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The growth of breast cancer cells is under the regulation of hormones, growth factors, and their receptors. In the present
study, we have employed a new, sensitive, and specific radioimmunoassay for the direct measurement of insulin
receptors in surgical specimens of breast cancers. In 159 specimens the insulin receptor content was 6.15 +/- 3.69
ng/0.1 mg protein. This value was more than sixfold higher than the mean value found in both 27 normal breast tissues
obtained at total mastectomy (0.95 + 0.68, P less than 0.001) and in six normal specimens obtained from reduction
mammoplasty (0.84 +/- 0.78, P less than 0.001). The insulin receptor content in breast cancer tissues was also higher
than in any normal tissue investigated including liver (Pezzino, V., V. Papa, V. Trischitta, A. Brunetti, P.A. Goodman, M.K.
Treutelaar, J.A. Williams, B.A. Maddux, R. Vigneri, and |.D. Goldfine, 1989. Am. J. Physiol. 257:E451-457). The insulin
receptor in breast cancer retained its ability to both bind insulin and undergo insulin-induced tyrosine kinase activation.
Immunostaining of the specimens revealed that the insulin receptor was present in malignant epithelial cells, but was not
detected in stromal and inflammatory cells. Univariant analysis revealed that the insulin receptor content of the tumors
correlated positively with tumor size (P = 0.014), histological grading (P = 0.030), and the estrogen receptor content (P
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Abstract

The growth of breast cancer cells is under the regulation of
hormones, growth factors, and their receptors. In the present
study, we have employed a new, sensitive, and specific radioim-
munoassay for the direct measurement of insulin receptors in
surgical specimens of breast cancers. In 159 specimens the
insulin receptor content was 6.15+3.69 ng/0.1 mg protein.
This value was more than sixfold higher than the mean value
found in both 27 normal breast tissues obtained at total mas-
tectomy (0.95 + 0.68, P < 0.001) and in six normal specimens
obtained from reduction mammoplasty (0.84+0.78, P
< 0.001). The insulin receptor content in breast cancer tissues
was also higher than in any normal tissue investigated includ-
ing liver (Pezzino, V., V. Papa, V. Trischitta, A. Brunetti, P. A.
Goodman, M. K. Treutelaar, J. A. Williams, B. A. Maddux, R.
Vigneri, and 1. D. Goldfine. 1989. Am. J. Physiol. 257:E451-
457). The insulin receptor in breast cancer retained its ability
to both bind insulin and undergo insulin-induced tyrosine ki-
nase activation. Immunostaining of the specimens revealed
that the insulin receptor was present in malignant epithelial
cells, but was not detected in stromal and inflammatory cells.

Univariant analysis revealed that the insulin receptor con-
tent of the tumors correlated positively with tumor size (P
= 0.014), histological grading (P = 0.030), and the estrogen
receptor content (P = 0.035). There were no significant corre-
lations between insulin receptor content and the age, body
weight, menopausal status, and nodal involvement of the pa-
tients. These studies indicate, therefore, that the insulin recep-
tor content is increased in breast cancers and raise the possibil-
ity that the insulin receptor may have a role in the biology of
these tumors. (J. Clin. Invest. 1990. 86:1503-1510.) Key
words: breast cancer ¢ insulin receptor « insulin-like growth
factor

Introduction

Human and animal breast carcinomas have receptors for ste-
roid and peptide hormones (1-9), and both in vitro and in vivo
studies (1, 10-15) indicate that their growth is hormone de-
pendent. Various studies have demonstrated that there is a
greater long term survival in patients with breast carcinomas
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that have receptors for estrogen and progesterone, and in these
patients tumor growth can be decreased by a variety of manip-
ulations that alter steroid hormone levels (16-19). However,
some patients with breast carcinomas containing high concen-
tration of estrogen and progesterone receptors do not show
beneficial responses to hormonal therapy (16, 20). One expla-
nation for this unresponsiveness is that the tumor cells, for a
variety of reasons, may have escaped from hormonal regula-
tion. A second explanation is that these tumors are heteroge-
neous and contain subpopulations of cells without steroid
hormone receptors. A third explanation is that tumor cells
contain receptors for other classes of hormones such as poly-
peptide hormones and growth factors, and that these hor-
mones, either by themselves or in combination with steroid
hormones, stimulate tumor growth (1, 21). For this reason, it is
of importance to identify in breast cancer cells the presence of
receptors for other hormones and growth factors that may
influence the behavior/evolution of the tumor.

Insulin regulates the growth and metabolism of animal
breast cancer cells both in vivo and in vitro (22-24) and
human breast cells in vitro (23, 25-28). Moreover, several
human breast cancer cell lines in permanent culture have spe-
cific, high-affinity receptors for insulin (29, 30), and the pres-
ence of insulin receptors has been reported in frozen speci-
mens of human breast carcinomas (4, 31). For several reasons,
however, the importance of these observations is unclear.
First, a quantitative comparative analysis between the number
of receptors in tumor cells versus normal mammary gland
tissue has not been carried out. Second, in human cancers,
correlations between insulin receptor content, and established
prognostic parameters of cancer evolution including estrogen
and progesterone receptor content, and tumor size and grading
have not been made.

Recently, we have developed a highly sensitive and specific
RIA for the insulin receptor (32). This assay allows the precise
quantitation of the insulin receptor in very small tissue speci-
mens and does not significantly cross react (< 3%) with the
related insulin-like growth factor (IGF-I)! receptor (32). In the
present study, using this assay, we have measured the insulin
receptor content of human breast carcinomas and corre-
sponding normal mammary gland tissue. In the breast cancer
tissue, we have localized the cell type containing the insulin
receptors, and have analyzed the functional properties of these
receptors. Further, we have correlated the tissue content of
insulin receptors with indices of tumor aggressiveness includ-
ing biochemical and morphological features.

1. Abbreviations used in this paper: IGF-I, insulin-like growth factor;
IR, insulin receptor.
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Methods

Materials

The following materials were purchased: BSA, human gamma globu-
lin, porcine insulin, bacitracin, PMSF, Triton X-100, polyethylenegly-
col (PEG), charcoal, poly (Glu-Tyr, 4:1), anti-mouse IgG peroxidase
conjugate, and dietylstilbestrol from Sigma Chemical Company (St.
Louis, MO); wheat germ agglutinin-agarose and nonimmune rabbit
serum from Miles Scientific (Naperville, IL); anti~rabbit gamma glob-
ulin from Antibodies Inc. (Davis, CA); A,-'*I-insulin (sp act, 360
uCi/ug), '*I-labeled Bolton-Hunter reagent (2,200 Ci/mMol), [y-*2
PJATP (1-3 Ci/mMol), tritiated estradiol, tritiated ORG 2058 and
unlabeled ORG 2058 from Amersham (Amersham, UK); dextran T 70
from Pharmacia Fine Chemicals (Uppsala, Sweden). A mouse mono-
clonal antibody specific for the human insulin receptor a-subunit, was
prepared as previously described (33). Diaminobenzidine was obtained
from BDH Chemical Ltd. (Poole, UK). All other reagents were of
analytical grade.

Highly purified insulin receptors were obtained from human pla-
centa as previously described (34) by use of sequential monoclonal
antibody agarose and wheat germ agglutinin-agarose affinity chroma-
tography. Antiinsulin receptor antiserum was raised in a rabbit after
repeated immunizations with purified human placental insulin recep-
tors as previously described (34).

MCEF-7 cells were kindly provided by Dr. 1. Perroteau (University
of Torino, Turin, Italy).

Tissues

The following pathological and normal tissue specimens were exam-
ined: 159 breast cancers and 42 nonmalignant mammary samples (9
fibroadenomas and 33 normal breast tissues).? The normal breast tis-
sue specimens included: 27 normal breast tissue specimens obtained at
total mastectomy from patients with breast carcinoma; and 6 normal
breast tissues from patients undergoing reduction mammoplasty. Six
papillary thyroid cancers and seven nonmalignant thyroid tissue sam-
ples (five normal thyroid and two Graves’ disease specimens).

Histologic sections of the breast tumors were classified according to
the World Health Organization criteria (35). The grading of infiltrating
ductal and mixed carcinomas was assessed on a scale of 1 (well-differ-
entiated) to 3 (poorly differentiated) taking into account the degree of
tubular differentiation, the nuclear pleomorphism and the mitotic ac-
tivity according to Bloom and Richardson (36). On the basis of tumor
size breast cancers were also classified T, (maximum diameter <2
cm), T, (> 2 cm, but < 5 cm), and T5 (> 5 cm).

Methods

Sample preparation. Specimens were collected at surgery, dissected
free of fat and connective tissue, transported to the laboratory in dry
ice, and frozen immediately in liquid nitrogen. Informed consent was
obtained from all patients. To prepare extracts for radioimmunoassay,
tissues were minced, suspended at 0.1-0.2 g/ml in 50 mM Hepes
buffer, pH 7.6, containing 1 mg/ml bacitracin and 1 mM PMSF, and
homogenized with a Polytron homogenizer (Kinematica, Lucern,
Switzerland) at 4°C. The homogenized material was then incubated
with Trition X-100 (1% final concentration) for 60 min at 4°C under
continuous shaking. The solubilized material was then centrifuged at

2. The 159 breast cancer specimens were obtained as a consecutive
series of breast cancer tissues sent to the Cattedra di Endocrinologia at
the University of Catania for estrogen and progesterone receptor mea-
surements. Most specimens were from patients operated on at the
Division of Oncology, the main center for breast cancer surgery in
Catania, where patients were either referred by general practitioners or
directly seen at the outpatient clinic. A small percentage of specimens,
directly sent by peripheral hospitals, was also included. Informed con-
sent was obtained from all patients whose tissue was studied.
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10,000 g for 5 min at 4°C in a microfuge (Beckman Instruments Inc.,
Palo Alto, CA) and the supernatant frozen at —80°C until assayed.
MCF-7 human cultured breast cancer cells were solubilized for radio-
immunoassay as previously described for cultured cells (32).

2 Linsulin binding to solubilized receptors. Binding studies were
carried out with solubilized insulin receptors (30 ng) in a final volume
of 0.5 ml of buffer containing 100 mM Hepes (pH 7.9), 120 mM NaCl,
1.2 mM MgCl,, 2 mM Mn(Cl,, 2.5 mM KCl, 0.5 mM Na acetate, 1
mM EDTA, 1 mg/ml bacitracin, and 10 mg/ml BSA. '*I-insulin (66
pM) was added in the presence or absence of excess unlabeled insulin
(166 nM) and incubated for 18 h at 4°C. Carrier human gamma
globulin (2 mg/ml) was added to each tube, 0.5 ml of 22% PEG 6,000
was then added and incubated for 15 min at 4°C. After centrifugation,
precipitates were washed once with 11% PEG, recentrifuged, the su-
pernatants discarded, and the pellets counted. Specific binding was
obtained by subtracting binding with '**I-insulin plus unlabeled insu-
lin from binding with '*I-insulin alone.

Insulin receptor RIA. The insulin receptor radioimmunoassay was
performed as previously described (32). Briefly, the following reagents
were added to 9 X 70 plastic tubes: 0.2 ml of either solubilized tissues,
or buffer (50 mM Hepes, pH 7.6, 150 mM NaCl, 0.1% Triton X-100,
0.2% BSA, and 0.2 mM PMSF) containing 0-15 ng of unlabeled re-
ceptor; 0.1 ml of the same buffer containing the antiinsulin receptor
antiserum (final dilution 1:100,000) and nonimmune rabbit serum
(final dilution 1:400). After 16 h at 4°C, 6,000-8,000 cpm of '**I-la-
beled insulin receptor labeled with Bolton-Hunter reagent (sp act,
2,100-3,200 Ci/mMol) (32) were added in 0.1 ml of buffer. After a
further 24 h incubation, 0.1 ml of goat anti-rabbit gamma globulin
serum were added (final dilution 1:150). The reaction was allowed to *
incubate further 24 h at 4°C, and then centrifuged at 3,000 g for 25
min. The supernatants were aspirated, and the precipitated radioactiv-
ity counted. The receptor content of the specimens was expressed as
nanograms of insulin receptors/0.1 mg of either protein or DNA. This
assay is sensitive to unlabeled receptor concentration as low as 1.0
ng/ml; the interassay coefficient of variation is 9.0% and the intraassay
variation is 5.0%. The cross-reactivity with the IGF-I receptor is < 3%.

Insulin receptor tyrosine kinase assay. Phosphotransferase activity
of wheat germ agglutinin-purified insulin receptors was determined by
preincubating 10 ng of receptors with various concentrations of insulin
for 60 min at 22°C in a buffer containing 50 mM Hepes (pH 7.4), 0.1%
Triton X-100, 150 mM NaCl, 1 mM PMSF. Next, 2 mM MnCl,, 10
mM MgCl; and 5 uM [y-3?P)ATP (2 uCi/tube) were added for 30 min
at 22°C in the presence of 1 mM Na,;VOj, to inhibit dephosphorylation
reactions. The synthetic substrate poly(Glu-Tyr, 4:1) was then added
to a final concentration of 2.5 mg/ml, and the incubation continued
for 30 min at 22°C. Finally, 40 ul aliquots were spotted on 4-cm? disks
of 3 M paper (Whatman Inc., Clifton, NJ) and dried. Disks were
washed in four changes of 10% TCA containing 10 mM sodium pyro-
phosphate and in a final acetone wash. Radioactivity was determined
by scintillation counting. The background controls were determined
from duplicate reactions lacking poly(Glu-Tyr).

Immunostaining. Specimens of normal breast tissue and breast
cancer were fixed in Bouin’s solution and embedded in paraffin. Sec-
tions of ~ 5 um thick were cut for staining. Counterstaining was with
Harris hematoxylin. Immunoperoxidase staining was performed as
described by Sternberger (37) as previously reported (38). After the
sections were deparaffined by xylol treatment, they were incubated 2 h
at 24°C with either normal mouse IgG or insulin receptor monoclonal
antibody each at 7 nM. This incubation was followed by incubation
with 1/1,000 anti-mouse IgG peroxidase for 30 min at 24°C. After
rinsing, the peroxidase activity was demonstrated by a solution of 225
uM diaminobenzidine buffer with 0.01% H,0,. A second negative
control was carried out by preincubating sections with 5 uM insulin.

Estrogen and progesterone receptor measurements. Estrogen and
progesterone receptors were also measured in breast carcinomas. For
this purpose, frozen breast tissue specimens were powdered in a Dis-
membrator (Braun, Melsugen, FRG), suspended 1:8 (wt/vol) in 10
mM PBS buffer, pH 7.4, containing 1.5 mM EDTA, 10 mM mono-



thioglycerol, 10 mM sodium molybdate and 10% glycerol, and centri-
fuged at 10,000 g for 50 min at 4°C. Estrogen and progesterone recep-
tors were then measured in the supernatants according to the following
procedure (16, 39): to 0.1 ml of cytosol either tritiated estradiol (in the
presence or the absence of increasing concentration of unlabeled
diethylstilbestrol as a competitor), or tritiated progesterone analogue
ORG 2058 (in the presence or the absence of increasing concentration
of unlabeled ORG 2058), were added for measuring specific estrogen
or progesterone receptor sites, respectively. After incubation at 4°C for
16 h, the free hormone was separated from hormone bound to recep-
tors by absorption to dextran-coated charcoal (16, 39). The receptor
bound radiolabeled hormone in the supernatant was measured by a
beta-counter scintillation and the data analyzed according to the
method of Scatchard (40). The receptor content of the tissue specimens
was expressed as fmoles of receptors/mg of cytosol protein. Values
higher than 10 fmol/mg protein were considered as positive for both
estrogen and progesterone receptors (16, 39).

Other methods. Protein was measured by the method of Bradford
(41) and DNA according to the method of Labarca and Paigen (42).

Results

Insulin receptor RIA. Studies were undertaken to examine the
reactivity of both normal breast tissue and breast cancer tissue
in the radioimmunoassay (Fig. 1). Progressive dilutions of
these tissues generated competition-inhibition curves that
were parallel to the highly purified insulin receptor standard,
indicating the immunological similarity of the receptors in
these extracts. Breast cancer tissue, however, had significantly
more insulin receptors than normal breast tissue. Increasing
amounts of MCF-7 cells, a human breast cancer cell line, also
generated a competition-inhibition curve that was parallel to
the purified standard and had an IR content that was also
greater than normal breast tissue.

Survey of breast cancer. Next we evaluated the insulin re-
ceptor content of 159 breast carcinomas specimens, 27 speci-
mens of normal breast tissue obtained during cancer surgery,
and 9 specimens of breast fibroadenoma (Fig. 2). The average
content of insulin receptors (IRs) in the breast carcinoma spec-
imens was 6.15+3.69 ng IR/0.1 mg protein (mean+SD; me-

100 |
Human
placenta
80 J
L]
g
g 60
&':'g Breast Normal Breast
g.g 40 Cancer Tissuc
£ MCF7
_5 cells
.'Q—‘ 20 4
o T T 1
0.1 1 10 100
Insulin receptor (ng)
+ t +— -
2 10 100 500

Protein (ug)

Figure 1. Competition-inhibition curves for the purified placenta in-
sulin receptor standard (m) and extracts of human MCF-7 breast
cancer cells (0), breast cancer tissue (=), and normal breast tissue (o)
on the binding of labeled insulin receptors to antireceptor antiserum.
A representative of three experiments is shown.
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Figure 2. Insulin receptor content in normal breast tissue, breast
cancer, and breast fibroadenoma specimens.

dian 5.12; range 1.16-23.77; Fig. 2). This value was much
higher than the mean value obtained in normal breast tissues
(0.95+0.68 ng IR/0.1 mg protein; P < 0.001; range 0.11-3.45).
A comparable content in IR was found in 6 normal specimens
obtained from reduction mammoplasty (0.84+0.28 ng IR/0.1
mg protein, mean+SD). All normal breast tissues except three
(containing 1.34, 2.57, and 3.45 IR/0.1 mg protein) had fewer
IRs than the lowest value obtained for breast cancer tissue
(1.16 ng IR/0.1 mg protein) (Fig. 2). This significant difference
between normal breast tissue and breast cancer tissue was also
present when the IR content was also expressed per DNA
content (113.20+68.61 vs. 21.52+10.10 ng IR/0.1 mg DNA,
respectively, mean+SD, P < 0.001, n = 74 cancer, 19 normal).
The IR content in the fibroadenoma specimens was not signif-
icantly different from normal breast tissue (1.09+0.51 ng
IR/0.1 mg protein, mean+SD) (Fig. 2). These studies demon-
strated, therefore, that breast cancer tissue had high levels of
immunoreactive insulin receptors.

Functional studies of the breast cancer insulin receptor. We
next carried out studies to determine whether these immuno-
reactive insulin receptors in breast cancer tissue were func-
tional. First, the ability of these insulin receptors to bind insu-
lin was investigated. Sufficient tissue was available from six
normal breast tissue specimens and 6 breast cancer tissue spec-
imens to perform ligand binding studies. Solubilized receptors
from normal breast tissues bound 0.51+0.30% (mean+SD) of
the labeled insulin/0.1 mg of tissue protein. Breast cancer tis-
sues bound ninefold more insulin at 4.60+2.53%
(mean+SD)/0.1 mg of tissue protein (P < 0.01) (Table I).

Second, the tyrosine kinase activity of the breast cancer
insulin receptor was studied. The ability of partially purified
breast cancer and normal breast IR preparations from the
same patient to phosphorylate the exogenous synthetic sub-
strate poly(Glu-Tyr, 4:1) was measured (Table II). Normal
breast and breast carcinoma IRs had both similar basal tyro-
sine kinase activity, and insulin stimulated this function in a
dose dependent manner (Table II).

Morphological localization of the breast cancer insulin re-
ceptor. We next investigated which cell type contained insulin
receptors in the breast cancer specimens. Surgical specimens of
breast cancer contain, in addition to cancer cells, fat, stromal,
vascular and inflammatory cells. To identify cells expressing
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Table I. Insulin Receptor Studies in the Same Specimens
of Breast Cancer Tissue and Normal Breast Tissue

Breast cancer specimens Normal breast tissue specimens
Patient
No. IR RIA* B/T* IR RIA* B/T*
(%) (%)

1 15.8 8.3 0.9 0.4
2 4.6 1.2 0.9 0.6
3 6.6 3.8 1.0 0.6
4 15.2 43 0.5 0.4
5 14.4 33 1.3 0.7
6 12.9 6.7 1.2 0.5

11.6 (mean) 4.6 (mean) 1.0 (mean) 0.5 (mean)

4.4 (SD) 2.5(SD) 0.2 (SD) 0.3 (SD)

* Insulin receptor measured by radioimmunoassay (nanogram/0.1
mg. protein); *Insulin receptor measured by specific '**I-insulin bind-
ing (percent B/T/0.1 mg protein).

insulin receptors, immunohistochemical analysis using a
monoclonal antibody to the alpha subunit of the human insu-
lin receptor (33) was carried out in six breast cancer specimens.
This analysis clearly showed an intense cytoplasmic/mem-
brane staining in 100% of the tumor epithelial cell nests. There
was, however, occasional differences in staining between cells
suggesting heterogeneity in IR content. On the contrary, no
specific immunostaining for the insulin receptor was seen in
the stromal or inflammatory cells (Fig. 3). Little or no staining
of the epithelial cells of normal breast tissue was observed (data
not shown). This latter observation most likely reflects the
sevenfold decreased IR content in normal breast tissue.

Correlations (43)

To assess whether the IR content was related to other charac-
teristics of the breast tumors, we first examined the distribu-
tion of IR. The scatter diagram in Fig. 2 indicates that the IR
values of breast cancer specimens had a unimodal distribution
skewed toward higher values. Transforming these values by
computing their natural logarithms produced a normal shaped
distribution (Fig. 4). The frequency histogram in Fig. 4 was
comparable to the superimposed normal reference curve that
has the same mean (1.66) and standard deviation (0.54) as the
logarithmic values. We then analyzed the relationship of the

Table II. Comparison of Tyrosine Kinase Activity in Insulin
Receptors from Breast Cancer and Adjacent Normal Breast Tissue

Insulin (nM)
0 1.0 100
Normal 0.435+0.021 0.499+0.045 0.648+0.024
Cancer 0.460+0.032 0.531+0.033 0.598+0.119

Phosphorylation of Poly(Glu/Tyr). Insulin receptors were purified
from breast cancer tissue and adjacent normal breast tissue obtained
from the same patient and purified by wheat germ agglutinin chro-
matography. Phosphorylation of the exogenous substrate (poly Glu/
Tyr 4:1) was then measured. Each value is the mean+SD of 3P in-
corporated/nanogram receptor for triplicate determinations.
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contents of IR to other variables. These were grouped into
three categories; host variables (age, body mass index, and
menopausal status), tumor variables (histological type, grade,
size, and nodal involvement), and other hormone receptors
(estrogen receptor and progesterone receptor).

Relationship of IR to host variables. Three host variables,
patient’s age, body mass index, and menopausal status, were
obtained for 156, 138, and 156 patients, respectively. The pa-
tient’s age was only modestly correlated with the IR values (r
=0.14; P = 0.85).

Of the 156 patients whose menopausal status could be
ascertained, there were 44 (28.2%) who were premenopausal
and 112 (71.8%) who were postmenopausal. The values for IR
in the pre and post menopausal groups, were 5.0+1.7 and
5.3+1.7 0.1 ng/mg protein respectively (mean+SD) (P = 0.63).
Body mass index did not correlate with IR (r = 0.02, P = 0.42).

Relationship of IR to tumor properties. Information about
histological type was available for 149 (93.7%) of the tumors
(Table III). No difference was seen between the five categories.
Classification of tumors according to grade was performed in
121 specimens of ductal and mixed carcinomas. The IR con-
tent in the three groups was 4.5+1.2 (n = 5), 4.8+1.7 (n = 73),
and 6.231.6 (n = 43) ng IR/0.1 mg protein in the (a) well, (b)
middle, and (c) poorly differentiated tumors, respectively
(mean+SD). Although there was considerable overlap between
the distributions of IR in these three categories, by one-way
analysis of variance (ANOVA) (Fig. 5 4), the mean level in the
undifferentiated category (c) was significantly higher than
from the mean values observed in the other two categories (P
=0.003).

Nodal involvement was known in 131 patients: no rela-
tionship was found between IR content and nodal involve-
ment (Fig. 5 B). The group of 61 node negative patients had an
insulin receptor content of 5.1+1.8 ng/0.1 mg protein and the
group of 70 node positive patients had an IR content 5.7+1.7
ng/0.1 mg protein (mean+SD). These differences were not
statistically significant.

We next studied the relationship between IR and tumor
size (Fig. 5 C). The IR content in three groups (< 2 cm, 2-5
cm, and > 5) were 4.6+1.6, 6.0+1.8, and 6.4+1.8 ng IR/0.1
mg protein, respectively (mean+SD). According to one-way
ANOVA, the mean IR content increase related to tumor size
could not be explained by chance alone (P = 0.014).

Relationship of IR to other hormone receptor levels. The
Spearman correlations between insulin receptor measure-
ments and estrogen and progesterone receptors, were 0.17 (P
= 0.035) and 0.10 (P = 0.20), respectively.

Other studies

To ascertain whether elevated insulin receptors were present in
glandular malignancies other than breast cancer, we also eval-
uated the insulin receptor content in nonmalignant thyroid
tissue specimens, and thyroid carcinomas. No difference in
insulin receptors was found between thyroid carcinomas and
nonmalignant thyroid tissues (Table IV).

Discussion

In the present study, we have employed a specific RIA to
measure insulin receptor content in samples of breast carci-
noma tissues from 159 patients. The measurement of insulin
receptors by radioimmunoassay has certain advantages over
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Figure 3. Representative sections of a ductal breast cancer. (4) Indirect immunoperoxidase staining of the insulin receptor with insulin receptor
monoclonal antibody MA-20. The specific staining, with various intensity, is located only in the cytoplasm of malignant epithelial cells while
the stromal and other cells are not stained. Some heterogeneity in the intensity of malignant cell staining is evident at higher magnifications.
(B) Control studies in an adjacent section treated in the same manner as 4 but preincubated with 5 uM insulin. No immune staining of epithe-
lial cells is present. All sections were counterstained with Harris hematoxylin. Magnification (4 and B), 25.
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Figure 4. Histogram of a normal reference curve, and the distribu-
tion of the natural logarithm of the IR content.

conventional '*I-insulin ligand binding assays in that very
small amounts of tissue are needed (1 mg/assay) and multiple
specimens may be analyzed in a single assay. Previously, we
have measured insulin receptor content by RIA in several
human tissues (32). The value for insulin receptor content in
normal breast tissue measured herein (0.95 ng/0.1 mg protein)
is threefold greater than that for fat tissue (0.31 ng/0.1 mg
protein) and is comparable to that for muscle (1.13 ng/0.1 mg
protein). The average insulin receptor content in breast
cancers (6.15 ng/0.1 mg protein) measured in the present
study is higher than the value observed in human liver (4.76
ng/0.1 mg protein).

In all breast tissue samples, insulin receptors were present
and the mean insulin receptor content in tumors was signifi-
cantly increased when compared to normal breast tissue. We
found that there was very little overlap between receptor con-
tent of cancers and normal breast tissue. However, there was a
large range in the insulin receptor content between the differ-
ent cancer specimens. Immunostaining revealed that receptors
were mainly in malignant epithelial cells, but not in stromal
and inflammatory cells. There are two possible explanations,
therefore, for the wide range in insulin receptor content be-
tween breast cancers. First, it is possible that the stromal/epi-
thelial cell ratio varied in different cancers leading to a dilution
of the IR protein in the specimen. A similar observation has
been made concerning the HER 2/neu protein in breast
cancers (44, 45). A second possibility is that the expression of
the IR in fact does vary between malignant breast epithelial
cells in different tumor specimens.

Table I11. Distribution of Histological Types and Properties
of the In (IR) by Histological Type

In (IR)
Histological
type Number Percent Mean SD

Ductal 108 72.5 1.71 0.57
Papillary 3 2.0 1.86 0.58
Mixed 13 8.7 1.63 0.46
Lobular 22 14.8 1.60 0.51
Other 3 2.0 1.04 0.56
1508 Papaet al.
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Figure 5. Plots of the natural logarithm of the IR content versus
tumor grade category (4), node involvement category (B), and tumor
size category (C).

The RIA measures insulin receptors on the basis of their
immunological characteristics and does not provide informa-
tion concerning their functional status. Therefore, in the pres-
ent study, we performed functional studies of the insulin re-
ceptor in breast cancer tissues. The first steps in insulin action
are binding of the hormone to the receptor a subunit with
subsequent activation of tyrosine kinase activity in the 8 sub-
unit. Accordingly, ligand binding analyses were carried out
that indicated insulin receptor binding was elevated in breast
carcinomas, suggesting that the elevated insulin receptors, as



Table IV. Insulin Receptor Content in Thyroid Tissue Specimens

Thyroid tissue IR RIA*
Normal (n = 5) 8.2+5.6
Grave’s disease (n = 2) 6.9+£2.7
Carcinoma (n = 6) 8.4+6.2

Values are mean+SD.
* Insulin receptor measured by radioimmunoassay (nanogram/0.1

mg protein).

measured by RIA, were also able to bind insulin. Next, the
tyrosine specific kinase activity of these breast cancer insulin
receptors was analyzed and found to be responsive to insulin.
Thus, the insulin receptors in breast cancer were increased and
retained their functional characteristics.

An elevated content of insulin receptors does not appear to
be a characteristic feature of all cancers. For instance, in the
present study, we found no elevation in insulin receptor con-
tent in differentiated thyroid carcinomas. Also, we have pre-
viously reported that in rat hepatomas, insulin receptor con-
tent was decreased when compared to normal liver (46). In
addition, an elevated content of insulin receptors is not a fea-
ture of all breast tumors since in the present studies there was
no elevation of receptor content in breast fibroadenomas.

Employing ligand binding studies, receptors for other poly-
peptide hormones that activate tyrosine kinase in their recep-
tors have been investigated in human breast cancer (47). The
receptors for both (IGF-I) and epidermal growth factor (EGF)
have been reported to be elevated in some, but not all tumors
(47). Also the HER 2/neu protein, a putative receptor closely
related to the EGF receptor, is elevated in 25-30% of breast
cancers (45). In a recent study, tyrosine kinase activity was
measured in human breast cancers and was found to be signifi-
cantly increased when compared to benign breast tumors and
normal breast tissue (48). Our present observation of an insu-
lin responsive insulin receptor tyrosine kinase activity in breast
cancers indicates that, in addition to EGF, IGF-I, and HER
2/neu receptors, another contribution to the increased tyrosine
kinase activity in breast cancer is from the increased insulin
receptor content.

Studies reveal that the ligand for the IGF receptor, IGF-1, is
produced by breast cancer stromal cells (49). Thus, a paracrine
relationship for this ligand-receptor system may exist in cer-
tain breast carcinomas and contribute to increased cancer
agressiveness. The IGF-I receptor has sequence and structural
homology to the insulin receptor, and IGF-I has sequence and
structural homology to insulin. Moreover, IGF-I can also in-
teract with and activate the insulin receptor. Thus, a paracrine
relationship may exist whereby IGF-I stimulates insulin re-
ceptors in breast cancer leading to increased insulin receptor
signaling.

The mechanism(s) whereby insulin receptors are increased
in human breast cancers remain speculative. There are several
possibilities. Since the genes for some oncogenes including
c-myc, int-2, c-erbB-2 and the related HER-2/neu may be
amplified in human breast carcinomas (44), it is possible that
the insulin receptor gene is also amplified. Alternatively, since
structural gene rearrangement occurs in human breast carci-
nomas (50), it is possible that the insulin receptor gene is al-

tered in this tumor and consequently insulin receptor mRNA
is overexpressed.

The clinical significance of the observation that insulin
receptors are markedly elevated in nearly all breast cancer
specimens analyzed is unknown. In the present study, analysis
of IR content was correlated with other parameters. On one
hand, in ductal and mixed tumors there was a significant cor-
relation with IR and tumor grading, tumor properties reflect-
ing tumor agressiveness. There was also a significant correla-
tion with IR and tumor size. Tumor size most likely reflects
both inherent tumor aggressiveness and the duration of tumor
growth. These two observations suggested therefore that less
differentiated and more aggressive tumors may have more in-
sulin receptors. The possibility also exhibits, however, that the
duration of tumor growth may lead to the selection of cancer
cells with a higher IR content. On. the other hand, there was
not a correlation with IR content and lymph node involve-
ment, another reflection of tumor aggressiveness and duration
of tumor growth. Also, there was a significant positive correla-
tion with IR content and estrogen receptor content, a favor-
able prognostic indicator. Since insulin regulates breast cancer
cell growth, and insulin receptors are elevated in breast cancer
tissues, it is likely that insulin and its receptor plays a role in
breast cancer biology. However, whether IR content predicts a
negative or positive outcome in these tumors remains to be
elucidated. These observations, although obtained in a limited
number of patients, raise the possibility, therefore, that the
insulin receptor may play a role in the biology of breast cancers
and that measurement of the insulin receptor content should
be useful, in conjunction with other parameters, in the classifi-
cation of breast tumors.
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