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ABSTRACT

Basic fibroblast growth factor (bFGF), a potent mitogen and angiogenic
peptide, has been examined as an autocrine regulator of glioma cell
growth. The addition of purified bovine pituitary bFGF to an established
human glioma cell line, SNB-19, doubled the density of these cells in
chemically defined medium. Half-maximal stimulation occurred at 8.2
ng/ml (480 pivi).Also, human recombinant bFGF (hr-bFGF) significantly
enhanced the growth of SNB-19 cells in soft agar. SNB-19 cells expressed
both high and low affinity binding sites for hr-bFGF. These cells ex
pressed approximately 13,000 high affinity sites/cell (A,, = 16.6 Â±1.7
pM) and 9.5 x 10' low affinity sites/cell (Ka = 61.2 Â±4.1 n\i). The
results of cross-linking experiments with iodinated hr-bFGF demon
strated the presence of two bands with molecular masses of 145 and 130
kDa. High affinity receptors were also demonstrated in SNB-19 tumors
grown in nude mice. SNB-19 cell extracts contained mitogenic activity
that eluted from heparin-agarose with high salt (1.2-2 M NaCl) and
exhibited many properties normally associated with authentic bFGF.
This material cross-reacted with a monoclonal antibody to hr-bFGF,
comigrated with hr-bFGF by Western blot analysis, competed with I25I-
hr-bFGF in a radioreceptor assay, and stimulated SNB-19 cell growth.
These results indicate that a human glioma cell line both expresses and
utilizes a bFGF-like growth factor. Such a factor may be an important
autocrine regulator of glioma cell growth and may also facilitate its
neoplastic progression.

INTRODUCTION

bFGF3 is a potent mitogen for a wide range of cell types

including endothelial cells, fibroblasts, chondrocytes, and glial
cells (1). FGF has been identified in a wide variety of normal
and malignant tissues (2-6) and many cell types reported to
synthesize bFGF respond to it as well (4, 5, 7). Thus, bFGF
may act as an autocrine regulator of specific cellular functions.
As an autocrine stimulator of cell proliferation, bFGF could
play a pivotal role in the development of many tumors. Three
new oncogenes, int-2, hst/KS3, and FGF-5, have recently been
identified which share 40-45% homology with bFGF (8-11).
In addition, cells transfected with bFGF exhibit amplified au
tocrine growth in monolayer culture and soft agar (12, 13).
Cells transfected with a coding sequence for acidic FGF also
exhibit a loss of contact-inhibited growth and produce small,
nonprogressive tumors in nude mice (14). These data indicate
that the expression of FGF-like molecules could play a role in
cellular transformation and in the continued proliferation of
neoplastic cells.
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Basic FGF is also a potent inducer of new blood vessel
formation, or neovascularization, a phenomenon essential to
the growth of solid tumors (15, 16). The process of neovascu
larization has been associated with malignant progression in
solid tumors (17). Therefore, bFGF could influence tumor
development by directly stimulating tumor cell growth or by
promoting tumor vascularization.

The role of bFGF may be of particular significance in the
growth and propagation of human gliomas, since bFGF is
relatively abundant in neural tissue and is known to exert
actions on several normal cell types of neural origin (18-20).
Moreover, the natural history of gliomas, which kill patients by
invasion and local spread rather than by metastasis, may be
significantly influenced by peptides that stimulate the growth
invasion, and vascularization of the primary tumor in the cra
nium. Human glioma cell lines have previously been shown to
express the gene encoding the angiogenic peptide acidic fibro
blast growth factor (21). In this report we provide evidence that
a malignant human glioma cell line expresses and responds to
bFGF.

MATERIALS AND METHODS

Materials were obtained from the following sources: Na'25I was from
New England Nuclear (100 mCi/ml in dilute NaOH); heparin-agarose,
selenium, transferrin, hydrocortisone, and insulin were from Sigma;
disuccinimidyl suberate was from Pierce; monophosphoryl lipid A-
trehalose dimycolate was from R1BI Immunochem Research, Inc.;
protein A-Sepharose CL was from Pharmacia; goat anti-mouse anti
body was from Bio-Rad; fetal calf serum and Ham's F-12:DMEM (1:1)

were from GIBCO.
Cell Culture. The SNB-19 cell line was derived from a high grade

(stage 4) glioblastoma. The derivation of the tumor was confirmed by
histolÃ³gica! analysis as described previously (22). SNB-19 cells also
expressed the astrocyte antigen, glial fibrillary acidic protein, confirm
ing their glial origin. The SNB-19 cell line was maintained as described
previously (22) and was Mycoplasma free. Cells were also cultured in
COM [Ham's F-12:DMEM (1:1) with 30 n\i selenium, transferrin (50

Mg/ml), 10 nM hydrocortisone, and insulin (5 fig/ml)].
Clonogenicity in agar was determined according to the modified

procedure of Gross et al. (22). SNB-19 cells were suspended at 2 x IO4
cells/dish (21 cm2) in a top layer of 0.35% agar with bFGF (10 ng/ml)
and overlaid on a hardened 0.5% agar-growth medium base.

Cell Growth and Dose Response. SNB-19 cells were plated at 4 x 10"
cells/8-cm2 tissue culture dish (Corning) in serum-supplemented me

dium. Cells were maintained with growth factors and harvested as
previously described with the following modification (18). Within 18-
20 h postplating, the serum-supplemented medium was removed and
the cells were washed twice with phosphate-buffered saline (PBS) and
maintained in serum-free medium (Ham's F-12:DMEM) for an addi

tional 24 h prior to conversion to CDM.
Bovine pituitary bFGF was purified as described previously (20). hr-

bFGF was generously provided by Synergen, Inc. (Boulder, CO). Hu
man placental bFGF was generously provided by Dr. David Moscatelli
(New York University).

bFGF lodination Procedure. Basic FGF was iodinated with the lac-
toperoxidase method as reported by Sonnenfeld and Ishii (23) for nerve
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growth factor. Fractions containing the peak of iodinated material from
a Sephadex G-15 column were loaded onto a 5- x I-cm heparin-agarose
column equilibrated in Tris buffer containing 0.5 M NaCl. The column
was washed with at least 50 ml of the 0.5 M NaCl buffer or until the
duale was free of counts and the '25I-hr-bFGF was eluted by washing

the column with Tris buffer containing 2 M NaCl. Fractions of approx
imately 200 n\ were collected and counted to determine the bFGF
content. The specific activity of bFGF was determined by dot-blot
quantitation of iodinated material compared to a standard curve gen
erated from hr-bFGF.

bFGF Receptor Analysis. SNB-19 cells were plated in 24-well cluster
dishes at a density of 1 x IO5 cells/well (2 cm2). The cells were
maintained for 48 h in serum-supplemented medium (20% fetal bovine
serum). bFGF binding was measured as described by Moscatelli (24)
using a single concentration of '"I-hr-bFGF and multiple concentra
tions of unlabeled hr-bFGF. Nonspecific binding was determined by
the administration of 3 ^M unlabeled hr-bFGF. The binding data were
analyzed by nonlinear regression techniques and are displayed in the
format of Scatchard (25). Data were the average of at least three
separate experiments. Receptor number was normalized to the cell
number measured at the same time as the binding.

Covalent Cross-Linking of 125I-bFGFto Cell Membranes of SNB-19
Cells. Confluent monolayers of SNB-19 cells (55 cm2) were incubated
for 2 h at 4"C with '"I-hr-bFGF (20 p\i) in DMEM with 20 HIMHepes

(pH 7.0) and 0.15% gelatin. The cells were washed with cold DMEM
containing 20 mM Hepes (pH 7.0) and 2 M NaCl at 4Â°Cto remove low
affinity binding. l!5I-hr-bFGF was covalenti}1cross-linked to its receptor
by the addition of 0.7 mivi disuccinimidyl suberate for 30 min at 4Â°C.

The cells were scraped into 20 mM Tris (pH 7.5) 1 mM ethylene glycol
bis(|0-aminoethyl ether)-A',A',A",/V'-tetraacetic acid-400 Â¡Â¡Mleupeptin

and sonicated (3 times, 30 s). Membranes were collected by centrifu-
gation at 100,000 x g for 1 h, resuspended in reducing sodium dodecyl
sulfate sample buffer and run on a standard 7.5% Laemmli gel (26).

bFGF High Affinity Receptor Autoradiograph}. SNB-19 tumors were
propagated in nude mice at s.c. sites as described previously (22).
Tumors (1-2 g) were frozen in hexane on dry ice. Sections (2 ^m) were
cut and placed onto gelatin-subbed slides. Tissue sections were air dried
(2 h) and incubated with '"I-hr-bFGF (25 pM) and DMEM containing
0.15% gelatin and 20 mM Hepes (pH 7.4) for 2 h at 4Â°C.They were

then washed for 2 min with 2 M NaCl in 20 mM Hepes (pH 7.5). The
slides were washed in ice cold PBS for I min, drained, and air dried for
at least 2 h.

Slides were exposed to X-ray film (XAR-5) for 4-5 days. Most slides
were then fixed with formaldehyde, defatted, and dipped in emulsion
(Kodak NTB-2). The dipped slides were exposed for 4-5 weeks and
then developed and counterstained with cresyl violet or hematoxylin-
eosin for microscopic examination. Image analysis of the autoradi-
ograms was accomplished with Drexel's Unix-based Microcomputer

Image Analysis System.
Preparation of SNB-19 Cell Extracts. SNB-19 cell extracts were

prepared according to the method of Schweigerer et al. (27). The
resulting supernatant was centrifuged at 100,000 x g for I h to pellet
membranes. The final supernatant was diluted 1:6 and applied to a 2-
ml heparin-agarose column in 10 mM Tris (pH 7.0)-0. l M NaCl. The
bFGF activity was eluted with a 0.3-3.0 M NaCl gradient. Fractions (5
ml) were collected in tubes containing 3,3-cholamidopropyldimethyl-
ammonio-1-propanesulfonate detergent at a final concentration of

0.1%.
bFGF Antibodies. BALB/c mice were primed by i.p. injection with

20 jig of hr-bFGF in monophosphoryl lipid A-trehalose dimycolate and
boosted on a monthly basis with a similar dose in trehalise dimycolate.
The fourth and final boost was with 20 ^g hr-bFGF in PBS, divided
equally between i.p. and i.s. injections. Three days later, mice were
sacrificed and the spleen cells were fused with P3X63.Ag8.653 myeloma
cells using polyethylene glycol 1500. After selection in hypoxanthine-
aminopterin-thymidine medium, the supernatants were screened for
specific antibody production by an enzyme-linked Â¡mmunosorbentassay
using microtiter plates coated with 500 ng of hr-bFGF per well. Positive
hybridomas were subcloned by limiting dilution. Monoclonal antibodies
were purified from culture supernatants by affinity Chromatograph)' on

protein A-Sepharose CL and were examined by cross-reactivity with
the acidic form of human FGF by competitive radioimmunoassay (28).

Gel Electrophoresis and Immunoblotting. Aliquots (100 Â¿il)were
removed from each 5-ml fraction described above and separated on a
15% polyacrylamide gel in the presence of sodium dodecyl sulfate using
the buffer system of Laemmli (26). The separated proteins were elec-
trophoretically transferred to nitrocellulose sheets by a modification of
the method of Towbin et al. (29) as described by Burnette (30). The
paper was incubated with a mouse monoclonal anti-hr-bFGF antibody
and the immunoreactive proteins were identified as described previously
(31).

RESULTS

The addition of purified bovine pituitary bFGF to SNB-19
glioma cells doubled the final density of these cell in COM.
This response was specific and dose dependent as shown in Fig.
1. Half-maximal stimulation occurred at 8.2 ng/ml (480 pM).
In contrast to bFGF, bombesin (10 n\i) and thrombin (10 ng/
ml) had no effect on SNB-19 cell growth, whereas epidermal
growth factor (EGF, 10 ng/ml) and interleukin 1(10 units/ml)
inhibited their proliferation (data not shown).

SNB-19 glioma cells were examined for the presence of high
and low affinity bFGF receptors utilizing l25I-hr-bFGF binding
and cross-linking studies. SNB-19 cells exhibited specific satu
rable binding of 125I-hr-bFGF as illustrated in Fig. 2. These

cells exhibited approximately 13,000 high affinity sites/cell \KA
= 16.6 Â±1.7 (SEM) pM] and 9.5 x 10" low affinity sites/cell
[Ad= 61.2 Â±4.1 n\i] (Fig. 2). Furthermore, i:i;I-human placen

ta! bFGF generated results similar to those for human recom
binant bFGF (data not shown). The bFGF receptor was further
characterized on SNB-19 glioma cells by covalently cross-link
ing i:5l-hr-bFGF to SNB-19 cell membranes. These studies

demonstrated the presence of two high affinity complexes with
apparent molecular masses of 145 and 130 kDa (after subtract
ing the molecular weight of the ligand). The doublet was more
easily resolved when lower concentrations of cross-linked re
ceptor were loaded on the gel (Fig. 2, Lane 3). The high affinity
complexes were not detected, however, when the incubations

bFGF (ng/ml)

Fig. I. Growth response of SNB-19 cells as a function of bovine pituitary
bFGF concentration. The concentration range was 0.1-20.0 ng/ml. Cells were
plated and maintained as described in "Materials and Methods." Six days after

conversion to COM and growth factor addition, cells were trypsinized and
counted. Three dishes were used per treatment. Data are expressed as the average
number of cells per dish Â±SEM. (bars).
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B
Fig. 2. Analysis of '"I-hr-bFGF binding to

SNB-19 glioma cells. Specific high (A ) and low
(B) affinity '"I-hr-bFGF binding was meas
ured as described in "Materials and Methods."
(C) Cross-linking of '"I-hr-bFGF to SNB-19

cell membranes. Cells in Imanes 1 and 3 were
incubated in medium containing '"I-hr-bFGF

only, whereas cells in Lanes 2 and 4 were
incubated with '"I-hr-bFGF and unlabeled hr-

bFGF (3 (i.M). Twice as many counts of cross-
linked receptor were loaded into Lanes I and
2 than were loaded into Lanes i and 4.

Fig. 3. Expression of high affinity hr-bFGF
receptors by SNB-19 tumors. SNB-19 tumors
were sectioned and applied to subbed slides.
The slides were incubated with medium con
taining '"I-hr-bFGF. washed, and processed
for autoradiography as described in "Materials
and Methods." The autoradiographs were dig

iti/ed and color enhanced (see color bar). Red
and yellow represent high density binding,
whereas purple and turquoise represent back
ground. (A) Nonspecific binding in the pres
ence of 3 Ã•JMunlabeled hr-bFGF. (B) Total
1!'I-hr-bFGF binding.
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were performed in the presence of unlabeled hr-bFGF (3 /J.M,
Lanes 2 and 4).

The expression of high affinity bFGF receptors by SNB-19
glioma cells was maintained when SNB-19 cells were grown in
nude mice as solid tumor xenografts. Autoradiography dem
onstrated the presence of high affinity binding sites in the
tumors (Fig. 3B). When viewed under dark field conditions
silver grains could be seen over blood vessels as well as the
glioma cells themselves (data not shown). The grains appeared
to be evenly distributed throughout the tumor parenchyma
suggesting that high affinity bFGF receptors were not limited
to a particular cell population. Total binding was dramatically
reduced in the presence of unlabeled bFGF (3 fiM) indicating
that binding was specific (Fig. 3/1).

Since SNB-19 glioma cells were responsive to bFGF we
examined the possibility that these cells synthesize bFGF and
utilize it as an autocrine regulator of cell growth. Extracts were
prepared as described from trypsinized SNB-19 cells in order
to examine intracellular bFGF exclusively. In addition, CDM
conditioned for 48 h by cultured SNB-19 cells was collected
and made 0.02% in 3,3-cholamidopropyldimethylammonio-l-
propanesulfonate to stabilize bFGF (32). Both diluted cell
extracts and conditioned CDM were applied to heparin-agarose

affinity columns and protein was eluted with high salt. Aliquots
of column fractions were subjected to gel electrophoresis and
transferred to nitrocellulose paper. The nitrocellulose was then
treated with a monoclonal antibody that specifically recognizes
the human form of bFGF but does not cross-react with aFGF
as assessed by competitive radioimmunoassay (data not shown).
A well defined band (~18 kDa), which cross-reacted with the
monoclonal antibody to hr-bFGF and migrated similarly to a
band of purified hr-bFGF, was observed in column fractions
which were eluted from heparin-agarose at 1.2-2.0 M NaCl
(Fig. 4). Furthermore, this material also competed for hr-bFGF
in a radioreceptor assay (data not shown). Quantitation of
column fractions from cell-conditioned medium and cell ex
tracts by dot-blot analysis against a standard hr-bFGF curve
showed that (a) no detectable immunoreactive bFGF was se

creted by confluent SNB-19 cells and (b) SNB-19 cells con
tained 109 ng immunoreactive bFGF-like material/106 cells (n
= 3) (data not shown). These findings indicate that SNB-19
cells produce unusually high levels of a bFGF-like growth
factor. This probably accounts for the relatively large amounts
of exogenous bFGF that were required to stimulate the growth
of SNB-19 cells (Fig. 1). The lack of detectable bFGF-immu-
noreactive material in conditioned medium could be due to the
rapid binding and sequestration of bFGF by extracellular matrix
components or to the sensitivity of the detection assay (0.3 ng/
ml conditioned medium).

The fractions which were subjected to electrophoresis were
also examined in a cell proliferation assay using SNB-19 cells
as a target. The peak fraction that contained immunoreactive
bFGF stimulated the growth of SNB-19 cells in a dose-depend
ent manner in CDM (Fig. 5). Thus, SNB-19 glioma cells
contain a bFGF-like protein that is capable of stimulating their
own growth. This is consistent with results obtained using other
glioma cell lines in which incubation with a monoclonal anti
body raised against hr-bFGF specifically inhibited glioma cell
growth in culture.4

The growth of cells in soft agar is a phenomenon that often
correlates with tumorigenicity in vivo (33). In order to determine
whether bFGF influences a property associated with the inva-
siveness of gliomas, the ability of bFGF to promote SNB-19
cell growth in soft agar was examined. As shown in Table 1,
cells maintained in soft agar with hr-bFGF (10 ng/ml) for 28
days resulted in a 66% increase in the number of SNB-19
colonies. The most striking result, however, was the influence
of hr-bFGF on the size of individual colonies. The average
colony size was increased by 53% in the presence of hr-bFGF.
Furthermore, whereas only 10% of all colonies in control dishes
grew to a diameter of 2.5 mm, almost 60% of all colonies
reached this size after treatment with hr-bFGF. Similar results
have been obtained in our laboratory with hr-bFGF on other
glioma cell lines (data not shown). These results suggest that
bFGF could enhance the invasive properties of glioma cells.

4 Manuscript Â¡npreparation.
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Fig. 4. Immunodetection of bFGF in SNB-19 cell extracts. SNB-19 cell
extracts were prepared as described in "Materials and Methods." Cell extracts
were applied to a heparin-agarose affinity column. Aliquots of column fractions
eluted with 1.0-1.5 M NaCl were resolved on a 12.5% reducing sodium dodecyl
sulfate-polyacrylamide gel. The proteins were transferred to nitrocellulose and
probed with mouse anti-hr-bFGF antibody, and bFGF-immunoreactive material
was identified by goat anti-mouse peroxidase-labelcd antiserum. Lane I, molecular
weight markers; Lane 2, purified hr-bFGF (IO ng); Lane 3. fraction eluted with
less than 1.2 M NaCl; Lane 4, fraction eluted with 1.2 M NaCl; Lane 5, fraction
eluted with 1.4 M NaCl; Lane 6. fraction eluted with 1.5 M NaCl.

DISCUSSION

The uncontrolled expression of growth factors by responsive
cells has been shown to result in changes in cellular behavior
consistent with phenotypic transformation. This was observed
after the expression of the platelet-derived growth factor B-
chain gene or the transforming growth factor Â«gene in various
fibroblast lines (34, 35).

Our results suggest that the expression of bFGF in gliomas
may contribute to their neoplastic progression. The addition of
exogenous bFGF to SNB-19 cells in culture resulted in signifi
cantly higher cell densities and increased clonogenicity in soft
agar. These responses are consistent with our finding that SNB-
19 cells express high affinity bFGF receptors. The affinity of
the receptor for bFGF and the molecular weights of the high
affinity complexes formed in cross-linking studies compare well
with the same parameters measured in other cell types (24, 36-
38). Similar cross-linking studies performed with other cell
types have identified either the higher molecular weight com
plex (39), the lower molecular weight complex (40), or both
forms together (37, 38). Differences in molecular weights could
be attributed to proteolytic breakdown during tissue processing
or cell-specific differences. Conceivably, one of the two com
plexes could represent a binding site for bFGF while the other
site preferentially binds one of the recently described FGF-
related oncogene products. These results are consistent with
reports demonstrating that the constitutive expression of aFGF
or bFGF in transfected cells correlates with the ability of the
cells to grow in serum-free medium, to reach higher saturation
densities, to proliferate in soft agar, and to form tumors in nude
mice (12-14).

All of these altered phenotypes are properties of SNB-19
cells grown in serum-free medium devoid of exogenous bFGF

III CELL EXTRACT

Fig. 5. Growth response of SNB-19 cells to heparin-agarose purified SNB-19
cell extract. Various sized aliquots were taken from the fraction depicted in Fig.
4. Lane 5, and tested on SNB-19 cell growth in culture. Cells were trypsinized
and counted 6 days after conversion to COM plus the heparin-purified extract.
Three dishes were used per treatment. Data are expressed as the average number
of cells per dish Â±SEM (bars).

Table 1 Clonogenic growth of SNB-19 cells in soft agar
Agar cultures were established as described in "Materials and Methods." Four

weeks after plating, colonies comprised of more than 12 cells were counted in 10
random fields/dish. Triplicate determinations were made for each condition. The
cloning efficiency was determined by dividing the number of colonies counted on
day 28 by the number of cells present on day 1. The size of ten consecutive
colonies was measured in each dish using a micrometer. Three dishes were counted
for each condition. The results are expressed as the average size of a colony Â±
SEM.

ConditionControl

bFGFCloning

efficiency
(%)7.0

12.0Â°Av.

colony size
(mm)1.7

Â±0.10
2.6 Â±0.15*%of

colonies
>2.5mm1057Â»

" Differs from control at P < 0.025.
* Differs from control at P < 0.0005 using Student's I test.

(22), which suggests that these cells may constitutively express
bFGF or a related growth factor. Utilizing a partial purification
protocol we demonstrated that SNB-19 glioma cells produced
a bFGF-like molecule based on the following criteria: (a) ma
terial partially purified from these cells stimulated the growth
of SNB-19 cells cultured in CDM; (b) mitogenic activity in
extracts prepared from SNB-19 cells bound to heparin-agarose
as do all of the traditional forms of FGF (41); (c) the mitogenic
activity contained within SNB-19 cells was eluted from heparin-
agarose with high salt (1.2-2.0 M NaCl); (d) material in the
high salt fractions cross-reacts with a monoclonal antibody to
hr-bFGF. Cross-reactive material was not observed in lower
salt fractions (<1.2 M NaCl) which normally contain acidic
FGF (41); (e) the cross-reacting band in the high salt fractions
migrated similarly to that of purified hr-bFGF; (/) material in
the high salt fraction inhibited 125I-hr-bFGF binding in a radi-

oreceptor assay demonstrating its ability to bind to the bFGF
receptor. Although the material that eluted off the heparin-
agarose column with high salt was not pure, previous studies
have shown that it is possible to obtain a 3000-4000-fold
enrichment of bFGF using heparin affinity chromatography.
Therefore, the mitogenic activity contained in the high salt
fractions most likely corresponded to the same material that
cross-reacted with the bFGF monoclonal antibody and com-
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peted with l25I-hr-bFGF in the radioreceptor assay. However,

we cannot exclude the possibility that the activity was due either
to a contaminating protein or additional forms of FGF which
were not detected in the Western blot analysis. Preliminary
analysis of bFGF mRNA content in SNB-19 cells has revealed
the presence of four different gene transcripts (data not shown).
Sequence analysis of the purified glioma peptide(s) will be
required to determine its exact relationship to the bFGF family.

A variety of transformed cells exhibit anchorage-independent
growth, as detected by the ability to form colonies in a semisolid
medium. SNB-19 cells readily formed colonies in soft agar in
the absence of exogenous bFGF, which could be due to the
intrinsic production of bFGF by these cells. However, the
addition of exogenous bFGF resulted in a further increase in
colony formation. Colonies resulting from the addition of hr-
bFGF were often 2 times larger than those observed in controls.
These results are consistent with earlier findings that bFGF
potentiates the soft agar growth of NR6 cells (42). High grade
gliomas (stage 4) (22) are not prone to metastasize but do
exhibit marked invasiveness and local spread which could be
related to the growth exhibited by tumor cells in the soft agar
assays. Therefore, the production of bFGF or a related molecule
could play a significant role in the progression of gliomas by
enhancing tumor growth and tumor invasiveness.

The mechanism by which increases in intracellular bFGF
lead to uncontrolled cell growth is not understood. Neither
aFGF nor bFGF appears to be synthesized with a conventional
signal peptide (43, 44) calling into question their mode of
release. The concept of autocrine stimulation of cell growth was
originally interpreted as meaning that cellular transformation
resulted from the synthesis, release, and response of a cell to a
growth factor (45). However, a recent body of work has indi
cated that this concept should be modified (46). Transfecting
cells with plasmids containing the genes for aFGF or bFGF,
but devoid of a secretory sequence, does not appear to result in
secretion of the growth factor. Nevertheless, despite the lack of
evidence for secretion, the growth factor-producing cells exhibit
some characteristics of transformation. In one instance where
bFGF was secreted after transfection, the total bioactivity pres
ent in the conditioned medium was only 1% of that contained
within the cells (12). Furthermore, the inability of blocking
antibodies to inhibit transfection-induced transformation has
led to the hypothesis that a growth factor may also stimulate a
specific cellular response by activating its receptor in an intra
cellular compartment (46). Therefore, although the mechanism
is not understood, the aberrant production of bFGF by glioma
cells could potentiate autonomous, anchorage-independent

growth irrespective of whether the growth factor is secreted.
It is conceivable that in the etiology of gliomas a specific

event(s) triggers an increase in the intracellular production of
bFGF, which promotes glioma growth and local invasion. As
the tumor outgrows its blood supply and necrosis ensues, bFGF
would be released from dead cells and be made available to
other target populations such as endothelial cells. Extensive
proliferation of endothelial cells is a frequently observed phe
nomenon in gliomas and may be evidence of malignant pro
gression. Thus, glioma-derived bFGF, which is known to be an
angiogenic factor (15), could further contribute to tumor devel
opment by promoting new blood vessel formation. Many cell
types responsive to bFGF, including nontransformed cells, have
also been shown to express bFGF and bFGF receptors. There
fore, the demonstration that glioma cells express these three
characteristics is not sufficient to justify the conclusion that
bFGF is directly related to transformation in these cells. Direct

manipulation of bFGF expression in glioma cells would help
to clarify the role played by this factor in the neoplastic pro
gression of human brain tumors.

In conclusion, a human glioma cell line expresses and re
sponds to a bFGF-like mitogen. The expression of both growth
factor and receptor by the same cell may be involved in auto
crine loops that promote the aberrant growth and invasion of
glioma cells. Further research on the expression of bFGF and
its receptor should provide insight into the mechanisms that
regulate the proliferation of normal and malignant glial cells.
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