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Dienogest, a Novel Synthetic Steroid, Overcomes
Hormone-Dependent Cancer in a Different Manner
than Progestins

BACKGROUND. Dienogest is a synthetic progestational steroid that is used for con-Yukio Katsuki, M.S.1

traception. It is being studied for the treatment of endometriosis, but its anticancerYasunori Shibutani, M.D.1

activity remains unknown. The authors investigated the anticancer effect of dienog-Daisuke Aoki, M.D.2

est on hormone-dependent cancers.Shiro Nozawa, M.D., Ph.D.2

METHODS. The authors used two cell lines derived from human endometrial carci-

noma (HEC-88nu cells expressing estrogen receptors [ER] but not progesterone1 Toxicology Laboratory, Mochida Pharmaceuti-
receptors [PR] and Ishikawa cells expressing both ER and PR) and a cell line derivedcal Co., Ltd., Shizuoka, Japan.
from human breast carcinoma (MCF-7 cells expressing both ER and PR). The

2 Department of Obstetrics and Gynecology,
authors examined the in vivo antitumor activity and the antiuterotropic activity

School of Medicine, Keio University, Tokyo, Ja-
of dienogest in mice and compared it with the activity of several progestins.pan.
RESULTS. At oral doses of 0.01–1 mg/kg/day, dienogest significantly suppressed

the 17b-estradiol benzoate (E2)–dependent tumor growth of HEC-88nu cells, which

were unresponsive to known progestins such as medroxyprogesterone acetate

(MPA, 100 mg/kg/day, administered orally) and norethisterone (NES, 100 mg/kg/

day, administered orally). The suppressive effect of dienogest on tumor growth

was not diminished in the presence of excess MPA. Dienogest also suppressed the

E2-dependent tumor growth of both Ishikawa and MCF-7 cells, both of which

responded to MPA. However, the minimum effective dose of dienogest (0.01–1

mg/kg/day) was much lower than that of MPA (100 mg/kg/day). In contrast, die-

nogest did not suppress the E2-induced increase in uterine weight, whereas MPA

and NES suppressed it significantly.

CONCLUSIONS. Dienogest showed potent anticancer activity against hormone-de-

pendent cancers at doses at which progestins show no activity. Cancer 1997;

79:169–76. q 1997 American Cancer Society.
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Based on the hypothesis that the majority of endometrial and breast
carcinomas proliferate in response to estrogenic stimulation,1,2The authors are grateful to Dr. Hiroyuki Kura-

moto (School of Medicine, Kitasato University, hormonal agents, such as progestins and antiestrogens, have been
Sagamihara, Japan) for providing the HEC-88nu used to treat these tumors. However, the success rate of therapy with
cell line and to Dr. Masato Nishida (School of hormonal agents is not very high,3,4 and these agents often have seri-
Medicine, University of Tsukuba, Tsukuba, Ja-

ous adverse effects.1,4 Thus, new agents with a higher efficacy andpan) for providing the Ishikawa cell line. They
fewer side effects would be highly desirable.also thank Mr. Yoshihiro Futamura, Mr. Chihaya

Kakinuma, Ms. Yukiko Takano, and Ms. Kyoko 17a-cyanomethyl-17b-hydroxy-estra-4,9-dien-3-one (dienogest)
Motohashi for their technical assistance. (Fig. 1) is an orally administered synthetic steroid that shows proges-

tational activity with little or no androgenic, estrogenic, antiestro-
Address for reprints: Yukio Katsuki, Toxicology genic, or corticoid activities.5 Based on this hormonal profile, dienog-
Laboratory, Mochida Pharmaceutical Co., Ltd.,

est may cause fewer adverse effects than other hormonal agents. It342 Gensuke, Fujieda, Shizuoka 426, Japan.
is currently used in oral contraceptives and is being studied in Japan,
Germany,6 and France as a possible treatment for endometriosis.Received April 1, 1996; revision received August

13, 1996; accepted September 6, 1996. However, its anticancer activity has not been explored. In the cur-
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FIGURE 1. Chemical structure of dienogest (17a-cyanomethyl-17b-hy-
droxy-estra-4,9-dien-3-one) is shown.

FIGURE 2. Representative ultrasonic image of a tumor in a mouse is
shown. The tumor is clearly seen as a dark, subcutaneous area at magnifi-rent study, we therefore investigated the anticancer
cation 14. Left: Cross-sectional image of the major axis. Right: Cross-action of dienogest and found a novel activity that
sectional image of the minor axis.differed from that of several known progestins.

MATERIALS AND METHODS
Animals (i.p.) anesthesia with pentobarbital sodium (50 mg/

kg). Thereafter, 42 mice were treated with 17b-estra-Female CB-17 SCID mice weighing 17–28 g (Clea Ja-
pan, Tokyo) were used. The animals were maintained diol benzoate (E2) (0.5 mg/kg/day, i.p.) suspended in

0.9% sodium chloride (saline). The remaining 10 micein clean boxes (type FRP Bio-2000, Clea Japan) in a
room controlled at 23 { 2 7C and 55 { 15% relative were injected with saline instead of E2 . The E2-treated

mice were simultaneously given dienogest (0.01, 0.1,humidity with a 12-hour light/12-hour dark cycle.
They were given a sterilized solid diet (gamma ray– and 1 mg/kg/day, administered orally [p.o.]; n Å 5),

medroxyprogesterone acetate (MPA) (100 mg/kg/day,irradiated CL-2, Clea Japan) and water ad libitum dur-
ing the experiment. p.o.; n Å 5), norethisterone (NES) (100 mg/kg/day,

p.o.; nÅ 5), 17a-hydroxyprogesterone (OHP) (100 mg/
kg/day, p.o.; nÅ 5), dienogest (1 mg/kg/day, p.o.) plusIn Vivo Studies with HEC-88nu Cells

HEC-88nu cells derived from a well-differentiated hu- MPA (100 mg/kg/day, p.o.; n Å 5), or the vehicle alone
(0.5% carboxymethylcellulose sodium; n Å 7). The 10man endometrial carcinoma7 were injected subcuta-

neously (2 1 107/mouse) into the posterior dorsolat- saline-treated mice also received dienogest (1 mg/kg/
day, p.o.; n Å 5) or vehicle (n Å 5). All treatments wereeral region of the animals to form tumors. The size of

the lesions was measured according to the method of continued for 4 weeks. The day after the last dose,
the mice were killed by exsanguination under etherAoki et al.8 In brief, the subcutaneous tumors were

imaged noninvasively by ultrasonography using an anesthesia, and the tumor and uterus were removed
from each animal. E2 , MPA, NES, and OHP were pur-echo camera (type SSD-650, Aloka, Tokyo) equipped

with a 10 megahertz in-line sector scanner probe (type chased from Sigma (St. Louis, MO), and carboxymeth-
ylcellulose sodium was obtained from Tokyo KaseiASU-32WL-10, Aloka). The major axis (a), minor axis

(b), and thickness (c) of each tumor were measured (Tokyo). Dienogest was supplied by the Pharmaceuti-
cal Laboratory of Mochida Pharmaceutical Co., Ltd.on the ultrasonic image (Fig. 2), and tumor volume

was expressed as the product of a, b, and c in cubic (Shizuoka, Japan).
millimeters (mm3). The intraobserver coefficient of
variation for tumor measurement by ultrasound was In Vivo Studies with Ishikawa and MCF-7 Cells

The Ishikawa cell line was derived from a well-differ-2.2%. Measurement of the tumors was done once at
each designated time. After the ability of the tumors entiated human endometrial carcinoma.9 The MCF-7

cell line (derived from a human breast carcinoma10)to grow larger than 1000 mm3 was confirmed, each
tumor was extirpated and cut it into pieces that were was purchased from the American Type Culture Col-

lection (Rockville, MD). Thirty mice were preparedtransplanted subcutaneously into 52 other mice (40
mg/mouse). Tumor size was measured weekly; and with Ishikawa tumors and 35 mice with MCF-7 tumors

and ovariectomized in the manner described pre-when the volume reached 75 mm3 or more, the host
animals were ovariectomized under intraperitoneal viously. Twenty-five of the mice with Ishikawa tumors
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received E2 (0.5 mg/kg/day, i.p.), and the remaining 5 tin complex method (LSAB kit, Dako), then performed
light counterstaining with hematoxylin.received saline instead of E2 . The 25 E2-treated mice

were simultaneously given dienogest (0.01, 0.1, and 1
mg/kg/day, p.o.; n Å 5), MPA (100 mg/kg/day, p.o.; n Statistics

Results are expressed as the mean { standard error.Å 5), or vehicle (n Å 5) for 4 weeks. Tumor size was
measured weekly. The day after the last dose, the mice Dunnett’s t test was used to analyze the differences

among groups for statistical significance by the multi-were killed in the manner mentioned previously and
their tumors were removed. The isolated tumors were ple comparison procedure.12

fixed for 24 hours in ice-cold 70% ethanol and embed-
ded in paraffin for histologic investigation (as will be RESULTS

In Vivo Studies with HEC-88nu Cellsdescribed later in this article). The mice received an
intravenous injection of 5-bromodeoxyuridine (BrdU; The effects of dienogest and other agents on the

growth of HEC-88nu tumors in mice were investigated10 mg/kg) in saline 30 minutes before sacrifice. Thirty
of the mice with MCF-7 tumors received E2 (0.5 mg/ first. Tumor growth was significantly greater in the

E2-plus-vehicle group than in the saline-plus-vehiclekg/day, i.p.), and the remaining 5 received saline in-
stead of E2 . Thirty of the E2-treated mice simultane- group (Fig. 3). In the E2-plus-dienogest groups, E2-

induced tumor growth was significantly suppressed.ously received dienogest (0.001, 0.01, and 0.1 mg/kg/
day, p.o.; n Å 5), MPA (100 mg/kg/day, p.o.; n Å 5), In particular, dienogest at doses of 0.1 and 1 mg/kg/

day significantly suppressed growth even after 1 weektamoxifen citrate (TAM) (10 mg/kg/day, p.o.; nÅ 5), or
vehicle (n Å 5) for 4 weeks. Tumor size was measured of treatment, and tumor size was comparable to that in

the saline-plus-vehicle group throughout the 4-weekweekly. The day after the last treatment, the mice were
killed in the same manner as mentioned previously experimental period (Fig. 3A). In contrast, MPA treat-

ment failed to suppress E2-induced tumor growth.and their tumors were removed. TAM was purchased
from Sigma. Likewise, NES and OHP also had no significant effect

on tumor growth (Fig. 3B). The suppressive effect of
dienogest (1 mg/kg/day) on E2-induced tumor growthIn Vitro Studies with HEC-88nu Cells

HEC-88nu cells in the logarithmic growth phase were was also significant in the presence of MPA (100 mg/
kg/day) (Fig. 3C). In the E2-plus-vehicle group, uterinesuspended in phenol red–free minimal essential me-

dium containing 10% fetal calf serum, treated with weight was significantly increased as compared with
that in the saline-plus-vehicle group shown as E2-ab-active carbon, and plated in triplicate into 24-well

plates at a density of 105 cells per well. The cells were sent (Fig. 4). Dienogest had no significant effect on
the E2-induced increase in uterine weight. In contrast,then cultured with dienogest or solvent in the pres-

ence of 1008 mol/L 17b-estradiol for 7 days at 37 7C MPA and NES significantly suppressed the E2-induced
increase in uterine weight, whereas OHP did not. Theunder 5% CO2-95% air, and the number of cells per

culture were counted. We also measured the concen- suppressive effect of MPA on uterine weight was not
influenced by the addition of dienogest (1 mg/kg/day)tration of lactate dehydrogenase (LDH) in the culture

medium to evaluate the cytotoxicity of the drug.11 (Fig. 4). In the saline-plus-dienogest group, there was
no significant difference in tumor size or uterine
weight as compared with the saline-plus-vehicle groupHistologic and Immunohistochemical Studies on

Ishikawa Tumors (data not shown).
For morphologic examination, sections 4 mm thick
from blocks of Ishikawa tumors were stained with he- In Vivo Studies with Ishikawa and MCF-7 Cells

Next, the effect of the same agents on tumors derivedmatoxylin and eosin. For immunohistochemical ex-
amination, other sections were stained for BrdU, es- from Ishikawa and MCF-7 cells was investigated. Ishi-

kawa and MCF-7 are known to be MPA- and TAM-trogen receptors (ER), or progesterone receptors (PR).
Before ER and PR staining, deparaffinized sections sensitive cell lines, respectively, and so they were se-

lected to compare the anticancer actions of dienogest,were hydrated by autoclaving at 121 7C for 10 minutes.
Mouse anti-BrdU (clone Bu20a, Dako, Santa Barbara, MPA, and TAM. E2-induced stimulation of tumor

growth and suppression of the growth by dienogestCA), antihuman ER (clone 1D5, Dako), and antihuman
PR (clone 1A6, Novocastra, Newcastle, UK) mono- treatment were seen in tumors derived from both Ishi-

kawa cells (Fig. 5) and MCF-7 cells (Fig. 6), as well asclonal antibodies were used as primary antibodies,
and biotin-conjugated rabbit antimouse immunoglob- in HEC-88nu tumors. The suppressive effect of dienog-

est on the growth of MCF-7 tumors was also signifi-ulins (Dako) were used as secondary antibodies. To
identify nuclear antibody binding, we stained the sec- cant, even at the lowest dose tested (0.001 mg/kg/day),

after 1, 2, and 3 weeks of treatment. MPA (100 mg/tions by the peroxidase-conjugated streptoavidin-bio-
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FIGURE 4. Effects are shown of dienogest, medroxyprogesterone ace-
tate (MPA), norethisterone (NES), and 17a-hydroxyprogesterone (OHP)
on the uterine weight of ovariectomized mice with tumors of a human
endometrial carcinoma cell line (HEC-88nu) treated with 17b-estradiol
benzoate (E2). Each column represents the mean { standard error (n Å
5–7; see footnote to Fig. 3). Data were analyzed by Dunnett’s t test. In
the figure, E2 Å E2 plus vehicle. Significant differences from the E2-plus-
vehicle group: *P õ 0.05, **P õ 0.01. ip: administered intraperitoneally;
po: administered orally.

FIGURE 5. Effects are shown of dienogest and medroxyprogesterone
acetate (MPA) on the growth of tumors of a human endometrial carcinoma
cell line (Ishikawa) in ovariectomized mice treated with 17b-estradiol ben-FIGURE 3. Effects are shown of various drugs on the growth of
zoate (E2). E2 was administered intraperitoneally at 0.5 mg/kg/day; othertumors of a human endometrial carcinoma cell line (HEC-88nu) in
drugs were administered orally (po). Each point represents the mean {ovariectomized mice treated with 17b-estradiol benzoate (E2). (A)
standard error (n Å 5). Data were analyzed by Dunnett’s t test. SignificantEffect of dienogest is shown. (B) Effects of medroxyprogesterone
differences from the E2-plus-vehicle group: *P õ 0.05, **P õ 0.01.acetate (MPA), norethisterone (NES), and 17a-hydroxyprogesterone

(OHP) are shown. (C) Effect of dienogest plus MPA is shown. The
saline-plus-vehicle and E2-plus-vehicle groups show the same effects
in each figure. E2 was administered intraperitoneally at 0.5 mg/kg/ kg/day) also significantly suppressed the E2-induced
day; other drugs were administered orally (po). Each point represents growth of Ishikawa tumors. No significant difference
the mean { standard error (n Å 5, except n Å 7 in the E2-plus-vehicle in tumor size was observed between the MPA group
group). Data were analyzed by Dunnett’s t test. Significant differences and the dienogest (0.01 mg/kg/day) group (Fig. 5).
from the E2-plus-vehicle group: *P õ 0.05, **P õ 0.01. Both MPA (100 mg/kg/day) and TAM (10 mg/kg/day)
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not increase the LDH concentration in the culture me-
dium.

Histologic and Immunohistochemical Studies with
Ishikawa Tumors
Because it was reported that Ishikawa cells possess
both PR and ER,9 unlike HEC-88nu cells, we investi-
gated the effect of dienogest on the histologic differen-
tiation, receptor expression, and proliferation of Ishi-
kawa tumors. In the E2-plus-vehicle group, glandular
structures were evident (Fig. 7a). These structures were
also seen in the E2-plus-dienogest group (Fig. 7b) but
not in the E2-plus-MPA group, in which solid struc-
tures were prominent (Fig. 7c). Positive immunoreac-
tivity of nuclei for BrdU, PR, and ER was evident in
the E2-plus-vehicle group. Positive staining for BrdU
was decreased in the E2-plus-dienogest group but notFIGURE 6. Effects are shown of dienogest, medroxyprogesterone ace-
in the E2-plus-MPA group (Fig. 8). Positive stainingtate (MPA), and tamoxifen citrate (TAM) on the growth of tumors of a
for PR was almost absent in the E2-plus-MPA group,human breast carcinoma cell line (MCF-7) in ovariectomized mice treated
whereas no change was observed in the E2-plus-die-with 17b-estradiol benzoate (E2). E2 was administered intraperitoneally at
nogest group (Fig. 9). An average of 93% of all nuclei0.5 mg/kg/day; other drugs were administered orally (po). Each point
were positive for ER in the E2-plus-vehicle group, andrepresents the mean { standard error (n Å 5). Data were analyzed by
there was no significant difference in the other twoDunnett’s t test. Significant differences from the E2-plus-vehicle group: *P
groups.õ 0.05, **P õ 0.01.

CONCLUSIONS
In the current study, we demonstrated that dienogest

TABLE 1 had an anticancer action that was markedly different
Effect of Dienogest in the Presence of 1008 mol/L 17b-Estradiol on

from that of well-known progestins.the Growth of HEC-88nu Cells
First, the E2-stimulated tumor growth of HEC-88nu

cells was not suppressed at all by typical progestinsConcentration No. of cellsa P
Drug (mol/L) (1105/culture) valueb (MPA, NES, and OHP), a finding consistent with an ear-

lier report.13 The only effective drug was dienogest. The
Control 0 3.9 { 0.1 (100)c

HEC-88nu cell line does not express PR, although it isDienogest 10010 3.7 { 0.1 (95) NS
positive for ER.14 Our immunohistochemical study of1008 3.4 { 0.1 (87) õ0.01
HEC-88nu tumors also revealed them to be PR-negative1006 2.1 { 0.1 (54) õ0.01

1005 0.8 { 0.1 (21) õ0.01 (data not shown), which would explain the lack of a
response to progestins. However, dienogest has been

NS: not significant.
reported to have progestational activity and no othera Each value represents the mean { standard error (n Å 3).
notable hormonal activities.5 To explain the differenceb Data were analyzed by Dunnett’s t test.

in the anticancer actions of dienogest and the other pro-c Values in parentheses represent percentages of the control value.

gestins, we confirmed the existence of progestational
activity in the mice with HEC-88nu tumors by measuring
the uterine weight. MPA and NES suppressed the E2-
induced increase in uterine weight, suggesting the pres-significantly suppressed the growth of MCF-7 tumors.

Tumor size in the MPA and TAM groups was not sig- ence of progestational activity (antiuterotrophic action)
mediated via uterine PR.15 OHP has a PR binding affinitynificantly different from tumor size in the dienogest

(0.001 mg/kg/day) group (Fig. 6). which is less than 1/1000 that of progesterone,16 and it
failed to decrease uterine weight. Thus, OHP at a dose
of 100 mg/kg was considered to show no progestationalIn Vitro Studies with HEC-88nu Cells

To confirm that the action of dienogest was due to activity in this experimental system. Dienogest also had
no effect on uterine weight. The antiuterotrophic actionthe drug itself and not due to other factors, such as

metabolites, in vitro studies were also conducted. Die- of dienogest in mice is reported to require a dose of 230
mg per animal (approximately 10 mg/kg).17 Considerednogest inhibited the growth of HEC-88nu cells in a

concentration-dependent manner (Table 1) and did together, these data suggest that dienogest must have
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was not reduced in the presence of MPA. Dienogest has
a lower binding affinity for human uterine cytosolic PR
than MPA, NES, or progesterone.18 We also found that
the binding affinity of dienogest for rabbit and rat uterine
PR was lower than that of MPA (data not shown). There-
fore, in the presence of excess MPA, the anticancer ac-
tion of dienogest should be mediated by a pathway dif-
ferent from that involving PR.

Separation of the anticancer activity from the anti-
uterotrophic activity of dienogest was also observed
in mice with Ishikawa and MCF-7 tumors. Dienogest
showed no antiuterotrophic activity at tumor-sup-
pressive doses, whereas MPA reduced uterine weight
(data not shown). These results suggest that dienogest
may be able to suppress the growth of a variety of
endometrial and breast carcinoma cells through a
mechanism different from that of progestins. In addi-
tion, dienogest inhibited the in vitro growth of HEC-
88nu cells while showing no cytotoxicity. This finding
suggests that inhibition of cell growth is a possible
mechanism for the in vivo anticancer action of dienog-
est.

Histologic and immunohistochemical investiga-
tions confirmed the differences between dienogest
and MPA with respect to anticancer activity. Dienog-
est, but not MPA, decreased the number of BrdU-la-
beled nuclei in Ishikawa tumors. Dienogest also de-
creased labeled nuclei in HEC-88nu tumors (data not
shown). The glandular structure of the Ishikawa tu-
mors was maintained in the dienogest group, whereas
solid structures were prominent in MPA-treated tu-
mors. A marked decrease in PR expression was ob-
served in MPA-treated tumors but not in dienogest-
treated tumors. Kauppila et al.19 have reported that
both a higher grade of differentiation and higher levels
of ER and PR are predictors of a favorable prognosis in
patients with endometrial carcinoma. Thus, dienogest
may improve the clinical outcome for some of these
patients. On the other hand, it was reported that high-
dose gestagen therapy is sometimes accompanied by
loss of responsiveness of endometrial adenocarci-
noma.20 Solid, poorly differentiated subpopulations of-
ten appear in such cases and are unresponsive to pro-
gestins because of the lack of PR.21 Accordingly, tumor
cell heterogeneity may have been responsible for theFIGURE 7. Representative histologic appearance of Ishikawa tumors
resistance of Ishikawa tumors to progestins in the cur-from the E2-plus-vehicle group (a), the E2-plus-dienogest (0.1 mg/kg/day,
rent study.orally) group (b), and E2-plus-medroxyprogesterone acetate (100 mg/kg/

Another notable finding in the current study wasday, orally) group (c) (H & E, bar Å 50 mm).
that the effective dose of dienogest for suppression of
both Ishikawa and MCF-7 tumors was far lower thanunique activity in addition to its progestational activity

and that this additional activity is manifested at doses that of MPA or TAM, which should contribute to fewer
adverse effects in clinical use.lower than those with a progestational effect. Although

an additional study using a PR antagonist such as RU486 Although the molecular basis of the anticancer ac-
tion of dienogest is still under investigation, we con-might be preferable, this hypothesis was supported by

the fact that the tumor-suppressive effect of dienogest clude that this drug may be a useful therapeutic agent
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FIGURE 8. Representative histologic appearance of nuclei labeled with 5-bromodeoxyuridine in Ishikawa tumors from the E2-plus-vehicle group (a),
the E2-plus-dienogest (0.1 mg/kg/day, orally) group (b), and the E2-plus-medroxyprogesterone acetate (100 mg/kg/day, orally) group (c). Nuclei were
counterstained with hematoxylin (bar Å 50 mm).

FIGURE 9. Representative histologic appearance of progesterone receptor–positive nuclei in Ishikawa tumors from the E2-plus-vehicle group (a), the
E2-plus-dienogest (0.1 mg/kg/day, orally) group (b), and the E2-plus-medroxyprogesterone acetate (100 mg/kg/day, orally) group (c). Nuclei were
counterstained with hematoxylin (bar Å 50 mm).

gen and potential interceptive dienogest. In: Zalewski RI,not only for hormone-dependent PR-positive tumors
Skolik JJ, editors. Natural products chemistry 1984. Amster-but also for tumors lacking PR that have been more
dam: Elsevier, 1985:143–58.

refractory to available therapy.
6. Kohler G. Dienogest in the treatment of endometriosis. Arch

Gynecol Obstet 1993;254:594–5.
REFERENCES 7. Morisawa T. The results of primary culture of endometrial
1. Gurpide E. Endometrial cancer: biological and clinical corre- adenocarcinoma and characterization of its established cell

lates. J Natl Cancer Inst 1991;83:405–16. line. J Jpn Soc Clin Cytol 1994;26:433–42.
2. Vessey MP. The involvement of oestrogen in the develop- 8. Aoki D, Katsuki Y, Shimizu A, Kakinuma C, Nozawa S. Suc-

ment and progression of breast disease: epidemiological evi-
cessful heterotransplantation of human endometrium in

dence. In: Beck JD, editor. Estrogen and the human breast.
SCID mice. Obstet Gynecol 1994;83:220–8.

Edinburgh: The Royal Society of Edinburgh, 1989;95:35–48.
9. Nishida M, Kasahara K, Kaneko M, Iwasaki H, Hayashi K. Estab-3. Tominaga T, Izuo M, Nomura Y, Kubo K, Abe O, Enomoto

lishment of a new human endometrial adenocarcinoma cellK, et al. Oral high-dose medroxyprogesterone acetate (MPA)
line, Ishikawa cells, containing estrogen and progesterone re-in the treatment of advanced and recurrent breast cancer:
ceptors. Acta Obstet Gynaecol Jpn 1985;37:1103–11.a dose-response evaluation. Jpn J Cancer Chemother

10. Soule HD, Vazquez J, Long A, Albert S, Brennan M. A human1982;9:1994–2004.
cell line from a pleural effusion derived from a breast carci-4. Okada K, Nakata Y. The efficacy and adverse effect of me-
noma. J Natl Cancer Inst 1973;51:1409–16.droxyprogesterone acetate therapy against endometrial can-

11. Ohno T, Itagaki H, Tanaka N, Ono H. Validation study oncer. Obstet Gynecol Practice 1989;38:575–82.
five different cytotoxicity assays in Japan: an intermediate5. Schubert K, Hobe G, Kaufmann G, Koch M, Hübner M,
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