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- mmary. The proliferation of three mammary car-
Zema cell lines was explored for the effectiveness
© dihydrotestosterone (DHT) and the antiandrogenic
" whslances cyproterone acetate (CPA) or hydroxyflut-
smide. The celi growth, determined in multiple ex-
- wrimental cultures of the estrogen-sensitive lines
WCP-7 and EFM-19, was stimulated by 107° M to
W™V DHT, whereas estrogen-resistant MFM-21
. =l were unresponsive to the hormonal factors ap-
" aied. Growth-promoting effects of 1078 M to 1075 M
. P\ were detected in cultures of those cell lines
- =fich were sensitive to estrogen and androgen. Com-
~ miiton experiments with DHT and the antiandrogens
- siggesied involvement of the androgen receptor in the
. wmulation of cell growth by CPA. Participation of
teestrogen receptor was excluded by lack of competi-
ton between CPA and the enhancement of prolifer-
#on by estradiol-178. At the receptor level the anti-
adrogens were able to compete with androgen bind-
g, Thg results of the study demonstrate androgenic
Foperties of CPA in regard to the growth of human
Hmmary carcinoma cells.

5:“ words: Mammary carcinoma — Cell culture — An-
*;i:}l: stimulation —~ Growth promotion by antian-

: k"T‘J‘il.lctinn

?ﬁ? Origin -
% he U;}? and growth of breast cancer are presumed
s ir( elr the influence of a variety of steroid hot-
) ‘tluding androgens, which are mediated by
T
T Geeg

iL,.llCL;*“‘“ of the 60th anniversary of Prof. Dr. H. Maass,
’ 'w:;s‘d runenklinik Hamburg
Ve :
ung Eibc\i the Deutsche Forschungsgemeinschaft, SFB 215
o Wekrinium) and Kempkes-Stiftung, Marburg
L wests 1 R HaCkenberg

the appropriate cellular receptors (Wagner and Jung-
blut 1976; Trams and Maass 1977; Vorherr and
Messer 1978; Allegra et al. 1979; Thomas 1986). This
is underlined by the demonstration of stimulatory ef-
fects of androgens (Lippman et al. 1975, 1976b;
Simon et al. 1984a) and estrogens (Lippman et al.
1976 a; Darbe et al. 1983; Simon et al. 1984a) on the
proliferation of cell lines derived from advanced mam-
mary carcinomas. Inhibitory effects on mammary car-
cinoma cell growth were reported for antiandrogens
(Lippman et al. 1976 b) and antiestrogens (Lippman et
al. 1976a; Simon et al. 1984a). High doses of an-
drogens such as 10~ ° M dihydrotestosterone (DHT),
which are well above the physiological serum levels of
3Ix107 1A to 107° M in females (Dawood and
Saxena 1976), were shown to enhance the progesterone
receptor level in cells of the MCF-7 line (Zava and
McGuire 1978), mimicking the induction effect of es-
trogen. In contrast, the comparatively low dose of
10~ % Af DHT was ineffective on the progesterone re-
ceptor level of untreated cells, but inhibited the induc-
tion of progesterone receptor by 107° or 107% M
estradiol (Zava and McGuire 1978; MclIndoe and Etre
1981; Shapiro and Lipman 1985). Thus, with respect
to the progesterone receptor level, DHT exerted an
antiestrogenic effect at 107 ° M, and acted as an
estrogen in higher doses. However, dose-dependent
effects of androgens and their antagonists on the
in vitro growth of mammary carcinoma cells have not
been studied extensively.

In primary breast cancer, androgen receptors were
found in 54% of premenopausal and in 48% of post-
menopausal patients (Wiirz et al. 1982; Miller et al.
1985b), attracting clinical interest in the role of andro-
gens as growthregulatory factors (Blossey et al. 1982;
Bryan et al.1984). Among the various modalities of
endrocrine therapy, adrenalectomy had been described
to lower the serum levels of androgens and the products
of their peripheral aromatization, the estrogens (Mac-
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Donald et al. 1967). On the other hand, testosterone
and other androgens have been recommended as addi-
tive endocrine treatment of breast cancer (CCNSC
1964). Although these endocrine therapy rcgimens
were replaced by the introduction of more effective en-
docrine factors with fewer side-effects, such as anties-
trogenic tamoxifen (Cole et al. 1971), they corroborate
the possible clinical significance of androgens as regu-
latory factors in breast cancer.

By application of antiandrogenic cyproterone ace-
tate (CPA) temporary remission had been achieved in
a few cases of breast cancer (Schulz et al. 1982
Hackenberg et al. 1986). In the present study, mono-
layer cultures of three human mammary carcinoma
cell lines were used to investigate in vitro effects of an-
drogens and their interaction with antiandrogens in
regard to cell proliferation and hormone binding.
Since CPA is known to have additional progestagenic
activity (Neumann and Steinbeck 1974; Neri and Kas-
sem 1984), the effect of this antiandrogenic compound
was compared with progesterone.

Materials and methods

Origin of tumor cells. MCF-7 cells (Soule et al. 1973) were kindly pro-
vided by Dr. G. Daxenbichler, Universitits-Frauenklinik Innsbruck,
Austria. EEM-19 cells (Simon et al. 1984 a,b) were recultivated from
frozen stock in passage 23. By using methods described previously
(Halzel et al. 1985), MEM-21 cells were established as a permanent
line from the pleural effusion of a patient with recurrent mammary
carcinoma. The patient had been admilted to the Zentrum fir Frau-
enheilkunde, Marburg in March 1984, and had not been treated sys-
temically at the time of cell explantation. The histological type of the
primary tumor was that of a carcinoma solidum simplex of low dif-
ferentiation. After 24 passages of in vitro cultivation, MFM-21 cells
werc injected s.c. in female nu/nu mice. The histology of the nude
mouse tumors was identical to that of the original tumor tissue. In
addition, the karyotype of cells recultured from the nude mouse tu-
mor revealed the same chromosome distribution pattern as MFM-21
cells before the animal passage, thus confirming the identity of the
cell populations investigated. Karyotyping was performed as de-
scribed previously (Holzel et al. 1985; Kunzmann and Holzel 1987).

Cell Cultivation. The monolayer stock cultures were grown in plastic
culture flasks (Nunc, Roskilde, Denmark), which were kept in hu-
midified incubators with a 5% CO, atmosphere. The standard
grawth medium consisted of Earte’s salts, Eagle’s minimal essential
medium amine acids and vitamins (Biochrom, Berlin). The pH
value was adjusted to 7.2 by the addition of 10% NaHCO,. The
growth medium was enriched with 4 x 1073 M L-glutamine, 107> M
sodium pyruvate (Biochrom, Berlin}, 5 mg/l fetuin, 2.5 mg/l trans-
ferrin, 2.5 x 10~ 7 M glycyl-L-histidyl-L-Iysine, 10~? M triiodothyro-
nine, 107% A estradiol-17f8 (all from Serva, Heidelberg, FRG),
40 TU/! insulin (Hoechst, Frankfurt), 50 ng/ml ovine prolactin
(Sigma, Munich, FRG) and 10% fetal calf serum (Boehringer,
Mannheim, FRG). The culture medium was renewed every 34 days.
At confluence, the cells were detached from the bottom of the flasks
with 0.05% trypsin/5 x 107* M EDTA (Serva) in phosphate-buf-
fored saline (PBS: 0.4 NaCl, 3x107* M KCi 8x 1073 M
Na;HPO,, 1.5x 107 % M KH,PO,).
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Experimental growth conditions. The reduced medium Wsed i

proliferation experiments consisted of the same compep, ”.‘, i
growth medium with exception of the hormones and growy, .»n \
Fetal calf serurmn applied to the experimental cultures way p[_ei“rc‘tkl‘_r,
vwice with 0.5% charcoal (Norit A, Serva) and 0.05% dmrﬁ“u.ﬁ;f.:
(Pharmacia, Uppsala, Sweden) for 30 min at 55 °C 1o rcmo\-utﬁi\ E
dogenous steroids (Darbre et al. 1983). fe

Profiferation assay. The cells were detached from the steck oy,
flasks by trypsinization, suspended in standard growth mediyy, h
seeded at a concentration of 10* per well in 4x-cluster dighes (5 JJ”
Nunc, Roskilde, Denmark). After the attachment period 0[‘} Ldrr
the cell layer was washed with PBS and supplied with 1 i ft‘du:";
medium. The hormonal factors under investigation were dLssol\c@a:,
absolute ethanol and further diluted with the appropriate volume,
PBS. In tenfold dilution steps, 50 pl was added to each coliure g
to obtain the final hormone concentrations desired. The finaf cihu.:-::

concentrations were less than 0.1% and had ne influence on the

proliferation rates. Medium and hormones were rencwed afier ;
days. At the end of the 7-day experimental incubation period, i
cells were detached from the bottom of the culture dishes by ”\i“ir.--
ization and counted in a hemocytometer. ’

Hormones and antihormones. The DHT was purchased from Sign.,
estradiol-17p (E-2) and progesierone were obiained from i\l\crh;
(Darmstadt), and CPA was supplied by Schering {Berlin). Fydroy,.
flutamide was a gift from Essex (Munich, FRG). ’

Binding studies with [*H]R1881 and competition by antigudrages
As described above, 5 x 10% cells were seeded per culture dish. Afte:
the attachment period of 1 day, the cell layer was rinsed with PR
and supplied with 1 ml reduced medium. The cells were grown e~
days before PHJR1881 (methyltrienolone-175-hydroxy-17anwetk: -
estra-4,9,11-trienc-3-one, sp. act. 80 Cifmmol; NEN, Frauhis
Dreieichenhain, FRG) was added in the range of 2.5 10 71! 3/
5%10°% M with or without 100-fold concentrations of unlihei:
R1881, and in the presence of a 1500-fold excess of trigmeineds <
acetonide (Sigma) to block binding to the glucocorticoid recept:
After an incubation period of 4 h at 37°C the culture dishies W
rinsed twice with PBS, and 0.5 ml 1 M NaOH was added to solubu:
the bound radicactivity. The samples were neutralized with P Y
HCI, and the radioactivity was determined in a B-scintillution e
ter using 10 ml Scinti-G (Roth, Karlsruhe, FRG). Pasallel incu®
tions were performed with 107'°M or 107° M PHIRLE v
10~ M or 10~ 7 M unlabeled CPA or hydroxyflutamide, The hes
data were analyzed by linear regression. In the Scatchard und
the affinities of the unlabeled antiandrogenic substances were cti-
lated indirectly from the displacement of [FHIR1881 from the e
tor by an approach for competitive binding {Dixen and Webl 1
Hofmann and Sernetz 1983). The K, of the unlabeled substanee
equivalent to K, x ¢ divided by (K, — K,), in which ¢ was the core”
tration of the uniabeled substance, K, was the K, of |FH]R
K, was the reduced apparent K, of PHIR 1881 partially displaces
the unlabeled substance.

Results

Growth properties and androgenic stimulaiion

The cell lines investigated were different in thelr m"i: E
phological growth patterns (Fig. 1). The att4c11:11c11f‘;
MCE-7 cells was partly diffuse and partly in colod -

(Fig. 1a), whereas EFM-19 cells were growing in “\[
tinct colonies (Fig. 1 b). The growth pattern
21 cells was diffuse (Fig. 1¢). As demonstratt
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tir 1 a-¢. Phase-contrast microscopy demonstrating varying morphology and growth patterns of the cell lines investigated. Polygonal MCF-7
s apare growing diffusely together with loosely arranged colonics, whereas EFM-19 cells of mostly rounded configuration (b) are assembled

= wlitary. distinetly outlined colonies. MFM-21 celis (¢) are spread diffusely in the culture. (110 x)

Table . Characteristics of the mammary carcinoma cell lines investigated

o hsignation Ref. Passage Number of In vitro growth Doubling Growth stimulation
§ number of chromosomes pattern time® (h) by E—~2°
! cultivation® (modal)
i MOF—7 Soule et al. Unknown 42-75 Partly diffuse, 42 Yes
: (1973) ' (66) partly in colonies
OIRM-19 Simon st al. 26 60-80 Distinct 110 Yes
i (1984a,b) (64) colonies
©ONPM 21 This investigation 21 42-53 Diffuse 49 No
(48)

‘::\l the heginning of this investigation
?CFCI'mined from the kinetics of cell growth under standard cultivation conditions
Yetermined in the presence of 1072 M or 1073 M estradiol-17 ff in reduced medium

:‘;f”-‘!m)’pe analyses (Table 1), the range of numerical was dose-dependent; measurable effects were ob-

“iromosome aberrations was individually different in served at the concentration of 1077 M, and the highest

?‘ three cell lines; detailed analyses of structural  stimulation by a factor of 2 was found at 107° M
f;romosome aberrations confirmed the individuality DHT in both cell lines. The growth of cells of the line
. O the karyotypes (data not shown). Under standard MEM-21 was not affected by DHT in the concentra-

%i““‘lh conditions the doubling time of MCE-7 and tion range examined (Fig. 2¢).
5§fM.‘21 cells was in the range of 40-50 h; the pro-
Mation of EFM-19 cells was considerably slower.

¥hen tested in reduced medium with dextran-char- Stimulatory effects of antiandrogenic CPA

3‘?a1-1reated fetal calf serum, the proliferation of The incubation with CPA provoked enhancement of

};F -7 and EFM-19 ceils was enhanced by E-2,  .cell growth in the same lines (Fig. 3a,b) which had
-\';eas MFM-21 cells were estrogen-resistant. shown responsiveness to E-2 and to DHT. The pro-
.. ke erawth of cells of the estrogen-responsive lines liferation of MCF-7 cells was stimulated twofold by

EB7

and EFM-19 was enbanced by the androgen 107 M CPA; higher or lower doses of CPA were less
Fig. 2a,b). The growth stimulation by DHT effective. EFM-19 cell growth was enhanced twofold
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Fig. 2. Dose-dependent stimulation of the proliferation of MCF-7 (a) Fig, 3a—c. Stimulatory effect of antiandrogenic CPA on the wrow:
and EFM-19 (b) cells by dihydrotestosterone (DHT). Cells of the line of MCF-7 cells (2) and EFM-19 cells (h), MFM-21 cells {e1wene
MFM-21 {c} were unresponsive to DHT in the concentration range reactive to CPA
tested. Each point represents the mean cell count of quadruplicate
culures +SD. The growth of the appropriate control cultures is in-
dicated by the open bars
by CPA in the concentration range of 107 °M to
10~3 A Cells of the line MFM-21, which were resistant = o
. . m =
to E-2 and to DHT showed no reaction to CPA in the 2
dose range examined (Fig. 3¢}. When incubations of =
. . [
MCE-7 cells were performed in the presence of in- s
creasing doses of progesterone, no significant stimula- g
tory effects were noticeable (data not shown). Thus
the stimulatory effect of CPA apparently was not due

to its progestagenic potential.
In order to test the effectiveness of an antiandro- Hﬁf’“g M']S

genic compound with a ghemlcal configuration other Fig. 4. Biphasic efficacy of hydroxyflutamide (HF) on e £

than _that of CPA, experimental cultures of the three MCE-7 cells as shown by minor stimulation in concentrall

cell lines were exposed to hydroxyflutamide under 10~7 M and slight reduction in higher dosages
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':.‘;J'mparable conditions. The growth of MCFE-7 cells

gas shightly stimulated by low concentrations of hy-

dwxyﬂutamide (Fig. 4); doses higher than 1077 M re-

“guced the proliferation. The growth of EFM-19 and

| ypM-21 cells was not significantly altered by hy-
“yrovyflutamide (data not shown).

[;;Jeracfion of androgen and antiandrogens

foterference of antiandrogenic CPA or hydroxyflut-
mide with the androgenic stimulation by DHT was
‘ested in MCF-7 cell cultures (Fig. 5). CPA induced a
Jose-Gependent inhibition of the enhancement of cell

proliferation in the presence of 107 M DHT (Fig.
“3a), 1078 M CPA was ineffective, whereas increasing

doses of CPA up to 10~ 3% M reduced the enhancement
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3. Reduction of the growth-enhancing effect of 10°% M DHT on
; [.“t.".f cells by the simultaneous application of increasing doses of
; F)‘Prs_n_cmnc acetate (CPA) (a) or hydroxyflutamide (HF) (b). The
Browth of the untreated control cultures is shown by the open
%_he Shaded bars represent the growth in cultures stimulated by
S0l application of 106 M DHT

COHT cPa-e 7 -6 5
' DHT lg M)

5, : .
® Reduction of the stimulatory effect of CPA on the growth of

't - Fowg &lls by increasing doses of IYHT. The open bar represents the

Fowi)y gf the untreated control cultures. The enhancement of cell

T ¥ the sole application of 107% M DHT is indicated by the
oo, oarsthe effect of 1079 M CPA alone is shown by the dorted
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of MCF-7 cell growth down to the level of the un-
treated control cultures kept in the absence of the hor-
monal factors. The application of hydroxyflutamide
reduced the androgenic stimulation of MCF-7 cell
growth by approximately 50% in the dose range of
1078 M to 10 ° M (Fig. 5b). Correspondingly, in
EFM-19 cell cultures the stimulatory effect of 107° M
DHT was abolished by CPA in the concentration
range of 1078 M to 10™° M (data not shown).

Conversely, the antiandrogenic stimulation of cell
growth was subject to interference by the androgen
DHT. When the enhancement of the proliferation of
MCEF-7 cells by 10~ ¢ M CPA was challenged with in-
creasing doses of DHT (Fig. 6), the effectiveness of
CPA was reduced to the level of the untreated control
cell growth. Thus an androgenic stimulation by DHT
was not observed in the presence of 107 ° Af CPA. In
this experiment the stimulatory effect of the sole appli-
cation of CPA was onlty half that of 107¢ M DHT
alone which enhanced the cell number more than
twofold compared with the control cultures without
any hormones. This ts in agreement with results shown
in the previous experiments with MCF-7 cells in which
10~ ¢ M DHT was more effective than the equimolar
dose of CPA (cf. Figs. 2a, 3a).
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Fig.7. Estrogen-induced growth of MCE-7 cells in the presence of in-
creasing doses of antiandrogenic CPA (a) or hydroxyflutamide (HF)
(). The growth of the untreated coatrol cultures is represented by
the open bars; the shaded bars show the stimulatory effect of 1078 A
E-2 alone
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Lack of interference of antiandrogens
with estrogenic stimulation

The growth-promoting effect of E-2 on MCF-7 cells
was not affected by the simultaneous application of in-
creasing doses of antiandrogens (Fig. 7). CPA was un-
able to reduce the stimulatory effect of 107% M E-2
(Fig. 7a). A slight enhancement of MCF-7 cell growth
beyond the effect produced by the sole administration
of 1078 M E-2, although statistically not significant,
was observed in the presence of 1077 M and 107° M
CPA. this is in the same dose range in which the single
application of CPA led to an increase of MCF-7 cell
number (cf. Fig. 3a). Similarly, the simultaneous ap-
plication of increasing concentrations of hydroxyflut-
amide in combination with 10™® M E-2 was not effec-
tive in reducing the stimulation of MCF-7 cell growth
by the estrogen (Fig. 7b), indicating the lack of inter-
ference.

Binding of antiandrogen to intact MCF-7 cells

For the determination of the affinity of the androgen
receptor for the antiandrogens CPA and hydroxyflut-
amide, competitive binding assays were performed
with the synthetic compound [PH]R1881. In these ex-
periments MCF-7 cell cultures were preincubated for
7 days in reduced, steroid-free medium. As demon-
strated by Scatchard analysis (Fig.8), androgenic
[PH]R1881 was bound by a high-affinity receptor in
MCF-7 cells (K; = 1.7x107'° M). We found 34600
androgen-binding sites per cell. The incubation in the

100
|

Bound
Free o

()

501

Bound ifmol]

Fig.8. Scatchard analysis of ["H]R1881 binding to intact MCF-7
cells. The binding analysis was performed by determining the specific
binding of [*H]JR1881 in the concentration range between 2.5x
10~ Af and 5% 1079 M with K,=1.7x 107 % M (c=control). The
displacement of 107%° M or 1077 & ["H]R1881 by 107% M and
107 M CPA resulted in reduced apparent affinity (K;=2.0x
107 1% Af and 3.5 % 107 *% M respectively)

R. Hackenberg et al.: Antiandrogens and breast gy, .
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presence of 1078 M or 1077 M CPA resulted ip ¢,

petitive displacement of [PHJR1881 from the andrq,,.
receptor. The apparent affinities of [*H|R1881 .~

deduced from the Scatchard plets, correspondiy,
K, = 2.0x1071% and Ky = 3.5x 10710 pp oo
tively. The affinity of CPA, calculated from Both QE::
petition curves, was Ky = 9.1x 107° M. The aﬂ‘m;:‘
of hydroxyflutamide (data not shown) was estim&[:'.
in a similar fashion from the reduced apparent bind‘u\»:
of [PH|R1881 in the presence of 107% M and 167y,
hydroxyflutamide (apparent Ky = 2.3 x 10719 37,
8.0 x 10710 M, respectively). The binding of hydroy..
flutamide to the androgen receptor was calculuted :,
occur with Ky = 2.7x107% M. '

Discussion

The carcinoma cell character of the three lines cop.
pared in this study is indicated by the abnormal chr:.
mosome distribution patterns. In addition, the tumer.
igenicity of EFM-19 and MFM-21 cells was con
firmed by heterotransplatation in node miee Fu
MCF-7 cells, estrogen-sensitive growth in athymy
mice had been demonstrated previcusly {Soule and
McGrath 1980; Shafie and Grantham 1981; Oshorn
et al. 1985). The in vitro aspect of the cell cultures ie-
vestigated showed EFM-19 cells consistently growm;
in colomnies with the doubiing time twice as longas s
of the more diffusely arranged MCF-7 or MFM.=
cells. Stimulatory effects of E-2 on the in vitro grow:
of MCF-7 cells (Lippman et al. 1976a) and EEFM-t-
cells (Simon et al. 1984a) have been described carby
whereas MFM-21 cells did not react to E-2 inthe i
ture medium, as shown in earlier experinients (unpu
lished). It is interesting to note that only the arowth
the estrogen-responsive cell lines MCF-7 and EF M-t
was enhanced by 1072 M to 1076 M DHT applic -
this investigation.

The stimulation of MCF-7 and EFM-1Y
growth by DHT initiated the simullancous applic:
tion of antiandrogenic CPA, since it appeared Dt‘?*”‘_'-
that the androgenic stimulation of protiferationin =
estrogen-responsive cell lines might be medi
through the estrogen receptor. A similar mechio
was proposed for the androgen-induced elevatiof -
the progesterone receptor level in MCF-7 mammit
carcinoma cells (Zava and McGuire 1978). Sinee*
drogens can be converted to estrogens by aronti
zation (MacDonald et al. 1967; Longeope etal. .W :—
the stimulatory effect of refatively high doscs al n
on the cell growth might be caused by estrogen® e
estrogen receptor (Siiteri et al. 1974; Santen 19 -
the case of participation of the estrogen receplor
androgenic stimulation of cell growth, CPA_SI";
not act competetively in the proliferation ass g
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seer, the simuitaneous application of increasing doses
i'-Jr CPA completely reduced the androgenic stimula-
o of cell growth. Converseley the growth-promot-
g effect of CPA was successfully competed by DHT,
gﬂzgeslillg mediation by the androgen receptor. In ad-
gition, CPA and hydroxyflutamide were able to inter-
- with DHT binding at the androgen receptor. The
istic roles of DHT and the antiandrogens are

- difficult to explain at present, unless allosteric proper-
Cgjesart assumed for the androgen receptor as had been
g-_-p}oposcd earlier (Mowszowicz et al. 1974). Involve-
“ ment of the estrogen receptor in the antiandrogenic
- gimulation of cell growth was further ruled out by ex-
" ariments in which the stimulatory effect of E-2 was
" notreducible by CPA; 10~ 7 M and 10~ ¢ M CPA even

,.'slighll_v enhanced the estrogen-induced stimulation of

MCF-7 cell growth,

" Estrogen is not able to up-regulate the androgen
" weceptor content of MCF-7 cells (Stover et al. 1987),
“dihough Lhe progesterone receptor may be induced by

i - trogens (Horowitz and McGuire 1978) and by an-
1" drogens (Zava and McGuire 1978). One of the effects

of low cstrogen concentrations that do not compete
“with androgen binding consists in down-regulation of
© 1b¢ androgen receptor in MCF-7 cells. In doses equiv-
“ dlentto 107% M E-2, used in this investigation, bind-
--ing to the androgen receptor was not observable
{Stover et al. 1987). This excludes interference of
107 M E-2 with the growth-promoting effect of CPA
ling through the androgen receptor.
. The presence of androgen receptors in MCF-7
“mammary carcinoma cells (Horwitz et al. 1975; Zava

' and McGuire 1978) was described soon after their es-

tablishment as a permanent line (Soule et al. 1973).
he number of approximately 35000 androgen-bind-
gsites per cell, found in this investigation, was by
(% higher than that reported previously for MCF-7
ells (Shapiro and Lippman 1985); the higher number
f binding sites was possibly due to the extended
i Preincubation periods in medium with dextran-char-
a-treated serum, during which the cells are deprived
i 'E_Fe{rlaining steroids interfering with receptor studies.
Binding of the non-steroidal antiandrogens to the an-
Jrogen receptor determined from the displacement
. {_t“r_\’es was much weaker for hydroxyflutamide (K =
SAX107" Ay than binding of CPA (K,=9.1x

T || s oL . . :
: 10 M}. This is in agreement with earlier observations

4 which equimolar concentrations of hydroxy-
Uamide were less active in inhibiting receptor bind-
é;’f DHT in comparison with CPA (Liao et al.
14, Peets et al. 1974). Possibly the weaker binding
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The stimulatory effect of CPA on MCF-7 cell
growth is unexpected, since this antiandrogenic sub-
stance is not known to have any estrogenic or andro-
genic potency (Neumann and Steinbeck 1974). A pro-
gestagenic effect of CPA was ruled out in this investi-
gation by experiments that showed progesterone to be
rather inhibitory than stimulatory on the growth of
MCF-7 and EFM-19 cells (data not shown}).

The growth-promoting effect of CPA and hy-
droxyflutamide in this study is in conflict with earlier
reports on the inhibitory action of antiandrogens on
the growth of MCF-7 cell cultures (Lippman et al.
1976b). Alterations of the steroid receptor levels and
of the responsiveness to endocrine factors are not un-
usual in human mammary carcinoma cell cultures and
may arise even during relatively short cultivation pe-
riods (Simon et al. 1984 b; Holzel et al. 1986). Clonal
variation among MCF-7 sublines with distinct karyo-
typic alterations (Whang-Peng et al. 1983) was respon-
sible for heterogeneity in tumor growth after trans-
plantation in nude mice (Seibert et al. 1983; Butler et
al. 1986). Some of the MCF-7 sublines had developed
estrogen-independent growth (Nawata et al. 1981b)
and resistance to the antiestrogen tamoxifen (Nawata
etal. 1981 a; Reddel et al. 1985), although antiestrogen
binding (Miller et al. 1984) and inducibility of es-
trogen-responsive proteins may be maintained (Vig-
non et al. 1984). Clonal variations also explained con-
tradictory reports on the stimulation of MCF-7 cell
growth by LHRH agonists (Miller et al. 1985a; Wilding

ct al. 1987). It appears that the enhancement of celi
growth by antiandrogens demonstrated in this investi-
gation can be regarded as another example of the de-
velopment of clonal variants in mammary carcinoma
cell populations based on positive selection mecha-
nisms during the extended in vitro cultivation.

The results of this study, providing evidence for
growth-stimulatory effects of antiandrogens on hu-
man carcinoma cells, suggest caution in regard to the
usefulness of CPA in the endocrine treatment of mam-
mary tumor patients, unless the desired carcinostatic
effect can be demonstrated in the individual case. Fur-
ther investigations with mammary carcinoma sublines
containing androgen-binding activity may be helpful
to explore the promotion of cell growth by CPA and
its androgenic property.
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