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Abstract

Insulin-like growth factor I (IGF-I) is a potent breast cancer mitogen.
Growth hormone (GH) up-regulates hepatic /(./-/ gene expression and
circulating IGF-I level. Tissue IGF bioactivity is influenced not only by
circulating IGF-I and K.I -II levels but also by autocrine and paracrine

production of these growth factors and by IGF binding proteins. There is
considerable person-to-person variability in GH-IGF-I physiology. Both

laboratory and epidemiolÃ³gica! data are consistent with the hypothesis
that the host GH-IGF-I axis influences breast cancer behavior, but such

an effect has not been directly demonstrated. To determine whether breast
cancer growth in an in vivo model is influenced by the host GH-IGF-I axis,
we compared the growth of human MCF-7 breast cancer cells in control

mice to that in mice homozygous for lit. a missense mutation resulting in
loss of function of the pituitary GH-releasing hormone receptor and
secondary suppression of GH and IGF-I. Breast cancer growth was sig

nificantly reduced in lit/lit animals compared to control hosts [tumor size
(mean Â±SD) on day 39, 444 Â±82 versus 845 Â±444 mm3, respectively;

P < 0.001, Mann-Whitney U test]. These data demonstrate that in our
model, host GH-IGF-I axis physiology plays a role in determining breast
cancer behavior. The results Â«i suggest that patient-to-patient variability
in GH-IGF-I physiology may contribute to the large variability between

patients regarding breast cancer behavior, and b} motivate clinical trials
of novel hormonal treatment strategies that target the GH-IGF-I axis.

Introduction

Both host factors and tumor factors contribute to the substantial
variability between individuals with respect to the clinical course of
breast cancer. Whereas many genetic derangements in breast cancer
cells that adversely affect prognosis have been described, few host
factors that influence breast cancer behavior have been identified.
There is considerable variability between individuals with respect to
function of the GH'-IGF-I axis (1 ). It has been proposed on the basis

of experimental and epidemiological data that this heterogeneity may
account for a portion of the variability between individuals with
respect to breast cancer prognosis, and also may be related to breast
cancer risk (2, 3). As variability in the GH-IGF-I axis contributes to

differences between individuals with respect to body structure (1),
data demonstrating a positive correlation between height and breast
cancer risk (4-9, reviewed in Ref. 10) also support the hypothesis that
IGF-I physiology, particularly during or subsequent to the pubertÃ !

period of breast and skeletal development, is related to risk. Clinical
evidence for an association between large body size and aggressive
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breast cancer behavior is weaker (4, 5, 7), but this is not unexpected
given the anticipated influence of potentially confounding variables
such as treatment.

GH is a weak mitogen for human breast cancer cells relative to
other peptide growth factors (11). On the other hand, significant
stimulation of in vitro breast cancer cell proliferation by nanomolar
concentrations of IGF-I (12, 13) and reduction of in vivo MCF-7 cell

breast tumor growth by a blocking antibody directed against the type
I IGF receptor (14) provide strong evidence that IGF-I is a potent

mitogen for breast cancer cells. However, these data are not sufficient
to demonstrate a role for the host GH-IGF-I axis in determining the
behavior of breast cancer, in part because IGF-I or IGF-II from

autocrine or paracrine sources in the microenvironment of neoplastic
cells (15) may render systemic IGF-I levels irrelevant. Taken together,

epidemiological and experimental evidence to date is compatible with
but does not establish an influence of the host GH-IGF-I axis on breast

cancer behavior.
To determine whether the host GH/IGF-I axis influences the be

havior of human breast neoplasms, we developed a stock of mice
homozygous for the seid mutation (16) and segregating for the little
(//'/) mutation (17). Recent studies have characterized the lit mutation

as an A^>G transition in the GH-releasing hormone receptor gene
resulting in substitution of Gly for Asp60. This results in loss of signal

transduction function (18-20), a severe but highly specific deficit in
pituitary GH synthesis and output, and a secondary reduction in IGF-I

gene expression and serum level. Mice of this stock are either seid/
seid lit/lit (GH-IGF-I deficient) or seid/seid lit/+ (GH/IGF-I replete)
and are able to act as hosts for human MCF-7 breast cancer xe-

nografts. This mutation has recently been detected in humans as well
as in mice (21).

Materials and Methods

Mice. A stock of C57BL/6 mice homozygous for the seid mutation (16)
and segregating for the little (lit) mutation (17) were raised in a research
colony (W. B.) at The Jackson Laboratory on acidified water and NIH 31
modified (6% fat) diet (Agway). Environmental conditions included lighting
cycles of 14 h duration and ambient temperature range of 23 Â±3Â°C.In all

studies, we used 3-4-month-old virgin females segregating tor the /// mutation.
Studies of MCF-7 xenograft growth were carried out with mice that were

homozygous for the seid mutation and either homozygous for lit (seid/seid
lit/lit) or heterozygous for lit (seid/seid lit/+ ). Sera for studies of MCF-7 cell

growth in vitro were obtained from by cardiac puncture at necropsy.
In Vivo Tumor Growth. 5 x IO6 MCF-7 cells were injected s.c. in the

mammary fat pad of 12-week-old seid/seid lit/lit female mice (n = 18) and
seid/seid lil/+ controls (n = 17). All mice received standard estradici supple

mentation for the MCF7 murine xenograft model. This was accomplished by
means of a 6-mm (length) by 0.1-mm (internal diameter) s.c.-implanted estra-
diol-packed silicone plastic tube. Tumors were measured with calipers, and
volumes were calculated in mm3 as (width-l) X (length-1)2. This work was

approved by the McGill animal care committee, with tumor size limited to
1 cm3.
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In Vitro Cell Proliferation. MCF-7 cells were obtained from the American

Type Tissue Culture Collection (Rockville. Maryland). Stock cultures were
grown in Alpha medium (Life Technologies. Inc.. Grand Island. NY) supple
mented with 10% PCS (Life Technologies. Inc.) and 5 fig/ml bovine insulin
(Sigma Chemical Co., St. Louis, MO). For proliferation studies, cells were
plated at 2.5 X 104 cells/2-cm well in 24-well plates in Alpha medium
supplemented with 2.5% PCS for 48 h. Cells were then washed with serum-

free medium and then allowed to proliferate in the presence of specified
concentrations of human recombinant IGF-I (a kind gift from Celtrix Pharma

ceuticals) or serum obtained from donor mice by cardiac puncture at time of
necropsy. Cells were then trypsinized. suspended in PBS. and counted with a
hemocytomeler.

KÃŒF-IRIA. Sera from control and lit/lit animals were pooled after sacri
fice. IGF-I level of each pool was determined by RIA (2) after separation of
IGF binding proteins by low-pressure acid chromatography (22).

Results and Discussion

As expected, body weights, nose-tail length, and serum IGF-I

concentration were reduced in young adult seid/seid lit/lit mice com
pared to seid/seid lit/+ littermate controls (Table 1). Growth of
MCF-7 xenografts was significantly reduced in the lit/lit hosts relative

to controls (P < 0.05 for each day between 26 and 40; global
P < 0.001, Mann-Whitney U test; Table 1; Fig. 1). All mice received
equal estradiol supplementation, as is standard for the MCF-7 xe-

nograft model. Consistent with reduced xenograft growth was our
finding that serum from lit/lit mice was less mitogenic for MCF-7

cells than serum from littermate ////+ controls (Fig. 2). The difference
in mitogenicity of control and lit/lit serum could be abolished by the
addition of IGF-I (> 5 ng/ml) to the lit/lit serum (Fig. 2).

It has recently been recognized that tamoxifen, the most frequently
used drug in breast cancer treatment, suppresses pituitary GH output
and IGF-I levels, but to a lesser degree than does the //'/ mutation

(2, 23, 24). Our results are consistent with the possibility that this
effect of tamoxifen contributes to its antineoplastic action.

Appreciation of the influence of host ovarian function on breast
cancer behavior led to the development of many endocrine therapies
currently used in breast cancer management. In this context, the data
reponed here suggest examination of strategies to therapeutically
exploit the influence of the host GH-IGF-I axis. There is evidence that

it is possible to pharmacologically mimic the suppression of the
GH-IGF-I axis associated with the /;'/ mutation by the use of GH-

releasing hormone antagonists (25), somatostatin analogues (26, 27),
or competitive antagonists to receptors for GH or IGF-I (28. 29). Such
treatments would represent "medical hypophysectomy" selective for

the GH-IGF-I axis. Older clinical reports (30) documented a signifi

cant palliative effect of hypophysectomy in breast cancer, even after
prior oophorectomy and adrenalectomy. Our results suggest that such
responses may have been a consequence of ablation of the GH-IGF-I

axis. Although gene knockout experiments suggest that the total
absence of IGF-I is often lethal (31 ). the less-severe IGF-I deficiency

Table 1 Characteristics of lit/lit ami control mice and gmwth of MCF-7 xt>m>}>rafis

Length (nose to end of tail) was determined by culipcr measurements and weight by
electronic balance before xenograft implantation. Serum IGF-I was measured by RIA of
five aliquots of serum pooled from animals of each group. Significance of differences
between groups was determined by Mann-Whitney U test.

1000

Control (n =17)Length,

cmWeight,
gScrum

IGF-I.ng/mlMean
lumor si/e on day 39.mmMean
time for last doubling of tumor volume,days'/Ã•

tumors <5(M) mm on day39%
tumors > 1000 mm1 on day 3917.8

Â±0.224.8
Â±1.6903.7
Â±20.9845
Â±9881835Â¡il/lit

(n =18)14.6

Â±0.20"17.4
Â±0.9"49.3
Â±5.3"444
Â±82"13"565"P<

0.05.

800-

600-

n
I 400

200-

-O- seid/seid lit/+

-O- seid/seid lit/lit

0-Hrâ€”iâ€”
10 15 20 25 30 35 40

time (days)

Fig. I. Growth ut'human MCF-7 breast cancer xenografts in seid/seidlit/+ control and

sciti/sdii lit/lit mice. Cells (5 X IO6) were injected into the mammary fat pads of mice on
day 0, and iunior growth was measured with calipers as described in "Materials and
Methods." Ditta poinix. mean: ham. SD.

0.5

[IGF-l],ng/ml_

Serum: serum-free 1% lit/lit serum IX lit/+ serum

Fig. 2. In vitro growth of MCF-7 cells in the presence of sera from GH/lCF-l deficient
lit/lit or normal //'//+ mice. A, 2.5 X IO4 cells were allowed to proliferate 1

4 days in the presence of the indicated concentrations of serum from ////+
before determination of cell number. B, 2.5 X IO4 cells were allowed to pr>

days in the presence of the indicated concentrations of serum from control

>reither 2 or
>r/////// mice
Iiforate for 2
ar lit/lit mice

and the indicated concentration of ÃŒGF-Ibefore determination of cell number. Columns.

mean; harx, SD.

resulting from the //'/ mutation is well tolerated by mice, in keeping

with clinical evidence that sequellac of GH deficiency are mild
relative to the toxicity of most antineoplastic therapies.

The impaired growth of breast cancer in hosts homozygous for the
lit mutation demonstrates an influence of the host GH-IGF-I axis on
breast cancer behavior. Many genes apart from the GH-releasing
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hormone receptor gene to which the lit mutation has been mapped are
involved in regulation of IGF physiology. Although loss-of-function

mutations such as lit represent an extreme example, polymorphic
variation of various genes involved in regulating host IGF physiology
(including type I and type II IGF receptors and the IGF binding
proteins) may influence behavior of breast cancer, either by direct
effects on neoplastic cells or by an influence on processes such as
angiogenesis that involve host-tumor interactions. The lit mutation
represents an instance of subnormal activity of the GH-IGF-I axis

associated with reduced somatic growth, decreased fecundity, and less
aggressive breast cancer behavior. Selective pressure in human pop
ulations, in contrast, may have favored alÃelesthat are associated with
enhanced reproductive fitness and relatively high IGF-I bioactivity

but predispose to higher incidence and/or more aggressive behavior of
breast cancer. A report (32) of higher IGF-I serum levels in women

with breast cancer than in matched controls is consistent with this
possibility.

Finally, the results reported here may have relevance to the influ
ence of dietary restriction on breast cancer behavior, as reduced
caloric intake in rodent mammary tumor models is associated with
both suppression of IGF-I levels and suppression of neoplastic growth

(33).
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