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Abstract

Human breast cancer tissue contains enzymes (estrone sulfatadg;dt@xysteroid dehydrogenase, aromatase) involved in the last
steps of estradiol (B formation. In this tissue, £can be synthesized by two main pathways: (1) sulfatase—transforms estrogen sulfates
into bioactive k, and the (2) aromatase—converts androgens into estrogens. Quantitative assessmémnudtion in human breast
tumors indicates that metabolism of estrone sulfateSjEvia the sulfatase pathway produces 100-500 times mptédh androgen
aromatization.

In the present study, we demonstrated in T-47D and MCF-7 human breast cancer cells that norelgestromin (NGMN) (a metabolite of
norgestimate) is a potent inhibitory agent of the estrone sulfatase activity. After 24 h incubation of physiological concentraiins of E
(5% 10~2 mol/l) the inhibitory effect of NGMN at concentrations 0&5L0~2, 5x 10~7 and 5x 10> mol/l was 43+ 7, 74+ 4 and 97 2%,
respectively, in T-47D cells; 2% 4, 57+ 5 and 96+ 2% respectively, in MCF-7 cells. Comparative studies using medroxyprogesterone
acetate (MPA) showed that this progestin also has an inhibitory effect on sulfatase activity, but significantly less intense than that of NGMN.
The inhibition for MPA at concentrations of 5 10~%, 5 x 10~ and 5x 10-°mol/l was 31+ 5, 47+ 3 and 61+ 3%, respectively, for
T-47D cells; 6+ 3, 20+ 3 and 63+ 4%, respectively, for MCF-7 cells.

In conclusion, the present data show that NGMN is a very potent inhibitory agent for sulfatase activity in the hormone-dependent breast
cancer cells, resulting in decreased tissue concentratiop. it clinical significance of this finding remains to be elucidated.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction (E2) is an important risk factor for the genesis and evolu-
tion of breast tumors and that most (about 95%) early stage
Breast cancer is one of the major causes of cancer-relatedumors are estrogen-sensitijie-3].
deaths among women and recent statistical information in- About two-thirds of breast cancers occur during the
dicates that in the United States one woman in eight will post-menopausal period when estrogen produced by the
develop this disease during her lifetime; the values are oneovaries has essentially ceased. Despite the low levels of cir-
in twelve for countries of the European Community and one culating estrogens, the tissue concentrations of estrop)e (E
in eighty for Japan. It is now well-established that estradiol E> and their sulfates (£5, BS) are several times higher
than those found in the plasma or in the area of the breast
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in breast cancer tissues: the “aromatase pathway” whichcontaining 5% steroid-depleted treated FCS. The FCS had
transforms androgens, mainly androstenedione, into estro-been treated overnight af€ with dextran-coated charcoal
gens[9,10] and the “sulfatase pathway” which converts (DCC) (0.1-1% w/v, DCC-FCS).

E1S into B by the estrone-sulfatase (EC: 3.1.6.2)-15]

The final step of steroidogenesis is the conversion of the 2.3, |solation and quantification of [{]-estradiol

weak  to the potent biologically active Eby the action  from human mammary cancer cells incubated with

of a reductive 1p-hydroxysteroid dehydrogenase type 1 [3H]-estrone sulfate

activity (173-HSD-1, EC: 1.1.1.62)16,17] Quantitative

evaluation indicates that the majority of, Eormation in Preconfluent cells were cultivated in MEM-DCC-FCS
human breast tumors is via the sulfatase pathway ratherwith the addition of 5< 10~° mol/l of [3H]-E1S alone (con-
than via the aromatase pathwigy15,18] trol cells) or in combination with the different compounds:

Norelgestromin (NGMN) is a synthetic progestin and the NGMN or MPA, dissolved in ethanol (final concentration
primary metabolic product of norgestimate, a progestin used <0.2%) at a range of concentrations fromx510~° to
in several marketed oral contraceptives and in a US marketeds x 10~2 mol/l. Control cells received ethanol vehicle only.
hormone replacement therapy. Twenty-four hours later the medium was removed, the cells
In this study, we explored the effects of NGMN and washed twice with ice-cold Hank’s Buffered Saline Solution
medroxyprogesterone acetate (MPA) on the sulfatase activ-(HBSS; calcium—magnesium-free) (ATGC) and harvested
ity in two hormone-dependent breast cancer cells: MCF-7 by scraping. After centrifugation, the pellet was treated

and T-47D. with 80% ethanol and the radioactivity extracted for at least
24 h at—20°C. The cellular radioactivity uptake was de-

2 Materials and methods termined in the ethanolic supernatant and the DNA content
in the remaining pellet was evaluated according to Burton

2.1. Chemicals [19]. [*4C]-E> (5000 dpm) was added to monitor analytical

losses, and unlabeled Bnd E (50.g) were used as carri-
[6,7-3H(N)]-estrone  sulfate 3{H-E;S), ammonium ers and reference indicators. In the total ethanolic extracts,
salt (specific activity 53 Ci/mmol) and [#C-estradiol] E, was isolated by TLC on silica gel 60§ (Merck, Darm-
(*C-E») (specific activity 57 mCi/mmol) were purchased stadt, Germany) developed with chloroform—ethylacetate
from New England Nuclear Division (DuPont de Nemours, (4:1, v/v) system. After visualization of the estrogens un-
Les Ulis, France). The purity of the radioisotopes was der UV at 254 nm, the appropriate areas were cut off into
assessed by thin-layer chromatography (TLC) in the ap- small pieces, placed in liquid scintillation vials with ethanol
propriate system before use;& ammonium salt, unla- (0.5ml) and allowed to extract for 30 min. Three milliliter
beled E and E (analytical grade) were obtained from of Opti-fluor (Packard, Rungis, France) were added and the
Sigma-Aldrich Chimie (St. Quentin Fallavier, France). vials were analyzed fofH and 4C contents with quench
NGMN (13-ethyl7-hydroxy-18,19-dinor-&fpregn-4-en- correction by external standardization. The quantitative
20-yn-3-one oxime) was a gift from the Johnson & Johnson evaluation of & was calculated as a percentage of the total
Pharmaceutical Research and Development Inc., Medicinalradioactivitiy associated with the cells and then expressed
Chemistry Department (Raritan, NJ, USA); medroxyproges- as fmol of E formed/mg DNA.
terone acetate (MPA; hZacetoxy-&-methylprogesterone)
was obtained from Sigma—Aldrich Chimie. All other chem- 2.4, Statistical analysis
icals were of the highest grade commercially available.
Data are expressed as the meastandard error of the
2.2. Cell culture mean (S.E.M.) values. Student'sest was used to assess

the significance of the differences between me&n&lues
The hormone-dependent MCF-7 and T-47D human <0.05 were considered significant.

mammary cancer cell lines were kindly provided by Dr.

R.B. Dickson (Georgetown University, Washington, DC,

USA). The cells were grown in Eagle’s Minimal Essen- 3. Results

tial Medium (MEM) buffered with 10 mmol/l HEPES (pH

7.6) supplemented with 2 mmolfl-glutamine, 100U/ml  3.1. Effect of norelgestromin (NGMN) on estrone sulfatase
penicillin—streptomycin and 5% fetal calf serum (FCS) activity in hormone-dependent MCF-7 and T-47D human
(ATGC, Marne-la-Vallée, France) for T-47D, or 10% FCS breast cancer cells

for MCF-7 cells, and incubated at 3 in a humidified

atmosphere of 5% Cf Media were changed twice a week. As E;S is the most important precursor of i breast
The cells were passed every 10-12 days and replated incancer tissues, the inhibition of estrone sulfatase activity can
75cnt flasks (ATGC) at 3x 1P cells per flask. Four days  be an important way of preventing the liberation of unconju-
before the experiments, the cells were transferred to MEM gated active estrogens from their inactive sulfo-conjugated
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forms. Previous studies in this laboratory have clearly Table 1
demonstrated that various progestins (e.g. medrogestonepeterminaﬁon of the Igp values for NGMN and MPA in the conversion
nomegestrol acetate) or tibolone, can act as selective eS_of estrone sulfate to estradiol in MCF-7 and T-47D breast cancer cells
trogen enzyme modulators by inhibiting estrone sulfatase [ICs0 values .mol/l)]
and 1PB-HSD or stimulating sulfotransferase activities in T-47D cells MCF-7 cells
breast cancer cells. To thls_ aim, we tested the capacity Of+ NGMN 00127 0178
the synthetic 19-norprogestin NGMN to block the sulfatase | \;pa 215 26.10
pathway in breast cancer cells.

When physiological concentrations ¢ 109 mol/l) of

[3H]-E1S are incubated with the hormone-dependent T-47D

ICs5p values correspond to 50% inhibition of the conversion of estrone
sulfate (BS) to estradiol in MCF-7 or T-47D cells by NGMN or
MPA. [3H]-E1S was incubated with cells at physiological concentrations

and MCF-7 breast cancer cell lines for 24 h aP@7 the in- (5 x 107°molll). The IGs values were determined by using non-linear
tracellular production of fin both cells is elevated (18a5 regression analyses.

152 and 2185 101 fmol/mg DNA for T-47D and MCF-7

cells, respectively)Rigs. 1 and 2 stronger in the progesterone receptor (PR)-rich T-47D cells

The data show that the progestin NGMN very intensively than in MCF-7 cells Table J.
decreases the production of ffEom E; S in a dose-dependent
manner. At low concentrations 5109 and 5x 10~ 7 mol/l) 3.2. Effect of MPA on estrone sulfatase activity in the

NGMN is a potent inhibitory agent of the sulfatase path- hormone-dependent MCF-7 and T-47D human breast
way in T-47D cells: the inhibition is 43 7 and 74+ 4%, cancer cells

respectively. These effects are lower in MCF-7 cells where
the inhibition found was 25 4 and 57+ 5%, respectively. MPA is a synthetic progestin derived from 17-hydroxy-
At high concentrations (% 10~>mol/l) the inhibition is progesterone, used as injectable contraceptive, and at high
very strong in both cells: 9% 2 and 96+ 2% in T-47D doses as palliative treatment of breast and endometrial car-
and MCF-7 cells respectively. Using non-linear regression cinoma. The anti-tumoral action of MPA may be due to an
analyses, the 163 values, corresponding to the concentration effect on the hypothalamo-hypophysis axis, on the estrogen
of NGMN which decreases the formation o By 50%, receptor and/or on the metabolism of steroids in tissues.
are 127 x 10~8mol/l and 178 x 10~" mol/l in T-47D and Figs. 1 and 2show that at low doses (& 10~° and
MCF-7 cells, respectively, indicating that NGMN is 14 times 5 x 10~/ mol/l) MPA significantly inhibits the E produc-
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Fig. 1. Effects of NGMN and MPA on the conversion of estrone sulfatgS{Ho estradiol (k) in the hormone-dependent T-47D human breast cancer
cell line. Preconfluent cells were incubated for 24 h at@#with a physiological concentration ¢610~° mol/l) of [3H]-E1S alone (control: non-treated
cells) or in the presence of NGMN or MPA at the range of concentrations fremi®° to 5 x 10~>mol/l. Qualitative and quantitative analyses of E

in the cell compartment were performed by thin-layer chromatography and liquid scintillation counting as indicatdiom 2 Results are expressed

in fmol of E; formed/mg DNA from ES. The data are the medanS.E.M. of duplicate determinations of three independent experiméits= 0.05 vs.
control values (non-treated cells}.P = 0.005 vs. control values (non-treated cells).
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Fig. 2. Effects of NGMN and MPA on the conversion of estrone sulfaeSjHo estradiol (k) in the hormone-dependent MCF-7 human breast cancer
cell line. Preconfluent cells were incubated for 24 h at@#with a physiological concentration ¢610~° mol/l) of [3H]-E1S alone (control: non-treated
cells) or in the presence of NGMN or MPA at the range of concentrations fremi®° to 5 x 10~°mol/l. Qualitative and quantitative analyses of E

in the cell compartment were performed by thin-layer chromatography and liquid scintillation counting as indic&tdiam 2 Results are expressed
in fmol of E; formed/mg DNA from ES. The data are the meanS.E.M. of duplicate determinations of three independent experiméts= 0.05 vs.
control values (non-treated cells}.P = 0.005 vs. control values (non-treated cells).
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Fig. 3. Structures of the two progestins: norelgestromin (NGMN) and medroxyprogesterone acetate (MPA).

tion from E. S in T-47D cells only, where the percentage of 4. Discussion
inhibition is 31+ 5 and 474+ 3%, respectively. For MCF-7

cells the inhibition is 6t 3 and 20+ 3%, respectively. At a It is recognized that the “sulfatase pathway” is essen-
higher dose (5« 10~°mol/l) the inhibitory effect is signifi- tially responsible for the intratissular estradiolJEpro-

cant in both cell lines: 6% 3 and 63+ 4%, respectively, in ~ duction in hormone-responsive mammary carcinomas or in
T-47D and MCF-7 cells. The I§3 values are 25x10~% and breast cancer models. Estrone sulfatase activity is poten-

2.61x10~°mol/lin T-47D and MCF-7 cells respectively, in-  tially relevant as it is the main factor controlling the pro-

dicating that MPA is 12 times stronger in the PR-rich T-47D duction of unconjugated estrogens from the high concentra-

cells than in the MCF-7 cellsTable 1. tions of sulfoconjugated precursors which prevail in breast
Comparatively, NGMN is 170 and 147 times stronger for cancer tissues, particularly from postmenopausal patients

inhibiting the sulfatase pathway than MPA in T-47D and [5].

MCF-7 cells, respectively. The comparative structures of The present data establish that the synthetic progestin

these two progestins are givenkig. 3. NGMN can reduce the conversion of&to B in T-47D
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and MCF-7 human mammary cancer cells by blocking the
“sulfatase pathway”. Despite a similar sulfatase activity in
non-treated T-47D and MCF-7 intact cells in culture, NGMN
exerts a greater inhibitory effect on this enzyme in the for-
mer cell lines, particularly at low doses ¢5610~° and
5x 10~" mol/l). The concentration of NGMN needed to ob-
tain 50% inhibition of this activity (16 value) was 127 x
10-8mol/l for the T-47D cells and .Z8 x 10~' mol/l for

the MCF-7 cells. As T-47D cells express high functional
levels of PR, a PR-mediated mechanism by which NGMN
inhibits estrogen production could be an attractive path to
explore.

Norgestimate belongs to the 19-norprogestin series with
an oxime group on C-3 that, in combination with ethinyl
estradiol, is contained in widely marketed oral contracep-
tives. It binds to the PR and causes conversion of a prolif-
erative to a secretory endometrium in rabbits after direct
injection in the uterine horn. It inhibits luteinizing hormone
release from rat pituitary cells in culture, is not estrogenic
and is relatively free of androgenic activifg0]. It is well

established that norgestimate is rapidly converted into three
major metabolites; the 17-deacetylated norgestimate, or

[10] E. Perel,
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intratissular sex hormone concentrations in cancerous and normal
glandular breast tissue in postmenopausal women, Eur. J. Cancer
Clin. Oncol. 22 (1986) 515-525.

[5] J.R. Pasqualini, G. Chetrite, C. Blacker, M.-C. Feinstein, L.
Delalonde, M. Talbi, C. Maloche, Concentrations of estrone,
estradiol, and estrone sulfate and evaluation of sulfatase and
aromatase activities in pre- and postmenopausal breast cancer, J.
Clin. Endocr. Metab. 81 (1996) 1460-1464.

[6] J.R. Pasqualini, J. Cortes-Prieto, G. Chetrite, M. Talbi, A. Ruiz,
Concentrations of estrone, estradiol, and their sulfates and evaluation
of sulfatase and aromatase activities in patients with breast
fibroadenoma, Int. J. Cancer 70 (1997) 639—-643.

[7] G. Chetrite, J. Cortes-Prieto, J.C. Philippe, F. Wright, J.R.
Pasqualini, Comparison of estrogen copncentrations, estrone sulfatase
and aromatase activities in normal, and in cancerous, human
breast tissues, J. Steroid Biochem. Molec. Biol. 72 (2000) 23—
27.

[8] A.A.J. van Landeghem, J. Poortman, M. Nabuurs, J.H.H. Thijssen,
Endogenous concentration and subcellular distribution of estrogens
in normal and malignant human breast tissue, Cancer Res. 45 (1985)
2900-2906.

[9] Y.J. Abul-Hajj, R. Iverson, D.T. Kiang, Aromatization of androgens
by human breast cancer, Steroids 33 (1978) 205-222.

D. Wilkins, D.W. Killinger, The conversion of

androstenedione to estrone, estradiol, and testosterone in breast tissue,

J. Steroid Biochem. 13 (1980) 89-94.

NGMN, 3-keto norgestimate and levonorgestrel. NGMN is [11] T.L. Dao, C. Hayes, P.R. Libby, Steroid sulfatase activities in

the primary active metabolite which carries the progesto-

genic properties of norgestimate. Significant concentrations

(3500 pg/ml, 1.5 h after intake) of NGMN were found in the
serum of women after administration of norgestimate and it

human breast tumors, Proc. Soc. Expl. Biol. Med. 146 (1974) 381
384.

[12] F. Vignon, M. Terqui, B. Westley, D. Derocq, H. Rochefort, Effects

of plasma estrogen sulfates in mammary cancer cells, Endocrinology
106 (1980) 1079-1086.

is suggested that NGMN contributes to the pharmacologic [13] J.R. Pasqualini, C. Gelly, F. Lecerf, Estrogen sulfates: biological and

response of norgestimaf2l]. Studies using gastrointesti-
nal mucosa show also that NGMN is the main metabolic
product of norgestimatd22]. NGMN is the progestin
contained in the new FDA-approved once-weekly con-
traceptive patch Ortho Evra/Evra (norelgestromin/ethinyl
estradiol, transdermal systeni?23]. The present study
demonstrates previously unknown biological effects of
NGMN.

MPA is extensively used in patients with advanced or
recurrent breast canc¢?4,25] The fact that NGMN has

ultrastructural responses and metabolism in MCF-7 human breast
cancer cells, Breast Cancer Res. Treat. 8 (1986) 233-240.

[14] J.R. MacIndoe, with the technical assistance of G. Woods, L.

Jeffries, M. Hinkhouse, The hydrolysis of estrone sulfate and
dehydroepiandrosterone sulfate by MCF-7 human breast cancer cells,
Endocrinology 123 (1988) 1281-1287.

[15] J.R. Pasqualini, C. Gelly, B.-L. Nguyen, C. Vella, Importance of

estrogen sulfates in breast cancer, J. Steroid Biochem. 34 (1989)
155-163.

[16] Y.J. Abul-Hajj, R. Iverson, D.T. Kiang, Estradiol p7dehydrogenase

and estradiol binding in human mammary tumors, Steroids 33 (1979)
477-484.

more potent anti-sulfatase activity than MPA suggests pos-[17] J.M. McNeill, M.J. Reed, P.A. Beranek, R.C. Bonney, M.W. Ghilchik,

sible new and interesting uses for NGMN in clinical trials
of patients with breast cancer.
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