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Abstract group attached to an aromatic ring (13). This finding led to the design

and synthesis of a number of sulfamated 1-4 ring compounds that are
potent non-estrogenic steroid sulfatase inhibitors (14-16). Such in-
hibitors included COUMATE which, although less potent than

The development of potent steroid sulfatase inhibitors is an important
new therapeutic strategy for the treatment of postmenopausal women

with breast cancer. A series of tricyclic coumarin sulfamates were syn- Lo . .
thesized, and their inhibitory properties were examinedin vitro and in EMATE, was activein vivo (15). In this paper, we report on the

vivo. In a placental microsomal assay system, 667 COUMATE emerged as vitro andin vivo activity of a number of tricyclic coumarin sulfamates,
the most potent inhibitor with an IC o, of 8 . Administration of a single ~ One of which was selected for testing in an induced mammary tumor
dose (10 mg/kg, p.0.) of 667 COUMATE inhibited rat liver estrone sul- Mmodel in rats.

fatase activity by 93%. 667 COUMATE was devoid of estrogenicity, as

indicated by its failure to stimulate the growth of uteri in ovariectomized ~Materials and Methods

rats. In vivo, estrone sulfate-stimulated growth of uteri in ovariectomized _ o ) ) ]

rats was inhibited by 667 COUMATE. Using the nitrosomethylurea- Synthesis qf Trl_cycllc Cogmarln and Oxepin Sulfamates.The series
induced mammary tumor model, we found that 667 COUMATE caused ©f 665—668 trlcycllc_coumanns_were prepared t_)y a Pechmann sy_nthe5|s of
regression of estrone sulfate-stimulated tumor growth in a dose-dependent the starting coumarin by reacting resorcinol with the corresponding 5-8-

manner. The identification of 667 COUMATE as a potent steroid sulfatase Membered cyclig3-ketoester (e.gmethyl 2-oxocycloheptane carboxylate for
inhibitor will enable the therapeutic potential of this type of therapy to be 667 COUMARIN) in the presence of concentrated sulfuric and trifluoroacetic

evaluated. acids, The tricyclic oxepin was prepared in a similar manner from resorcinol
and ethyl (2-oxocyclohexyl) acetate.

The resulting phenolic compounds were sulfamoylated to give: 665
COUMATE (Fig. 1,1), 666 COUMATE (Fig. 12), 667 COUMATE (Fig. 1,

The development of enzyme inhibitors to block estrogen synthesis 668 COUMATE (Fig. 14), and 676 OXEPIN (Fig. 15). All compounds

offers a new approach for the treatment of postmenopausal wont& ibited spectroscopic and analytical properties consistent with their struc-

. ture. Full details of the synthesis and characterization of the tricyclic coumarins
with hormone-dependent breast tumors. Thus far, research has beedq S Y Y
and oxepin will be reported elsewhere.

directed mainly toward the identification of aromatase inhibitors, In Vitro and in Vivo Inhibition of Estrone Sulfatase Activity. The ability

which block the conversion of androstenedione to estrone (1, &)the tricyclic coumarin and oxepin sulfamates to inhibit E1-STS activity and
There is, however, a growing awareness of the role that stergigterminations of IGs were carried out using placental microsomes
sulfatase, which hydrolyses E1® estrone, may have in regulating(100,000x g fraction; Ref. 17). Fom vivostudies, female Wistar rats (Harlan
the formation of estrogenic steroids (3-5). The steroid sulfatase ti@c, Bicester, Oxon, United Kingdom) were treated p.o. with vehicle (pro-
hydrolyses estrone sulfate is also responsible for the formation yfene glycol) or drug (0.1-1.0 mg/kg) with either a single dose or five
DHEA from DHEA sulfate (6). Reduction of DHEA gives rise tomMultiple doses at daily intervals.

Adiol which, although an androgen, can bind to the estrogen reCeptor_Uterotrophic Study. To examinen vivo for possible estrogenic effects of
Adiol can stimulate the growth of breast cancer céflsvitro and 667 COUMATE, rats were ovariectomized and 14 days later received vehicle

. . T . . (propylene glycol, 20Qul, p.o.) or 667 COUMATE (2 mg/kg/day, p.o.) for 5
carcinogen-induced mammary tumansvivo in ovariectomized rats .. “he ability of 667 COUMATE to inhibit E1S-stimulated uterine growth

(7: 8)-. The E:!-S surrogate, EMATE, was identified as a potent, actiyeovariectomized animals was also investigated. For this, animals received
site-directed irreversible inhibitor (9, 10). EMATE was actime/ivo  gither vehicle or 667 COUMATE (2 mg/kg/day, p.o.) initially for 2 days to

and had a prolonged duration of action (11) but, unexpectediuppress E1-STS activity. Animals either continued to receive vehicle p.o. plus
EMATE proved to be a potent estrogen, being five times more acti#as (50ug/day, s.c.) or 667 COUMATE (2 mg/kg/day, p.o.) plus E1S (50
than ethinylestradiol on oral application to rats (12). A series ofg/day, s.c.) for another 5 days.

structure-activity relationship studies revealed that the active pharmaAnimals were killed 24 h after administration of the last dose of drug, and

cophore required for potent steroid sulfatase inhibition is a sulfamatieri were excised of fat and weighed. Total body weights of the animals were
also recorded, and the results were expressed as uterine vii@fd/total

body weight.
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18 U.S.C. Section 1734 solely to indicate this fact. development was monitored, and animals were ovariectomized when tumors
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United Kingdom. Telephone: 44-207-886-1738; Fax: 44-207-886-1790; E-maWas stimulated with E1S (5@g/day, s.c.). When tumors had regrown, animals

m.reed@ic.ac.uk. continued to receive either E1S alone or E1S plus 667 COUMATE at 10
3Thed aﬁb(;e“atﬁonj UStEd af?iA'é;?vSESt’g“e tsu”?it'e;l- EE}V'?T'E esttronesalgfatﬁsglkg/day or 2 mg/kg/day, p.o., until tumor regression had occurred. Tumor

famats;, COUMATE, 4 methylcoumarin.7-ulfamate: NMU. nirosomethyiurea; VOlumes were calculated from two measured diameters (11).

667 COUMATE, 6-0x0-8,9,10,11-tetrahydro-7dyclohepta-[c][1]benzopyran-3-O Estrone Sulfatase Activity in Tissues.Liver and tumor tissues obtained

sulfamate. from rats were immediately frozen on solid carbon dioxide and stored at
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(CH,)n COUMATES and 250 m for the 676 OXEPIN sulfamate. The relative
potency of 667 COUMATE to that of COUMATE and EMATE was

n=3, 1 (665 COUMATE) assessed using the placental microsome assay. Th®IEMATE was

X n=4. 2 (666 COUMATE) 25 nv and for COUMATE, 800 m. Thus, 667 COUMATE (IG,, 8 nv)
n=>5. 3 (667 COUMATE) s three times more potent than EMATE and 100 times more potent than
n=6. 4 (668 COUMATE)  COUMATE in inhibiting E1-STS activity.

HNSO,0 0 0 On the basis of its highesh vitro inhibitory potency, 667
COUMATE was selected for testinm vivo. Single or multiple
doses of 667 COUMATE (1 mg/kg) inhibited rat liver E1-STS
activity by >90% (data not shown). 667 COUMATE, therefore,
has a similar potencin vivo to that of EMATE (11). The duration

=SS of inhibition of E1-STS activity by 667 COUMATE was assessed
5, (676 OXEPIN)
012 - < 0.001
H,NSO,0 0

0 ] 0.10L
Uterine Wt /

Fig. 1. Structures: compount] 4-oxo-2,3-dihydro-1H-cyclopenta-[c][1]benzopyran-
7-O-sulfamate (665 COUMATE); compound, 6-0xo-7,8,9,10-tetrahydro-dibenzo[b, Total Bdy Wt x 100
d]pyran-3-O-sulfamate (666 COUMATE); compouBd6-0x0-8,9,10,11-tetrahydro-7H- 0.08 L
cyclohepta-[c][1]benzopyran-3-O-sulfamate (667 COUMATE); compouind6-oxo-
7,8,9,10,11,12-hexahydro-cycloocta-[c][1]benzopyran-3-O-sulfamate (668 COUMATE);
compound 5, 6-0x0-6,7,8,9,10,11-hexahydrodibenz[b,d]oxepin-3-O-sulfamate (676 0.06

OXEPIN). T T

0.04 | NS
100 —[—
0.02 p
80
y 0.00
Inhibition Controls E1S 667 667 + E1S
0r 50ug 2 mg/Kg

Fig. 3. Effect of E1S, 667 COUMATE, or E1S plus 667 COUMATE on uterine
growth. Animals were ovariectomized and 14 days later received vehicle (propylene
40 glycol, p.o.), E1S (5Qug/day, s.c.), or 667 COUMATE (2 mg/kg/day, p.o.) for 5 days.
—{— 665 Animals receiving E1S plus 667 COUMATE were initially treated for 2 days with 667
—e— 465 COUMATE (2 mg/kg, p.o.) to suppress E1-STS activity and then received a combination
— g7 of ElS (50ug/day, s.c.) plus 667 COUMATE (2 mg/kg_/dlay, p.o.) for an additiona] 5-day
20 A 668 period. Twenty-four h after the last dose was administered, uteri were obtained and

weighed. Results are expressed as uterine weighd0/total body weight (means;= 3;
—&— 676 bars, SD). NS, not significant.

o 1 1 1
.01 B 1 —L— Controls
Concentration ( uM ) 14} £ 667 10mg/Kg
’ —&— 667 2mg/Kg

Fig. 2. Inactivation of E1-STS activity in placental microsomes by 665 COUMATE, Ovx
666 COUMATE, 667 COUMATE, 668 COUMATE, and 676 OXEPINHJE1S adjusted 1.2} \l/
to 20 um with unlabeled substrate with or without inhibitors at concentrations of 0.01-1.0 E1S +
um was incubated with placental microsomes (425 of protein/ml) for 30 min. The 1ok 867 10 mg/Kg )
product formed was isolated by toluene extraction with*{@jestrone being used to  Tumor Vol ’
monitor procedural losses. Eapbint represents the mean of triplicate measurements for {cm3)
which the coefficients of variation wer€10%. 08

E1S +
667 2 mg/Kg |
06 ore

—20°C until assayed. Tissues were homogenized and, after centrifugation to
remove cell debris, aliquots of the supernatant were used for the sulfatase assay 0.4r
(27).

Statistics. Student’st test was used to assess the significance of the effect 0.21
of 667 COUMATE on uterine growth. The paired Studenttest was used to

. . . . ] 1 1 L 1 i

assess the significance of changes in tumor volumes after ovariectomy, E1S- 0.0 0

; O 5 15 25 35 45 55
stimulated regrowth, and after inhibitor treatment. Days
Results and Discussion Fig. 4. Effect of E1S or E1S plus 667 COUMATE on the growth of NMU-induced

mammary tumors in ovariectomized rats. After ovariectomy and tumor regression, tumor
Inhibition of E1-STS Activity in Vitro and in Vivo. The series of regrowth was restimulated with E1S (3@/kg/day, s.c.). Animals continued to receive

; ; ; ; it AR either E1S alone or E1S (50g/kg/day, s.c.) plus 667 COUMATE (10 mg/kg/day or 2
tricyclic coumarin and oxepin sulfamates were all potent inhibitois of mg/kg/day, p.o.) as indicated. Tumors were measured in two diameters, and tumor

vitro E1-STS activity (Fig. 2), with almost complete (91-99%) inhibitioRolumes were calculated. A significant decrease<(®.02) in tumor volumes occurred
being achieved at jum. Determination of IGs for this series revealed after ovariectomy and an increase P 0.02) after E1S administration and decrease

. P < 0.02) after inhibitor co-administration with E1S ¢n 4 for E1S only;n = 3 for
that 667 COUMATE was the most potent, with aRdGf 8 . ICssS for  £15'4 10 mg/kg 667 COUMATE; andh = 3 for E1S+ 2 mglkg 667 COUMATE;
the other derivatives were 200, 70, and 30far the 665, 666, and 668 meanspars, SE).
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using samples of liver tissue obtained 1, 3, and 7 days after a singlessed (data not shown). Using this model, EMATE andNts
dose (10 mg/kg). Complete recovery of E1-STS activity had ocaethylated derivatives were shown previously to inhibit E1S-
curred by 7 days after drug administration (data not shown).ifhestimulated mammary tumor growth (11).

vitro andin vivo hydrolysis of DHEA-sulfate was also efficiently  Since the identification of EMATE as a steroid sulfatase inhibitor,
inhibited by 667 COUMATE (data not shown). 667 COUMATEthere has been considerable progress in developing potent, non-estro-
has been identified as a potent nonsteroidal inhibitor of steroggnic inhibitors. Such compounds include modifications at the C17
sulfatase and is considerably more potent then the two-ringpdsition of EMATE to give a series of alkylamido amdtalkylcar-
COUMATE. The two rings of COUMATE were thought to act ashamoyl sulfamates (19) or &#p-tert-butylbenzyl sulfamates (20).
mimics for the A and B rings of the steroid nucleus. The introThe development of 667 COUMATE represents an important advance
duction of a third ring in the tricyclic coumarin sulfamates ham identifying a nonsteroidal inhibitor that, although three times more
increased the potency of 667 COUMATE 100-fold compared witpotent than EMATEN vitro, is not estrogenic. 667 COUMATE has
that of COUMATE. EMATE and COUMATE have been shownbeen identified as a potent inhibitor with therapeutic potential and is
previously to act in a time- and concentration-dependent manrssheduled to enter a Phase | clinical trial for use in postmenopausal
(10, 13). 667 COUMATE also inhibits the enzyme in a similawomen with breast cancer in the near future.

manner, but the inactivation of E1-STS by this inhibitor was more

rapid than by EMATE (data not shown), confirming its enhancegeferences

potency. Although the mechanism by which 667 COUMATE in-1.

activates E1-STS is not yet fully elucidated, it has been postulatet

that, like EMATE, it acts via irreversible sulfamoylation of one or

more residues in the enzyme active site. 3.
Although 667 COUMATE has a similar potency to that of EMATE "

in vivo, there is a marked difference in the time taken for E1-STS
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Inhibition of E1S-stimulated Uterine and Tumor Growth. Al-
though previous studies revealed that 667 COUMATE did not stim;
ulate the growth of estrogen-sensitive MCF-7 breast aeldro (18),
it was tested for estrogenicity vivo using the rat uterotrophic model.
In ovariectomized rats receiving E1S (2@/day, s.c.) for 5 days,
uterine growth was stimulated by 170% compared with animals
receiving vehicle (Fig. 3). In contrast, for animals receiving 66
COUMATE (2 mg/kg, p.o.) for 5 days, uterine weights did not differ
significantly from those of control animals. This model was also used.
to test the ability of 667 COUMATE to inhibit E1S-stimulated uterine
growth. Measurements of uterine weights 24 h after administration of
the last dose of drug and E1S revealed that the ability of E1S to
stimulate uterine growth was blocked by the co-administration of 664
COUMATE (Fig. 3). Thus, although 667 COUMATE is a potent
inhibitor of E1-STS activity, unlike EMATE it is devoid of estroge- 4
nicity. It was evident, however, from this model system that 66]7
COUMATE was effective in blocking the ability of E1S to stimulate
uterine growth.

Further evidence of the ability of 667 COUMATE to inhibit E1S-
stimulated tissue growth was obtained from a NMU-induced maré-
mary tumor study (Fig. 4). In this model, tumor growth is maintained
after ovariectomy by the s.c. administration of E1S. Ovariectomy.
resulted in a significant decrease {P0.02) in tumor volumes, and
administration of E1S led to a significant increaBe<( 0.02) in tumor ;g
volumes. For animals receiving a combination of E1S plus 667
COUMATE, a significant reductionR < 0.02) in tumor volumes
occurred. At a dose of 10 mg/kg, the decrease was*85%
(mean= SE;n = 3), whereas at 2 mg/kg the decrease wast583% 20
(meanz= SE;n = 3). Measurements of E1-STS activity in represent-
ative samples of tumors confirmed that activity was effectively sup-

3396

Downloaded from cancerres.aacrjournals.org on May 5, 2021.

human steroid sulphatase expressed in transfected COS-1 cells. J. Steroid Biochem.
Mol. Biol., 50: 101-104, 1994.

Dauvois, S., and Labrie, F. Androstenedione and androst-5&d&g3diol stimulate
DMBA-induced mammary tumours—role of aromatase. Breast Cancer Res. Treat.,
13: 61-69, 1989.

8. Poulin, R., and Labrie, F. Stimulation of cell proliferation and estrogenic response by

adrenal C19-delta-5-steroids in the ZR-75-1 human breast cancer cell line. Cancer
Res.,46: 4933-4937, 1986.

9. Howarth, N. M., Purohit, A., Reed, M. J., and Potter, B. V. L. Estrone sulfamates:

potent inhibitors of estrone sulfatase with therapeutic potential. J. Med. CB&m.,
219-221, 1994.

Purohit, A., Williams, G. J., Howarth, N. M., Potter, B. V. L., and Reed, M. J.
Inactivation of steroid sulfatase by an active site-directed inhibitor, estrone-3-O-
sulfamate. Biochemistry34: 11508-11514, 1995.

Purohit, A., Williams, G. J., Roberts, C. J., Potter, B. V. L., and Reed, h.\ivo
inhibition of oestrone sulphatase and dehydroepiandrosterone sulphatase by oestrone-
3-O-sulphamate. Int. J. Canc&?: 106-111, 1995.

Elger, W., Schwarz, S., Hedden, A., Reddersen, G., and Schneider, B. Sulphamates
of various estrogens are prodrugs with increased systemic and reduced hepatic
estrogenicity at oral applications. J. Steroid Biochem. Mol. B&8:,395-403, 1995.

Woo, L. W. L., Purohit, A., Reed. M. J., and Potter, B. V. L. Active site-directed
inhibition of estrone sulfatase by non-steroidal coumarin sulfamates. J. Med. Chem.,
39: 1349-1351, 1998.

. Li, P. K., Milano, S., Kluth, L., and Rhodes, M. E. Synthesis and sulfatase inhibiting

properties of non-steroidal estrone sulfatase inhibitors. J. Steroid Biochem. Mol.
Biol., 59: 41-48, 1996.

15. Purohit, A., Woo, L. W. L., Singh, A., Winterborn, C. J. Potter, B. V. L., and Reed,

M. J. In vivo activity of 4-methylcoumarin-7-O-sulfamate, a nonsteroidal, nonestro-
genic steroid sulfatase inhibitor. Cancer R&&; 4950—-4955, 1996.

Purohit, A., Hejaz, H. A. M., Woo, L. W. L., Van Strien, A. E., Potter, B. V. L., and
Reed, M. J. Recent advances in the development of steroid sulphatase inhibitors. J.
Steroid Biochem. Mol. Biol.69: 227-238, 1999.

Duncan, L. J., Purohit, A., Howarth, N. M., Potter, B. V. L., and Reed, M. J.
Inhibition of estrone sulfatase activity by estrone-3-methylthiophosphonate: a poten-
tial therapeutic agent in breast cancer. Cancer B&s.298-303, 1993.

Purohit, A., Woo, L. W. L., Barrow, D., Hejaz, H. A. M., Nicholson, R. I., Potter,

B. V. L., and Reed, M. J. Steroidal and non-steroidal sulfamates: new drugs for cancer
therapy. Mol. Cell. Endocrinol., in press, 2000.

19. Li, P-K., Chu, G-H., Guo, J. P., Peters, A., and Selcer, K. W. Development of potent

non-estrogenic estrone sulfatase inhibitors. Ster@i@s423—-432, 1998.

Ciobanu, L. C., Boivin, R. P., Luu-The, V., Labrie, F., and Poirier, D. Potent
inhibition of steroid sulfatase activity by 3-O-sulfamateadienzyl (or 4'-tert-butyl-
benzyl) estra-1,3,5(10)-trienes: combinations of two substituents at position C3 and
C17« of estradiol. J. Med. Chem42: 22802286, 1999.

© 2000 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

AAC_R American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

In Vivo Inhibition of Estrone Sulfatase Activity and Growth of
Nitrosomethylurea-induced Mammary Tumors by 667

COUMATE

Atul Purohit, Lawrence W. L. Woo, Barry V. L. Potter, et al.

Cancer Res 2000;60:3394-3396.

Updated version

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/60/13/3394

Cited articles

Citing articles

This article cites 16 articles, 4 of which you can access for free at:
http://cancerres.aacrjournals.org/content/60/13/3394.full#ref-list-1

This article has been cited by 8 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/60/13/3394.full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.

To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/60/13/3394.

Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on May 5, 2021. © 2000 American Association for Cancer Research.



http://cancerres.aacrjournals.org/content/60/13/3394
http://cancerres.aacrjournals.org/content/60/13/3394.full#ref-list-1
http://cancerres.aacrjournals.org/content/60/13/3394.full#related-urls
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/60/13/3394
http://cancerres.aacrjournals.org/

