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liver membranes (low control), 2.5 Â±0.2% (SD).
Scatchard transformation of IGF-I/Sm-C equilibrium data

to the tumors is shown in Fig. 2, A and B. Scatchard plots were
curvilinear suggesting the existence of both high and low affinity
IGF-I/Sm-C binding sites on these mammary tumors. Estima
tions of the concentrations and equilibrium binding constants
(Kd values) of these sites are described in the legend of Fig. 2.
It appears that SNP tumors from AL-fed and 25% CR animals
have a similar number of high affinity sites for IGF-I/Sm-C on
a t'mol//jg membrane protein basis and at a greater concentra

tion than the corresponding LP tumors from AL-fed and 25%
CR rats. Of interest was the observation that the predominant
IGF-I/Sm-C binding sites on the SNP tumors from 25% CR
rats (Fig. 2) were high affinity sites. While the presence of some
low affinity sites is likely, they could not be detected in three
independent experiments. It appears that there are alterations

\
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Fig. 2. Scatchard transformation of 12!I-IGF-I/Sm-C binding data to plasma
membrane-enriched preparations of DMBA-induced mammary tumors.. I. SNP
tumors from 25% CR rats (A). Ã„â€žâ€ž= 346 fmol//ug protein; ka = 0.184 nM. SNP
tumors from AL-fed rats (D). Ã„mâ€ž,= 345 fmol/fig protein; kdl = 0.028 mM;
Am.Â»2= 2.65 pmol/Mg protein; kd2= 4.25 nM. B, LP tumors from 25% CR rats
(O). Ã„mâ€ž,= 62 fmol/fig protein; *,,, = 0.011 nM; Ã„â€žâ€ž2= 1.1 pmol/jig protein;
kjI= 1.17 nM. LP tumors from AL-fed rats (*). Ã„mâ€ž,= 197 fmol/Vg protein;
kÂ¿Â¡= 0.049 nM. Ã„â€žâ€ž2= 1.4 pmol/ng protein; kÂ¿2= 2.8 nM. Binding experiments
and Scatchard transformation of equilibrium binding data were as described in
"Materials and Methods." Values shown are means of duplicate samples from

three experiments.

in IGF-I/Sm-C binding properties to tumors as a function of
both host CR and tumor size.

Covalent cross-linking studies with radiolabeled IGF-I/Sm-
C to tumor membranes and normal tissues under reducing
conditions (Fig. 3, A and B) revealed a binding moiety of
~ 130,000 molecular weight characteristic of the ligand-binding
a-subunit of the type I receptor. This binding was inhibited
completely by excess unlabeled IGF-I/Sm-C, but incompletely
by equimolar insulin concentrations, particularly for LP tumors
from 25% CR animals. The dense bands in the upper portion
of the autoradiographs are cross-linked dimers of the type I
receptor's a-subunits (3). Moreover, several diffuse lower mo-
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Fig. 3. Autoradiogram of 125I-IGF-I/Sm-C-labeled binding species present in
plasma membrane-enriched preparations of DMBA-induced mammary tumors
(A) and representative normal tissues (B) from AL, 25% CR, and 40% CR rats.
Cross-linking procedures are described in "Materials and Methods." Samples
were reduced with 100 m\i dithiothreitol before electrophoresis on a 5-15%
gradient polyacrylamide gel. Numbers at left, position and sizes (in M, x IO3)of
molecular weight marker proteins. Exposure time was 5 days at â€”¿�70"C.A,
membrane preparations of AL-LP tumors incubated with 2.4 nM l25I-IGF-I/Sm-
C in the absence (lanes a, c) or presence of 240 nM unlabeled IGF-I/Sm-C (lane
b) or 240 n\i unlabeled insulin (lane d). Lanes e and g contain 25% CR LP tumor
preparations incubated with 2.4 nM 125I-IGF-I/Sm-C alone and in the presence
of 240 nM unlabeled IGF-I/Sm-C (lanef) or 240 nM unlabeled insulin (lane h).
B, normal tissues with 2.4 nM 125I-IGF-I/Sm-C alone; Lane a, 25% CR liver; lane

d, 40% CR kidney; laneg, AL heart; lanej, AL lung. Tissue preparations incubated
with 2.4 nM '"I-IGF-I/Sm-C in the presence of 240 nM unlabeled IGF-I/Sm-C:
lane b, 25% CR liver; lane e, 40% CR kidney; lane h, AL heart; lane k, AL lung.
Tissue preparations incubated with 2.4 nM mI-IGFi/Sm-C in the presence of 240

nM unlabeled insulin; lane c, 25% CR liver; lanef, 40% CR kidney; lane i, AL
heart; lane I, AL lung.
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lecular weight bands are visible, representing IGF-I/Sm-C
cross-linked to high affinity, low molecular weight IGF binding
protein moieties (2, 3). A species of ~40,000 molecular weight
appears quite intense in LP tumors from AL-fed rats, but is
absent in LP tumors from 25% CR animals. The remaining
binding species appear comparable for LP tumors from AL-fed
and 25% CR animals. Lack of availability of membrane prep
arations from SNP tumors precluded cross-linking studies.
Competitive inhibition of IGF-I/Sm-C binding to the type I
receptor could not be examined in greater detail.

Insulin binding to these mammary tumors (Fig. 4) was as
sessed in a number of experiments and was very low, i.e., 8- to
13-fold lower than IGF-I/Sm-C binding at comparable mem
brane protein concentrations. The physiological relevance of
such low insulin binding to this tumor remains to be clarified
(see "Discussion"). Despite overall low binding, LP and SNP
tumors from 25% CR rats bound 2- to 5-fold more insulin than
the corresponding LP and SNP tumors from AL-fed rats.
Human placental membranes bound 20.2 Â±2.5% (SD) radio-
labeled insulin under the same binding conditions, while bovine
liver membranes exhibited 2.4 Â±0.4% (SD) insulin binding.

Scatchard transformation of subsequent saturation binding
data was attempted, but due to low insulin binding, accurate
estimations of the number and affinity of insulin binding sites
were not possible (data not shown). Covalent cross-linking
studies with radiolabeled insulin to LP tumors and controls
revealed a binding moiety of ~ 130,000 molecular weight char
acteristic of the reduced insulin-binding a-subunit of the insulin
receptor, although resolution was poor (data not shown). Bind
ing was completely inhibited by excess unlabeled insulin. High
molecular weight a-subunit dimers were likewise identified in
the autoradiographs, but no binding to lower molecular weight
moieties was observed.

The percentage radiolabeled IGF-II/MSA specifically bound
to these mammary tumors (Fig. 5) was high, i.e., up to twofold
greater than IGF-I/Sm-C binding and 11- to 25-fold greater
than insulin binding over comparable membrane protein con
centrations. No significant differences were observed as a func
tion of CR. Specific binding to beef liver membranes was 46.0
Â±2.5% (SD) in these studies. Lack of availability of sufficient
quantities of pure IGF-II/MSA at the time of these experi
ments, and limited tumor material, precluded competitive bind
ing studies and Scatchard analysis.

Covalent cross-linking studies with radiolabeled IGF-II/
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Fig. 4. Specific binding of '"I-insulin to plasma membrane-enriched prepa
rations of DMBA-induced mammary tumors. SNP tumors from 25% CR rats
(A); SNP tumors from AL-fed rats (Q); LP tumors from 25% CR rats (O); LP
tumors from AL-fed rats (*). Binding experiments were performed as described
in "Materials and Methods." Values shown are means of duplicate samples from

three experiments.
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Fig. 5. Specific binding of '"I-IGF-II/MSA to plasma membrane-enriched
preparations of DMBA-induced mammary tumors. SNP tumors from AL-fed
rats P); LP tumors from 25% CR rats (O); LP tumors from AL-fed rats (*). No
SNP tumors from 25% CR rats were available. Binding experiments were per
formed as described in "Materials and Methods." Values shown are means of

duplicate samples from three experiments.

MSA (Fig. 6, A and B) under reduced and nonreduced condi
tions revealed that this binding was likely to the monomeric
type II receptor based on its altered electrophoretic mobility on
gradient polyacrylamide gels (see Refs. 3 and 4). Under nonre-
ducing conditions a dense band of ~220,000 molecular weight
was visible, while after reduction, a higher molecular weight
moiety was observed (Fig. 6B). Curiously, no detectable binding
of radiolabeled IGF-II/MSA to the type I receptor or lower
molecular weight IGF binding species was observed. The bind
ing of radiolabeled IGF-II/MSA was inhibited by excess unla
beled pure IGF-II/MSA or an impure IGF mixture. These
collective findings suggest that the IGF-II/MSA binding ob
served was largely, if not exclusively, to the type II receptor on
these tumors.

The binding and cross-linking of radiolabeled EGF to these
mammary tumors was virtually nondetectable (<1.0% specifi
cally bound, data not shown). Despite alterations in plasma
membrane preparation, variations in binding protocols and
buffer conditions, and use of a range of radiolabeled EGF
concentrations, the highest specific binding obtainable was
<1.0%. A treatment (26) to remove possible endogenously
produced EGF-like factors was employed with no improvement
in binding. These findings suggest little, if any, EGF respon
siveness of these tumors and await further clarification.

The binding and cross-linking of radiolabeled GFs to a variety
of normal tissues was evaluated to ascertain whether alterations
in binding properties were tumor specific or a generalized
consequence of host CR. As depicted in Table 1, alterations in
binding properties as a function of CR were varied and tissue
specific for the particular GF examined, with some tissues
displaying increased or reduced GF binding, and others little
or no change. The data are presented as shown in Table 1 for
conciseness and clarity. These findings were confirmed by co-
valent cross-linking studies (Fig. 3B, Fig. 6A). Alterations in
GF binding as a result of CR were not limited to tumor tissue,
but differentially affected normal tissues as well, although al
terations in binding properties with CR were less pronounced
than in tumors. The observed changes in hepatic insulin and
EGF binding with CR are in general agreement with previous
reports (12-14), with the most pronounced reductions in GF
binding being observed in 40% CR rats (Table 1).

DISCUSSION

In this study we have reported the binding properties of
insulin-like growth factors and EGF to DMBA-induced rat
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Fig. 6. Autoradiogram of '"I-IGF-II/MSA-labeled
binding species present in plasma membrane-enriched
preparations of DMBA-induced mammary tumors and
representative normal tissues from AL, 25% CR, and 40%
CR rats. Cross-linking procedures are described in "Ma
terials and Methods." Numbers at left, position and sizes
(in M, x IO3) of molecular weight marker proteins. A,
tissue preparation incubated with ~3.9 nM '"I-IGF-II/

MSA alone: lane a, AL LP tumor; lane c, 25% CR LP
tumor; lane e, 25% CR liver; lane g, 40% CR kidney; lane
i, AL heart; lane k, 25% CR skeletal muscle; lane m, AL
lung. Tissue preparations incubated with ~3.9 nM '"!-
IGF-II/MSA in the presence of ~975 nM of an impure
IGF mixture. Lane b, AL LP tumor; lane a, 25% CR LP
tumor; tone/, 25% CR liver; lane h, 40% CR kidney; lane
j, AL heart; lane I, 25% CR skeletal muscle; lane n, AL
lung. All samples were reduced with 100 niw dithiothreitol
before electrophoresis on a 5-15% gradient polyacryl-
amide gel. Exposure time was 2.5 days at â€”¿�70'C.B, '"I-
IGF-II/MSA cross-linking to representative DMBA-
mammary tumor preparation under reduced and nonred-
uced conditions. Preparation of AL LP tumor incubated
with -3.9 nM of '"I-IGF-II/MSA in the absence (lane b)
or presence of ~975 nM of an impure IGF mixture (lane
a) under reduced conditions (100 nM dithiothreitol before
electrophoresis). Lane d contains preparations of AL LP
tumor incubated with -3.9 nM '"I-IGF-II/MSA alone or
in the presence of -975 nM of an impure IGF mixture
(lane c) under nonreduced conditions. A 5-8% gradient
polyacrylamide gel was used.
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mammary adenocarcinomas. Likewise, we have rÃ©examinÃ©e!the
insulin binding properties of this neoplasm. Finally, this is the
first report of alterations in GF binding to tumor tissue and
normal tissues as a function of restricted caloric intake.

IGF-I/Sm-C binding to mammary tumors was altered, both
number of sites and affinities, as a function of host CR and
tumor size. In contrast, fasting serum IGF-I/Sm-C levels in
vivo were normalized throughout the latter 75% of the 5-month

CR studies (9). These data suggest that tumor tissue has an
impaired ability to properly regulate ligand-binding capacity,
thereby resulting in an altered sensitivity to circulating growth
factor or hormone (see Ref. 30).

The IGFs have been implicated in mammary carcinoma
growth. Furlanetto and DiCarlo (2) demonstrated that several
human breast cancer cell lines (MCF-7, T47-D, MDA-MB-
231, and HLB-100) possess type I receptors with Kd values

ranging from 0.5 to 4 nM. Physiological levels of IGF-I/Sm-C

stimulated DNA synthesis through the type I receptor in all
four cell lines although to varying degrees, as additional serum
factors were required for optimal growth. Huff et al. (31)
extended these findings by demonstrating that IGF-I/Sm-C-
responsive breast cancer cell lines secreted the GF into their
medium, with estrogen-independent lines secreting significantly
more than estrogen-dependent cells. The presence of type I and
type II IGF receptors has been demonstrated in vitro on human
breast cancer cell lines (32). Pekonen et al. (33) observed that
IGF-I/Sm-C binding to human breast tumors was increased

significantly compared to normal breast tissues, suggesting a
relationship between expression of the type I receptor and
malignant transformation of mammary epithelium. Moreover,
IGF-I/Sm-C binding to tumor tissue was significantly corre
lated with estrogen- and progesterone-receptor status, and ap-
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Table 1 Growth factor binding to plasma membrane-enriched fractions of normal
tissues from rats fed ad libitum 25% and 40% calorically restricted diets

Results are expressed based upon percentage of radiolabeled growth factor
specifically bound. Membrane protein concentration (fig) for tissues: liver, 108-
121; kidney. 121; heart, 113-120; lung, 105-125; skeletal muscle, 75. Details of
binding studies are described in "Materials and Methods." Values are based on

results of three separate experiments.

Tissue Growth factor
Dietary
AL-fed

Treatment

25% CR 40% CR

Liver

Kidney

Heart

Lung

Skeletal muscle

Insulin
IGF-I/Sm-C
EGF
IGF-II/MSA

Insulin
IGF-I/Sm-C

IGF-II/MSA

Insulin
IGF-I/Sm-C
EGF
IGF-II/MSA

Insulin
IGF-I/Sm-C
EGF
IGF-II/MSA

Insulin
IGF-I/Sm-C

NA

NA

IGF-II/MSA
* Plusses range for percentage-specific binding: +,( 1 < 4); ++, (4 < 8); +++,

(8 i 12); ++++, (12 < 16); +++++, (16 < 22).
'Asterisks denote ranges for percentage-specific binding: *, (10 < 15); **, (15

==20); *", (20 < 25); ****, (25 ==30); , (30 <; 35).
r Binding not detected, <1%.
d NA, not available for analysis.

peared to be a more general property of breast tumors than
EGF receptor expression.

The low level of insulin binding to these mammary tumors
was surprising in view of several reports on the growth-stimu
lating properties of insulin on DMBA-induced mammary tu
mors. Heuson et al. (18) demonstrated that approximately 90%
of DMBA-induced mammary tumors were insulin dependent.
Alloxan-induced diabetes in rats treated with DMBA caused a
rapid regression of tumor growth similar to that following
oophorectomy or hypophysectomy; inhibition of tumor growth
was reversed by insulin administration (18). The studies of Hilf
and coworkers (19, 20) revealed that a majority of DMBA-
induced mammary tumors were hormone-dependent, regressing
in diabetic or ovariectomized rats with tumors from diabetic
animals showing increased insulin binding, but reduced estro
gen receptor status.

Our findings for insulin and IGF-I/Sm-C binding to mam
mary tumors are not necessarily incompatible with those re
ported above. At the time of the earlier studies (18-21), the
IGFs and their specific receptors were not well characterized.
Insulin can function as a growth factor directly through its own
receptor, or through cross-reacting with the structurally related
type I receptor in a number of cell types (see Ref. 2). In view of
our earlier findings (9) and the results reported here, we suggest
that the in vitro and in vivo growth responsiveness of DMBA-
induced rat mammary carcinomas to insulin may be due, in
part, to indirect effects of insulin on IGF-I/Sm-C levels, or due
to the interaction of insulin with the more abundant type I
receptors on these tumors.

The binding of IGF-II/MSA to these mammary tumors was
high, surpassing that of the high control employed in these
studies. Type II receptors have been characterized in a number
of human breast cancer cell lines (32) but not in carcinogen-

induced mammary tumors. Significant alterations in IGF-II/
MSA binding to tumors as a function of CR and tumor size
were not observed, nor did circulating levels of IGF-II/MSA
show a significant pattern of alteration in response to chronic
CR (9). Elevations in tumor IGF-II/MSA binding are not
surprising in view of the less differentiated nature of neoplastic
tissues.

The binding of EGF to DMBA-induced mammary carcino
mas was reported by Zweibel et al. (34) who found high affinity
EGF binding in primary cultures although receptor levels were
one-third that of normal mammary epithelial cells. Ethier and
Cundiff (17) reported the GF requirements of epithelial cells
derived from DMBA-induced or NMU-induced rat mammary
carcinomas in vitro. Of the tumors examined, 50% demon
strated GF independence, and of these greater than 50% were
not dependent on insulin, EGF, or cholera toxin for growth.

EGF receptor expression seems to vary between subgroups
of human breast carcinomas (33, 35), and a significant percent
age of human and rodent mammary tumors may be EGF
independent. These observations contrast with the stimulatory
role demonstrated for EGF on mammary tumors in mice (36,
37). Further detailed characterization of EGF receptor expres
sion and regulation in the carcinogen-induced rat mammary
tumor model described here are in progress.

In conclusion, we have demonstrated that GFs bound to
DMBA-induced rat mammary carcinomas to varying degrees,
with IGF-II/MSA binding to a similar or slightly greater extent
than IGF-I/Sm-C, and both IGFs binding to a far greater extent
than insulin. EGF binding to this neoplasm was not detectable.
CR and tumor size each were independently associated with
alterations in the number and affinity of receptors for IGF-I/
Sm-C and insulin, but not with changes in the type II receptor
for IGF-II/MSA. These alterations with chronic CR of the host
were not tumor specific, but affected a variety of normal tissues
as well. The findings reported here and previously (9) suggest
the possibility that alterations in certain peptide GFs, their
receptor status on target tissues, and complex interactions
between these, may contribute, in part, to the inhibition of
tumor growth by CR. The potential role of autocrine or para-
crine influences of the GFs examined on tumor growth in CR
animals is being investigated. These influences, and alterations
in circulating mammotrophic hormones and/or their receptors
as a function of host CR may explain the pronounced inhibitory
effects of this nutritional intervention on mammary tumorigen-
esis.
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