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ABSTRACT

Osteogenic sarcoma is the most common bone tumor of childhood
and typically occurs during the adolescent growth spurt when growth
hormone and insulin-like growth factor I (IGF-I) may be at their
lifetime highest levels. Since IGF-I Is involved in normal bone growth
and differentiation, we have evaluated the possible role of IGF-I
signaling in the growth of human osteogenic sarcoma cell lines. In this
study, we demonstrate that in vitro survival of cells is dependent on
exogenously supplied IGF-L Furthermore, we show that these cells
display functional IGF-I receptors on their surface and that in vitro
growth is inhibitedby blocking these receptorseither by monoclonal
antibodies or by antisense oligonucleotides. These data demonstrate
that human osteogenicsarcomacell lines are dependenton signaling
through the IGF-I receptor for in vitro survival and proliferation.
Furthermore, they suggest that modulation of the growth hormone/
IGF-I axis may affect the growth of these tumors in vivo.

INTRODUCTION

The peak incidence of osteosarcoma, the most common bone tumor
of children and young adults,coincideswith the adolescentgrowth
spurt, a feature that has led to speculation that the altered hormonal
milieu of adolescents plays some role in the development of these
bone tumors. IGF-12 is a GH-dependent polypeptide that was origi
nally described as a factor produced in the liver in response to GH that
directly mediated the effects of GH on axial skeletal growth (the
somatomedin hypothesis) (1). IGF-I has now been shown to be widely
expressed and to promote cell proliferation and differentiation in
many tissues. In particular, IGF-I has been confirmed to play an
important role in normal bone growth, bone cell turnover, and me
tabolism (2â€”9).It therefore seems possible that the GHIIGF-I axis
may be involved in the unregulated proliferation of osteoblasts that
occurs in osteogenic sarcoma. Support for this notion has been accu
mulating and includes reports of IGF-I functioning as a mitogen in
human osteosarcoma cells (10). Furthermore, both rat chondrosar
coma and murine osteosarcoma models have previously been shown
to be growth inhibited by hypophysectomy (11, 12). We have there
fore been interested in evaluating the role of IGF-I receptor signaling
in the growth of human osteosarcoma cell lines in vitro and report
here that this receptor is required for the survival and growth of
human osteosarcoma cell lines.

MATERIALS AND METHODS

Cell CUltUre.Five cell lines, G292, HOS,MG-63,SaOS,and U2, all
derived from human osteogenic sarcomas, were obtained from the American
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Type Culture Collection (Rockville, MD). They were grown in DMEM sup
plemented with 10% (v/v) FBS (Biofluids, Rockville, MD), penicillin (100

units/ml), streptomycin (100 @.tg/ml),and L-glutamine(2 mM)in a humidified
incubator maintained at 37Â°C with 6% CO2.

Growth in Serum-fiâ€¢eeMedium.In these experiments,the cells were
initially grown and plated in 10% FBS/DMEM. After 18 h, the medium was

aspirated and cells were rinsed once with phosphate-buffered saline and refed
with N2E(13), a serum-free, mitogen-free medium, with the addition of IGF-I
at a concentration of 25 ng/ml. Every 3 days the medium was replaced with

fresh N2E and growth factor.
Mitogenic Assays. G292 and SaOS cells were plated in triplicate at 5 X

@ cells/well into 96-well plates. The cells were allowed to adhere for 18 h,

after which time the medium (10% FBS/DMEM) was removed and fresh

medium containing either the anti-IGF-I receptor antibody aIR-3 (a gift from

F. Kull and S. Jacobs,BurroughsWellcome, ResearchTrianglePark,NC) or
the class-matched control antibody MOPC-21 (Organon Teknika Corp.,
Durham, NC). After the addition of this antibody, the medium remained
unchanged for the duration of the experiment. To evaluate the effect of
antisense oligonucleotides, cells were treated as above, except that 7 @M
oligonucleotide was added once, 18 h after plating, instead of antibody. The
sense and antisense oligonucleotides corresponded to codons 21â€”26of the
signal sequence of the IGF-l receptor as previously described (14). Oligonu
cleotides were synthesized on an ABI 392 DNA/RNA synthesizer (Applied

Biosystems, Foster City, CA) using cyanoethyl phosphoramidite chemistry.
For these experiments, only the cell number was assayed as described below.
Antisense experiments were repeated four times.

DNA synthesis was measured by using [3H]thymidineincorporation. Prior
to harvest, the cells were labeled for 24 h with 1 MCi/wellof [3Hjthymidine
(DuPont New England Nuclear, Boston, MA). With the aid of a semiautomatic
cell harvester (Inotech AG) at the times indicated, the cells were collected and
hypotonically lysed, and the macromolecules were isolated on a glass fiber
filter. The cellular [3H]thymidine incorporation was determined by liquid
scintillation counting.

The cell number was measured by a colorimetric assay that measured the
reduction of M'@f (Sigma Chemical Co., St. Louis, MO) by live cells to

violet-colored formazan crystals as described previously (15). Briefly, at the
specified time points, the medium was replaced with 100 @lof0.5 mg/mI MTT
(diluted in phenol red-free RPM! 1640). Following a 3-h incubation at 37Â°C,
an equal volume of isopropyl alcohol was added to enable solubilization of the
precipitated formazan. An enzyme-linked immunosorbent assay reader (Titer
tek Multiskan Model MCC/340; Flow Labs, Montgomery, AL) was used to
measure absorbance at a test wavelength of 570 nm and a reference wavelength
of 690 am. The reported cell numbers were extrapolated from a standard curve
generated for each cell line and experiment relating absorbance to a known cell
number. Data points are represented as the mean Â±SD of triplicate wells. All
assays were repeated at least twice.

Ligand-binding Assay for IGF-I Cell Surface Receptor. G292 cells were
plated in 6-well dishes at 1.5 x 10@cells/well. Forty-eight h later, the cells
were washed three times with warm (37Â°C)phosphate-buffered saline. 4-(2-
Hydroxyethyl)-1-piperazineethanesulfonic acid-binding buffer (100 mM4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid-i 18 mM NaCI-5 mM KC1-1.2
mM MgSO4-8.8 mM glucose-1% albumin), pH 7.6, was added to the cells,
followed by the additions of the indicated concentrations of recombinant
human IGF-I (Genentech, San Francisco, CA), IGF-II (Boehringer Mannheim,
Indianapolis, IN), bovine insulin (Sigma) and 30,000 cpm of â€˜@I-IGF-I(Du
Pont New England Nuclear) to a final volume of 1 ml. After 4 h of incubation
at 4Â°C(with shaking every 30 min), the cells were washed twice with cold
phosphate-buffered saline, solubilized with 1 ml of 0.5 M NaOH, and collected
in 12- x 75-mm tubes. Assays were performed in duplicate at least twice and
counted in a Beckman Model 5500B gamma counter at 70% efficiency.
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Fig. 1. Survival of osteogenic sarcoma cell lines
in serum-free medium after 5 weeks. Cells were
grown and plated in 10% FBS/DMEM. After 18 h,
the medium was replacedwith N2E, a serum-free,
mitogen-freemedium,or N2E containing25 ng/ml
IGF-I.The mediumwas changed every 3 days for
the duration of this experiment. A, C, and E, cell
lines in N2Eonly; B, D, and F, cell lines in N2Eand
25 ng/mlIGF-l.x 400.

Reverse Transcriptase Polymerase Chain Reaction. The reverse tran
scriptase polymerase chain reaction was carried out using a Perkin Elmer!
Cetus (Norwalk, Cl') kit according to the manufacturer's recommendations.
Two g@gof total RNA were divided into two tubes for simultaneous amplifi
cation of IGF-1 and 132-microglobulin.Oligonucleotide primers were synthe
sized on an ABI Model 392 DNAIRNA Synthesizer (Applied Biosystems,
Foster City, CA). 5' AGO CAT CGT GGA TGA GTG C@GCIT 3' and 5'
CCA GCA GGC CFA Cfl lit TrC AU 3', correspondingto nucleotides
449â€”472and 857â€”880,respectively, of the human JGF-1B gene (16) were
used as primers for IGF-1; primers for @2-microglobulin were used as de

scribedpreviously(17). The predicted442 base pairsfor IGF-1and201 base
pairs for @2-microgIobulinwere visualized on a 3% Nu-Sieve!1% Agarose gel.
The products generated using the IGF-I primers were then analyzed by South
em blot using a synthetic oligonucleotide probe, 5' CTC Cli' CTG Tl'C CCC
TCC TOG ATG TGT Cr1' TOG CCA 3', correspondingto nucleotides
636â€”671 of the IGF-JB gene. The filter was hybridized at 42Â°Cand washed
as previously described (18), with the final wash being 1 X standard saline
citrate (0.15 MNaC1,t0.015Msodium citrate) and 0.5% sodium dodecyl sulfate
at 37Â°Cfor 15 mm. The filter was exposed to Eastman Kodak XAR-5 film at
â€”70Â°Covernight.

1 234 5

IGFI

1@2Microglobulin
Fig. 2. IGF-l expression in osteogenic sarcoma cell lines is detected only by reverse

transcriptase polymerase chain reaction. Two reverse transcriptase polymerase chain
reaction reactions/cell were performed using 1 @gof total RNA for simultaneous ampli
fication of IGF-I and @2-microglthulin(Lane 1, G292; Lane 2, HOS; Lane 3, MG-G3;
Lane 4, SaOS; Lane 5, U2-OS). Top, the predicted 442-base pair product for IGF-I, which
was analyzed by Southern hybridization using an oligonucleotide probe corresponding
to nucleotides636â€”671of the IGF-I-JBgene.Bottom,the 201-basepair productof

@-mkmglthulinvisualized by ethidium bromide staining.
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RESULTS

Survival of Osteosarcoma Cell Lines in Serum-free Medium Is
Dependent on IGF-L To determinewhetherIGF-Iis necessaryfor in
vitro survival of human osteosarcoma cell lines, we observed their
growth in serum-free, mitogen-free medium with or without the
addition of growth factor. Cells (103/cm2) were placed into 6- or
24-well plates containing either N2E alone or N2E with the addition of
25 ng/ml of IGF-I. The medium was changed every 3 days. As
illustrated in Fig. 1, N2E containing IGF-I allowed for survival and
growth of cells for up to 5 weeks (the duration of this experiment),
while cells grown without the addition of IGF-I were pyknotic and
dying within 7â€”10days of plating. While some 0292 cells appeared
to remain alive in N2E without IGF-I at 5 weeks, many more G292
cells were alive when IGF-I was added (Fig. 1, A and B). In contrast,
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varied considerably among different cell lines (Fig. 2). SaOS cells
(Fig. 2, Lane 4) appear to express the highest levels of IGF-I mRNA,
HOS and U2 cells express intermediate amounts (Fig. 2, Lanes 2 and
4, respectively), and G292 and MG-63 cells produce a barely detect

able signal (Fig. 2, Lanes I and 3, respectively). No detectable IGF-II
expression was seen using Northern analysis (data not shown).

Osteosarcoma Cells Express the IGF-I Cell Surface Receptor.
In order to ascertain whether these cell lines display IGF-I receptors
on their cell surface, we performed a radioreceptor assay on G292
cells using 1@I-IGF-I and unlabeled IGF-I, IGF-II, and insulin. Fig. 3
demonstrates the presence of IGF-I receptors on G292 human osteo
genic sarcoma cells. Both IGF-I and IGF-II displace labeled IGF-I in
the nr@iconcentration range as expected for IGF-I receptors, while
insulin minimally displaces labeled IGF-I at a concentration of 100
flM, also as expected for IGF-I receptors.

Signaling by the IGF-I Receptor Is Necessary for in Vitro
Growth. Having established the need for IGF-I for survival and the
presence of functional IGF-I receptors on the cell surface, we sought
to determine whether proliferation of osteosarcoma cell lines could be
altered by blocking receptor signaling. We treated the cells with
aIR-3, a blocking monoclonal antibody antagonist of the IGF-I re
ceptor (19, 20). G292 and SaOS cells were treated with a single dose
of aIR-3 at 125, 62.5, or 31.25 nglml. Control groups received 125
ng/ml MOPC-21 (class-matched control IgG) or media only. As
illustrated in Fig. 44, treatment with aIR-3 resulted in a dose-depen
dent decrease in [3H]thymidine incorporation. As seen in Fig. 44
(top), treatment of G292 cells with MOPC-21 led to a slight stimu
lation of [3H]thymidine incorporation, and at the highest dose of
aIR-3 (0.125 p@g!m1)treatment, a >50% decrease in [3H]thymidine

E

Fig. 3. Displacement of â€˜@I-IGF-Ibound to 0292 cells by IGF-I ER), IGF-II (â€¢),or
insulin (A) at the indicated concentrations of the unlabeled ligand. Points, mean of
duplicatedeterminations.B andBe,,specific bindingin the presenceandabsence,respec
tively of excess unlabeled ligand.

HOS and U2 cells did not survive for 5 weeks without the addition of
IGF-I (Fig. 1, Câ€”F).SaOS and MG-63 cells were also able to survive
only in the presence of added IGF-I (data not shown). Even with the
addition of IGF-I, however, cell growth was slower than that of
control cells grown in 10% serum (data not shown).

Osteosarcoma Cell Lines Express Minimal and Variable Levels
of IGF-I mRNA. Since the osteogenic sarcoma cells appeared to
require exogenous IGF-I for in vitro survival, we examined the level
of endogenous IGF-I mRNA expression. Northern blot analysis using
30 p.g total RNA or 5 @gpolyadenylated RNA failed to reveal any
detectable IGF-I mRNA expression (data not shown). However, RNA
polymerase chain reaction did reveal expression of IGF-I mRNA that
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Fig. 4. Time and dose curves of aIR-3 inhibition of 0292 and SaOS cells. Cells (5 X 1O@)were plated in triplicate in 96-well plates in 10% FBS/DMEM. aIR-3 was added at 125
ng/ml 4, 62.5 ng/ml(â€¢),or 31.3 nglml(A)after allowingcells to adhere for 18 h. Controlwells received medium containing MOPC-21 at a concentration of 125 ng/ml(â€¢)or meditim
alone (0). A, [3H]thymidine incorporation was measured after 72, 96, and 120 h of incubation. Points, mean of triplicate wells; bars, SD. In B, cell number was assessed after 72, 96,
and 120h of incubationusingan MU assay.Points,meanof triplicatewells;bars, SD(<10%for allpaints).

2805

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/54/10/2803/2453505/cr0540102803.pdf by guest on 19 M

ay 2023



HUMAN osmos4titco@ AND IGF-l SIGNALING

human osteosarcoma cell line G292. We demonstrated high affinity
binding of IGF-I and IGF-II and much weaker affinity binding of
insulin, in agreement with affinities of the IGF-I receptor. In addition,
blockade of the IGF-I receptor, with the use of either the blocking
monoclonal antibody aIR-3 or an antisense oligonucleotide directed
against the IGF-I receptor, inhibits in vitro proliferation of these cell
lines. Similar results using either aIR-3 (23) or antisense approaches
directed against either the IGF-I receptor (24) or the IGF-I ligand (25)
have previously been reported using other cell types.

These data extend previous reports demonstrating that IGF-I is a
potent mitogenic factor for human osteogenic sarcoma cell lines (10).
It is noteworthy that these cell lines will not grow in serum-free,
mitogen-free media without the addition of exogenous IGF-I, suggest
ing that the tumors do not grow in an autocrine fashion but rather
require IGF-I in either a paracrine or endocrine manner. This suggests
that a potential therapeutic target could be to inhibit production of
IGF-I. Since growth hormone is the major regulator of IGF-I, one
strategy might be to use somatostatin analogues to block GH release.
We are currently embarking on a Phase I study to define the dose of
a somatostatin analogue that will maximally inhibit circulating IGF-I
levels. Once this dose is determined, we plan to test whether such
inhibition will have beneficial effects in adolescents with osteosar
coma. The identification of specifically altered growth factor signal
ing pathways in tumors has led to a search to develop therapeutic
approaches aimed at these alterations in the hope that more effective
and specific therapy will become possible by such approaches.
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