabel added. Full competitive
binding curves were
carried out in those specimens
where adequate
membrane
protein was
available, and also in pooled membrane samples from different specimens
with similar histology. Human placenta and mouse liver were used as
positive and negative controls p3].
RESULTS

The specific binding of IGF-I to membrane preparations from the individual
colon and breast tumours and control tissues is shown in Fig. 1. Note that the
positive control tissue, human placenta, is an exceptionally rich source of IGF-I
receptors; other IGF-I-responsive
tissues exhibit considerably
fewer IGF-I
binding sites [13,14].
Figure 2A and B show binding displacemnt curves for [1251]IGF-Iby pooled
membrane preparations from 15 colon adenocarcinomas (A) and 6 breast ductal
adenocarcinomas
(Bl. Specific binding of IGF-I to the pooled colon and breast
membrane preparations were 8.7% and 7.9%, respectively. Scatchard analysis
of binding data in Fig. 2A and 2B, with K,-values, are shown in Fig. 3A and B.
The colon cancer and breast cancer pooled specimens bound 0.15 and 0.18 pmol
IGF-Ilmg membrane protein, respectively.
Figures 2C and 3C show binding data and Scatchard analysis of IGF-I binding
to membranes prepared from a breast tumour classified pathologically
as
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Fig. 1. Specific binding of (IY]IGF-I to individual tumours and control tissues. Assays
performed as described in Materials and Methods.
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Fig. 2. Competition for binding of IT-labelled-IGF-I to plasma membrane-enriched subcellular
fractions obtained from pooled colon carcinomas (A), pooled breast ductal carcinomas (Bl. and a
lobular breast carcinoma (Cl by unlabelled IGF-I, IGF-II and insulin. One hundred percent binding
levels represent the amount of labelled IGF-I specifically bound in the absence of competing
peptides.

infiltrating lobular carcinoma. This tumour showed 33% specific binding of
IGF-I, and Scatchard analysis was consistent with the presence of significantly
more receptors (1.8 pmollmg protein) than the other tumours examined. In
general, the number of IGF-I receptors on tumour tissue did not differ
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Fig. 3. Scatchard analysis of IGF-I binding data obtained from pooled colon cancers (A). pooled
ductal breast cancers (B). and in a single lobular breast cancer selected for further study because of
high specific binding of IGF-I (C).

significantly from levels obtained from adjacent normal tissue (data not shown),
but in this case a significant elevation was seen, with specific binding exceeding
even that shown by human placenta, a very rich source of IGF-I receptors [13].
DISCUSSION

In this report, we have demonstrated the presence of IGF-I receptors on
primary human breast and colon neoplasms. The IGF-I receptor concentration
and binding characteristics appear to be generally similar to those found in
tissues whose proliferation is known to be influenced by somatomedins, and to
those seen in neoplastic cell lines that have been shown to be growthstimulated in vitro by somatomedins [15,16]. These results are consistent with
the hypothesis that IGF-I plays a role in determining the proliferative
behaviour of primary human breast and colon tumours.
There are at least three mechanisms by which the presence of somatomedin
receptors might influence the proliferation of tumours. First, it is possible that
IGF-I receptor-positive cancers may exhibit a dependance on exogenous IGF-I
for optimum proliferation, in a manner analogous to estrogen dependance of
estrogen-receptor-positive breast cancers. Consistent with this possibility is
the observation that the in vitro proliferation of certain breast cancer cell lines
can be stimulated by somatomedins [15,16]. Second, in view of studies
demonstrating transcription of the genes encoding somatomedins in colon
tumours [17] and in vitro data showing the constitutive production of IGF-I by
estrogen-receptor-negative breast cancer cells [l&l],it is possible that human
neoplasms that have somatomedin receptors also themselves produce IGF-I in
an unregulated manner. If this is the case, an open ‘autocrine’ feedback loop
involving self-stimulation by somatomedins would exist, and this could lead to
neoplastic behaviour [19]. Finally, we have observed an example of a primary
neoplasm that exhibits an unusually high number of IGF-I receptors: one may
speculate that this tumour is representative of a subset of IGF-I-receptorpositive tumours in which a genetic derangement resulting in elevation of
receptor number has occurred. Such an abnormality might contribute to
neoplastic growth by rendering cells hypersensitive to ‘background’ IGF-I
concentrations. There is a precedent for this kind of derangement in tumour
cell lines exhibiting amplification and overexpression of the gene encoding the
epidermal growth factor receptor, an abnormality associated with enhanced in
vivo tumour proliferation [20,21].
A survey of a larger number of patients will be necessary to determine if
levels of somatomedin receptors on primary tumours and/or concentrations of
somatomedins in serum or tissues can be correlated with prognosis or
histological grade of human cancers. In view of the ubiquitous distribution of
IGF-I receptors in normal tissues, it also will be of interest to determine if these
receptors are present on other human neoplasms. Lung, renal and pancreatic
cancers will be of particular interest in view of data suggesting a role for
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somatomedins in modulating the proliferation of the tissues of origin of these
cancers [22 - 241.
It is possible that innovative therapeutic approaches could exploit the
proposed somatomedindependance
of IGF-l-receptor-positive
human tumours.
The use of somatostatin analogues to lower both growth hormone secretion and
growth-hormone-dependant
somatomedin levels is one approach deserving
further study. Although there is some evidence that somatostatin acts directly
on certain tumour cells to inhibit proliferation [25,26], it is also possible that
some of the activity of this agent seen in animal tumour models [27] is related to
suppression
of somatomedin
levels. The development
of competitive
antagonists to the IGF-I receptor, and the use of anti-IGF-I-receptor blocking
antibodies [28], will be useful in studies concerning the potential therapeutic
value of depriving IGF-I-receptor-positive neoplasms of mitogenic stimulation
by somatomedins.
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