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ABSTRACT

Central nervous system (CNS) tumor cells possess specific receptors
for insulin-like growth factors (IGFs) and respond to the growth-pro
moting effects of IGFs in cell culture. In the present study, we asked
whether CNS tumors also produce IGF-binding proteins (BPs) which
may modulate the effects of IGFs on CNS tumor cells.

Primary cell cultures were established from 20 CNS tumors. Dot blot
analysis with I25l-labeled recombinant human IGF-I revealed IGF-bind
ing activity in serum-free conditioned medium from 5 of 7 meningiomas,
7 of 8 malignant gliomas, and 3 of 5 other CNS tumors. Specific IGF
BPs in conditioned medium were characterized further by Western ligand
and immunoblotting, affinity labeling, and precipitation with specific
antibodies against human IGFBP-1, -2, and -3. All conditioned media
tested contained an M, 35,000 BP which was recognized by antiserum
against IGFBP-2 and an M, 24,000 BP that was not recognized by
available antisera. Medium conditioned by meningiomas (and one glioma)
also contained M, 45,000 and 50,000 IGF BPs, similar in size and/or
immunological properties to growth hormone-dependent BPs present in
normal human serum (IGFBP-3). Ligand blotting also showed that
meningiomas produce an VA,29,000 BP; immunoblotting and immuno-
precipitation of affinity-labeled IGF-BP complexes confirmed that this
BP is recognized by antiserum against IGFBP-1. Immunohistochemistry
with specific monoclonal antibodies demonstrated that IGFBP-1 is abun
dant in pathological specimens of meningiomas and that lower amounts
also are detected in malignant gliomas.

We conclude that human CNS tumor cells produce a variety of IGF
BPs in cell culture, including several that are similar in size and immu
nological properties to previously characterized human IGF BPs. Im
munohistochemistry with specific monoclonal antibodies against IGFBP-
1 confirms that this BP is present in vivo, further supporting the concept
that IGF BPs may contribute to the regulation of growth in human CNS
tumors.

INTRODUCTION

IGFs1 are polypeptide hormones which resemble proinsulin

in structure, stimulate cellular proliferation in many tissues ( 1),
and may contribute to the autocrine stimulation of cell growth
in a variety of tumors (2-4). Recent studies have identified the
presence of IGF receptors (5, 6) and specific mRNA for IGF-I
and IGF-II in the CNS (7, 8), suggesting that these growth
factors may play a role in the growth and maturation of neural
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tissue (9, 10). In addition, we and others have reported that
meningiomas and gliomas possess specific IGF receptors and
that exposure to IGFs can promote the proliferation and differ
entiation of these cells in culture (11, 12), suggesting that IGFs
may play a role in the development and progression of certain
CNS tumors.

Unlike most polypeptide hormones and growth factors, IGFs
circulate bound to specific BPs which may modulate the effects
of these growth factors on target tissues (13, 14). Several
distinct forms of IGF BPs have been well characterized, based
on differences in molecular weight, amino acid sequences, and
patterns of regulation and glycosylation (15), including (a)
IGFBP-1, a A/r 28-30,000 BP that is abundant in amniotic
fluid and is regulated by nutrition, insulin, and sex steroid
hormones (14, 16-18); (b) IGFBP-2, an M, 35,000 BP that is
abundant in cerebrospinal fluid and in fetal and neonatal serum
(19, 20); (c) IGFBP-3, the M, 40,000-55,000 growth hormone-
dependent glycoprotein binding subunit of the high molecular
weight (150,000) IGF-BP complex that carries most of the
circulating IGFs in normal adult human serum (14); and (d)
IGFBP-4, a recently identified M, 24,000 BP that appears to
be expressed in many tissues and is thought to be produced by
many cells in culture (21-23). In addition, recent reports sug
gest that at least 2 other IGF BPs are present in body fluids
(23-25), and still others may remain to be discovered.

Recent studies have demonstrated that tumor cells derived
from a variety of tissues and transformed cells produce distinct
patterns of IGF BPs (4, 25-31). In the present study, we
considered the possibility that CNS tumors may produce spe
cific IGF BPs which may modulate the response of these tumors
to exogenous and endogenous growth factors. As a first step in
evaluating the role that IGF BPs may play in regulating the
growth of human CNS tumors, we sought to demonstrate and
characterize the IGF BPs produced by CNS tumor cells in
primary culture utilizing Western ligand and immunoblotting,
and affinity labeling and immunoprecipitation techniques with
available antisera, and specific monoclonal antibodies to dem
onstrate the presence of one of these BPs (IGFBP-1) in patho
logical specimens of CNS tumors.

MATERIALS AND METHODS

Materials. Dulbecco's modified Eagle's medium. Ham's F-12 me

dium, and antibiotics were purchased from GIBCO laboratories (Grand
Island, NY), and fetal calf serum was from HyClone Laboratories
(Logan, UT). Fatty acid-free BSA, Nonidet P-40 and Tween-20 were
obtained from Sigma Chemical Co. (St. Louis, MO), and dialysis tubing
was from Spectrum Medical Laboratories, Inc. (Los Angeles, CA).
Recombinant human insulin-like growth factor I was purchased from
Bachern (Terranee, CA). DSS was purchased from Pierce Chemical
Co. (Rockford, IL). Molecular weight standards for SDS-PAGE were
obtained from Amersham (Arlington Heights, IL) and Bio-Rad (Rich
mond, CA).

Specific polyclonal rabbit antisera against human IGFBP-1 and
IGFBP-3 were generously provided by Drs. David Clemmons (16) and
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IGF-BINDING PROTEINS IN CNS TUMORS

Robert Baxter (32), and polyclonal antiserum which recognizes both
human IGFBP-2 and IGFBP-3 (anti-BP-2/3) was kindly provided by
Dr. R. Rosenfeld (33). Mouse monoclonal antibodies against the human
IGFBP-1 have been previously described and have been used extensively
to characterize IGFBP-1 in normal human tissues in previous studies
(34-36); these antibodies do not cross-react with IGFBP-2, -3, or -4 by
Western immunoblotting of normal human serum or cerebrospinal
fluid or by either immunoblotting or immunoassay of medium condi
tioned by human fibroblasts, or endometrial carcinoma cells, which do
not express IGFBP-1 (29). Monoclonal antibodies to leukocyte com
mon antigen were purchased from Dako, Ltd. (High Wycombe, Bucks,
United Kingdom) and to human milk fat globule protein antigen 1
from Unipath, Ltd. (Bedford, United Kingdom) and used in
immunohistochemistry.

Cell Culture. Tumor specimens obtained during surgery were em
bedded in paraffin and fixed for histopathology to confirm the tumor
diagnosis, and a portion of the specimen was prepared for cell culture
according to the methods of Kornblith (37) and Kimmel et al. (38). A
total of 20 CNS tumors were studied, including 8 malignant gliomas,
7 meningiomas, one medulloblastoma, one primitive neuroectodermal
tumor, one acoustic neuroma, one metastatic melanoma, and one
metastatic adenocarcinoma of the lung. For cell culture, freshly isolated
tissue was placed in sterile tissue culture media (see below) and minced
with a scalpel, and cells were dissociated by passage through needles of
decreasing diameter. Single-cell suspensions were plated in 75-cm2
tissue culture flasks at 37Â°C.5% CO:, and fed a 1:1 mixture of
Dulbecco's modified Eagle's medium and F-12 medium plus 10% (v/v)

fetal calf serum, 10 units/ml penicillin, and 100 Mg/ml streptomycin.
Medium was changed 5 days after cells were plated and then every 3
days until cultures approached confluency. All studies were performed
either with cells in primary culture or after a single passage with 0.25%
(w/v) trypsin, as previously described (11). In initial studies with malig
nant gliomas, cells also were seeded onto tissue culture slide chambers
for immunohistochemical staining with antiserum against glial fibril-
lary protein, as previously described (11); approximately 80% of cells
observed were positive for this antigen.

To prepare conditioned medium, nearly confluent cells were rinsed
twice with 10 ml Hank's balanced salt solution and then refed with 11
ml serum-free Dulbecco's modified Eagle's medium:F-12 medium; 1
ml of medium was withdrawn immediately and stored at -20Â°C.Con

ditioned medium was collected 48 h later, centrifuged for 20 min at
1200 x g, 4Â°C,to remove cellular debris, and then stored at â€”20Â°Cfor

subsequent analysis. Medium collected immediately after refeeding
contained no IGF BPs by dot blot analysis (see below).

Human Serum and Cerebrospinal Fluid. Blood was obtained from 5
healthy volunteers after consent (3 males, 2 females, 22-39 years old),
allowed to clot on ice, and then centrifuged at 1500 x g, 4Â°C,for 20
min. Serum was pooled and stored in aliquots at â€”20Â°C.Cerebrospinal

fluid was collected for diagnostic purposes from 2 patients with in
dwelling ventricular catheters because of hydrocephalus and 2 patients
undergoing myelography for disc disease after informed consent was
obtained and was stored at -20Â°Cuntil analysis.

lodination of IGF-I. Recombinant human IGF-I was Â¡odinatedby the
lactoperoxidase method (39) to a specific activity of 250-350 Ci/g,
then repurified by immunoaffinity chromatography (40) using a column
constructed with monoclonal antibody SMI.2 against IGF-I (provided
by Judson J. Van Wyk) linked to l.l'-dicarbonylimidazole (Pierce

Chemical, Rockford, II), and neutralized by passage over a 1.5- x 30-
cm Bio-Gel P-2 column eluted with 1 g/liter BSA in 0.1 M sodium
phosphate, pH 7.4. Tracer was stored at -20Â°Cfor 4 weeks.

Dot Blot Analysis of IGF-binding Activity in Conditioned Medium.
Conditioned medium was diluted in 150 mM NaCl-20 mM Tris, pH
7.4, and then applied under vacuum onto 0.2-jum nitrocellulose with a
dot blot template (Bethesda Research Laboratories, Bethesda, MD).
Membranes were air dried, then wetted with Tris-saline, and blocked
sequentially at 4Â°Cwith 3% (v/v) Nonidet P-40, 10 g/liter BSA, and

0.1% (v/v) Tween-20 in Tris-saline, as previously described (41, 42).
Membranes were probed overnight at 4Â°Cwith 2.5 x 105cpm/ml '"I-

IGF-I in 10 g/liter BSA, 0.1% Tween-20, Tris-saline, then rinsed, and

dried for autoradiography at -80Â°C with Kodak X-OMAT AR with

DuPont Lightning Plus enhancing screens. Previous studies have con
firmed that binding to IGF BPs remains competitive after application
to nitrocellulose membranes (41, 42).

Ligand and Immunoblot Analysis of IGF BPs in Conditioned Medium.
For ligand blotting, 50 ^1 of conditioned medium was diluted with an
equal volume of 2x sample buffer [40 g/liter SDS-0% (v/v) glycerol-
0.02 g/liter bromophenol blue-125 mM Tris, pH 6.8), and heated for
10 min at 65Â°C,prior to overnight nonreduced 13% SDS-PAGE and

electrotransfer to 0.2 /im nitrocellulose with a semidry apparatus at
22Â°C(Jannsen Life Sciences, Piscataway, NJ). Membranes were briefly
dried, then blocked, probed with '25I-IGF-I, rinsed, and autoradi-

ographed as described above. For comparison, IGF BPs in 2 /Â¿Icerebro
spinal fluid and pooled normal human serum also were studied.

For immunoblotting, 1-ml aliquots of conditioned medium were
dialyzed overnight at 4Â°Cagainst 2000 ml 10 mM Tris, pH 7.4, with

an A/r 12,000-14,000 cut-off cellulose tubing. Next, samples were dried
under vacuum during centrifugation and then reconstituted in sample
buffer for nonreduced 13% SDS-PAGE minigel electrophoresis and
electrotransfer onto nitrocellulose. Follow ing transfer, membranes were
blocked with 10 g/liter BSA in Tris-saline, probed with specific poly
clonal antiserum diluted 1:1000 in 100 g/liter BSA-Tris-saline, and
rinsed with Tris-saline. Antigen-antibody complexes were identified
with goat anti-rabbit -y-globulin tagged with horseradish peroxidase
and 4-chloro-l-napthol.

Affinity Labeling and Immunoprecipitation. For affinity labeling, 50
M!conditioned medium or 2 ^1 human serum were incubated overnight
at 4Â°Cin 1.5 ml polypropylene microfuge tubes containing 2.5 x IO5

cpm labeled hormone, with/without 250 ng/ml unlabeled IGF-I, in a
total volume of 100 M' 0.01 M 4-(2-hydroxyethyl)-l-piperazineethane-
sulfonic acid, pH 7.4 (41). Cross-linking was achieved by addition of
10 ÃŸ\7.5 mM DSS at 22Â°C,and excess DSS was quenched 10 min later

with 10 n\ 50 mM Tris. pH 6.8, according to the method of Pilch and
Czech (43). Cross-linked IGF-BP complexes were either prepared for
nonreduced 10% SDS-PAGE or first precipitated with specific
antibodies.

Immunoprecipitation was performed to determine whether BPs are
immunologically related to previously characterized human IGF BPs.
Following affinity labeling (see above), l ÃŸ\of specific polyclonal rabbit
antiserum against IGFBP-1, -2/3, or -3 or nonimmune rabbit serum
was added for overnight incubation at 4Â°C.Next, antibody complexes

were precipitated with 50 n\ goat anti-rabbit 7-globulin antiserum and
65 g/liter polyethylene glycol in 9 g/liter NaCl, by the method of
Martin and Baxter (44). Precipitates were rinsed gently with 1 ml ice
cold 50 mM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid and
then solubilized in sample buffer for 10 min at 95Â°Cbefore loading for

nonreduced 10% SDS-PAGE. Gels were stained with Coomassie blue
and then dried for autoradiography at â€”80Â°Cas above.

Immunohistochemistry. All tissues were probed with at least 2 mouse
monoclonal antibodies recognizing distinct epitopes on human IGFBP-
1, to ensure the specificity of the results. These antibodies were gener
ated against IGFBP-1 produced by human decidua and have been used
extensively in previous studies of IGFBP-1 in human tissues (34-36).
Specimens first were screened by the alkaline phosphatase-anti-alkaline
phosphatase staining method, as previously described (44). Incubations
were performed at room temperature with rocking in a moist incubator.
All dilutions were done in Tris-saline, pH 7.6, with 100 g/liter BSA.
After dewaxing, rehydration, and washing, sections were blocked for
30 min with 1:5 diluted normal rabbit serum, then probed with 1:2
diluted primary monoclonal antibody for 1 h, followed by 1:50 diluted
rabbit antimouse immunoglobulin antiserum (Dako, Ltd.) for 30 min,
and then by 1:100 diluted mouse anti-alkaline phosphatase (Dako, Ltd.)
for 30 min. Alkaline phosphatase was developed with napthol AS BI
phosphoric acid and Fast Red. and then sections were counterstained
with Mayer's hematoxylin (34). Tissues which showed signs of reactivity

were restained by the streptavidin-biotin method to further increase
sensitivity. Here, sections were incubated with antibody overnight at
room temperature instead of 1 h, and the method substituted biotiny-
lated rabbit anti-mouse immunoglobulin (Dako Ltd) at 1:200 for 30
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IGF BINDING PROTEINS IN CNS TUMORS

min as the secondary antibody, followed by the "strepi AB Complex-
AP" reagent (streptavidin and biotinylated alkaline phosphatase mixed
according to the manufacturer's instruction; Dako, Ltd.) for 30 min,

under the conditions described above. Control sections were stained
with hybridoma growth medium, supernatant from NSO parent mye
loma cell culture, and inappropriate monoclonal antibodies of the same
immunoglobulin class, isotype, and concentrations as the monoclonal
antibodies to IGFBP-1.

RESULTS
Dot Blot Analysis of Conditioned Medium. i:f;I-IGF-binding

activity was detected in conditioned medium from 7 of 8 malig
nant gliomas, 6 of 7 meningiomas, and 3 of 5 miscellaneous
tumors, including one medulloblastoma, one metastatic mela
noma, and one metastatic small cell lung carcinoma in a total
of 3 experiments. Fig. 1 shows results from a representative
study. The highest level of IGF-binding activity was detected in
medium conditioned by 4 meningiomas, in which binding activ
ity was clearly apparent in as little as 1 pi of medium (data not
shown). For comparison, 50 /^l of cerebrospinal fluid was re
quired to detect IGF-binding activity under comparable condi
tions (Fig. 1).

Western Ligand Blotting of IGF BPs. IGF BPs in conditioned
media from 4 meningiomas, 4 malignant gliomas, and 2 met
astatic lesions that demonstrated high IGF-binding activity by
dot blotting were characterized further by Western ligand blot
ting after 13% SDS-PAGE (Fig. 2). IGF BPs in normal human
serum and cerebrospinal fluid also were examined for compar
ison. As in previous reports, the predominant BPs detected in
human serum by this technique had molecular weights of 45,000
and 50,000, which represent forms of IGFBP-3( 14), and several
lower molecular weight BPs (24,000, 29,000, 31,000, and
35,000) also were detected (Fig. 2, lane 1). Ligand blotting of
tumor-conditioned medium also revealed a variety of distinct
BPs (Fig. 2, lanes 3-12). All tumors appeared to produce an

M, 35,000 IGF BP, similar in size to the major IGF BP present
in human cerebrospinal fluid (Fig. 2, lane 2), as well as an M,
24,000 BP, similar in size to a BP present in both human serum
and cerebrospinal fluid. Meningiomas and one glioma also
produced M, 45,000 and 50,000 BPs, similar in size to IGFBP-

3 present in adult human serum. In addition, meningiomas
produced an M, 42,000 BP that was not detected in either
human serum or cerebrospinal fluid and an IGF BP with a
molecular weight of 29,000, similar in size to IGFBP-1, a low
molecular weight IGF BP previously purified from human
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Dot blot analysis of IGF-binding activity in cell culture-conditioned

medium. Medium conditioned by 48 h exposure to cells derived from human
meningiomas, malignant gliomas. miscellaneous tumors (one medulloblastoma,
one metastatic melanoma, one primitive neuroectodermal tumor, one metastatic
adenocarcinoma of the lung, and one acoustic neuroma) or cerebrospinal fluid
was applied to 0.2 ^m nitrocellulose under vacuum. Membranes were blocked
and probed with '"I-IGF-I. then rinsed, and dried for autoradiography at â€”80Â°C
with enhancing screens, as described in "Materials and Methods."
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Fig. 2. Western ligand blot analysis of IGF BPs produced by CNS tumor cells
in culture. IGF BPs in 1 p\ normal human serum (NHS. lane I). 50 n' cerebro
spinal fluid (lane 2), or 50 Â»j|medium conditioned by 4 meningiomas (lanes 3-
6), 4 malignant gliomas (lanes 7-10), one metastatic adenocarcinoma of the lung
(lane II). and one metastatic malignant melanoma (lane 12) were separated by
13% SDS-PAGE. and then proteins were electrotransferred to nitrocellulose.
Membranes were blocked, probed with '"I-IGF-I, and prepared for autoradiog-
raphy at -80'C, as in Fig. 1. Left and right ordinales. M, in thousands. Arrows

designate specific binding proteins.
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Fig. 3. Western immunoblotting of IGF BPs in meningioma- and glioma-
conditioned medium. Media conditioned by a representative meningioma and
glioma were prepared for ligand blotting with I25I-IGF-I as in Fig. 2 or dialyzed

and then concentrated for Western immunoblotting with specific polyclonal rabbit
antisera against IGF BPs or nonimmune rabbit serum (NRbS). as described in"Materials and Methods." Ordinate, M, in thousands.

amniotic fluid (18). More prolonged autoradiography also dem
onstrated lower amounts of an M, 29,000 BP in media condi
tioned by cells from several gliomas (not shown).

Western Immunoblotting of IGF BPs. Immunoblotting was
performed to examine relationships between IGF BPs in con
ditioned medium and previously characterized human IGF BPs.
Based on initial studies, 1-ml aliquots of media from a repre
sentative meningioma and glioma (lanes 3 and 10 of Fig. 2,
respectively) were concentrated for probing with specific anti-
sera against IGFBP-1, -2, and -3. As shown in Fig. 3, antiserum
which recognizes human IGFBP-2 identified the M, 35,000 BP
present in both glioma and meningioma medium. In contrast,
antiserum against IGFBP-1 recognized the M, 29,000 BP pres
ent in meningioma medium but did not detect this BP in glioma
medium. Similarly, antiserum against IGFBP-3 identified an
M, 45,000 protein in meningioma medium but not glioma
medium. Of note, polyclonal antisera also appeared to react
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IGF BINDING PROTEINS IN CNS TIMORS

with several higher molecular weight proteins in conditioned
medium that did not correspond to specific BPs identified by
ligand blotting (Fig. 3); similar results were obtained when
human serum was probed (not shown).

Affinity Labeling and Immunoprecipitation of IGF BPs. As
shown in Fig. 4, affinity labeling resulted in the formation of
M, 32,000 IGF-BP complexes in media conditioned by each of
the 4 meningiomas, 4 malignant gliomas, and the 2 metastatic
lesions that were studied, which is consistent with the presence
of M, 24,000 BPs and similar to the results of ligand blotting.
Higher molecular weight (57.000) IGF-BP complexes also were
formed with medium conditioned by all 4 meningiomas. both
metastatic lesions, and 1 of 4 malignant gliomas. consistent
with the presence of M, 50,000 BPs. Of note, very high molec
ular weight (>200,000) and M, 69,000 complexes formed even
in the absence of sample (Fig. 4, lane 2), indicating that these
did not represent IGF-BP complexes; furthermore, the forma
tion of these complexes was not competitive since they were
not inhibited in the presence of 250 ng/ml unlabeled IGF-I (not
shown).

Immunoprecipitation studies were performed to further char
acterize the IGF BPs in conditioned media. As shown in Fig.
5, the M, 32,000 IGF-BP complexes formed in meningioma
and glioma medium were not precipitated by available antisera,
suggesting that the M, 24,000 BP present in meningioma and
glioma medium is distinct from IGFBP-1, -2, and -3. Similarly,
an M, 38,000 IGF-BP complex was formed in glioma-condi-
tioned medium but was not precipitated by antisera, suggesting
that these cells may produce an M, 31,000 BP that is distinct
from IGFBP-1, -2, and -3. In contrast, antisera recognizing
IGFBP-3 precipitated M, 57,000 IGF-BP complexes in menin
gioma media, consistent with the presence of an M, 50,000
form of IGFBP-3; similar results were obtained in a total of 4
of 4 meningiomas and 1 or 4 gliomas examined. In addition,
an M, 36,000 IGF-BP complex was precipitated from menin-
gioma-conditioned medium by antiserum against IGFBP-1 but
not by antisera against other IGF BPs or by nonimmune rabbit
serum, supporting the concept that meningioma cells produce
M, 29.000 IGFBP-1 in culture. Of note, antiserum that recog
nizes IGFBP-2 did not precipitate complexes from meningioma
or glioma conditioned medium, suggesting that this BP, and
perhaps others (e.g.. the M, 45,000 form of IGFBP-3), may be
already saturated with IGFs that are produced by these tumor
cells in culture.4

Immunohistochemistry. Immunohistochemical studies were
performed with specific monoclonal antibodies against IGFBP-
1 that have been used in previous studies of IGFBP-1 normal
human tissues (34-36), and several antibodies recognizing dis
tinct epitopes of IGFBP-1 were used to examine each specimen
in order to reduce the possibility of cross-reaction with other
related IGF BPs or other antigens. Of 7 meningiomas that were
examined. 3 stained intensely with each of the monoclonal
antibodies against IGFBP-1 tested, while 3 were weakly positive
for IGFBP-1. Immunoreactive material in meningiomas ap
peared to be present primarily within cells and in the extracel
lular matrix, although a small amount was detected in the
fibrous stroma present in some of these tumors (Fig. 6. IA, IB,
UA, and ///?). Of 6 malignant gliomas that were examined by
this technique, 3 tumors stained strongly for IGFBP-1 and one
tumor was weakly positive. Staining for IGFBP-1 in malignant
gliomas generally was less intense than in meningiomas and
tended to appear as intense scattered intracellular foci against
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Fig. 4. Affinity labeling of IGF BPs in CNS tumor-conditioned medium. IGF
BPs in human serum (lane I) or medium conditioned by 4 meningiomas (lanes
3-6). 4 gliomas (lanes 7-10). one metastatic melanoma (lane II). and one
metastatic adenocarcinoma of the lung (lane 12) were affinity labeled by overnight
incubation with 125I-IGF-I and cross-linking with DSS. For comparison, cross-

linking also was performed in the absence of added serum or medium (lane 2).
'"I-labeled complexes were prepared for nonreduced I0?r (lanes I and 2) or 13%
(lanes 3-12) SDS-PAGE. Gels were stained with Coomassie blue and then dried
for autoradiography as described in "Materials and Methods." Ordinales, M, in

thousands.
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Fig. 5. Immunoprecipitation of affinity-labeled IGF BPs. Meningioma- and
glioma-conditioned media were incubated with '"1-IGF-I. with/without 250 ng/
ml unlabeled IGF-I. then cross-linked with DSS. and either prepared for 13%
SDS-PAGE or first precipitated with polyclonal antisera which recognize IGFBP-
1. IGFBP-2 and -3. or IGFBP-3 or with nonimmune rabbit serum (NRbS). Gels
were stained with Coomassie blue and then dried for autoradiography at â€”80'C.

Ordinate. M, in thousands.

a background of more weakly staining material (Fig. 6, IIA,
Â¡IB,11IA, and 111B).

DISCUSSION

In the present study, we sought to determine whether CNS
tumor cells produce IGF BPs which may influence the biolog
ical effects of IGFs in situ. Dot blot analysis revealed the
presence of IGF-binding activity in most tumor cell-conditioned
medium tested, and Western ligand and immunoblotting, affin
ity labeling, and immunoprecipitation identified specific IGF
BPs in conditioned medium, including proteins similar in size
and immunological properties to a number of previously char
acterized BPs, including IGFBP-1, -2, -3, and -4. Media col
lected immediately after rinsing cells did not contain BPs,
supporting the concept that these IGF BPs were produced by
the tumor cells. In addition, we used only cells in fresh primary
culture or after a single passage with trypsin for these studies
to minimize the possibility that the biological properties of
CNS tumor cells might be altered during cell culture and to
avoid overgrowth with contaminating fibroblasts. Indeed, me-
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Fig. 6. Micrographs of CNS tumor specimens immunostained with a monoclonal antibody (B2HIO) against IGFBP-I using the streptavidin-biotin method and
counterstained with hematoxylin. IA, meningioma. Many meningioma cells are positively stained for immunoreactive material. IB, meningioma. An adjacent section
was stained with supernatant from NSO parent myeloma cell culture as a control. IIA, meningioma. Swirls of cells in a second meningioma are stained positively for
IGFBP-1. IIB, meningioma, control section stained with NSO supernatant. Ill A, glioblastoma multiforme. Many foci of immunoreactive material are present
throughout the tumor. IIIB, glioblastoma multiforme. An adjacent section stained with NSO supernatant. IVA. glioblastoma multiforme. Foci of IGFBP-1 again are
scattered throughout the tumor. IVB, glioblastoma multiforme, control section stained with NSO supernatant. Â¡A,IB, IIA, Â¡IB,IIIA, IIIB, IVA. and IVB: magnification.
X312.
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IGF-BINDING PROTEINS IN CNS TUMORS

ningioma and malignant glioma cells appeared to produce
patterns of BPs that were different from each other and distinct
from the pattern of BPs observed in medium conditioned by
human fibroblasts, which produce IGFBP-3 but not IGFBP-1

in cell culture (44).
Western ligand and immunoblotting were able to identify

several, but not all, of the IGF BPs produced by cells derived
from CNS tumors. Gliomas and meningiomas appeared to
produce comparable amounts of an M, 35,000 BP which was
recognized by antiserum against IGFBP-2. In contrast, ligand
and immunoblotting demonstrated greater amounts of IGFBP-
1 (Mr 29,000) and IGFBP-3 (M, 45,000 and 50,000) in medium
conditioned by meningiomas, compared to gliomas. Of note,
both polyclonal antiserum and several monoclonal antibodies
recognizing distinct epitopes of IGFBP-1 were used to identify
IGFBP-1 in conditioned medium and pathological specimens,
making it unlikely that the results obtained would be due simply
to cross-reactivity with other BPs. At the same time, several
BPs in conditioned medium from CNS tumors were not rec
ognized by available antisera, including an Mr 24,000 BP (pres
ent in glioma- and meningioma-conditioned media), an M,
42,000 BP (present in meningioma medium), and an M, 32,000
BP (detected predominantly in glioma medium by affinity la
beling). Recently, several laboratories have identified a number
of newly recognized IGF BPs, including (a) an immunologically
distinct IGF BP with a molecular weight of -24,000 that has
been purified from human bone cell-conditioned medium (22),
designated IGFBP-4; (b) another IGF BP recently purified from
rat serum and distinguished by NH2-terminal amino acid se
quence (23), designated IGFBP-5; and (c) an M, 30-32,000
IGF BP that was purified from human cerebrospinal fluid (24)
and was detected in conditioned medium from the SV40-trans-
formed human fibroblast cell line AG2904 (25), designated
IGFBP-6. It will be important to examine the relationships of
each of these recently identified IGF BPs with those observed
in meningioma- and glioma-conditioned medium as appropri
ate reagents become available.

IGF BPs may modify the biological effects of IGFs in several
ways. IGFBP-3 circulates together with IGFs and an acid-labile
subunit as part of an M, 150,000 carrier-protein complex which
may limit the availability of IGFs to target tissues (13, 14). In
contrast, the effects of locally produced IGFBP-3 may be quite
different, since several investigators have demonstrated that
purified IGFBP-3 may either inhibit or enhance the effects of
IGF-I on cell growth, depending on specific experimental con
ditions (45-47). Similarly, Clemmons et al. ( 18, 48) have shown
that IGFBP-1 may either potentiate or inhibit IGF-stimulated
cell growth in cell culture models. Moreover, both IGFBP-1
and IGFBP-2 have been found to contain specific amino acid
sequences that are typical of cellular adhesion proteins recog
nized by integrin-like cell surface receptors (49-51), suggesting
that these IGF BPs may have roles as extracellular matrix
proteins in specific tissues. In the present study, immunohis-
tochemical staining revealed immunoreactive IGFBP-1 in the
extracellular component of human meningiomas, suggesting
that IGFBP-1 may function as an extracellular matrix protein
in these tumors. It will clearly be of interest to examine the
distribution of other IGF BPs in CNS tumors as appropriate
reagents became available.

The presence of IGFBP-1 in human CNS tumors is of interest
in several other respects. Initial immunohistochemical studies
have failed to detect IGFBP-1 in developing human brain or
spinal cord (35), suggesting that the expression of this BP may

be related to the development of CNS tumors. In this regard,
Clemmons et al. (28) recently demonstrated interesting corre
lations between the presence of estrogen receptors and the
production of IGFBP-1 in human breast cancer cell lines. We
have reported that human CNS tumors also possess specific
sex steroid hormone receptors (52), and it is recognized that
these hormones may modulate the growth of meningiomas in
vivo (53) and in vitro (54). Since sex steroid hormones play an
important role in regulating the productions of IGFBP-1 in
other tissues (55, 56), it is tempting to speculate that they also
may regulate the production of IGFBP-1 and thereby influence
the effectiveness of growth factors in these tumors. Appropriate
studies to address this possibility now are in progress.

In summary, we have confirmed that human CNS tumors
produce a variety of specific IGF BPs in cell culture and
demonstrated the presence of at least one of these BPs (IGFBP-
1) in pathological specimens. Further studies are required to
define the role(s) that IGFs and IGF BPs may play in the
development and progression of human CNS tumors.
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