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ABSTRACT

The presence of receptors for progesterone in a large proportion of
human meningioma tissues is well established. The occurrence of in
creased rates of growth of meningiomas in situ during pregnancy suggests
the existence of a relationship between high progesterone levels and the
growth of meningiomas. However, experiments with cultured meningioma
tissue (cells or expiants) have shown only minimal effects of progesterone.
It has been shown recently that many meningiomas have receptors for
epidermal growth factor. In this paper we have investigated the response
of cultured human meningioma cells to epidermal growth factor and other
growth factors and the modulation of this response by progesterone and
the progesterone-receptor blocking agent mifepristone (RU 38486). The
results suggest that the presence of progesterone in the culture medium
increases the sensitivity of meningioma cells to mitogenic stimuli, whereas
mifepristone can counteract the stimulating effects of progesterone.

INTRODUCTION

Meningiomas are benign, slow-growing tumors arising intra-
cranially or intraspinally from the arachnoidial layer of the
meninges (1). Meningiomas are distributed unevenly over the
sexes; roughly two-thirds of the patients are women (2, 3). It
has been observed that "growth spurts" of meningiomas can be

associated with pregnancy (4, 5). These findings have stimulated
research into the presence of receptors for the female steroid
hormones in meningioma tissue. It is well established now that
the majority of meningiomas contain receptors for progesterone
(6-10), irrespective of whether the meningiomas are derived
from male or from female patients. The presence of estrogen
receptors, however, is still a matter of some dispute (6, 7, 9-
11). The prevailing opinion is that estrogen receptors are usu
ally not present (9-11). This is remarkable, since in most other
progesterone receptor-positive tissues, the presence of proges
terone receptors is regulated by estrogen (12). Progesterone
receptors have also been found in normal leptomeningeal tissue
(13). This may indicate that progesterone plays a role in the
normal functioning of the meninges. It has been suggested
repeatedly that the presence of progesterone receptors in me
ningiomas might make them a target for treatment with anti-
progestins (7, 11, 14, 15). For this reason meningioma cells
and tissue have been examined in culture with respect to their
response to progestins and antiprogestins. The results of these
experiments are rather contradictory (14-18). An experiment
with athymic nude mice into which pieces of meningiomas had
been transplanted (17) shows the most promising results; long-
term tumor growth is significantly retarded in mice treated with
the progesterone receptor antagonist mifepristone (RU 38486).
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Many meningiomas have receptors for EGF3 (18-21). We

have recently shown that 23 of 27 meningiomas were EGF
receptor positive (21 ). There are many reports about the inter
actions between steroid hormones and peptide growth factors
such as EGF (22-27). Meningiomas have been shown to re
spond to EGF, FGF, and insulin in vitro (18). We have inves
tigated the response of cultured meningioma cells to EGF,
FGF, IGF-1, and insulin in relation to exposure of the cells to
progesterone. In additional experiments we have studied the
effects of the progesterone receptor antagonist RU 38486.

MATERIALS AND METHODS

Meningioma Tissues and Cell Culture. Meningioma specimens were
obtained within 30 min after surgery. Samples were frozen and stored
at -80Â°C for determination of the progesterone receptor status. The

remaining tissue was cleaned; blood clots, large blood vessels, and
capsules were removed. The tissue was cut into small pieces (approxi
mately 1 mm3) and this mince was washed twice with Ca2*- and Mg2+-
free Hanks' balanced salt solution (Gibco Europe, Breda, The Nether

lands) containing 1% human serum albumin (Centraal Laboratorium
Bloedtransfusiedienst, Amsterdam, The Netherlands) to remove as
much blood as possible. The tissue was then incubated at 37Â°Cfor 90

min in a shaking water bath with 2.4 units/g of tissue of a dispase
solution (Boehringer Mannheim, Almere, The Netherlands). After this
incubation the fragments were dispersed by repeated pipetting. The
remaining fragments were allowed to settle and the suspension of cells
and small cell clumps was collected. The cells were centrifuged and
suspended in DMEM (Gibco Europe, Breda, The Netherlands) with
10% fetal bovine serum (Flow/Amstelstad, Zwanenburg, The Nether
lands), 100 units/ml penicillin (Gist Brocades, Delft, The Netherlands),
100 Mg/ml streptomycin (Pharmachemie, Haarlem, The Netherlands),
and 1.5 Mg/ml Fungizone (Squibb, Rijswijk, The Netherlands). The
cells were seeded at approximately 2 x IO6 cells/flask in 12.5 ml of
medium in 75-cm2 tissue culture flasks (Costar Europe, Badhoevedorp,

The Netherlands). Each meningioma was maintained in culture in two
separate sets of flasks: in the first set no progesterone was added; the
culture medium (DMEM/fetal bovine serum) itself contained less pro
gesterone than the detection limit of the radioimmunoassay (0.1 n\i).
To the other set of flasks progesterone (Sigma Chemical Co., St. Louis,
MO) was added to a final concentration of 10 nM. The cultures were
maintained in an incubator at 37 Â°Cin a water-saturated atmosphere

with 5% CO2. The culture medium was replaced with fresh medium
once a week. After 2 or 3 weeks, when the cells had grown to confluence,
and dead cells, blood cells, and debris resulting from the isolation
procedure had been washed away by the medium changes, the cells
were harvested using a 0.5-mg/ml solution of collagenase (Sigma) in
Hanks' balanced salt solution with 1% human serum albumin. Colla

genase rather than trypsin/EDTA was used, because cell viability was
better when collagenase was used. The cells were collected by centrifu-
gation, washed, and suspended in fresh culture medium. Part of this
suspension was seeded into new 75-cm2 culture flasks, the remainder
was seeded in 24-well tissue culture plates (Costar Europe, Badhoeve
dorp, The Netherlands) at 40,000 cells/well in 1 ml of medium. Cells
maintained in flasks were further passaged as required, every 3 or 4
weeks.

3The abbreviations used are: EGF, epidermal growth factor; FGF, fibroblast
growth factor; IGF-1, insulin-like growth-factor 1; DMEM, Dulbecco's modified
Eagle's medium.

2604

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/50/9/2604/2443318/cr0500092604.pdf by guest on 19 M

ay 2023



PROGESTERONE AND GROWTH FACTORS IN MENING1OMAS

Experiments. When the meningioma cells in 24-well plates had grown
to confluence, the culture medium was removed and replaced by serum-

free medium (DMEM to which had been added: transferrin, 10 Mg/ml;
biotin, 0.1 iig/ml; Na2SeO3, 8 ng/ml; DL-a-tocopherol, 2 Mg/ml; retinol,
0.1 Mg/ml; ascorbic acid, 50 /ig/ml; and o-(+)-galactose, 7.5 Mg/ml (all
from Sigma). The serum-free medium is based on the one described in
Ref. 28, with the omission of hormones and bovine serum albumin.
The cells did not show any signs of deterioration in the serum-free
medium; only upon prolonged exposure (i.e., more than 3 weeks) the
cultures began to decay. The cells were maintained in this medium for
3 days, after which the medium was replaced by fresh serum-free
medium, and the experiment was started by the addition of growth
factors as described in "Results." All incubations were carried out in
triplicate. Twenty h after the start of the experiment, 1 pd of [methyl-
3H]thymidine was added to each well (60-90 Ci/mmol; Amersham

Nederland, Houten, The Netherlands). The cells were then incubated
for 4 h, the medium was removed, and the cells were washed twice with
cold 0.15 M NaCl, solubilized, and transferred to vials for scintillation
counting of the incorporated radioactivity.

Progesterone Receptors and EGF Receptors. Progesterone receptors
in meningioma cytosols were measured by enzyme immunoassay (Ab
bott PgR-EIA; Abbott Laboratories, Abbott Park, IL) as described (10).
Cytosols were prepared as recommended by the European Organization
for Research on Treatment of Cancer for human breast tumor biopsies
(29).

EGF receptors were measured in meningioma membranes using the
hydroxylapatite assay as described recently (30).

Materials. Human epidermal growth factor (recombinant) and fibro-
blast growth factor (isolated from bovine brain) were obtained from
Boehringer Mannheim. Insulin-like growth factor 1 (recombinant) was
obtained from Bissendorf Biochemicals, Hannover, Federal Republic
of Germany. Insulin (porcine) was obtained from Sigma.

RESULTS

In Table 1 the relevant data of the meningiomas used in this
study and the progesterone receptor concentrations and EGF
receptor concentrations as measured in the meningioma tissues
are summarized. Progesterone receptors were also measured in
the cultured cells, using the same method, but here they were
not detectable. For the measurement of EGF receptor concen
trations in cultured cells, insufficient material was available.

In our initial experiments, using cells derived from the first
passage for all meningiomas, we measured the response of
cultured meningioma cells with regard to the incorporation of
[3H]thymidine, to EGF, FGF, IGF-1, and insulin. Since we

were interested in the possible effects of progesterone, these
experiments were carried out both with meningioma cultures
that had been maintained without progesterone and with cul
tures from the same meningiomas maintained in the presence
of 10 nM progesterone.

The control values of [3H]thymidine incorporation (incorpo

ration in the absence of added growth factors) did not differ
significantly between cultures maintained without or with 10
HMprogesterone. The effects of the addition of growth factors
are shown in Table 2. When cultured in the absence of proges

terone, three of the six meningiomas (cases 2, 3, and 5) re
sponded to EGF by an enhanced incorporation of [3H]thymi-

dine. None of the meningiomas responded to either FGF or
insulin and only one meningioma (case 2) showed increased
incorporation in response to IGF-1. When cultured in the
presence of 10 nM progesterone several differences in response
were observed. Meningioma 1 now showed an increased incor
poration of [3H]thymidine in response to EGF, whereas without

progesterone it did not. The EGF response of meningioma 3
was significantly higher than without progesterone. The four
meningiomas for which sufficient material was available for
EGF receptor measurement (cases 1-4) were all found to be
EGF receptor positive (Table 1). These meningiomas all showed
a stimulation of thymidine incorporation in response to EGF
when cultured in the presence of progesterone (Table 2).

Changes also occurred in the response to insulin and IGF-1.
Meningioma 1 showed significant stimulation by insulin when
cultured in the presence of progesterone. Meningiomas 5 and
6 showed increased incorporation of [3H]thymidine in response
to both insulin and IGF-1, when cultured in the presence of
progesterone. None of the meningiomas showed a significant
response to FGF in the presence of progesterone.

One progesterone receptor-negative meningioma (case 4)
showed only a marginally significant change in its response to
EGF when cultured in the presence of 10 nM progesterone. The
meningiomas 1 and 3 were further analyzed with respect to the
progesterone dependence of their response to EGF. For menin
gioma 3 cells from the first passage were used; for meningioma
1 cells from the third passage were used. In Fig. 1 the EGF
dose-response curve is shown for meningioma 3. As can be seen
meningioma 3 showed an increased response to EGF in the
high EGF range when cultured in the presence of progesterone.
For meningioma 1 no significant differences were observed with
regard to its response to EGF when cultured in the presence of
progesterone. This may reflect changes that occur in vitro: for
meningioma 3, both experiments were carried out with cells
from the same passage (passage 1); while for meningioma 1,
the cells for the first experiment and those for the dose-response
curve were from passages 1 and 3, respectively. We generally
observed that the magnitude of the EGF response diminished
with time in culture (sometimes even from a 4-fold stimulation
to a stimulation of 30-40%). The general mitotic activity (as
measured by thymidine incorporation) was also reduced with
time in culture (typically from 20,000 cpm incorporated by
passage 1 cultures to 5,000 cpm incorporated by passage 5
cultures).

In plates parallel to those used for the experiment shown in
Fig. 1, we obtained EGF dose-response curves of meningiomas
1 and 3 after a 3-day incubation with l /Â¿MRU 38486. The
results of this experiment for meningioma 3 are shown in Fig.
2. The EGF-stimulated incorporation of [3H]thymidine was

significantly reduced relative to the incorporation without RU
38486 treatment. This inhibiting effect was more pronounced

Table 1 Histology, progesterone receptor concentration, and EGF receptor concentration and KDin meningiomas used in this study

No.2

3
4
56CaseSexM

MF

F
FFAge<yr)49

66
47
64
68
41HistologyTransitional

meningioma
Fibroblastic meningioma
Transitional meningioma
Psammomatous meningioma
Syncytial meningioma
Syncytial/transitional/fibroblastic meningiomaProgestÃ©rone

receptor concentration
(fmol/mgprotein)164

22860

0
227
NDEGF

receptorConcentration

(fmol/mgprotein)50

29
23
62

ND"

NDKo(pM)1931

880
1834

1095"

ND, not determined because insufficient material was available.
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Table 2 Response of cultured meningioma cells to growth factors
The incorporation of [3H)thymidine was measured during a period of 4 h, starting 20 h after the addition of growth factors. Growth factors were: EGF, 10 ng/ml;

FGF, 5 ng/ml; IGF-1, 75 ng/ml; and insulin, 2 ng/m\. Results Â±SD (n = 3) are expressed as percentage of the relevant control value. Significances were calculated
using the Newmann-Keuls test.

Incorporation of [3H]thymidine (% of control)

EGF FGF IGF-1 Insulin

Case1

2
3
4
5
6-Prog104

Â±3
215 Â±10"
304 Â±61Â°

102 Â±6
127 Â±18C

93 Â±18+Prog251

Â±38Â°'"
203 Â±25Â°
374 Â±46"' *
129 Â±13e-''
137 Â±3Â°

117Â± 13-Prog101

Â±4
100 Â±4
114Â±5
114 Â±6
88 Â±4

104 Â±13+Prog124

Â±5
129Â± 17
110Â± 10
114 Â±6
111 Â±6*
116 + 11-Prog105

Â±3
141 Â±32C

102 Â±7
101 Â±9
107 Â±5
100 Â±11+Prog123

Â±10
128Â± 15
115Â±5
94 Â±2

126 Â±8C
146 Â±3Â°'*-Prog108

Â±6
121 Â±11
108 Â±2
98 Â±13

116Â±8
93 Â±5+Prog135

Â±36C

115Â±7
115Â±7
93 Â±6

144 Â±15Â°'"
171 Â±12Â°'*

Â°Significant at P < 0.01 relative to the control value.
* Significant at P < 0.01 for differences between minus progesterone (Prog) and plus progesterone.
c Significant at P < 0.05 relative to control value.
d Significant at P < 0.05 for differences between minus progesterone and plus progesterone.

ZOO
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15Â°
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1OO

7S
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25

1O 1OO

2OO

S 175
0
'S 150

S?â€” 125

E
5 100

6 75

Å“ 50

1
E 25 * * * â€¢*â€¢* *

10 100

EGF (ng/ml)
Fig. I. EGF dose-response curve for meningioma 3. Thymidine incorporation

is expressed as the percentage of the relevant control value (n = 3 for each point).
O, cultured without progesterone; â€¢,cultured with 10 nM progesterone. *, ~
difference without versus with progesterone significant at P < 0.01. Data were Â£
analyzed using the Newmann-Keuls test. Â§

when the cells were cultured without progesterone (Fig. 1A).
For meningioma 1 only the cells cultured without progesterone -

responded to RU 38486 and then only at the two highest EGF .ÃŒ
concentrations. f.

DISCUSSION Â£

Epidermal growth factor and its cellular receptor are rapidly -g
gaining interest in tumor biology not only because of the f,
prognostic value of EGF receptor status but also because EGF *

itself and the related transforming growth factor a have been
implicated in tumor growth stimulation (24) and tumorigenesis
(31). Especially in the field of breast tumors (or cell lines derived
therefrom), there are many reports indicating interactions be
tween sex steroid hormones and EGF (receptors) (22-27). The
complexity of these interactions is shown by two recent papers
(25, 26): the first shows that EGF expression in breast cancer
cells is regulated by progestins; the second shows that progestin
action is antagonized by EGF.

In view of these reports (22-27) and the knowledge that many
meningiomas have progesterone receptors (6-11) and receptors
for EGF (18-21), we have analyzed the effect of progesterone
on the EGF response of cultured meningioma cells. Because
meningioma cells in vitro have also been shown to respond to
FGF and insulin (18), we have also studied the effect of proges
terone on the response of cultured meningioma cells to FGF,
insulin, and IGF-1.

EGF (ng/ml)

2OO

175

150

125

100

75

5O

25

B

I I

10 100

EGF (no/ml)

Fig. 2. EGF dose-response curves for meningioma 3 after treatment with 1
Â¿IMRU 38486. Thymidine incorporation is expressed as percentage of the relevant
control value (n = 3 for each point). A, meningioma 3, cultured without proges
terone; B, meningioma 3, cultured with 10 nM progesterone. O, without RU
38486; Â»,with 1 MMRU 38486. *, P < 0.01 and #, P < 0.05 for difference
without versus with RU 38486. Data were analyzed using the Newmann-Keuls
test.

The results presented in this paper suggest that progesterone
can potentiate the action of EGF and other growth factors with
respect to the growth of meningioma cells in vitro. Table 2
shows that four of five progesterone receptor-positive menin

giomas respond to progesterone when placed in culture. This
response is seen in the form of an increased sensitivity to EGF
or other growth factors.
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The mechanism for these progesterone-induced changes in
the response of meningioma cells to growth factors is poorly
understood. It is possible that the number of receptors for the
growth factors is increased, as may be suggested by Fig. 1,
where the range of optimal EGF concentrations is widened by
the presence of progesterone. However, secondary effects other
than direct changes in receptor density cannot be excluded.

It is interesting to note that an increased response to IGF-1
is paralleled in all cases by an increased response to supraphy-
siological doses of insulin (Table 2). This supports the sugges
tion of Weisman et al. (18) that the action of insulin is mediated
by way of its nonspecific interaction with the IGF-1 receptor.

The response of meningioma 3 to the progesterone receptor
antagonist RU 38486 is in agreement with the results described
in the literature (32, 33): RU 38486 can act as an inhibitor of
growth in progesterone receptor-positive cells. RU 38486 acts
via the progesterone receptor (32), and its growth-inhibitory
action can be (partially) abolished by the addition of progestins.
It has been shown previously that the drug itself is not toxic,
even at micromolar concentrations (32, 33). Fig. 2 shows that
EGF stimulation is completely prevented by RU 38486 in cells
cultured without progesterone (Fig. 2A), whereas in cells cul
tured with progesterone only a partial inhibition is observed
(Fig. 2B).

This suggests that in the cells cultured without progesterone
the progesterone receptors do not disappear and that the cells
thus remain sensitive to the growth-inhibiting action of the
drug. It is not clear whether our failure to detect progesterone
receptors in the cultured cells is due to their absence (or very
low level) or to the fact that the method used measures only
cytosolic receptors, whereas the receptors, certainly in cells
cultured in the presence of progesterone, may have been local
ized predominantly in the nucleus.

We conclude that the EGF response of progesterone receptor-
positive meningiomas can be increased by progesterone and
that the antiprogestin RU 38486 can (partially) abolish EGF
stimulation.
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