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The influence of tamoxifen (TAM) and medroxyprogesterone acetate (MPA) sequential administra-
tion on the estrogen receptor (ER) and progesterone receptor (PR) contents of breast cancer was
studied in 68 patients with operable breast cancer. TAM was used as a primer of PR induction in order
to enhance the effects of MPA. Half of the patients (n=34) were preoperatively treated with TAM
(20 mg/day for 7 days) and sequentially with MPA (1200 mg/day for 17 (median) days). ER and PR
of surgical specimens were assayed by enzyme immunoassay and the results were compared with those
obtained from the other half of the patients (n=34), who had not received any treatment before
surgery. TAM-MPA treatment significantly lowered PR in the cytosol regardless of the menopausal
status. On the other hand, TAM-MPA treatment significantly lowered ER in the cytosol only in the
postmenopausals but not in the premenopausals. These results demonstrate that reduction of ER

provoked by TAM-MPA treatment is dependent on menopausal status.
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Recently, tamoxifen(TAM)-medroxyprogesterone ace-
tate (MPA) sequential therapy has been introduced as a
new combination endocrine therapy for breast cancer.
The rationale that this therapy is based on is to sensitize
breast cancer cells to MPA by inducing progesterone
receptors with TAM pretreatment.” Iacobelli et al”
have demonstrated that the growth-inhibitory effect of
MPA on breast cancer cells (CG-5) can be augmented by
priming these cells with TAM. Tominaga et al.” have
confirmed the superiority of TAM-MPA sequential
therapy over TAM or MPA alone in 7,12-dimethylbenz-
[a]anthracene-induced rat mammary tumors.

The clinical usefulness of TAM-MPA therapy for
breasi cancer is currently under evaluation. A few pre-
liminary studies have indicated that TAM-MPA therapy
confers a better response rate than TAM therapy.
Garcia-Giralt et al.” reported that the response rate to
TAM-MPA therapy (60%) was higher than that to
TAM therapy (48%). Gundersen et al.” also reported an
improved response to TAM-MPA compared to TAM
(69% vs. 27%). This new combination endocrine ther-
apy seems attractive, and there are several ongoing trials
using TAM-MPA therapy in modified forms.

However, several important questions stiil remain un-
answered in order to carry out TAM-MPA therapy most
effectively. One of them is whether or not ER can be
replenished after one cycle of TAM-MPA administra-
tion. While it is well established that MPA decreases ER
of human endometrium,” this effect has rarely been
studied on human mammary cells. The priming effect of
TAM can be expected only when tumors contain ER.
Thus, if the tumors lose ER afier one cycle of TAM-
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MPA. administration, subsequently administered TAM
cannot exert the PR-inducing property. Therefore, it
seems quite important to investigate the behavior of ER
over time during TAM-MPA therapy.

In this study, changes of ER and PR contents of breast
cancers were studied after one cycle of TAM-MPA treat-
ment. We have found that one cycle of TAM-MFA
treatment decreases PR irrespective of menopausal status
and decreases ER in postmenopausals but not in pre-
menopausals.

MATERIALS AND METHODS

Patients and treatment schedules Sixty-eight patients
with operable breast cancer entered this study. Half of
them (n=134) were preoperatively treated with 20 mg of
TAM for 7 days and sequentially with 1200 mg of MPA
for 17 (median) days, ranging from 11 to 28 days, until
the day before surgery (TAM-MPA group). The other
half of the patients (n=234) did not receive any treatment
before surgery (control group). The TAM-MPA and
control groups were both composed of 16 pre-
menopausals and 18 postmenopausals. Before TAM-
MPA administration, serum estradiol and gonadotropin
(LH and FSH) levels were examined in every patient.
Patients who were actually menstruating with elevated
estradiol levels were considered as premenopausals and
those who were not menstruating with low estradicl and
high gonadotropin levels were considered as postmeno-
pausals. Perimenopausal patients were excluded from
this study because of the unstable hormonal milieu. In
the TAM-MPA group, premenopausals received MPA



treatment for 18 (median) days, ranging from 11 to 28
days, and postmenopausals received MPA treatment for
16 (median) days, ranging from 12 to 26 days.

Tumor specimens removed at surgery were kept at
—80°C until assay. In all patients a histologic diagnosis
of infiltrating ductal carcinoma was obtained.
Preparation of cytosols and nuclear extracts Every
procedure was carried out at 0-4°C unless otherwise
specified. Surgical specimens were homogenized in 5
volumes of TEDMG buffer (10 mM Tris, 1.5 mM
EDTA, 0.5 mM dithiothreitol, 10 mA sodium molyb-
date, 10% (v/v) glycerol, pH 7.4) using a Polytron P-10
(Brinkmann Instruments, Westbury, NY) set at 4, with
10 s runs and a 30 s cooling period between each run. An
aliquot (200 zl) of the homogenate was taken for DNA
assay, and centrifuged at 800g for 10 min. The superna-
tant was removed and the pellet was resuspended in 5
volumes of TEDMG buffer. After centrifugation at 800¢
for 10 min, the supernatant was removed, combined with
the former supernatant, and centrifuged at 105,000¢ for
60 min. The resultant supernatant was obtained as
cytosol without a superficial lipid layer.

The washed pellet was extracted in 5 volmes of

TEDMGK (TEDMG plus 0.6 M KCl) for 60 min. The
crude nuclear extract was centrifuged at 105,000g for 60
min and the resultant supernatant was obtained as nuclear
extract.
Enzyme immunoassay for ER and PR Enzyme im-
munoassay (EIA) kits for ER were purchased from, and
those for PR were generous gifts from, Dainabot
Laboratories {Tokyo). All the procedures for ER-EIA
and PR-EIA were carried out according to the method
previously described by us.” Intra- and inter-assay co-
efficients of variation (%CV) of ER-EIA were 5.6% and
4.1%, respectively, and those of PR-EIA were 8.7% and
7.9%, respectively. Every sample of cytosol and nuclear
extract was diluted two-fold with TEDMG buffer and
assayed for ER and PR in duplicate.

Protein and DNA were assayed according to the
methods of Lowry et al.® and Burton,” respectively.
Statistical analysis The significance of differences of the
mean receptor values was examined by means of the £ test
after logarithmic conversion of each value.

RESULTS

Influence of TAM-MPA administration on PR contents
The influence of TAM-MPA administration on PR con-
tents of the tumors was studied qualitatively with a
cut-off value of 100 fmol/mg DNA. A tumor was con-
sidered PR-positive when the total of PR in the cytosol
(PRc) and nuclear (PRn) fractions was above 100 frnol/
mg DNA.'Y PR positivity tended to decrease after TAM-
MPA administration. PR positivity was 56% (9/16) for
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premenopausals and 50% (9/18) for postmenopausals in
the control group but it decreased to 389 (6/16) for
premenopausals and 22% (4/18) for postmenopausals
after one cycle of TAM-MPA administration (TAM-
MPA group).

The influence of TAM-MPA administration on PR
contents was also studied quantitatively. The mean PRe
and PRn values of PR-positive tumors are shown accord-
ing to menopausal status in Fig. 1. No significant differ-
ence was found in the PRn value between the control and
TAM-MPA groups, irrespective of menopausal status.
On the other hand, the PRc value in the TAM-MPA
group was significantly lower than that in the control
group and the decrease in the PRc value was more
pronounced in the postmenopausals as compared to pre-
menopausals.
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Fig. 1. Influence of TAM-MPA administration on PR con-

tents of the tumors. PRc (cytosol fraction} and PRn (nuclear
fraction) were assayed by EIA as described in “Materials and
Methods.” * P<0,05and #%* P<0.0]1 when compared to the
values of the control group. Each value is the mean of PR-posi-
tive tumors; bars, SE.
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Influence of TAM-MPA administration on ER contents
The influence of TAM-MPA administration on the ER
contents of the tumors was studied qualitatively. A
tumor was considered ER-positive when the total of ER

Premenopausal
20001 ERc ERn
—~ 1,000+
<
z
a
oo
E
~
Q
E l \
) | |
100- !
Control ~ TAM-MPA Control  TAM-MPA
Postmenocpausal
2,000+ ERc ERn
I 1,000 1
pd
a
wl}
E
": *®
[}
E
=
100- 3
Control  TAM-MPA Control  TAM-MPA
Fig. 2. Influence of TAM-MPA administration on ER con-

tents of the tumors. ER¢ (cytosol fraction) and ERn (nuclear
fraction) were assayed by EIA as described in “Materials and
Methods.” * P <0.05 when compared to the values of the
control group. Each value is the mean of ER-positive tumors;
bars, SE.

in the cytosol (ERe) and nuclear (ERn) fractions was
above 100 fmol/mg DNA.'® ER positivity was 63%
(10/16) for premenopausals and 679% (12/18) for post-
menopausals in the control group and 69% (11/16) for
premenopausals and 50% (9/18) for postmenopausals in
the TAM-MPA group. No significant difference was
found in ER positivity between the control and TAM-
MPA groups.

The influence of TAM-MPA administration on ER
contents was also studied quantitatively. The mean ERc
and PRc values of ER-positive tumors are shown accord-
ing to menopausal status in Fig. 2. In premenopausals, no
significant difference was found in ERc and ERn between
the control and TAM-MPA groups. However, ERc
decreased significantly after TAM-MPA administration
in postmenopausals while ERn was not affected.
Influence of TAM-MPA administration on ER and PR
distribution in cytosel and nuclear fractions The distri-
bution of ER. and PR in the cytosol and nuclear fractions
were compared between the control and TAM-MPA
groups. Percentages of ERn and PRn were calculated
from ER- and PR-positive tumors, respectively (Table
I). Both ERn and PRn tended to increase after TAM-
MPA administration, irrespective of menopausal status,
while this effect was more pronounced in postmeno-
pausals.

DISCUSSION

Because ER and PR in the cytosol and nuclear frac-
tions were assayed immediately after TAM-MPA admin-
istration, most receptors are considered to be in the occu-
pied form. Therefore, we assayed these receptors with an
EIA which can detect the receptors whether or not they
are occupied with the corresponding hormones.” ' Con-
ventional exchange assay has been a method of choice for
the detection of receptors in the occupied form but this
methoed is onerous and sensitive to procedural details. On
the other hand, recently developed EIA for ER and PR
appears to be best suited for the detection of receptors
in the occupied form because of its methodological sim-
plicity and excellent reproducibility.

Table I. Comparison of ER and PR Distribution in Cytosol and Nuclear Fractions between Control and
TAM-MPA Groups
Control TAM-MPA
ER PR ER PR
Premenopausal 41,4£7.89 23.1£7.3 56,5+7.5 38.21+4.6
Postmenopausal 28.6%5.2 16.9+1.2 59.6t 8.6" 35.614.79

a) Mean percentages of nuclear receptors +SE.

b) P < 0.05 when compared to the control values.
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Recently it has been shown that both ER and PR are
exclusively located in the nucleus.” '™ Thus, the recep-
tors detected in the cytosol are considered to be migrants
from the nucleus during homogenization. However, sep-
arate determination of the cytosolic and nuclear recep-
tors is still meaningful for the following reasons. Unoceu-
pied receptors are thought to migrate more easily from
the nucleus than are occupied receptors, since unoecupied
receptors bind loosely and occupied receptors bind tightly
to DNA. Therefore, cytosolic and nuclear receptors
appear to represent unoccupied and occupied receptors,
respectively. It seems useful to determine the cytosolic
and nuclear receptors separately in order to estimate the
degree of receptor occupancy.

We have already demonstrated that priming for one
week with TAM significantly increases PR in breast
cancers.'” Therefore, the effect of MPA which was given
after priming with TAM should have been augmented.
This situation seems convenient for the study of MPA
action since the effect of MPA is expected to appear in an
enhanced form,

The duration of MPA treatment employed in this
study was relatively short, because we wished to examine
the short-term effect of MPA on ER and PR contents.
Long MPA treatment is known to induce tumor regres-
sion in 3040% of patients. In regressing tumors, degen-
eration and necrosis of tumor cells must take place and
affect the receptor levels non-specifically. This situation
makes it more difficult to elucidate the action mechanism
through which MPA exerts its antiproliferative effects.
In this study, neither tumor regression nor degenerative
change in tumor tissue was observed in any patient after
one cycle of TAM-MPA treatment. This fact seems to
support the thesis that MPA treatment for 17 (11-28)
days is appropriate for the examination of the short-term
effect of MPA.

TAM-MPA decreased PRc without a concomitant.

increase in PRn, resulting in a decrease in total PR (Fig,
1). This result cannot be explained only by the nuclear
translocation of PR. Nuclear processing of PR, described
by Horwitz et al.,' seems responsible for this decrease in
total PR. Though TAM-MPA decreased PRc irrespec-
tive of menopausal status, this effects was more pro-
nounced in postmenopausals. Induction of PR with en-
dogencus estrogens in premenopausals may account for
this difference.

TAM-MPA did not affect the ER contents so mark-
edly. A slight but significant decrease in ERc was found
only in postmenopausals but not in premenopausals after
TAM-MPA administration (Fig. 2). This result is consis-
tent with that reported by Lundgren et @l They mea-
sured ER of recurrent tumors of four postmenopausal
patients sequentially before and after MPA treatment
and found that ERc decreased by only 18% one week
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after the start of MPA treatment. These results demon-
strate that short-term treatment with MPA decreases
ERc of breast cencer only to a slight extent and that
reduction of ERc is probably not a major pathway
through which MPA exerts its antiproliferative effect.
MPA seems to inhibit the breast cancer cell growth
mainly through different mechanisms, such as suppres-
sion of the adrenocortical axis and direct toxic actions.

The finding that TAM-MPA decreased ERc in post-
menopausals but not in-premenopausals is partially attrib-
utable to the role played by endogenous estrogens and
progesterone in premenopausals. Estrogens are supposed
to intervene in the action of TAM and MPA, and fur-
thermore have a direct effect to lower ERc by translocat-
ing ERc into the nucleus. Progesterone also seems to play
an important role in lowering ERc for the following
reasons. Smyth et al.'® and Saez ef al."'reported that the
ER contents fell during the early secretory phase, when
the serum progesterone level was rising, and hypothe-
sized that the cyclic increase in progesterone limits the
ER synthesis. The well documented phenomenon that the
ER positivity of breast cancer is higher in postmeno-
pausals than in premenopausals may also be explained by
a role played by endogenous progesterone in premeno-
pausals. Therefore, we can assume that the ER level in
premenopausals is originally kept low by endogenous
estrogens and progesterone and that MPA is unlikely to
elicit additional inhibitory effects on the ER synthesis.
However, MPA more easily affects the ER synthesis in
postmenopausals because breast cancers are not exposed
to endogenous progesterone. Interestingly, the ER value
of postmenopausals in the TAM-MPA group was quite
similar to that of premenopausals in the control group.
These results might represent additional support for the
view that endogenous progesterone suppresses the ER
synthesis in premenopausals.

The increase in percentage of ERn after TAM-MPA
administration was an unexpected observation (Table I).
Since MPA lacks affinity to ER, nuclear translocation of
ERc is unlikely to be induced by MPA even at high
doses. A possible explanation is that TAM, which was
given before MPA, remains to affect the ER distribution
and inhibits ER replenishment due to its long pharmaco-
kinetic half life (4-7 days).'®

It has been argued that a washout period between each
cycle is necessary for the replenishment of ERc in order
to carry out TAM-MPA therapy more effectively, Our
results demonstrate that breast cancers contain enough
ERc for subsequent priming with TAM after one cycle of
TAM-MPA therapy. Therefore, we think a washout
period is unnecessary in order to produce ER replenish-
ment.

In conclusion, our results demonstrate that short-term
treatment with MPA after TAM-priming reduces ERc in
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postmenopausals but not in premenopausals, probably
due to the interference of endogenous estrogens and
progesterone. However, we can not rule out the possibil-
ity that long-term treatment with MPA might reduce
ERc even in premenopausals. Our study is vulnerable to
criticism on the issue that not only MPA-responsive but
also MPA-nonresponsive tumors were included in the
analysis of ER levels, i.e., changes in ER levels were
studied on ER-positive tumors, but it is well known that
about a half of ER-positive tumor do not respond to
MPA. Therefore, the effect of MPA on ER levels must
have been underestimated due to the inclusion of non-

REFERENCES

1) Namer, M., Lalanne, C. and Baulieu, E. E. Increase of
progesterone receptors by tamoxifen as a hormonal chal-
lenge test in breast cancer. Cancer Res., 40, 1750-1752
(1980).

2) Iacobelli, 8., Sica, G., Natoli, C. and Gatti, D. Inhibitory
effects of medroxyprogesterone acetate on the proliferation
of human breast cancer cells, In “Role of Medroxy-
progesterone Acetate in Endocrine-related Tumors,” ed.
L. Campio, G. Robustelli della Cuna and R. W. Tayler,
Vol. 2, pp. 1-6 (1983). Raven Press, New York.

3) Tominaga, T., Yoshida, Y., Kitamura, M. and Kosaki, G.
Effective sequential administration of tamoxifen and
medroxyprogesterone acetate for 7,12-dimethylbenz[a]-
anthracene-induced rat mammary tumors in relation to
hormone receptors. Jpan. J. Cancer Res., 76, 1120-1125
(1985).

4) Garcia-Giralt, E., Jouve, M., Palangie, T., Bretaudean, B.,
Dorval, T., Asselain, B., Magdelenat, H., Merle, S,
Zajdela, A. and Pouillart, P. Disseminated breast cancer:
sequential administration of tamoxifen and medroxy-
progesterone acetate. Results of a controlled trial. Rev.
Endocr. Relat. Cancer, Suppl. 18, 27-32 (1986).

5) Gundersen, S., Kvinnsland, 8. and Klepp, 0. Cyclic use of
tamoxifen and high-dose medroxyprogesterone acetate in
advanced breast cancer. Rev. Endocr. Rel. Cancer, Suppl.
18, 3741 (1986).

6) Tseng, L. and Gurpide, E. Effects of progestins on es-
tradiol receptor levels in human endometrium. J. Clin.
Endocrinol. Metab., 41, 402-404 (1975).

7} Noguchi, S., Miyauchi, K., Imaoka, 5., Koyama, H. and
Iwanaga, T. Comparison of enzyme immunoassay with
dextran-coated charcoal method in the determination of
progesterone receptor in breast cancer cytosols. Eur. J.
Cancer Clin. Oncol., 24, 1715-1719 (1988).

8) Lowry, O. H., Rosebrough, N. J, Farr, A. L. and
Randwall, R. J. Protein measurement with the Folin

2438

responsive tumors. Ideally, the effect of MPA should be
studied only on MPA-responsive tumors. At present,
however, it is impossible to distinguish MPA-responsive
from MPA-nonresponsive tumors with accuracy before
or even after short-term treatment since short-term treat-
ment is not enough for the assessment of tumor regres-
sion. If an accurate marker for predicting the responsive-
ness to MPA treatment were available, these problems
would be solved and a more conclusive study on the
action mechanism of MPA could be made.

(Received November 9, 1988/Accepted January 26, 1989)

phenot reagent. J. Biol. Chem., 193, 265-275 (1951).

9) Burton, K. H. A study of the conditions and mechanism
of diphenylamine reaction for the colorimetric estimation
of deoxyribonucleic acid. Biochem. J., 62, 315-323 (1956).

10) Noguchi, 8., Miyauchi, K., Nishizawa, Y. and Koyama,
H. Induction of progesterone receptor with tamoxifen in
hutmnan breast cancer with special reference to its behavior
over time. Cancer, 61, 1345-1349 (1988).

11) Thorpe, S. M., Lykkesfeldt, A. E., Vinterby, A. and
Lonsdorfer, M. Quantitative immunological detection of
estrogen receptors in nuclear pellets from human breast
cancer biopsies. Cancer Res., 46, 4251-4255 (1986).

12) King, W. J. and Greene, G. L. Monoclonal antibodies
localize oestrogen receptor in the nuclei of target cells.
Nature, 307, 745-747 {1984).

13) Press, M. F. and Greene, G. L. Localization of progester-
one receptor with monoclonal antibodies of human pro-
gestin receptor. Endocrinology, 122, 1165-1175 (1988).

14) Horwitz, K. B., Wei, L. L., Sedlacek, S. M. and D’Arville,
C. N. Progestin action and progesterone receptor struc-
ture in human breast cancer: a review. Recent Prog. Hor-
mone Res., 41, 249-316 (1985).

15) Lundgren, 8., Kvinnsland, 8., Varhaug, J. E. and Utaaker,
E. The influence of progestins on receptor levels in breast
cencer metastasis. Anticancer Res., 7, 119-124 (1987).

16) Smyth, C. M., Benn, D. E. and Reeve, T. S. Influence of
the menstrual cycle on the concentrations of estrogen and
progesterone receptors in primary breast cancer biopsies.
Breast Cancer Res. Treat., 11, 45-50 (1988).

17} Saez, S., Martin, P, M. and Chouvet, C. D. Estradiol and
progesterone receptor levels in human breast adenocar-
cinoma in relation to plasma estrogen and progesterone
levels. Cancer Res., 38, 3468-3473 (1978).

18) Adam, H. K. Pharmacokinetic studies with “Nolvadex.”
Rev. Endocr. Relat. Cancer, Suppl. 9, 131-143 (1981).





