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Acidic and basic fibroblast growth factors similarly regulate the rate of
biosynthesis of rat astroblast proteins
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Quiescent rat astroblasts in culture have been treated for various periods of time with acidic and basic fibroblast growth factors. Both factors elicited

similar effects on the cell proliferation and glutamine synthetase activity. The rate of biosynthesis of the proteins analyzed on autoradiograms of

polyacrylamide gels after two-dimensional electrophoresis was also similarly modulated by the two growth factors. These results suggest that the
two fibroblast growth factors act through the same membrane receptors on rat astroblasts in culture.
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1. INTRODUCTION

The basic fibroblast growth factor (bFGF) is the
main representative of a family of heparin-binding
growth factors [1-6]. It is found in nearly all tissues and
synthesized by various cell types [1-3], while the second
factor of the family, the acidic fibroblast growth factor
(aFGF), is found mainly in the nervous system [7]. Only
recently the presence of aFGF has been detected in
another tissue, the kidney, in very low amounts [8]. Up
to now in most works on the nervous system or on
neural cells, only one of the two FGFs was tested and
most often bFGF [9-12]. On other cell types no
specificity for one of these factors has yet been found
[13-15]. All cells tested respond to both factors
although usually a higher dose (10-100 times) of aFGF
is needed to elicit the same effect as bFGF [13-15]. The
high degree of amino acid sequence homology (about
53%) [16] suggests the possibility that both factors bind
to the same cell membrane receptors. Indeed, it has
been found that each FGF can compete with the order
for binding on various cells or cell membranes [17,18].
No such studies have been made on neural cells. Since
in a previous work we observed some transient dif-
ferences between the morphological effects elicited by
aFGF and bFGF on rat astroblasts in culture [19], we
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investigated the effects of the two factors in more
detail. We used the technique of two-dimensional
polyacrylamide gel electrophoresis to search for a possi-
ble difference between the effects of the two factors at
the level of the modulation of individual protein syn-
thesis. We did not find any significant difference.
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Fig.1. Effects of aFGF (open columns) and bFGF (hatched columns)
on ['*1}dUrd incorporation (A) and glutamine synthetase activity (B)
in rat astroblasts grown for 20 days in culture before treatment. Cells
were treated with FGFs (5 ng/ml) for 18 h, 48 h and 5 days as describ-
ed in section 2. In control cells, incorporation of ['**1}dUrd was 2500
cpm and glutamine synthetase activity was 62 nmol - min™' - mg™~" pro-
tein. Results are means of triplicate dishes and of two independent ex-
periments. Errors were less than 15%.
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Fig.2. Autoradiogram of a polyacrylamide gel after two-dimensional electrophoresis of rat astroblast proteins. Cells were grown for 20 days in

the presence of 10% fetal calf serum, and then switched to a serum-free medium. They were treated with 5 ng/ml aFGF for 5 days. [**S]Methionine

was added 18 h before harvesting. X-ray film was exposed for 15 days. Proteins whose rate of synthesis was increased under the effect of aFGF

are in circles. Those which were repressed are shown in squares. Delimited areas, the large one and the smal! one, are shown in fig.3 and fig.4,
respectively.
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2. MATERIALS AND METHODS

2.1. Materials

Materials have been described previously [20]. aFGF and bFGF
were purified from bovine brain according to the published procedure
of Pettmann et al. [21].

2.2. Cell culture

Cultures of astroblasts were prepared by the method of Booher and
Sensenbrenner [22] with slight modifications as described previously
[20]. Culture medium was Waymouth’s MD 705/]1 medium sup-
plemented with sodium pyruvate (110 mg/l), antibiotics, and 10%
fetal calf serum. After 20 days in culture, when rat astroglial cells
were mostly quiescent, they were switched to a serum-free chemically
defined medium containing Waymouth’s medium, 5 xg/ml insulin,
0.5 mg/ml bovine serum albumin, antibiotics and sodium pyruvate
[23].

2.3. Cell treatments

For all the experiments shown, cells were treated with aFGF and
bFGF for 18 h, 48 h or 5 days from day 20 onwards, just after the
culture medium change. Eighteen hours before harvesting the culture
medium was changed and a special medium containing only 1 mg/1
methionine, instead of 50 mg/] in the normal medium, was used and
eventually a labeled precursor, ['**1]dUrd or [**S]methionine, and
FGFs were added. Cells treated for only 18 h were switched to this
special medium at the beginning of their treatment. Cells treated for
48 h stayed for 30 h in the normal defined medium and for 18 hin the
special medium. Cells treated for 5 days were submitted to one more
medium change at 72 h and switched to the methionine-poor medium
18 h before harvesting. For treated cultures, FGFs were added at each
medium change.

2.4. Glutamine synthetase (GS) determination

Culture dishes were put on ice. and rinsed three times with cold
isotonic NaCl. Cells were scraped off with a rubber policeman,
sedimented and the pellets were kept frozen at —20°C until use. For
the determinations, the method of Miller et al. [24] was used with
slight modifications.

2.5. ['¥1]dUrd incorporation

Cells were treated with 0.5 £Ci ['*°1]dUrd in 1 ml culture medium
for 18 h, then they were harvested as described for GS determination.
Radioactivity of the cell pellets was counted in a gamma-counter.

2.6. f’S]Methionine labeling

Cells were treated with 50 #Ci of [**S]methionine in 1 ml culture
medium for 18 h and harvested as described for GS determination.
Cell pellets were kept frozen at —80°C.

2.7. Two-dimensional polyacrylamide gel electrophoresis

Samples were prepared as described by Garrels [25] and 2D-PAGE
was performed as described by O’Farrel [26] with some modifications
[20,27]. First dimension was isoelectric focusing and second dimen-
sion LDS-PAGE. Gels were then incubated in 50% methanol for
16 h, dried under vacuum and exposed to Kodak film X ARS at 4°C
for 15 days and eventually for 24 h and for 4 days to allow com-
parison of the most intense spots.

3. RESULTS

The effects of the two FGFs on proliferation and on
GS activity were investigated on rat astroblasts grown
for 20 days in culture (fig.1). A transient increase in
['#*1]dUrd incorporation was observed after 48 h of
treatment (fig.1A) while GS activity was not significant-
ly affected at that delay. In an opposite way to pro-
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liferation, GS activity increased from 48 h to 5 days
after the beginning of the treatment (fig.1B). For
studies on the regulation of protein synthesis, cells were
treated with each FGF for 5 days since at that time the
effect on proliferation is finished and the effect on
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Fig.3. Comparison of the effects of aFGF and bFGF on protein syn-

thesis. (A) Control cells. (B) Cells treated for 5 days with aFGF and

(C) bFGF. Arrows show spots which are intensified by treatments.

Arrowheads indicate spots whose intensity decreased after treat-
ments.
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maturation is prevailling. A dose-response effect of
each FGF on protein synthesis was also investigated in
order to prevent possible differences due to this
parameter.

For two-dimensional polyacrylamide gel electro-
phoresis, three independent experiments were done
and, for each one, duplicate gels were run. An auto-
radiogram of the proteins of cells treated with aFGF is
shown in fig.2. The darkness and the size of
homologous spots were compared visually between gels
from control and from treated cultures. Out of about
600 spots which were compared, 47 were found to be
reproducibly and obviously altered by the FGFs. They
are numbered on fig.2. The synthesis of 32 proteins was
enhanced, they are circled; that of 15 proteins was
diminished, they are shown in squares. The larger
delimited area is shown in fig.3 to allow comparison
between control cells and cells treated with aFGF and
bFGF. No significant difference was observed between
the effects of the two FGFs. The same results were also
seen on the whole gel.

The smaller delimited area of fig.2 is shown after
treatments with increasing doses of bFGF (fig.4). For
the most intense spots, a modulated progressive varia-
tion of intensity can be observed, for instance with
spots 17, 18 and 26.

4. DISCUSSION

On rat astroblasts grown in primary culture, acidic
and basic FGFs elicit similar effects on proliferation, on
glutamine synthetase activity and on the rate of syn-
thesis of the proteins. These results corroborate some of
our previous results on astroblast proliferation and
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maturation obtained in various conditions [21,28].
Although the analyses of the autoradiograms have been
done visually, the main result which is a similarity be-
tween the effects of aFGF and bFGF cannot be disputed
since, with the same technical approach, in a previous
work we have shown that epidermal growth factor and
thrombin modulated the synthesis of many proteins dif-
ferently than aFGF [20].

Our present results bring indirect indication that, like
on other cells, both FGFs are acting on rat astroblasts
probably through the same membrane receptors. If the
physiological effects of FGFs are not all mediated by
specific membrane receptors, but also result from a
direct action of the factors inside the cell nucleus as it
has been suggested [29], it is likely that the effects due
to this latter intracellular action of FGFs molecules are
also similar.
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