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INTRODUCTION

Breast cancer is a common malignancy that af-
fects almost 1 in every 7 women and it is the lead-
ing cause of death in women of many Western
countries {1). Although advances in the molecu-
lar biology have allowed to evidence many molec-
ular alterations in breast cancer {2, 3}, it is not well
understood which mechanisms are primarily rel-
evant in leading normal celis to neoplastic trans-
formation. Recent observations suggest that
hereditary factors account only for approximately
15% of breast cancer in humans {4). Therefore,
harmones, dietary habits and other environmen-
tal factors play a major role in approximately 85%
of breast carcinomas.

As far as prognosis is concerned, so far the main
prognostic index is the presence of nocal metas-
tases (5). However, since approximately 50% of
node negative carcinomas will relapse, a series
of cancer cell abnormalities (e.g. erbB2 amplifi-
cation, cverexpression of EGF receptors, alter-
ation of p53 antionccgene, etc.) have been pro-
posed to identify those node negative carcinomas
which are likely to recur and should, therefore, be
treated with adjuvant chemotherapy. The clinical
relevance of these molecular alterations is how-
aver not well establishad.

This paper reviews evidences indicating that: a}
hyperinsulinemia and overexpression of insufin re-
ceptor (IR} play a role in breast cancer; b) mea-
surement of IR in breast cancer specimens is
helpful in evaluating prognosis in patients with
node negative carcinomas.

These findings may open new possibilities in
breast cancer pravention, prognosis assessment
and therapy.
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HORMONES, GROWTH FACTORS AND
BREAST CANCER

It is now well accepted that growth factors involved
in the normal cell growth and differentiation may be
alsc involved in the neoplastic transtormation. In
fact, alterations in the availability of growth facters,
in the expression of their receptars or in their intra-
cellular signaling pathways may favor or determine
cell transformation (6).

Cell transformation is caused by a critical number
of mutations in genes (e.g. oncogenes and tumor
suppressor genes) involved in cell protiferation
and differentiation. A certain level of endogenous
DNA damage is always present in the cell genome
and it is increased by the exposure 10 mutagens
(7). The cells, however, possess mechanisms able
to repair damaged DNA or to stop proliferation in
cells with damaged DNA in order to prevent ac-
cumulation of DNA mutations. Growth factors and
hormones able to stimulate cell proliferation re-
duce the effectiveness of the cell DNA repairing
machinery and, therefore, increase the rate of
DNA mutations and favor cell transformation. The
simultaneous exposure to mutagens and growth
factors increases the possibility of cell transfor-
mation. '

An extensive literature has addressed the role of
estrogens and progestogens in the development
and in the prognosis and therapy of breast cancer
(8, 9). It is now well established that factors which
increase estrogen and progesterone exposure (e.g.
early menarche, delayed menocpause, profonged
estrogen therapy in postmenopause) also increase
the risk of breast cancer.

However, not only steroids but also a variety of
pelypeptide hormones and growth factors play an
important role in normal breast development and
are possibly involved also in breast cancerogene-
sis epidermal growth factor (EGF), insulin, insulin-
like growth factor-1 (IGF-1), GH, PRL, are all impor-
tant in the growth and development of different
parts of the mammary epithelial tree (ducts, end
buds, alveol) (Figure 1). The possible role of growth
factors of the EGF family in breast cancer has been
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addressed by numerous studies and has been re-
viewad elsewhere (10).

Despite early evidences cbtained in the animal
model that insulin affects the growth of breast
cancer, the possible role of insulin and insulin-
like growth factors in this cancer has been less
studied. Insulin and insulin-like growth factor |
(IGF-I) are closely related peptides (11).
However, while insulin is commenly believed to
exert mainly metabolic effects, IGF-1 is consid-
ered a major factor for the regulation of cell pro-
literation (12, 13).

INSULIN AND BREAST CANCER
a) Animal models

Twenty-five years age Heuson et al. (14) report-
ed that breast tumors induced by 7, 12-dimethyl-
benz(a)anthracene (DMBA) in the rat were in-
duced to regress when the rats were made dia-
betic by alloxan administration. Administration of
insuiin but not of estrogens caused resumed tu-
mor growth. Similar resuit were obtained by
Cohen and Hilf (15) who used streptczotocin 1o
induce diabetes. These iumars contained spe-
cific receptars for insulin which were found to
have binding characteristics simifar to those pre-
sent in normal cells. Interestingly, DMBA-induced
tumors which continued to growth after ovariec-
tomy showed increased insulin binding as com-
pared to tumors which regressed after ovariec-
tomy. Since insulin enhances glucose uptake
and enhanced glucose availability may be im-
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portant for neoplastic cell growth, Heuson and.
Legros studied the role of insulin and of glucose
in thymidine incorporation into DMBA-induced
tumor explants. They concluded that the insulin-
induced stimutation of thymidine incorporation
was not the simple consequence of enhanced
glucose uptake although glucose was rate-limit-
ing (16). |

Recently, Dryer et al. {17) have reported that treat-
ment of female rats with an insulin analog (AspB10)
which have an increased affinity for IR, had car-
cinogenic effect on mammary gland. They found,
atthe end of a 24-month period, that 44% mice de-
veloped benign breast diseases and 23% devel-
oped breast cancer. Conversely, Fernandes et
al.{18) have found that lipids and calorie restriction
significantly inhibit the development of mammary
tumors in mouse mammary tumor virus/v-Ha-ras
transgenic mice. Altheugh circulating insulin levels
were not measured it is likely that they were re-
duced by caloric restriction.

Ot considerable interest is a different model of
mammary carcinoma of the rat, the transplantable
R3230AC carcinoma (19). This carcinoma has sev-
eral properties of lactating breast tissue including
the presence of estrogen receptors and secretion
of casein, In contrast to DMBA-Induced tumors,
R323CAC carcinoma grows faster in diabetic ani-
mals and its growth is inhibited by insulin or estro-
gen administration (20). These data suggest that
insulin, like estrogens, can have a dual action on
breast cancer. This is in agreement with the known
effects of insulin on cell differentiation.
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b) Human studies
Obesity and epidemiology of breast cancer

A number of studies have addressed the possibil-
ity that overweight may be associated with ad-
vanced breast cancer. Given the madifiable nature
of this risk factor, these studies are of interest in
breast cancer prevention. indeed, overweight has
been found to he associated with increased risk of
developing breast cancer, with a more advanced
disease and positive axillary nodes at diagnosis
and with early cancer recurrence (21, 23). Some
studies, however, have not confirmed the associ-
ation with & more advanced disease at presenta-
tion and with an increased risk in pre mencpausal
patienis. However, most Authors agree that the risk
of developing breast cancer is associated direct-
ly with body size measured at later adult ages (22},
Particularly interesting are studies taking into ac-
count the distribution of body fat. Apdominal adi-
posity {measured as waist-to-hip ratio) has been
found positively associated with increased risk of
pre- and/or post menopausal breast cancer (24).
Although the mechanism of this association has
not been worked out, these findings have been
generally interpreted in the framework of the es-
trogen eticlegic hypothesis. Obese women gsner-
ally have elevated concentrations of estradiol, non-
protein-bound estradiol and estrone which is pro-
duced from increased aromatization of an-
drostenedione in the fat tissue (25, 26). This in-
creased estrogen availability would have little ef-
fect in pre mencpausal women but would increase
breast cancer risk in post menopausal women. In
our cpinion this explanation is not satisfactory.
Abdominal obesity (android type) in post
menopausal women is not associated with evi-
dences of increased estrogen effects; in fact these
women have androgen excess (286), and are nct
protected from but actually at high risk for cardic-
vascular disease. A more convincing hypothesis
is that hyperinsulinemia is partially responsible for
ihis association between breast cancer and ab-
dominal adiposity. In fact, abdominal adiposity is
strongly associated with insulin resistance which
determines higher than normal fasting and post-
prandial circulating insulin levels (27, 28). In con-
cert with our hypothesis is the recent finding of
Barnes-Josiah et al, (29) that weight gain after age
of 18 is associated with significant increase in
breast cancer development. Recent studies have
provided evidence that even a small weight gain
after age of 18 is associated with insulin resistance
and increased risk of NIDDM. Maorecover, Bruning
et al. (30) have found a positive association be-
tween insuiin resistance and breast cancer.
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iabetes and epidemiology of breast cancer

Although some studies have found a higher inci-
dence of diabetes in patients with breast cancer as
compared with patients with benign breast dis-
eases or with the general population, results havs
not been univeeal (20). Further studies would take
into account the type of diabetes {insulin depen-
dent vs. non insulin dependent diabetes).

INSULIN RECEPTORS IN HUMAN BREAST
CANCER

Althcugh a number of evidences individuate a ma-
jor role of insulin in the biology of mammary ep-
itnelial cells, up to ten years ago very little informa-
tion was available on insulin receptor expression
and function in breast cancer tissues,

The insulin receptor (IR} is a tetrameric glycoprotein
which betongs to a family of transmembrane growth
factor receptors with tyrosine kinase activity {13, 31).
IR has more than 50% amino acid sequence ho-
mology with the IGF- receptor (IGF-R). The highest
degree of sequence homology (84%} is seen in the
tyrosine kinase domain. [t Is not yel entirely clear
whether the different (metabolic vs. mitogenic) as-
cribed to insulin and 1GF-1, respectively, are the re-
suits of differences in intracellular signaling between
these twe closely related receptors or to other mech-
anisms, e.g. different expression level of the 2 re-
ceptors in different tissues. Available studies com-
paring the intraceilular pathways of the 2 receptors
have shown only subtie or no differences (12, 13},

I~ Insulin receptor overexpression in fiuman
breast cancer

a) Studies in breast cancer specimens:

We measured IR expression in a series of 308 hu-

man breast cancer specimens by using a specific
and sensitive radicimmunoassay (32) and com-
pared it to the values found in both benign fi-
broadencmas (n=2) and in normal breast tissue
specimens (n=42) (Figure 2).

In breast cancer specimens the average IR content
was 6.6+4.4 ng/0.1 mg protein, significantly higher
(p<0.001) than values found in both benign fi-
broadenomas (1.1=0.5) and normal breast tissues
(1.0+0.7 ng/0.1 mg protein). In aver 80% of cancers
the IR protein content was higher than the mean vai-
ue + 250 found in normal breast tissue, Values over
10 fold higher than mean value in normal tissue were
ohserved in approximately 20% of breast cancer
specimens (33). Immunostaining indicated that Rs
were actually overexpressed by the neoplastic ep-
ithelial cells. Myoepithelial and endothelial cells were
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Fig. 2 - lnsulin receptor content in human breast tissues.
Insulin receplors were measured by radicimmunoassay. Data
are expressed as ng of insulin receptor/0.1 mg of tissue pro-
tein. FA=fibroadencma fissues.

also stained with little or no staining in stromal
adipocytes and inflammatory ceils.

b) Potential prognostic value of IR measurement

To investigate the potential prognostic value of IR
rmeasurement in breast cancer we gvaluated IR ex-
pression in a retrospective series of 531 nede-nega-
tive breast carcinomas by immunohistochemistry. We
found that patients with tumors having both high and
undetectable R content had & shorter disease-free
interval. The prognostic value of IR measurement was
greater than that of other established markers in-
cluding estrogen receptor (ER), progesteron recep-
tor (PgR), S-phase and ploidy. In patients with ER-
tumors, 'R measurement predicted both a shorer dis-
ease-free interval and overall survival (unpublished
data). If prospective studies will confirm these find-
ings IR measurement may become a tool abie to
identily patients with node-negative breast cancers

who would benefit from adjuvant chemotherapy.

¢) Studies in hurman breast cultured cell lines:

Human breast cells in tissue culture represent im-
portant in vitro models for studying the regulation of
breast cancer tissue by hormones and growth fac-

tors. The presence of insulin binding sites in human
breast cancer cells in colture has been reporied al-
most 20 years ago (34). We directly measured in-
sulin receptor content by a specific radioim-
munoassay in exiracts of several breast cancer cell
lines and of the non malignant human breast cell line,
MCF-10 (35). IR were overexpressed in most of
hreast cancer cell lines (Table 1), As in human breast
cancer specimens, IR expression in human breast
cancer cultured cells varied within a wide range, be-
ing 0.5-20 fold in comparison to the non rmalignant
human breast cells (36).

IGF-I-Rs were also measured in both breast can-
cer tissues and cell lines by radicimmunoassay
(37). Interestingly, in preast cancer specimens
mean IR content was similar to the mean iGF-I-R
content. In contrast, \GF-I-Rs were axpressed ata
higher level than IRs in cultured breast cancer cells:
this finding could be due to adaptation to the in vit-
7o conditions and suggests that insulin and IGF-I
are equally important in vivo (Table 1).

d) Mechanisms of insufin receptor overexpression

The mechanism responsible for elevated IRs can
include gene amplification accompanied by rear-
rangements that produce altered transcripts, gene
amplification without rearrangement, and cverex-
pression of IR in the absence of gene ampilification.
Human cell lines with a non-rearranged IR gene
contain several species of IR MRNA (ranging from
11 6 to 5.2 kb, due to variable splicing at the '3
end of the IR RNA. There are also multiple 5" start
sites, but they differ by only several hundred of
bases and thus cannot account for such size het-
erogeneity (38). Most likely, all these multiple MBNA
species correspond to @ full-length cONA and are
involved in IR protein synthesis. In all breast cancer
cells and specimens examined, two prominent
bands of IR mRNA were seen at 11.0 and 8.5 kb,
although the ratio between the twe bands was very

Table 1 - Insulin receplor {1R) and insuiin-like growth factor-1 re-
ceptor (IGF-IR) content in breast cell line in culture evaluated by
radivimmunocassay. Data are mean £ SEM of 4 determinations.

Breast cell lines IR RIA IGF-IR RIA
(ng/108 cells) (ng/108 cells)
MCF-7 28.5+4.5 110.0£15.0
MDA MB 231 29 1+5.4 8.0x1.2
ZR75.1 17.1£1.9 18.0+2.0
T47 D 4808 48.0£6.0
MCF-10 56x1.1 4,610
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variable. No major quantitative differences were ob-
served in the specific IR mMRNA and the level of
these transcript correlates with the amount of IR
protein, suggesting that the observed difference in
iR protein expression are controlled to a great ex-
tent at the transcriptional level (36

Analysis of the IR gene indicate that amplification in
breast cancer tissues is an uncommon event in re-
spect to the high prevalence of IR protein overex-
pression. In our series of 96 primary breast carci-
nomas studied by Southern blot and Fluorescence
in Situ Hybridization (FISH) an increased IR gene
copy number was cbserved in only 8% of primary
breast carcinomas and in 1/6 breast cancer cell
fines (MDA-MB231 cells) {unpublished data).

li- Insulin receptor function in breast cancer

In beth tissue specimens and cultured cell lines we
investigated iR function in terms of ligand binding
ability and tyrosine kinase capacity. Since early stud-
ies have not clarified whether insulin induces prolif-
gration in breast cancer cells through IRs or via cross
reaction with the related IGF-I-Rs we also studied the
ahility of IRs to mediate growth stimutation.

a)Tissue specimens

The structure of the a-subunit of the breast cancer in-
sulin receptor was investigated by cross-linking with
125 insulin followed by SDS-PAGE and the functicnal
capacity by 125l-insulin binding studies. Results sug-
gested no major differences between IRs in cancer
and normal breast tissues {39). The tyrosine kinase
activity of the IR B-subunit was then studied by mea-
suring |R autophosphorylaticn and phosphctrans-
farase activity in response to insulin. Basal and max-
imal insulin-stimulated (100 nM) 'R autophosphoryla-
tion was similar in both cancer and normal tissues;
nowever, low insulin concentrations (3 nM) caused
£9.5% of maximal IR activation in breast cancer tissue
vs, 42.5% in normal breast tissue. Similar results were
obtained with IR phosphotransferase activity. These
studies indicate, therefore, that the sensitivity of the
IR tyrosine kinase to insulin is increased in most
breast cancers and may provide a selective ligand-
dependent growth advantage to these tumors (39).

b) Cultured breast ceil lines:

125_|nsulin binding studies carried outin intact cells
showed that insulin binding was correlated with the
IR protein content, as measured by radicim-
munoassay. MCF-7 cells had the highest binding
capacity (36) while the T47-D cells had the lowest
binding capacity. The affinities of both classes of
binding sites were relatively higher in ZR-75 cells
than in MCF-7.
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Fig. 3 - Phasphotransierase activities of insulin receplors from
breast cancer cells.

Cell extracts were preincubaied with various concenirations of
insulin in PVC plates preabsorbed with an anti-JR antibody. The
reaction was started by the addition of an exogeneous sub-
strate polyGlu4:Tyr1 and 1 pCi (¥2P) ATP. A representative of
two experiments is shown.

The insulin-stimulated IR phosphotransferase activ-
ity was 5-10 fold higher in all breast cancer cells (ex-
cept MDA-MB231) in respect to non malignant
preast cells. The greatest increase in IR tyrosine ki-
nase activity was observed in ZR-75 cells (Figure 3).
Nc response to insulin was observed in the recep-
tor tyrosine kinase activity of iR extracted from
MDA-MB231 cells (40). As it will be described lat-
er, the lack of insulin effect in the MDA-MB231 de-
rived IR ig dus to the presence, in these cells, of a
notent tyrosine kinase inhibiting activity.

Insulin induced a dose-dependent growth response
in all cell lines except MDA-MB-231 cells (36,40). In
the responsive cell lines insulin was effective at a
concentration of 0.1-1.0 nM. Maximal growth stimu-
lation was observed in the presence of 100 nM in-
sulin (Figure 4). To demonstrate that cell growth was
mediated by the IR and not by the related IGF-I-R,
we blocked IGF-I-Rs with the monocional antibody
alR3. Incubation with olR3 inhibited approximately
50% of the insulin effect on MCF-7 cells whereas it
had no effect on the insulin effect in ZR-75 and T47/-
D cells. Further, the monoclonal antibocy MA-5, an
insulin agonist, stimulated cell growth similarly o in-
sulin in ZR-75 and T47-D cells but only approxi-
mately one half that of insulin in MCF-7 cells (36).
These findings indicated that in breast cancer cells
insulin-stimulated cell growth is mediated by [Rs.
Results obtained in MCF-7 prompted us to study in
more detail the characteristics of IRs in this cell line
and lead to the discovery of an atypical receptor of
the insulin/IGF-1 family (see below).

Qur in vitro studies on insulin-stimulatec breast can-
cer cell growth confirm earlier studies obtained in
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Fig. 4 - Effect of insulin on cell proiiferation in cultured human

breast cells

Cells were plated in tissue culiure plates in their reguiar medi-

um. After 48 h medium was replaced with serum-free medium

and celis were incubated with the indicated insulin doses.

Coflular DNA was measured at the end of a 5-day incubation.

Each value is the mean = SD of two separate experiments per-

formed in triplicate. '

vivo in a different mode! system. Shafig et al.
demonstrated that MCF-7 breast cancer celis do
ot form tumars in diabetic nude mice while they do
torm tumors in 100% diabetic nude mice treated
with insulin (20).

c) Negative reguiators of the insulin receptor
tyrosine kinase activity in breast cancer cells

in the breast cancer celis MDA-MB231 insulin has
iittle or no effect on cell growth and metabolism.
IRs in these cells have normal insulin binding char-
acteristics but markediy reduced tyrosine kinase
activity {40). In MDA-MB231 celis we found a gly-
coprotein(s) that inhibits both basal and insulin-
stimulated IR tyrosine kinase activity, and most like-
ly contributes to insulin resistance (Figure 5).

Prior studies have suggested that overexpression of
PC-1, a class || membrane glycoprotein with mul-
tienzymatic activities, induces insulin resistance (41).
Therefore, we measured PC-1 content and activily in
MDA-MB231 calls, and cther human breast cancer
cell lines. Glycoprotein extracts of MDA-MB231 cells
had elevated PC-1 activity and inhiited IR tyrosine
kinase activity. Treatment of these exiracts with an
antibody to PC-1 reduced by approximately 50% thelr
ability to inhibit insulin stimulated IR tyrosine kinase
activity. In intact cells PC-1 expression was 3 to 30
fold higher in insulin resistant MDA-MB231 cells when
compared to four other breast cell lines. In addition,
when individual ciones where selected from MDA-
MB231 cells, clones with high PC-1 activity nad rela-
tively low insulin stimulated IR autophosphorylation
and clones with low PC-1 activity had relatively high
insulin stimuiated IR autophosphorylation {unpub-
lished data).

These studies suggest, therefore, that: a) PC-11s
overexpressed in MDA-MB231 ceils and is a ma-
jor contributor to the insulin resistance of this cell
line; b} other unidentified factors with tyrosine ki-
nase activity are present in MDA-MBZ231 cells.

11l- Possible mechanisms of insulin mitogenic
effect potentiation in breast cancer

a) Insulin/tGF-1 hybrid receptors

Hybrid insulin/IGF-1 receptors (IRAGF-I-R hybrids) are
heterodimers formed by one IR aand 8 subunit com-
plex and one IGF-I-R o and p subunit complex (42,
43). IR/IGF-I-R hybrid receptors have been described
in IR gene transfected cells and in placenta, where IR
expression is high (42, 43). Since both IR and IGF-I-
R are usually overexpressed in human breast carci-
nomas we evaluated whether these hybrid receptors
were also present. In breast cancer cell lings the pro-
portion of IR/IGF-I-R hybrids ranged from 32 1C B6%
of total '251-IGF-! binding receptors and was directly
related to the IR tevel. In the 8 breast cancer fissue
specimens examined IR/IGF-I-R hybrids accounted
for more than 70% of total 1281-IGF-l binding recep-
tors {unpublished data). Since hybrid IRAGF-I-R pref-
erentially bind IGF-1 (42}, IR overexpression in breast
cancer cells may contribute to the potent mitogenic
effect of IGF-1 by increasing the number of hybrid
IRNGE-I-R.

b)insulin receptor isoforms in breast cancer

The human insulin receptor is expressed in two nat-
ural isoforms differing for the absence {IR-A) ar the
presence (IR-B} of 2 12 amino acid sequence corre-
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Fig. 5 - inhibiting effect of MDA-MB231 cell extract on the itg-
and-stimulated phosphotransferase activity of insutin receplor
{IR) or IGF-! receplor (IGF-{-R}.

17 and IGF-I-R were purified from 373 HIR and CHO IGF-IR
transfected celis, respectively. Purified receptors were then test-
ed for their phosphotransferase activily in the presence of in-
creasing doses of MDA-MB231 cell extracts. A representative
of two experiments is shown.
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Fig. 6 - Ligand-dependent transforming activity of the insulin
receptor.

Micrographs of 3T3 HIR transfected cells grown in medium con-
taining 0.1% BSA in the absence (A} or in the presence (B) of
100 nM insulin.

sponding to the C-terminal of the a-subunit (residues
718-729). This protein segment is encocded by the
small excn 11 which may be alternatively spliced (31).
The two IR isoforms exhibit different functional char-
acteristics. IR-A has a 2-3.5 fold higher ligand bind-
ing affinity and a dose response curve for insulin-sen-
sitive biological responses, including mitogenesis,
shifted to the left in respect to the IR-B isoform. The
relative expression of the twe IR iscforms is regulat-
ed in a tissue-specific manner: while most tissues ex-
press goth isoforms, IR-B predominates in liver and
IR-A predominates in lymphocytes (31).

We measured the relative abundance of the two
isoforms in breast cancer using specific antisera
recegnizing the carboxy-terminal seguences of
gach of the two isoforms. The expression of the IR-
A isoform in breast cancer cells was variable rang-
ing from 18% to 58%. it was 25% in the non malig-
nant celi iine MCF-10 (unpublished data).
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These data suggest that ong possible mechanism
accounting for a high sensitivity to insulin of certain
breast cancers is the relative prevalence of the IR-
A [soform.

¢) Atvpical IGF-! like receptors.

In MCF-7 cells, in addition to the typical IRs and
|GF-1-Rs Milazzo et al.(44) found an atypical IGF-I
like receptor that binds both insulin and IGF-I with
high affinity. Preliminary data suggest that also
some breast cancer specimens may contain this
form of atypical receptors. These findings suggest
that insutin, especially in hyperinsulinemic patients,
may stimulate cancer cells via atypical IGF-I-R.

TRANSFORMING POTENTIAL OF INSULIN
RECEPTOR

Cverexpression of tyrosine kinase receptors in-
cluding the EGF recepter, the Met/HGF receptor
and the I1GF-1 receptor are able to induce a ligana-
dependent transformed phenotype and, may,
therefore, play a role in cancer initiation and/or pro-
gression (45, 47).

We studied NIH3T3 celis transfected with the hu-
rman insulin receptor cDNA (3T3/HIR) and overex-
pressing the IR protein at levels comparable to
those found in over 10% human breast cancers
(48). When stimulated with insulin, these cells lost
contact inhibition and formed large multilayered fo-
cal aggregates when cultured in petri dishes and
colenies in soft agar (Figure 6). These phenotypic
changes, characteristic of cell transformation, were
reversed when the IR was blocked with MA-10, a
specific monoclonal antibody with blocking activi-
ty of the IR. IGF-I was unable to mediate these phe-
notypic changes (48).

Similar results were obtained by Frittitta et al. (49)
by transfection of {R cDNA in the immortalized non
malignant human breast epithelial cells, 18483, in-
dicating that also in human breast cells iR overex-
pression plays a role in the appearance of a ligand-
dependent phenotype. Neither 3T3/HIR nor IR
transfected 184B5 cells were able te form tumors
when transplanted in nude mice. These findings
suggest that, in addition to the insulin receptor over-
expression, other factors may be necessary for full
malignant transformation.

In recent years Baserga et al. have gathered evi-
dences suggesting that 1GF-1 receptor has a per-
missive role in cell transformation {50). These stud-
ies originated from the basic observation that em-
bryonic fibroblasts from IGF-l receptor deficient
mice (R- cells) are unable to undergo transforma-
tion after being transfected with SV-40 Large T anti-
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gen DNA (51). This group has then extended this
observation by studying different model systems.
C6 rat glioblastoma cells were rendered IGF-1 re-
ceptor deficient by the use of antisense RNA (52},
these cells, uniike wild type parental cells, were un-
able to form tumors when transplanted into syn-
geneic rats. These studies provide evidences that
IGE-I-R has a special relevance in estabiishing and
maintaining the transformed phenotype and may
represent a target of choice for future therapeuti-
cal approaches. Given the simitarity between IR
and IGF-I-R and the ability of these molecules to
recombine forming hybrid insulin/iGF-1 receptors it
is possible to hypothesize a roie of IR similar to that
of 1GF-1-R in maintaining cell transformation (50).

POSSIBLE ROLE OF INSULIN AND INSULIN
RECEPTORS IN OTHER MALIGNANCIES

insulin has been shown to stimulate mitogenesis in
a variety of malignant cell lines. The role of insulin
and IR in malignancies other than breast cancer is,
however, less defined since specific studies are
not available. However, a body of evidences link
nsulin resistance and hyperinsuiinemia to the de-
velopment of colon cancer (33 Epidemiological
evidences have related the development of colon
cancer to central obesity, physical inactivity, a alet
\ow n fruits and vegetable and high in red meat
anct processed foods. All these risk factors are ma-
jor determinants of insulin resistance and/or high
glicemic load and hyperinsulinemia.

IRs and IGF-1-Rs are present in most normal and
neoplastic hemopoietic cells. IRs have been found
preferentially expressed in B-lymphoblasts, T-lym-
phocytes, plasmocytoma cells. Pillemer et al.(54)
have described a murine lymphoid T-cell leukemia
which is dependent on insulin for growth and which
does not respend to IGF-I. Clearly, further wOork is
necessary to establish the contribution of insulin to
the proliferation and differentiation of neoplastic
hematopoietic disorders.

Recently, we found that IRs were expressed at high
levels in normal and neoplastic human thyroid celis.
Further, in most differentiated thyroid carcinomas IRs
levels were higher than the mean valug+25D in nor-
mat tissue (unpublished data). The potential role of
IRs in thyroid cancer also deserves more work.

CONCLUSIONS

Epidemioclogical evidences indicate that centra!
obesity Is related to an increased risk of breast can-
cer and to an increased cancer aggressiveness.
We have observed that the large majority of human
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breast carcinomas have increased levels of func-
tional IR which are mainly expressed by the malig-
nant epithelial cells. These findings raise the pos-
sibility that insulin receptor overexpression may
confer selective growth advantage 1o breast can-
cer cells, especially in clinical conditions associat-
ed with hyperinsulinemia. IR measurement in breast
carcinomas may have an important prognostic im-
pact by predicting patients with node-negative car-
cinomas which will relapse and which, therefore,
would benefit from adijuvant chemaotherapy.

IR overespression has alsc been shown to induce
ligand-dependent cell transformation, like other ty-
rosine kinase receptors. Further work may provide
avidence that IRs, like IGF-I-Rs, have a broad role
in cancer in estaplishing and maintaining the trans-
formed phenotype. Hyperinsulinemia and overex-
pression of IRs by neoplastic cells are increasing-
ly recognized to play a role in malignancies other
than breast cancer. Thase findings open new pos-
sibilities for innovative therapeutic strategies. The
identification of an endogenous (R tyrosine kinase
inhiciting activity may be a step forward in the de-
sign of these therapies.
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