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ABSTRACT: In order to minimize the risks of endometrial
cancer and the development of resistance to antiestrogen
therapy, we have synthesized the orally active antiestrogen
EM-652 which is the most potent of the known antiestrogens
and exerts pure antiestrogenic activity in the mammary
gland and endometrium. EM-652 inhibits the AF1 and AF2
functions of bath ERorand ER while the inhibitory action of
QH-TAM is limited to AF2. £M-652 thus inhibits Ras-induced
thanscriptional activity and blocks SRC-1-stimulated activity
of the two receptors. The absence of blockade of AF1 by OH-
TAM could explain why resistance develops to tamaxifen

treatmant. Not only the development, but also the growth of
established DMBA-induced mammary carcinoma is inhibited
by treatment with EM-800, the prodrug of EM-652. This com-
pound is the most potent antiestrogen to inhibit the growth
of human breast cancer ZR-75-1, MCF-7 and T-47D celfs in
vitro. When incubated with human ishikawa endometrial
carcinoma cells, EM-800 has no stimutatory effect on the es-
trogen-sensitive parameter alkaline phosphatase activity.
When administered to ovariectomized animals, EM-800 pre-
vents bone loss, and Towers serum cholesterol and triglyce-
ride fevels. EM-800 has shown henefits in women with breast

cancer who had failed tamoxifen. The above-summarized
preclinical and dlinical data clearly suggest the interest of stu-
dying EM-652 {SCH57068) in the neoadjuvant and adjuvant
settings and, most importantly, for the prevention and treat-
ment of breast and uterine cancer,
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L’EM-652 (SCH57068), un SERM principalement actif sur la glande mammaire

et I’endomeétre

RESUME : Pour réduire au minimum les risques de cancer de
fendométre et le développement de résistance au traite-
ment par les anti-estrogénes, nous avons synthétisé un anti-
estrogéne oralement actif, 'EM-652, qui est le plus puissang
des anti-estrogénes connus et exerce une activité anti-
estrogénique pure dans le sein et f'endométre. L'EM-652
inhibe les activitds AF1 et AF2, des REqy et RED alors que
T'action inhibitrice du 40H-TAM est fimitée  AF2. L'EM-652
inhibe aussi Iactivité transcriptionnelle induite par Ras et
blogue l'activité stimulée par SRC-T des deux récepteurs.
I'absence de blocage d'AF1 par le 40H-TAM pourrait expli-
quEr pourquol une résistance se développe sous traitement

par ke tamoxiféne. Non seulement fe développement, mais
aussi la croissance du cardinome mammaire induit par le
DMBA, sont inhibés par le traitement avec 'EM-800, la pro-
drogue d'EM-652. Ce composé est lanti-estrogéne le plus
puissant pour ichiber Ia prolifération des celfufes mammaires
cancéreuses humaines ZR-75-1, MCF-7 et T-47D in vitro.
Quand il est incubé avec des cellules de cardinome endome-
trial humain Ishikawa, 'EM-800 n‘a aucun effet activateur sur
I'activité de phosphatase alcaline induite par les estrogénes.
Quand il est administré & des animaux ovariectomisés,
Y'EM-800 prévient la perte osseuse et abaisse les taux sé-
riques de cholestérol et de triglycérides. L'EM-800 a mankré

des effets bénéfiques chez des femmes avec un cancer du
sein résistant au tamoxiféne. Les données précliniques et cli-
niques résumées ci-dessus suggérent clairement lintérét
d'étudier EM-652 (SCH57068) dans lfes situations nécadju-
vantes et adjuvantes et, le plus important, pourJa prévention
et le traitement des cancers du sein et de ['uténus.

Mots clés : Anti-estrogene — EM 652 - SCH57068 — Cancer
du sein — Cancer de F'utérus — Chimio-prévention ~ Ostéo-
porose — Récepteur des estrogénes

Introduction

Knowing that absolute tissue- or even gene-
specific action of antiestrogens is now pos-
sible, the cbjective of pharmaceutical re-
search is to design compounids which will
act in a beneficial way in all the tissues of
special interest for women’s health. Breast
and uterine cancer were estimated to repre-
sent 36.5% of all new cancer cases and
17.6% of all cancer deaths in women in the

United States in 2000 [1] while osteoporosis
and cardiovascular disease are the main
causes of morbidity and mortality at post-
menopause. The ideal compound would
thus be the one having preventive as well as
curative effects on all these diseases which
most frequently affect women’s health.
What could only be a dream a few years ago
has become a reality: recent discoveries of
pharmaceutical research offer women the
hope to achieve a marked reduction in the

incidence of breast and uterine cancer while
protecting against bone loss and fracture as
well as reducing the risk of cardiovascular
disease.

Among all risk factors, estrogens are
well recognized to play the predominant
role in breast cancer development and
growth [2-5]. Considerable attention has
thus focused on the development of
blockers of estrogen biosynthesis and action
[6-12].
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Since the first step in the action of estro-
gens in target tissues is binding to the estro-
gen receptor [13, 14], a logical approach for
the prevention and treatment of estrogen-
sensitive breast cancer is the use of anti-
estrogens, or compounds which block the
interaction of estrogens with their specific
receptor. Until very recently, however, no
agent with pure antiestrogenic activity under
in vivo conditions has been available.

Stimulated by the need of an improved
therapy for breast cancer, considerable ef-
forts have thus been devoted to the synthe-
sis of compounds which would exert pure
antiestrogenic activity in the mammary
gland and uterus. While tamoxifen has be-
neficial effects on breast cancer, it clearly
acts as an estrogen agonist in the endome-
trium with an increased rate of endometrial
carcinoma in women taking tamoxifen
under chronic conditions [13, 16]. Moreover,
it is most likely that a pure antiestrogen will
have beneficial effects superior to those of
tamoxifen on breast cancer prevention and
treatment.

In order to meet the objective of a com-
pletely tissue-specific antiestrogen, a long
series of benzopyran derivatives were syn-
thesized in our laboratory with the objective
of developing an orally active compound
having pure antiestrogenic activity in the
mammary gland and uterus. EM-652 was
thus the compound selected for clinical de-
velopment (Fig, 1).

Characteristics of EM-652
(SCH57068)

EM-652 blocks both AF-1
and AF-2 sites of ERS

In addition io the classical hormone activa-
tion pathway, a number of steroid receptors
including ER ¢t and B have been shown to be
activated by non steroidal agents (Fig, 2)
including dopamine, growth factors and
PKA activators [17, 18].

To investigate whether EM-652 could
efficiently block this effect, we used the
wild-type H-Ras and its dominant active
form H-RasV2 in our transfection experi-
ments [19]. Thus, inductions by both Ras
forms were completely abolished with the
addition of EM-652 in the medium, as with
ICI 182,780, thus suggesting that EM-652 is
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MCF-7 HUMAN BREAST CANCER CELLS
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Fig, 3A-C. Effect of increasing concentrations of EM-652,
LY353381, raloxifene, OH-tamoxifene, droloxifene, tore-
mifene oz Idoxifene on basal and Eyinduced celf proliferation
in MCF-7 human breast cancer cells. Three days after plating,
cells were exposed for 7 (panel A and C) or 8 {panel B) days to
the indicated concentrations of compounds in the presence or
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effective in blocking the AF-1 activity of
ERc.. The same experiment was also
conducted on ERP where H-Ras and
H-Ras"1? augmented the E, response in a
similar manner. Again, EM-652 and ICI
182,780 abolished the Ras effect on ERB in
the presence of E,.

Inhibition of the growth of human breast
cancer cells in vitro

After 8 days of treatment of MCE-7 cells in
the absence of E,, OH-tamoxifen, drolo-
xifene, and toremifene all led to a 75% to
100% increase in cell proliferation which
was dose-dependent: the stimulation by
OH-tamoxifer was observed at concentra-
tions as low as 0.01 nM, the lowest concen-
tration used, while droloxifene gave the first
significant effect at 1 nM and toremifene sti-
mulated basal MCF-7 cell proliferation at
100 nM (Fig. 3B) [20]. In the same experi-
ment, EM-652, OH-tamoxifen, droloxifene
and toremifene inhibited the proliferative
action of E2 at respective 1Cs; values of
0.19,0.73, 30.58, and > 500 nM.

It can also be seen in Fig. 3A that the
marked increase in MCF-7 cell proliferation
induced by a 7-day incubation with 0.1 nM

E, was competitively blocked by a simulta-
neous exposure to EM-652, 1.Y353381] or
raloxifene at respective IC, values of 0.23
+0.02,0.77 + 0.09 and 1.07 £ 0.12 whereas
as illustrated in Fig. 3C, the antagonistic ac-
tivity of EM-652 or idoxifene was exerted at
respective IC*0 values and 0.49 + 0.08 and
58 = 12.8. It can also be seen in Fig. 3A
and 3C that, here again, the basal prolifera-
tion of MCF-7 cells was not affected by
EM-652, whereas incubation with 0.02 nM
LY353381, 0.05 nM raloxifene or 2 nM
idoxifene increased significantly this estro-
gen-sensitive parameter by 120, 63, and
70%, respectively (all p < 0.01}).

Inhibition by EM-800 of the stimulatory
effect of tamoxifen on the growth of human
breast cancer xenografts in nude mice

As mentioned above and demonstrated in a
series of studies with human breast cancer
cell lines in vitro and in vivo [21-26] and
supported by clinical observations [27-32],
it seems reasonable to suggest that the loss
of positive response to tamoxifen reatment
in breast cancer patients could be, at least in
part, due to the intrinsic estrogenic activity
of the compound, as well as its lack of bloc-

-6 absence of 0.1 nM E;. Media were changed at 2- or 3-day
intervals

kade at the AF-1 site of ERs. This explana-
tion is supported by the finding that human
breast cancer cell lines showing resistance
to tamoxifen retain their sensitivity to speci-
fic antiestrogens in vifro [25, 33-35] as well
as in vivo in nude mice [26, 36-37].

Since human breast carcinoma xeno-
grafts in nude mice are the closest available
model of human breast cancer, we have
compared the effect of EM-800 and tamoxi-
fen alone and in combination on the growth

. of ZR-75-1 breast cancer xenografts in nude
mice. An example of the direct stimulatory.
effect of tamoxifen on the growth of human
breast cancer can be seen on Figure 4. In
fact, at 161 days, the daily oral administra-
tion of 200 pg of tamoxifen caused a 5-fold
stimulation of size of the ZR-75-1 human
breast cancer xenografts compared to ova-
riectomy while EM-652.HC], in agreement
with its pure antiestrogenic activity in the
mammary gland had no stimulatory effect.
That the stimulatory effect of tamoxifen on
tumeor growth is an estrogenic effect is de-
monstrated in the same experiment by the
observation of the complete reversal of the
stimulatory effect of tamoxifen by simulta-
neous administration of the pure antiestro-
gen EM-652 HCL.

Ana
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Pure antiestrogenic activity of EM-652
and EM-800 in human endometrial
adenocarcinoma Ishikowa cells

Direct comparison of the estrogen-like
activity of these mixed agonist/antagonist
compounds can best be seen in Fig. 5.
Incubation with the indicated concentrations
of 1.Y353381, raloxifene, OH-tamoxifen,
OH-toremifene, droloxifene, or idoxifene
increased AP activity by 3.1-, 2.1-, 4.3-, 4.8,
4.0- and 4.6-fold, respectively. The bloc-
kade of the stmulatory effect of all these
compounds on AP activity by simultaneous
exposure to EM-652-HCl well supports the
suggestion that their stimulatory effect on
this estrogen-sensitive parameter in human
endometrial carcinoma is mediated through
the estrogen receptor as previously reported
[38].

The data obtained clearly demonsirate
that the povel nonsteroidal antiestrogen
EM-052 exerts pure antagonistic effects
while being the most potent of the
compounds tested on E,-induced alkaline
phosphatase acfivity in human endometiial
adenocarcinoma Ishikawa cells. OH-tamoxi-
fen, OH-toremifene, droloxifene, idoxifene
and raloxifene as well as its analog
1.Y35381, in contrast to EM-652, exert a
stimulatory effect on this estrogen-sensitive
parameter, an effect which can be competi-
tively blocked by simultaneous exposure to
the antiestrogen EM-652, EM-652-HCI or
EM-800, thus well supporting the sugges-
tion that the stimulatory effect of these anti-
estrogens is mediated through activation of
the estrogen receptor [38].

Prevention of bone loss and Inhibifory
of serum cholesterol and triglycerides

The administration of (.01 mg/kg of
EM-800 already prevented by 52% the
OVX-induced osteopenia while raloxifene
had no detectable effect at the same dose
[39]. Treatment with 1 mg/kg of EM-800 or
raloxifene resulted in an approximately 75%
prevention of the ovariectomy-induced os-
teopenia.

On the other hand, a 36% reduction of
serum cholesterol was already observed
with the lowest dose of EM-800 used, the
serum cholesterol concentration being al-
ready decreased from 2.9 + (.18 mmol/L io
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EFFECT OF EM-652,HCI, TAMOXIFEN OR THEIR
COMBINATION ON THE GROWTH OF ZR-75-1
HUMAN MAMMARY CARCINOMA (XENOGRAFTS)
IN OVARIECTOMIZED NUDE MICE

900
| w(Opere QWX
—ilf— OVX +E1
800-
o[ OV + EM-652.HCI (200 ugs 1.0, per os)
5 ~l~ OVX + TAMOXIFEN {200 pg L. per os)
w 7004 ~Ld = OVX + EM-652.HCH TAM.
N
& i
1
o 600
=
= i
= . . )
~ 500 Fig. 4. Effect of daily admi-
E' | ristration of EM-6524 or ta-
E mexifen alene of incombination
o 3001 for 161 days on the growth of
E 4 human ZR-75-1 hreast temors
= 300 (xenografts} in ovariectomized
w nude mice. The compounds
o E L
et were administered orally once
°" 200 dally at the dose of 200 [ig per
i mouse. Mean tumor size in ave-
100¢ tiectomized mice receiving the
=il g . g i y vehicle alone is shown for refe-
] ﬁoﬁ%ﬁﬁﬁ'ﬁﬂﬁﬂﬂggﬁgaﬁgggg rence. Tumor size is expressed) as
0 e e reerer e Percent of the pretreatment
0 20 40 60 80 100 120 140 160 180 value (means = SEM of 18 10
DAYS OF TREATMENT 30 tumors/group)
ISHIKAWA HUMAN ENDOMETRIAL ADENOCARCINOMA CELLS
06 [7 control L
g M EM-652-HCL (100nM) T
= .
i 0.5
=]
=
o
Q
= 0.4
n i
7
i
T 03+
o
o0
Q
T o2
L
=z
3
¥ 0.1 5
o |
<
0.0
CONT 1nM 1nM 1nM 10 0l 100 nM 100 nM
- LY 353381 Raloxifene OH-Tamoxifen |OH-Toremifene| idoxifene Droloxifene

Fig. 5. Blockade by EM-652 of the stimulatory effict of LY353381, ralowifene, OH-tamaxifen, OH-toreméfene, idoxifene and drcloxifene on alka-
fine phosphatase activity in human Ishikawa carcinoma cells. Alkaline phosphatase activity was measured after a 5-day exposure to the indicated
concentrations of the specified compaunds in the presence or absence of 100 nM EM-652-HCI, The data are expressed as the means + SEM of four
wells with the exception cf the control groups were data are obtained from 8 wells



F. Labrie, et al.

ESTROGENIC AND/OR
ANTIESTROGENIC ACTIONS
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Fig. 6. Schematic representation of the estrogenic and/er antiestrogenic action of estradiol, tamaxifen, raloxifene and EM-652 cn the main
parameters important for women's health, namely the breast, endometsium, bone and serum lipids

1.8 + 0.09 mmol/. at the daily 25 pg dose
of EM-80G (p < 0.01). The daily 75 ng dose
of EM-800 further decreased serum choles-
terol to 1.6 + .12 mmol/L (p < 0.01) while
the 250 pg dose of EM-800 caused a maxi-
mal inhibition of 52% to a value of 1.4 +
0.06 mmol/L. (p < 0.01). The 250 ug dose
had an inhibitory effect significantly
(p <0.01) more important than that of the
25 ng dose of EM-800, while the 75 pg dose
had an intermediate inhibitory effect not
significantly different from that of the 25 pug
and 250 pg doses.

A similar inhibitory effect of EM-800
was observed on serum triglyceride levels.
The daily administration of 25 g of EM-800
for 9 months induced a near-maximai inhi-
bition (69%) of serum triglyceride levels.

It is thus of particular interest to see that
EM-800 reduces both serum cholesterol and
triglyceride levels, thus indicating a poten-
tial more global beneficial effect of EM-800
on lipid metabolism. The other antiestro-
gens, such as tamoxifen [33, 40-42], dro-
loxifene [43], and raloxifene [44], have been
reported to elicit beneficial effects on the
serum lipid profile, but they have not de-
monstrated such effect on serum triglyce-
rides in the rat or in the human. The ability

to lower both serum cholesterol and trigly-
ceride levels seems to be unique to EM-800.

Large range of activities of SERMS

Figure 6 sumumarizes schematically the acti-
vity characteristics of 17f-estradiol and of
the three classes of antiestrogens so far avai-
lable, namely tamoxifen (first generation
SERM), raloxifene (second generation
SERM) and EM-652 (pure SERM) on the
best known parameters of wemen’s health.
As can be seen in this schematic figure, ta-
moxifen, while exerting beneficial effects
on serum cholesterol, bone and breast can-
cer, possesses relatively strong estrogenic
activity in the endometrium as well as some
stimulatory effect on breast cancer prolifera-
tion. Raloxifene, on the other hand, repre-
sents an important improvement in terms of
decrease of the stimulatory activity in the
endometrium although some small estroge-
nic activity persists in the endomeirium as
well as on breast cancer cell proliferation.
EM-652, on the other hand, is the only
compound having pure antiestrogenic acti-
vity in the breast and endometrium while
decreasing serum cholesterol and triglyce-
rides, and protecting agatnst bone loss.
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