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ANTITUMOR EFFECTS OF COMBINATION TOREMIFENE
AND MEDROXYPROGESTERONE ACETATE (MPA) IN
VITRO AND IN VIVO
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Farmos Group Ltd, Turku and 'Department of Obstetrics and Gynecology, Turku University Central
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Summary—The estrogen (ER) and progesterone (PgR) receptor levels in various gynecological
tumors were measured. The same tumors were exposed in vitro to toremifene, MPA or their
combination and the growth of the tumors was followed by measuring the adenosine
triphosphate (ATP) within the cells by a simple bioluminescence assay. Altogether 34 clinical
samples were studied. DMBA-induced mammary tumors bearing rats were treated in vivo with
toremifene, MPA and their combination.

About half of the ovarian cancers and 6 out of the 7 adenocarcinomas of uteri contained
ER. The ovarian tumors were PgR rich in 25% and adenocarcinomas of uteri in 6 out of the
7 cases.

When compared to control toremifene (concentration 1 umol/l) was able to decrease the
number of living cells to 50% or less in 9/34 samples, MPA (concentration 10 gmol/l) in 17/34
samples, and the combination in 25/34 samples. In five cases the antitumor effect of the
combination was synergistic. In two cases signs of weak antagonism were seen.

In vivo the antitumor effect of toremifene and MPA was clearly synergistic against
DMBA-induced cancers. The effect was dose-dependent and at sufficiently high doses it was
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possible to eradicate the tumors and cure the animals.

INTRODUCTION

It is of clinical significance that the response of breast
cancer paticnts to hormonal treatments can be pre-
dicted by determining the hormone receptor levels of
the tumors (1], although some workers have been
sceptical about the usefulness of receptors {2, 3).

Recently, predictive in vitro and in vivo tests have
been the subject of intense study in selecting cyto-
static treatment for each patient individually [4-6).
These predictive tests could be an alternative to
receptor measurements in mammary and gynecologi-
cal cancers [7]. In the present study, results of recep-
tor measurements have been compared with in vitro
sensitivity.

Toremifene, a new antiestrogenic antitumor com-
pound, increases the progesterone receptor levels in
the target tissue (8, 9] as a result of which the tumors
might become more sensitive to progestins. The
combination of antiestrogen + progestin is therefore
theoretically interesting. Clinically, however the com-
bination of tamoxifen and MPA has not given better
results than either drug alone[10). Therefore the
effect of toremifene and MPA was evaluated both in
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vitro and in vivo. Several dose levels were used in
in vivo studies.

MATERIALS AND METHODS

Reagents and instruments

ATP monitoring reagent (LKB-Wallac, Turku,
Finland) containing purified firefly luciferase and
Tris—-HCI buffer (0.5 M, pH 7.75) as well as adenosine
triphosphate (ATP) standard (LKB-Wallac) were
needed for the bioluminescence reaction. Ceil culture
media, Medium 199 and RPMI 1640 as well as
supplements, L-glutamine, fetal calf serum, penicillin
and streptomycin were purchased from Flow Labora-
tories (Middlesex, England), Fluka (Buchs, Switzer-
land) or Sigma (St Louis, Mo., US.A.) chemical
companies. Medium 199 was used in the transporta-
tion tubes from hospital to the laboratory. RPMI
1640 was used in the actual cell cultures. The
radioactive ligands [*H-2,4,6,7)estradiol, sp. act.
115Ci/mmol, and (17-a-methyl’H)promegestone
(=R-5020), sp. act. 87 Ci/mmol for ER and PgR
determinations, respectively, were obtained from
NEN (Dreieich, F.R.G.). The tested hormones were
MPA and toremifene (both from Farmos Chemical
Research Laboratory, Oulu, Finland). For cell cul-
tures they were dissolved in ethanol and pipetted onto
the vials. Ethanol concentration in the final growth
medium never exceeded 0.07%. Cell suspension
(100 ul) was added. The final concentrations of
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toremifene and MPA were | umol;l and 10 gmol/l,
respectively. These concentrations are related to IC;,
values in MCF-7 cells in similar growth conditions.
The hormones were considered effective if the amount
of living cells was <50% of that in control (no
hormones) after 2 days cultivation. Synergism was
defined according to Drewinko er al[11].

LKB Luminometer 1250 equipped with LKB 2210
potentiometric recorder (both from LKB-Wallac,
Turku, Finland) was used for ATP-measurements.

Receptor determinations and cell cultures

Fresh human ovarian cancers (#n = 23), adenocar-
cinomas of the uterus (n =8) and vulvar cancers
(n = 3; one of the patients was operated on twice)
were studied. Tissue samples were divided into two
pieces. One was used for ER and PgR receptor
determinations, one for in vitro cell culture assays.

A fresh tumor fragment was immediately frozen at
—70°C for receptor binding studies. Cytosol ER and
PgR were determined with slightly modified DCC
method of Korenman and Dukes[12]. Tumors with
ER higher than 10 fmol/mg protein and PgR higher
than 20 fmol/mg protein were considered ER-rich
and PgR-rich, respectively.

A sample for cell culture assay was transferred
immediately into a test tube containing medium 199,
For the cultivation the sample was minced carefully
with a scalpel. In several specimens a sufficient
amount of cclls was obtained by simplc scraping. The
red blood cells if present in large quantity were lysed
with NH,Cl. Living cells were collected by centrifu-
gation and used for cultivation. If nccessary, tumor
cells were detached from the matrix by overnight
incubation with collagenase after which the red blood
cells were lysed. RPMI medium with 10% fetal calf
serum, 292 mg/ml r-glutamine, 100 IU/ml penicillin
and 100 pg/ml streptomycin was used as the growth
medium. Cell cultivation conditions on microtiter
plates or in plastic tubes were as follows: 5% CO,,
37-C and growth time 1-5 days. The number of living
cells were estimated by a simple bioluminescence
assay which has been described earlier [13]. Shortly:
intraceliular ATP was released by TCA treatment
and ATP was quantitated by adding ATP monitoring
reagent which changes the chemical energy of ATP to
light. Light was quantitated by luminometer. The
method is technically very simple and rapid.

DM BA -induced tumors

Breast cancers were induced in 48-52 days old
female Sprague-Dawley rats (Alab, Solluntuna,
Sweden) by administering 12 mg of 7,12-dimethyl{a]-
benzanthracene/animal orally with stainless steel
cavage as a single dose in 1.0 ml of sesam oil. The
induction was carricd out in a special isolator (Metall
& Plastik GmbH, Radolfzell, F.R.G.) wherefrom the
animals were transferred to standard laboratory con-
ditions after about 3 weeks. The animals had tap
water and standardized laboratory chow (Anticimex,
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Stockholm, Sweden) available ad libitum. Treatment
with hormones was started when the animals had
palpable tumors, about 5-7 weeks after the induction.
Treatment was continued for five weeks. Toremifene
and MPA were given daily at the doses which appear
in Fig. |. Toremifene was administered orally and
MPA intramuscularly. The treatment lasted for five
weeks. Both compounds were suspended in vehicle
containing polyethylene glycol 3000 28.8 g/, NaCl
8.65g/l, Tween 80 1.92g/l, methyl-p-hydroxyben-
zoate 1.73 g/l and propyl-p-hydroxybenzoate 0.19 g/
in distilled water.

Tumors were detected individually by palpation
once a week. The width (w) and length (I) of each
tumor was measured by comparing them to the
measuring scale in front of the observer. Tumor
volume (V) was calculated by assuming the tumor
half oval. Thus V = nw?1/12. The same equation is
valid also if the tumor shape is half spherical. The
number of tumors was recorded at every measure-
ment. The tumors were divided into three groups
according to the growth properties. Class I = actively
growing tumors; the volume was increased more than
4-fold during the five weeks' treatment. Class
[I = stable tumors. Class III = regressing tumors; the
size was decreased to less than one fourth of the
start of the treatment, or tumor was disappeared
completely.

The statistical analysis of the DMBA results was
performed by Student’s f-test (tumor numbers/

NUMBER OF EACH
TUMOR CLASS /ANIMAL

(ONTROL TOR MPA TOR TOR TOR TOR
Imgkg SOmghg +MPA +MPA +MPA +MPA
3+10 330 10-100 TOTAL

mg/kg mg/kg mg/kg

Fig. 1. Synergistic antitumor effect of toremifene and MPA
in the DMBA-induced rat mammary cancer. Open bars
illustrate the number of actively growing tumors/animal,
shadowed bars the number of stable tumors/animal and
filled bars the number of regressing or disappeared
tumors/animal. The number of animals was 5 in each group.

Statistical significance by x° test:

P
Control vs TOR (3 mg/kg) <0.05
Control vs TOR (50 mg/kg) <0.05
Control vs TOR + MPA (3 + 10 mg/kg) <0.001
Control vs TOR + MPA (3 + 30 mg/kg) <0.001
Contro! vs TOR + MPA (10 + 100 mg/kg) <0.001
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animal) and by y*-test (number of tumors in each
growth class).

RESULTS

ER and PgR levels as well as the effect of hormones
on each clinical sample have been presented in
Table 1. The table also includes comment on the
interaction of toremifene and MPA. In ER + ovarian
cancers toremifene was effective (cell number <50%
of control) in 5 out of 15 cases, in one of these cases
cell number was <20% and in no case <10%. The
respective figures for MPA were 10, 2 and 1. MPA
therefore was more effective than toremifene. This
may be due partly to high FCS concentration in
the growth medium which diminishes the efficacy
of antiestrogens (toremifene and tamoxifen). The
combination of toremifene and MPA was effective in
all ER+ ovarian cancer samples, in 7 cases the
number of living cells was <20% and in 3 cases
< 10% of control. In the samples of adenocarcinoma
of uteri toremifene alone was effective in 1 out of 7
samples, MPA in 4 out of 7 and the combination in

Table L. Effect of toremifene and MPA on gynecological tumors in vitro. The given values (
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all samples. All samples contained measurable
amounts of ER. In vulvar cancer toremifene was
effective in 2 out of 3 samples, MPA and combination
in all samples. One patient (RE in Table 1) was
clinically treated with MPA and determinations were
carried out before and after the treatment. Before the
treatment MPA was effective in vitro and after the
treatment the sample was resistant to all assayed
hormonal manipulations.

Effects of toremifene, MPA, and their combination
on DMBA-induced rat mammary cancer have been
preseated in Table 2 and Fig. 1. The combination
was, especially at high doses, very effective and
eradicated all tumors in several animals. The efficacy
was dependent on the dose of the compounds.

DISCUSSION

It has been demonstrated in the present study that
many gynecological tumors contain ER and PgR.
Therefore studies of their hormonal manipulations
are well justified both on clinical and experimental
grounds. The results in Table | demonstrate the

of duplicates)

P

the number of living cells as % of control

ER PgR TOR MPA Comment on
(fmol/mg prot) (1 pmol/l) (10 gmol/)) TOR + MPA combination

Orarian cancers (n = 23)

ER-poor
HH 0 0 86 11s 8s =TOR
AU [} i/ 55 38 2t =MPA
HS 0 s 93 104 76 Addit
HL 0 8 34 28 3 Synerg
EK i 0 93 16 39 Synerg
SL 1 6 14 2 1 =MPA
HA 6 0 50 16 1 =MPA

ER-rich
AS 12 70 45 21 20 =MPA
MU 13 16 45 21 20 =MPA
LA 28 10 78 51 35 =MPA
VG 3 16 ” 58 35 Addit (MPA)
HJ 43 13 73 Kt st Addit
TI 50 16 5l 55 19 Synerg
NS 60 222 62 85 58 =TOR
LH 9 42 70 68 54 =MPA
KM 216 54 4 94 80 >TOR

ER-unknown
SK ? ? 62 38 s Synerg
KE ? ? 54 k! 13 Synerg
SS 1 ? 9 48 16 Synerg
HV ? 7 mn 42 47 >MPA
HaH ? ? 42 65 29 =TOR
SN ? ? s5 ki3 2 =MPA
K1 ? ? 3] 164 %0 >TOR

ER +9/16 PR +4/16

Adenoca. uteri (n = 8}
SA-L 6 4 k] 51 40 =MPA
EH it 45 72 &0 45 - MPA
SA 12 10 45 2 20 =MPA
AS 12 10 83 58 58 =MPA
KE 34 47 93 76 39 Synerg
LM 86 3 58 49 2 Synerg
MH in 1141 63 47 40 = MPA
NS ? ? 55 38 M4 =MPA

ER +6/7 PR +6/7
Vulvar cancers (n = 3}
? ? 25 )] 4 - MPA

NK ? ? 35 10 13 >MPA
RE, before MPA ? ? 50 5 2 =MPA
RE, after MPA ? ? 95 61 62 = MPA
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Table 2. Effect of toremifene (TOR) and MPA on DMBA-induced breast cancer in rats. The animals were treated

daily for five weeks with toremifene (p.o.), MPA (i.m.) or their combinations. The number of animals in each

treatment group was 5. The statistical significance of change in the tumor number when compared to control has
been calculated by Student’s ¢-test

Number of Number of Change of Statistical

tumors in the disappeared tumor number significance
Group beginning tumors per animal per animal (P)
Control 63 0 44+33
TOR (3 mg’kg) 61 0.54 0.5+ L1 <0.05
MPA (50 mg'kg) 10 0 05+07 <0.05
TOR + MPA (3 + 10 mg, kg) 19 33 -25+13 <0.001
TOR + MPA (3 + 30 mg/kg) 2 2.0 -1.8+15 <0.001
TOR + MPA (10 + 100 mg/kg) 34 8.0 -53+3.1 <0.001

varying sensitivity of the tumors to toremifene and
MPA—from sensitivity to complete resistance. ER
and PgR alone could not predict the response to these
agents. These results are in agreement to Goldenberg
and Froese[14] with respect to the ER levels and effect
of tamoxifen in breast cancer samples in vitro.

The predictive testing for breast cancer treatment
is generally based on ER and PgR levels. The value
of these tests has been criticized as only 50-60% of
ER positive tumors and 10% of ER negative tumors
respond to tamoxifen treatment[8, 10]. Direct ex-
posure of the tumor cells in vitro to antiestrogens
and/or progestins could therefore be more valuable
predictive assay. Predictive subrenal capsule assay
in rvivo, which presumably predicts effectively the
response to cytotoxic trecatments, scems not to be
suited—at least in the standard version—for testing
of less aggressive hormonal therapies [15]. The
present study refers to the importance of predictive
assays: if the synergistic effect which was scen in a few
samples in vitro and very clearly in vivo is true in
humans, the chosen individual patients (albeit few)
would greatly benefit from the combination.

The antitumor cffect of antiestrogens and
progestins is generally assumed to be mediated
through specific receptors, although many details are
obscure [1, 16, 17]. The measurable cytosolic ER level
is strongly decreased by tamoxifen[18,19] and
toremifenc [9]. PgR complex is thought to be bound
to the sites in chromatin alrcady occupied by estrogen
or antiestrogen receptor [20]. MPA down regulates
the ER and PgR levels in the cytoplasm [21]. There-
fore, in ER-rich tumors which respond to antiestro-
gens by increasing PgR levels, the combination of
antiestrogen and progestin might allow better control
of hormone-dependent cancers. Synergistic anti-
tumor effect of estrogen and MPA in DMBA-induced
rat mammary cancer has been demonstrated by
Huggins ef al[22]. It is more difficult to explain in
pharmacological terms why all ER- and PgR-rich
tumors do not respond to the combination of anti-
estrogen and progestin. Lack of favorable interaction
is however in good agreement with the clinical find-
ings of Mouridsen er al.[10] according to which
tamoxifen alone is as effective as tamoxifen + MPA
in the treatment of breast cancer. Thus it is evident
that receptors alone cannot explain all antitumor
effects and interactions of antiestrogens and

progestins. One reason could be a difference of the
structure of ER in malignant and normal breast tissue
which has been described by Igbal er al.[23]. Other
possible pharmacological mechanisms have also been
described such as cAMP linked phosphorylation-
dephosphorylation of ER [2, 24]. These phosphoryl-
ation reactions could be connected to several
hormonal mechanisms, e¢.g. to alpha adrenergic
receptors (as shown in rabbit myometrium [25]). and
prostaglandin synthesis [26]. There is no evidence,
however, that these mechanisms could have direct
effect on cell growth. The relation of oncogene ex-
pression, growth factors and hormonal growth regu-
lation [27, 28] is an interesting possibility to further
explain the antitumor cffects of antiestrogens and
progestins. Thus far the interpretation of results has
been very difficult.
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