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ABSTRACT

Two cell lines (U-343 MG and U-343 MGa) with different

phenotypic characteristics were established from the same hu
man glioblastoma multiforme biopsy. Previous studies have
shown that a clonal derivative (CI 2) of the U-343 MGa line
produces a PDGF-like growth factor. In the present investigation
glioma PDGF production and 125I-PDGFbinding were found to

be differently expressed in U-343 MG, U-343 MGa, and U-343

MGa CI 2 cultures, providing evidence for a clonal variation in
these properties. In order to investigate this point further, several
clones were derived from low (23 clones) and high (30 clones)
passage U-343 MGa cultures, as well as from U-343 MGa CI 2

cells (30 clones). The clones could be divided into 4 groups
according to morphology and growth pattern. A determination
of the amount of PDGF receptor competing activity in serum-

free conditioned media gave evidence for a clonal variation in the
production of glioma PDGF, corresponding to 0-87 ng of au

thentic PDGF per ml. There was also a considerable range in
125I-PDGF binding (0-44 fmol of tracer bound per 106 cells).

Scatchard plots performed on two clones confirmed the pres
ence of saturable, high affinity PDGF receptors. High passage
cultures were found to give rise to a higher number of high
producing clones than did low passage cultures. There appeared
to be a negative correlation between production of glioma PDGF
and binding of 125I-PDGF,probably due to the receptor blocking

activity of the endogenous growth factor. However, the presence
of clones, apparently devoid of both glioma PDGF production
and 125I-PDGFbinding, suggests a true clonal variation in these

two parameters. The growth rate in serum-free medium was

found to correlate fairly well to the extent of glioma PDGF
production. Production of glioma PDGF was found to have a
morphological correlate and be most prominent among clones
of "immature" looking, tightly growing cells. Clones that had large

star-shaped cells with some resemblance to normal glia-like cells
in culture were found to have a low production and a high 125I-

PDGF binding capacity.

INTRODUCTION

In recent years much attention has been focused on the
putative role of tumor cell-derived growth factors as effectors in

neoplastic transformation. Strong support for this notion was
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obtained from the amino acid sequence analysis of PDGF3 which
revealed a virtual identity between the B-chain of PDGF and part
of the protein product of the v-s/s oncogene, i.e., the transforming
gene of simian sarcoma virus (1-3). More recently, experimental
evidence for the production and release of a PDGF-like factor by
simian sarcoma virus-transformed cells has been presented (4-
7). The cellular homologue to the viral sis gene (c-s/s) encodes a
precursor polypeptide of the PDGF B-chain (8).

An involvement of the c-s/s gene in human neoplasia is sug
gested by the finding of a PDGF-like factor produced by a human
osteosarcoma cell line (U-2 OS) (9, 10), a cloned human glioma

line (11,12), and a human rhabdomyosarcoma cell line (13). The
expression of c-s/s at a high frequency in human sarcoma and

glioma cell lines but not in normal human embryonic fibroblasts
or carcinoma and melanoma cell lines has also been established
(14).

The PDGF-like factor produced by the human clonal glioma
line U-343 MGa CI 2 has been partially characterized (12, 13).
The factor is released to serum-free culture medium as a dimer
of M, 31,000 which competes with 125I-PDGFfor binding to its

cellular receptor, has growth promoting activity, and is immuno-
logically related to authentic PDGF. Specific binding of 125I-PDGF
to U-343 MGa CI 2 cells is essentially lacking, possibly due to a
blocking and down regulation of the receptor by the endoge-
nously produced factor. Analogous results have been obtained
with other growth factor-producing cell lines (15). Interestingly,
when 125I-PDGFbinding and PDGF production were assessed

on the parental cell line (U-343 MGa from which CI 2 was derived),

it was found that they displayed PDGF receptors but had a
barely detectable production of the PDGF-like factor. This finding

suggested that the wild type population could be heterogeneous
with regard to production of glioma PDGF.

Clones with varying growth factor synthesis and PDGF binding
should be valuable tools for further investigations on the role of
PDGF production in human tumor cells. In the present investi
gation we have therefore derived several clones from the U-343
MGa lines, using cultures of low and high passage levels, as well
as formerly cloned cells, as starting material. Both 125I-PDGF

binding and production of PDGF receptor competing activity
show a considerable clonal variation and may be independently
expressed parameters in these tumor cells. The extent of glioma
PDGF production correlated with the growth rate in serum-free
medium. Moreover, a high degree of glioma PDGF production
was found predominantly in clones derived from cells of high
passage levels. Our data thus indicate that the growth factor
production is of selective advantage for the glioma cells.

3The abbreviations used are: PDGF, platelet-derived growth factor; GFAP, glial
fibnllary acidic protein; Eagle's MEM, Eagle's minimum essential medium; NCS,

newborn calf serum; PBS, 137 miw NaCI, 2.7 mw KCI, 8 mu Na2HPO4, 1.5 mm
KHzPCv EGF, epidermal growth factor; HEPES, 4-(2-hydroxyethyl)-1 -piperazine
ethanesulfonic acid.
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CLONAL VARIATION IN THE PRODUCTION OF GLIOMA PDGF

MATERIALS AND METHODS

Human Glioma Cell Lines. The establishment of cell lines from human
malignant gliomas has been described (16, 17). By dividing the biopsy
of a glioblastoma multiforme from a 64-year-old man into two parts, we

established two cell lines with different phenotypic properties. One
fraction, giving rise to U-343 MG (17, 18) was originally plated into
untreated culture dishes. The other fraction, giving rise to U-343 MGa

(19), was plated onto a feeder layer of normal human glial cells. By
propagating these cells through many passages, the glioma cells totally
outnumbered the glial cells. To date, both cell lines have been propagated
through a number of passages (about 400). The phenotypic character
istics of the two U-343 MG sublines have been described (17-19). The
line U-343 MG is composed of spindle, fibroblast-like cells which are
fibronectin positive and GFAP negative. Low passage cultures of the U-

343 MGa line have a pleomorphic appearance, whereas high passage
cultures are more homogeneous, with small polygonal or short fusiform
cells. This cell line, irrespective of passage level, is fibronectin negative
and 100% GFAP positive. Data on two clonal derivatives of the line U-

343 MGa (CI 2 and CI 3) have been published previously (20). These
clones are morphologically homogeneous and have the GFAP positive,
fibronectin negative phenotype.

Culture Conditions. Cells were grown routinely in Nunc 50-mm plastic
Petri dishes in Eagle's MEM supplemented with 10% NCS (Grand Island

Biological Company) and antibiotics (100 units of penicillin and 50 Â¿Â¿gof
streptomycin per ml). Cultures were maintained at 37Â°Cin humidified air

containing 5% CO2 and were subcultivated at a split ratio 1:2-1:6 when

confluent (once or twice/week). A mixture of EDTA (0.2 mg/ml) and
trypsin (Difco) (2.5 mg/ml) in PBS was used as detaching agent.

Cloning Procedure. For cloning, U-343 MGa cells of low (<100) and
high (>400) passage, as well as U-343 MGa CI 2 cells, were used. A

single cell suspension was prepared, and 1000 cells were seeded into
each of 100-mm culture dishes, either untreated or containing a confluent

feeder layer of normal human glial cells (16). Cultures were incubated for
2-5 weeks. Well demarcated cell colonies were isolated using glass

cloning cylinders glued to the bottom with silicone grease. Cells were
detached, suspended in culture medium, and replated in 35-mm culture

dishes and further propagated.
Phase Contrast Microscopy. Cells were seeded sparsely on cover-

slips contained in 35-mm Petri dishes. After incubation for 3-4 days
cultures were fixed for 1 h at room temperature in 2% glutaralde-
hyde:0.15 M sodium cacodylate:0.1 M sucrose and then kept at 4Â°C.

Coverslips were rinsed in PBS, mounted on glass slides, and viewed in
a Zeiss photomicroscope with phase contrast equipment. Photomicro
graphs were taken on Kodak technical Pan film 2415 and used to divide
the glioma clones into 4 groups according to morphology and growth
pattern. The assignment of morphological types to the clones was done
blindly using unmarked micrographs mixed together randomly.

Immunofluorescence Staining of Glial Fibrillary Acidic Protein. Fifty
thousand cells, suspended in 2 ml Eagle's MEM 10% NCS, were seeded

on coverslips contained in 35-mm Petri dishes. After 3 days of incubation
the cells were rinsed three times in PBS and fixed in 2% paraformalde-

hyde in PBS for 20 min. They were postfixed in 96% ethanol for 5 min,
stained for 20 min with rabbit anti-human GFAP (1:40) (kindly provided

by Dr. D. Dahl), and then, as a second layer, they were stained with
fluorescein isothiocyanate-conjugated goat anti-rabbit IgG (1:20) for 20
min. After washing, coverslips were mounted in glycerol-paraphenyl-

enediamine (Sigma). Micrographs were taken in a Leitz epifluorescence
microscope with oil immersion objectives, using Kodak Tri X Pan profes
sional film.

Growth Factors. Pure PDGF was prepared from human platelets as
described (21) and labeled with 125Iusing the chloramine T method to a
specific activity of 20,000-35,000 cpm/ng (22). Mouse EGF ("receptor
grade") was purchased from Collaborative Research (Waltham, MA) and
was also labeled with 125Iusing the chloramine T method to a specific

activity of 60,000-80,000 cpm/ng.

Assay for PDGF Receptor Competing Activity in Glioma Condi
tioned Medium. Serum-free conditioned media were harvested from
confluent cultures incubated for 3-4 days in serum-free F-10 medium

with antibiotics. Medium volume was adjusted according to cell numbers
in order to ensure an approximately constant volume/cell ratio. The
conditioned media were clarified by centrifugation and stored at -20Â°C

until tested. PDGF receptor competing activity was monitored using
human foreskin fibroblasts, line AG 1523, as test objects (AG 1523 cells
were obtained from the Human Mutant Cell Repository Institute for
Medical Research, Camden, NJ). Cells were seeded in 12-well Linbro
plates, grown to confluence, and washed once with ice-cold F-10 con

taining human serum albumin at 0.1 mg/ml and 20 mw HEPES, pH 7.4.
Test samples, containing human serum albumin and HEPES, at concen
trations as above, were added, and the plates were incubated at 4Â°C

for 2 h (the media from low passage U-343 MGa clones were tested

after concentration 5 times using disposable Amicon filters B 15, as well
as unconcentrated). Cells were washed three times with binding buffer
(phosphate-buffered saline containing 1 mg human serum albumin per

ml, 0.01 mg CaCI2 2H2O per ml, and 0.01 mg MgSO4 7H2O per ml). Each
well then received 0.5 ml binding buffer containing 5 ng (100,000-
175,000 cpm) of 125I-PDGF. After incubation for 1 h at 4Â°C, cultures

were washed five times with binding buffer containing 1% NCS instead
of albumin. Cell associated radioactivity was extracted with 0.5 ml lysis
buffer [1% Triton X-100:20 mw HEPES, pH 7.4:10% (v/v) glycerol

supplemented with 0.1 mg human serum albumin per ml]. The Triton
lysate was sampled after 20 min, and the radioactivity was determined
in a gamma spectrometer. Nonspecific binding was determined as the
amount of 125I-PDGF bound in the presence of a 50- to 100-fold molar

excess of unlabeled PDGF. PDGF receptor competing activity in samples
was converted to equivalent concentration of PDGF, using a standard
curve constructed from results obtained with pure, unlabeled PDGF (5-

100 ng per ml).
Assay of ml-PDGF and 125I-EGFBinding to Glioma Cells. Cells were

grown to confluence in 12-well Linbro plates. Cultures were washed

once with binding buffer (see above) at room temperature, and each well
received 0.5 ml binding buffer to which 5 ng 125I-PDGF(100,000-175,000

cpm) was added. Binding occurred for 1 h at room temperature and was
terminated by five washes with binding buffer containing 1% NCS
(equilibrated at room temperature). Cells were lysed in 0.5 ml lysis buffer
as above, and radioactivity and nonspecific binding were determined as
above. For each cell type the cell number per well was determined.
Binding was estimated as fmol of tracer PDGF/106 cells. Scatchard

analysis was used to calculate the number of receptors per cell (23).
Binding of 125I-EGFto cells was performed in an analogous manner

using 1 ng of 125I-EGF(60,000-80,000 cpm/ng). Nonspecific binding was

determined using a 500 molar excess of unlabeled EGF.
Analysis of Serum Dependence of Glioma Cell Multiplication.

Cloned glioma cells were detached and suspended in Eagle's MEM, 1%

NCS with antibiotics. The cell number was determined, and cells were
seeded into 35-mm Petri dishes, with 1 x 10s cells in 2 ml medium per

dish. After 1 day of incubation, the number of cells per dish was
determined, and the dishes were divided into two groups, one receiving
Eagle's MEM 10% NCS and the other receiving serum-free MCDB 104.

Cultures were incubated for 2-3 weeks. Medium was changed every

second or third day. Cell number of duplicate dishes was determined at
the same intervals, and growth curves were constructed from the mean
values. The population doubling time was deduced from the growth
curves.

Cell Counting. Trypsinized cells in single cell suspension were counted
in an electronic cell counter (Celloscope).

RESULTS

Characteristics of Glioma Cell Lines: Production of Glioma
PDGF and Binding of 125I-PDGF.Chart 1 shows the results of
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CLONAL VARIATION IN THE PRODUCTION OF GLIOMA PDGF
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Chart 1. Derivationof five glioma cell lines from one human glioblastoma multi-
forme. The relative positions of the sublines approximately parallelsthe number of
in vitro passages at the time of use in the investigation. Binding (B) of 125I-PDGF
to each cell line is depicted as fmol/106cells.The levelof bindingvaried on different

occasions with the ranges shown. The PDGF receptor competing activity in
conditioned serum-free medium (P) is given as ng/ml PDGFequivalents.

the analysis of PDGF receptor competing activity in conditioned
media and 125I-PDGFbinding of the various glioma sublines. A

PDGF receptor competing activity could be detected in media
harvested from high passage U-343 MGa cells and from the
clonal derivatives U-343 MGa CI 2 and U-343 MGa CI 3, whereas

no such activity could be demonstrated in the media of low
passage U-343 MGa cells or in U-343 MG cells. On the other
hand, it could be shown that low passage U-343 MGa cells and
U-343 MG cells displayed specific binding of 125I-PDGF,while cell

lines producing a PDGF-like factor were essentially devoid of
125I-PDGFbinding capacity.

In the following series of experiments we focused our interest
on the U-343 MGa line which, depending on passage level,
expressed both 125I-PDGF binding and production of glioma
PDGF. First we analyzed the clonal variation in 125I-PDGFbinding

and production of PDGF receptor competing activity in this cell
line.

Isolation of Clonal Derivatives of the U-343 MGa Glioma
Line. When seeded sparsely, the cells from low passage U-343

MGa cells grew relatively slowly, and well defined colonies were
not formed on bare plastic, whereas cells grown on feeder cells
gave rise to well demarcated colonies. Twenty-three of 36 ran

domly selected colonies were successfully transferred and seri
ally propagated. Cells from high passage U-343 MGa cultures

formed well defined colonies on bare plastic; 30 of 38 colonies
could be isolated and serially subcultivated. U-343 MGa CI 2

cells gave rise to well demarcated, fast growing colonies with
tightly packed cells. From this cell line 30 of 35 selected colonies
could be subcultivated. Thus, 83 individual clonal sublines were
derived from the U-343 MGa line and its clonal subline U-343

MGa CI 2. Based on their morphology, including occurrence of
cytoplasmic processes and growth pattern, the clonal sublines
were classified into 4 groups by the aid of phase contrast
micrographs (Fig. 1).

Thirty-five clones representing all of the 4 groups were ana

lyzed with regard to GFAP immunofluorescence. In all of these

clones, 100% of the cells contained a stainable fibrous network
(examples are given in Fig. 2). This shows clearly that the cells
are of astrocytic origin.

Clonal Variation in 12SI-PDGF Binding and Production of

Glioma PDGF. Twenty-three clones from low passage and 30
clones from high passage U-343 MGa and 16 clones from U-343
MGa CI 2 were tested with regard to both binding of 125I-PDGF

and secretion of PDGF receptor competing activity. The result is
shown in Chart 2. There was a striking variation in the two
parameters; glioma PDGF production varied from 0 to 87 ng
PDGF equivalents/ml, and binding of 125I-PDGFranged from 0
to 44 fmol/106 cells. High passage U-343 MGa cells gave rise to

a higher number of clones showing production of glioma PDGF
than did low passage cells. U-343 MGa CI 2 gave rise to a

number of high producing clonal sublines. A few clones displayed
neither 125I-PDGF binding nor production of glioma PDGF,

whereas some clones expressed both parameters.
The correlation between 125I-PDGFbinding and production of

glioma PDGF is graphically visualized in Chart 2. As can be seen,
there appeared to be a negative con-elation between the two

parameters with a pronounced tendency of high producing
clones to have a low binding capacity. The concentration de
pendence of 125I-PDGF binding was analyzed on two of the

receptor positive clones, both derived from low passage U-343
MGa cells and belonging to the morphological group D. One of
them produced PDGF, and another was practically nonproduc-
ing. Scatchard analysis of the binding data is given in Chart 3. A
number of 74,000 receptors per cell could be calculated on the
clone with the highest binding, whereas the other one, i.e., the
producing clone, had 48,000 receptors per cell. The K, was 10"10

M in both cases. The number of receptors is somewhat lower
than that reported for human cultured fibroblasts (22). Neverthe-

Chart2. Clonal variation in 1MI-PDGFbinding and glioma PDGF production.
Three cell lines, all derived from the same human malignant glioma, were cloned:
(a) U-343 MGa low passage (<100); (b) U-343 MGa high passage (>400); and (c)
U-343 MGa CI 2. The clones were tested regarding bindingof 1AI-PDGF(fmol/106
cells) and secretion of PDGF receptor competing activity to serum-free medium
(ng/ml PDGFequivalents);each vertical line represents one clone.
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Chart 3. Scatchard analysis of 125I-PDGFbinding. A, a clone from the morpho
logical group D, that bound 28 fmol of tracer 125I-PDGF/106 cells and produced

only 0.5 ng/ml PDGF equivalents (detectable after concentration of the medium).
The Scatchard plot gave an estimated amount of 74,000 PDGF receptors per cell.
B, the single clone from the morphological group D2 with elongated cells (seen in
Fig. 1, D2) that bound 14 fmol of tracer 125I-PDGF/108cells and produced 1-5 ng/

ml PDGF equivalents. The Scatchard plot gave an estimated amount of 48,000
PDGF receptors per cell. The KÂ«was 10"'Â°M in both cases.

less the results show that saturable binding sites occur on cells
that produce the PDGF-like factor.

The degree of glioma PDGF production and 125I-PDGFbinding

correlated to some extent with cellular morphology and growth
pattern (Table 1 and Fig. 1). It is obvious that the high producing

cells belonged to the morphological group A, consisting of small,
polyhedral, tightly growing cells. On the other hand, cells having
the highest amount of PDGF receptors were large and star-

shaped, with many short cytoplasmic processes such as those
seen in group D.

Clonal Variation of Serum-free Growth: Relation to the

Production of Glioma PDGF. Twelve clones derived from low
passage and 5 from high passage U-343 MGa cultures, as well
as 5 from U-343 MGa CI 2 cultures, were tested for serum-free
growth. Population doubling time in serum-containing medium
varied from 1.2 to 8.7 days, and in serum-free medium it varied
from 2.6 days to infinity. The growth rate in serum-free medium

correlated fairly well with the production of glioma PDGF, with a
correlation coefficient of 0.83 (Chart 4).

Binding of 125I-EGF. In order to learn whether the donai
variation in 125I-PDGFbinding was paralleled by a similar range
in number of available EGF receptors, the binding of 125I-EGF

was determined on all clones described above. Most of these
displayed high EGF binding, ranging from 20 to 200 fmol of 125I-
EGF/106 cells. Two clones derived from low passage U-343 MGa
cultures had a lower binding capacity, 3 and 7 fmol/106 cells,
respectively. There was no correlation to the degree of 125I-PDGF

binding (not shown).
Since it has been demonstrated that human cells may release

an EGF-like growth factor which interferes with 125I-EGFbinding

(24), serum-free conditioned media of clones showing a relatively
low 125I-EGFbinding were analyzed for the presence of 125I-EGF

receptor competing activity. However, there was no negative
correlation between 125I-EGF binding and production of EGF

receptor blocking activity of the glioma clones analyzed (data not
shown). Though caution must be taken in the interpretation of
these data due to the possibility of PDGF-mediated transmodu

lation of EGF receptors on the test cells (25), data suggest the
existence of a true clonal variation also in the expression of EGF
receptors.

DISCUSSION

We have presented evidence for a striking variation in the
production of a PDGF-like growth factor in different cell lines

derived from the same human glioblastoma multiforme biopsy.
Our data also indicate that by long-time culturing and cloning

one selects for sublines with a higher level of growth factor

Table 1
125/-PDGFbinding and production of glioma PDGF in glioma clones with different morphology

For each of the 4 morphological groups the mean values of 125I-PDGFbinding, glioma PDGF production,

and population doubling time in serum-free medium were calculated. Population doubling times of >16 days
were given a value of 16. The number of clones analyzed and their derivation is also shown.

No. ofclonesDerivationMorpho

logical
groupA

B
C
DU-343

MGa
low
pas
sage1

12
6
4U-343

MGa
high
pas
sage10

19
10U-343

MGa
CI230

0
0
0Total413174Glioma

PDGF
production (ng/
ml)Mean

value30

5.6
1.9
0.9No.

of
clones
tested40

317

4125I-PDGF

bind
ing (fmol/106

cells)Mean

value0.42

2.9
0.48

31No.

of
clones
tested28

317

4Population

dou
bling time in

serum-free me
dium(days)Mean

value5.2

11
>16

12.4No.

of
clones
tested5

11
3
3
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Chart 4. Growth of glioma clones in serum-free medium. Cells from 22 different
clones, originally derived from one human malignant glioma, were grown in serum-
free medium as described in "Materials and Methods." Growth curves were

constructed for each clone. The number of cell generations per day was calculated
and compared to the amount of receptor competing activity in serum-free media
harvested from confluent cultures of the same clones. Some clones grew excep
tionally slowly in serum-free medium, and the exact number of cell generations per
day was difficult to deduce. Values <0.06 were approximated (see also Table 1).
The correlation coefficient was calculated to be 0.83 when all of the points were
considered. In the absence of the single outlying point, it was 0.59.

release. This finding implies that the production of a PDGF-like

growth factor is of selective growth advantage for glioma cells
in culture.

The variability in growth factor production of the various clones
correlates fairly well to the cellular levels of c-s/s mRNA.4 The

genetic background to the selection for variants that express the
c-s/s gene and produce PDGF is, however, as yet unknown.

Recent studies have shown that repeated cell division under
selective pressure may lead to the amplification of specific genes
(26). Amplification of certain oncogenes, such as c-myc (27, 28)
and N-myc (29), has been demonstrated in human tumor cell
lines. However, preliminary analysis of the karyotype of the U-

343 MGa clones has given no gross structural evidence for an
amplification (or gross rearrangement) of the c-s/s gene; thus no

homogeneous staining regions or double minutes have been
found.5

The clonal variation in synthesis of glioma PDGF is consistent
with the notion that release of this growth factor occurs as a late
phenomenon in tumor development and is related to tumor
progression. Previous studies on the expression of ras genes in
human cancers have led to similar conclusions. Thus, an acti
vated ras gene was present only in one out of five cell lines
derived from individual mÃ©tastases of a malignant melanoma
(30). Moreover, an immunohistochemical study of the ras gene
product in colon and mammary carcinoma revealed a consider
able cellular heterogeneity; in the case of colon carcinoma, the
expression was related to the depth of invasion (31). In the
present study the preponderance of high producing clones at
high passage levels suggests that progression with regard to
PDGF production is a continual process in cultures; it may even
be that both initiation of glioma PDGF production and subsequent
progressive changes in its expression are In vitro events. Com
parative studies on c-s/s expression in primary tumors as well

* M. Nister, C-H. Heldin, and B. Westermark, unpublished observations.
SJ. Mark, M. Nister, and B. Westermark, unpublished observations.

as in cell lines are thus warranted.
A possibility, which has to be taken into account, is that the

extent of glioma PDGF production is related to the functional or
developmental state of the cell. This notion is suggested by the
finding of a morphological correlate to glioma PDGF production;
most of the high producing clones are found among rather
"immature" looking, tightly packed cells, whereas low- and non-

producing cells have a more astrocytic or glia-like morphology.

Recent studies have shown that certain normal cells such as
arterial smooth muscle cells from young rats (32), human endo-
thelial cells (33, 34) and placental cytotrophoblasts (35) express
the c-s/s gene and produce PDGF. These findings suggest a role
for PDGF in autocrine or paracrine regulation of normal cell
growth and imply a wider role for PDGF in physiological growth
mechanisms than is suggested by its presence in platelets. It is
an interesting speculation that PDGF production is develop-
mentally regulated and occurs at specific stages of normal glial
development, here represented by the phenotypically different
glioma cell clones.

The present data also give evidence for a clonal variation in
the 125I-PDGFbinding capacity within the U-343 MGa cell line.

Scatchard analysis confirmed the presence of high affinity recep
tors with a KÃ–in the same order of magnitude as that found in
normal fibroblasts (22, 36). To a considerable extent, the varia
tion in binding capacity may be secondary to the range in glioma
PDGF production and thus reflect the degree of receptor blocking
and down regulation, executed by the endogenous growth fac
tor. However, the presence of non-producing clones devoid of
125I-PDGFbinding suggests a true clonal variation in the expres

sion of PDGF receptors.
The present results have bearing on the model of autocrine

growth stimulation of tumor cells (15). As indirect evidence for
this model we found a co-variation in the level of glioma PDGF
production and the growth rate in serum-free medium. As found
previously in cultured U-2 OS osteosarcoma cells (37), we found

no growth inhibitory activity by adding PDGF antibodies to the
high producing clones (data not shown). However, it has been
suggested that an endogenously produced growth factor may
interact with its receptor in an intracellular compartment, inac
cessible to exogenously added antibodies (37). It is thus possible
that the lack of inhibitory effect of PDGF antibodies is, at least
in part, due to such a steric exclusion.

Autocrine growth stimulation presupposes a concomitant syn
thesis of growth factor and the corresponding receptor. The
presence of clones within a population with varying expression
of PDGF and PDGF receptors suggests a more complex situa
tion, involving both autocrine and paracrine growth stimulation.
We therefore expect that the glioma clones described in this
communication will be of value for further studies on the role of
PDGF and the PDGF receptor in human glioma.
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CLONAL VARIATION IN THE PRODUCTION OF GLIOMA PDGF

Fig. 1. Morphology and growth pattern of glioma clones. Eighty-three clonal sublines from one human malignant glioma cell line (U-343 MGa) were matched into 4
different morphologicalgroups (A-D) with the help of phase contrast micrographs. One typical and one extreme cell clone are shown as examples from each group. A,,
representative clone with small polyhedral, sometimes slightly spindle-shapedcells growing tightly and piling up. AÂ¡,three clones within group A grew as exceptionally
well demarcated colonies.B,, representativeclone with varying proportions of large polyhedraland middle-sizedspindle-formedcells and only a few cells with processes.
BÃŽ,one clone of special type with middle-sized polygonal cells almost devoid of processes. C,. flat polyhedral cells intermingled with a variable amount of cells with
rounded cell bodies and long slender processes. C2,a subtype in which almost all cells developed long branched processes (resemblingfibrous astrocytes). Dt, large
star-shaped cells with many short processes.D2,a subtype with more elongated, but still star-shaped appearance.Bar, 30 tÂ¡m.
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Fig. 2. GFAP immunofluorescent staining of human glioma cell clones. A, polyhedral PDGF producing cells from group A,. 8, nonproducing, receptorbearing, large
starshaped cell from group D,. C, the special clone representing group CÂ¡,with cells remindingone of fibrous astrocytes. 0, polyhedral and round cells from group C1
with long slender cell processes. Bar, 10 urn.
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