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LONG-TERM INHIBITORY EFFECT OF THE ORALLY ACTIVE AND
PURE ANTIESTROGEN EM-800 ON THE GROWTH OF HUMAN
BREAST CANCER XENOGRAFTS IN NUDE MICE
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The antiproliferative effect of the new antiestrogen EM-800
has been studied during 40 weeks of treatment on human
breast carcinoma ZR-75-1 xenografts in ovariectomized nude
mice supplemented with estrone (0.5 pg, s.c. daily). At the
daily 50 ng (approximately 2.5 mg/kg) oral dose, EM-800
caused a complete inhibition of the 680% stimulatory effect of
estrone on the growth of the ZR-75-1 human breast cancer
xenografts. Complete response, defined as the complete
disappearance of the tumors, was observed in 41% of tumors
following treatment with the 50 pg dose of the antiestrogen,
while a value of 26% was found in ovariectomized animals.
The proportion of tumors showing progression at the end of
40 weeks of treatment decreased from 94% in the estrone-
supplemented animals to 62%, 61% and 19% in the animals
receiving the 5 pg, 20 pg and 50 pg daily doses of the
antiestrogen, respectively. None of the tumors that showed a
complete or a partial response progressed at later time
intervals. The 50 ng daily dose of EM-800 nearly completely
(93%) or completely (28% below the value in ovariectomized
animals) reversed the stimulatory effect of estrone on uterine
and vaginal weight, respectively. The disappearance of 41% of
tumors in the group of animals that received the 50 pg daily
dose of EM-800 indicates that the antiestrogen induces cell
death or apoptosis in ZR-75-1 human breast cancer cells and
that its action is cytotoxic and not only cytostatic. Int. J.
Cancer 83:424-429, 2000.
© 2000 Wiley-Liss, Inc.

Breast cancer is the most frequent cancer in women, the odd
developing this cancer being 1 out of 9 women during the
lifetimes. In fact, it is predicted that 176,300 new cases of bre
cancer will be diagnosed in the USA in 1999, while 43,700 deaths
are expected from this disease during the same period (Landis

profile and a clinical efficacy comparable to other endocrine
therapies, including oophorectomy and androgens, tamoxifen has
become the endocrine treatment of choice for all stages of breast
cancer (Furr and Jordan, 1984). Tamoxifen, however, is known to
possess mixed estrogenic and antiestrogenic activities (Furr and
Jordan, 1984; Labrieet al., 1992), which are highly species-,
tissue-, cell- and even gene-specific (Gottardisal., 1988).
Moreover, while benefits of tamoxifen are observed on breast
cancer in up to 40% of patients, the use of this compound has been
associated with an increased incidence of endometrial carcinoma in
women (Fornandest al.,1993), an effect explained by the intrinsic
estrogenic activity of the compound.

As a response to the need for pure antiestrogens, we have
synthesized EM-800, a highly potent and specific antiestrogen
(Gauthieret al., 1997; Simardet al., 1997, b). This compound
behaves as a highly potent and pure antiestrogen in human breast
and uterine cancer cells. Indeed, EM-652, the active metabolite of
EM-800, is the compound having the highest known affinity for the
human estrogen receptor (Gautheerl.,1997) and a high potency
to inhibit estrogen-stimulated proliferation of human ZR-75-1,
MCF-7 and T-47-D breast cancer cells vitro (Simard et al.,
1997a).

The present study examines the efficacy of increasing doses of
EM-800 on the growth of xenografts of the human breast cancer
cell line ZR-75-1 in nude mice. Daily oral administration of

§€proximately 2.5 mg/kg of the compound caused a disappearance
E 41% of the tumors, whereas progression was seen in only 19% of

ors at 40 weeks.

MATERIAL AND METHODS

al., 1999). Breast cancer has thus become a major medico-so&laiman breast cancer ZR-75-1 cells

and public health problem. However, the present therapies ofZR-75-1 human breast cancer cells obtained from the ATCC
advanced breast cancer achieve significant positive clinical resyfckville, MD) were routinely cultured in phenol red-free RPMI-
in only 30%—-40% of cases, and these positive responses are usue#¥0 medium. The cells were supplemented with 2mM L-

limited to 12—18 months in patients with advanced disease.

glutamine, 1mM sodium pyruvate, 100 U penicillin/ml, 100 pg

Among all factors, estrogens are well recognized to play sireptomycin/ml and 10% (vol/vol) fetal bovine serum and incu-

predominant role in breast cancer development and growth (Meated under a humidified atmosphere of 95% air/5% @G7°C.
Guire et al., 1975). The existing surgical or medical ablativeCells were passaged weekly by treatment .Wlth 0.05% trypsin/
procedures do not permit complete elimination of estrogens h02% EDTA (w/v). The ZR-75-1 cells used in the present study
women. This limitation is due to the conversion of dehydroepivere at their 93rd passage at the time of inoculation.
androsterone (DHEA) and DHEA-sulfate of adrenal origin as Wel\imals and tumor inoculation
as ovarian androstenedione into estrogens in peripheral targit_| f le HSBu/nuathvmic mice (28-42 d Id
intracrine tissues (Labrie, 1991). Considerable attention has thug'0M92ygous femae nuathymic mice (2842 days old)
e obtained from Harlan Sprague Dawley (Indianapolis, IN).

focused on the mechanisms of action of estrogens and especiall & were housed in vinyl cages equipped with air-filter lids that

the development of blockers of estrogen biosynthesis and act . . . A
(Dauvoiset al., 1991; Labrieet al., 1992; Wakeling and Bowler were kept in laminar air-flow hoods and maintained under pathogen-
v ' v ' " limiting conditions. Cages, bedding, food and water were auto-

198.8)' he fi in th . f . . claved before use. Water was acidified to pH 2.8 and avaikadble
Since the first step in the action of estrogens in target tissues;fium. All animals were ovariectomized before cell inoculation

binding to the estrogen receptor, a logical approach for theqer anesthesia achieved by i.p. injection of 0.25 mi/mouse of
treatment of estrogen-sensitive breast cancer is the use of antiestro-

gens, compounds that block the interaction of estrogens with their——

specific receptor. Tamoxifen, the antiestrogen by far the maost‘Correspondence to: MRC Group in Molecular Endocrinology, CHUL
widely used for the treatment of women with breast cancer, h sff‘srcgéfg%ézéﬁ'a-ﬁg%Enod“:g‘éﬁg’@%ﬁhﬁ‘lla{:vilzéga”ada- Fax:
clearly shown benefits in breast cancer therapy, its efficacy bein : ’ : : ’

comparable to that achieved with ablative and additive hormonal

therapies (Furr and Jordan, 1984). Because of its low-side-effecReceived 20 May 1999; Revised 7 June 1999
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Ficure 1 — Chemical structure of EM-800. ﬁ ll ll H
< 300- l o ll
Avertin (amylic alcohol: 0.8 g/100 ml 0.9% NacCl; tribromo < ] lll
ethanol: 2 g/100 ml 0.9% Nacl). L l l (14)
ZR-75-1 cells (1.5% 10f) in their logarithmic growth phase (2 200 A lll l
were harvested with 0.05% trypsin/0.02% EDTA (w/v) and inocL3™ LI,LH’
lated s.c. in 0.1 ml of culture medium containing 25% of Matrige 1 £ EHH'
in the left flank of ovariectomized (OVX) animals through & 100 <
2.5-cm-long 20-gauge needle. To facilitate growth of the tumor o505 g (26)
each animal received 10 pg/day of estradig) (i s.c. injection in | Wvggn 550050538 X
0.9% NaCl-5% ethanol-1% gelatin for 5 weeks. Treatment with E adae &&ﬁé&éﬁﬁ 95(17
was interrupted for 10 days before the start of treatment with tl 0 . T , . . . , .
indicated compounds. Mice bearing tumors of a diameter rangi 0 10 20 30 40
from 0.2-0.7 cm were randomly assigned between 5 groups, e:
containing 15 or 16 mice. WEEKS OF TREATMENT
Treatment FiIGURE 2—Time course of the effect of treatment with the pure

. . tiestrogen EM-800 at the daily oral dose of 5 pg, 20 pg, or 50 ug for

EM-800 [(+)-7-pivaloyloxy-3-(4-pivaloyloxypheny))-4-methyl- 20 \eeks on the average size of ZR-75-1 human br mors in
2-(4-(2" -piperidinoethoxy)phenyl)-2H-benzopyran] was Syntheo\?ariggo?n?zeé r?ugeemeilgee ssupilgmentedswith léjl dzilybo%aﬁtgtg.c.od%se
sized in the medicinal chemistry division of our laboratory asf estrone (E). Ovariectomized mice receiving the vehicle alone were
described (Gauthieet al., 1997). The compound analyzed undeused as additional controls. Results are expressed as percentage of
GLP conditions was> 99% pure. The structure of this antiestrogemretreatment values (mean SEM). The control, Eand 5 pg, 20 pg
is illustrated in Fig. 1. The compound was dissolved in 4% (vAgnd 50 ug EM-800 dose groups contained 23, 17, 21, 18 and 27 tumors
cfano-49 (v) polyethylene alycol 600-1% (1) gelatin0.0%L SEriofeament espectiel, fumors el tearessed compeil
m/ g?, @N;ﬁgn%rlljgzlzglfaziﬁ]‘foog\g/i(I\?;%lf)parlzileelv\?v%i:geth\:eeglncilr’?]asg easured in live animals. The number of tumors evaluated at week 40
the 4 other groups received daily s.c. injections of 0.5 pg of estroneShown in parentheses.
in 0.2 ml of the same vehicle alone or in combination with daily
oral doses of 5.0 g, 20 pg or 50 g of EM-800. Ovariectomizegho, o more, “Progression” is the category of tumors that
animals supplemented with estrone were used as a model gressed bylmore than 25%
post-menopausal women where estrone is the main circulati%g '
estrogen. The dose of estrone is the one giving an optimal effect 8tatistical analyses

tumor growth, while the 50 ug dose of EM-800 is the one giving Statistical significance was calculated according to the multiple

near-complete inhibition of estrone-induced stimulation. TUmOfﬁnge test of Duncan-Kramer. All data are presented as means
were measured once a week with Vernier calipers. Two perpendi&IE M.

lar diameters were recorded and tumor area?(amas calculated
using the formula L/2x W/2 X r (Dauvoiset al.,1991). The area
measured on the first day of treatment was taken as 100%, and RESULTS

changes in tumor size were expressed as percentage of initial tumaon day 0, ovariectomized mice bearing ZR-75-1 tumors were
area. The size of tumors at the start of treatment was 8.0401  divided into 5 groups. The animals of 1 group received the vehicle
c?. After 279 days of treatment, the animals were killed bwlone, while the animals of the 4 other groups received s.c. estrone
decapitation. Uteri and vagina were then immediately removesglone or in combination with daily oral doses of EM-800 ranging

freed from connective and adipose tissue and weighed. from 5-50 pg. As illustrated in Fig. 2, estrogen supplementation
o with a daily s.c. dose of 0.5 pg of estrone led to a progressive
Response criteria increase in average tumor size that reached 680% of the initial

The criteria of response were as described in Dauebial. value at 40 weeks. On the other hand, withdrawal of estrogenic
(1991): “complete” response corresponds to the category sfimulation (OVX control group) led to a progressive decrease in
tumors that became undetectable, “partial” response corresporaigerage ZR-75—-1 tumor size to 43% of the initial value at 16 weeks
to tumors that regressed by 50% or more compared with tha@ind 42% of pretreatment size at 40 weeks, the longest time interval
original size, while “stable” response is the category of tumors thatudied. The values observed with the daily 50 pg dose of EM-800
have regressed by less than 50% and that have not progressethbgstrone-supplemented OVX mice were almost superimposable
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100 1 pretreatment tumor size at 40 weeks (Fig).4n animals receiving
(16) B COMPLETE the 20 pg dose of EM-800, 11/18 (61%) tumors progressed to reach
] B PARTIAL an average size of 215% above pretreatment value at the end of the
901 [ STABLE experiment, while in the group of animals that received the daily 50
O PROGRESSION Ug dose of the antiestrogen, only 5/27 tumors (19%) progressed
80 - after a stable response. It is also apparent from the data obtained

that increasing doses of EM-800 not only decreased the number of
tumors that progressed but also had a marked inhibitory effect on
701 the size of the smaller number of tumors that developed. In fact,
(14) (13) (1) while the size of tumors in the control group supplemented with
60 m M — estrone increased to 580% above pretreatment values, an increase
to only 57% above initial tumor size was observed for the 5 tumors
that eventually progressed in the group of animals receiving the 50
50 1 ug daily dose of EM-800 (Fig.a).
(1) None of the tumors that showed a complete responseXth) or
40 - that reached a partial response £n5) during the course of
treatment with the highest dose of EM-800 showed progression at
later time intervals. As can also be seen in Fig.the only tumors
301 that showed progressions at 40 weeks in animals treated with the
©) daily 50 pg dose of EM-800 were among those that showed a stable
20 - 4 @ ) GmmE)  response at an earlier time interval. The median times to achieve
&) complete and partial responses were calculated at 61 and 75 days,
@@ respectively. In those tumors developing in animals dosed with 50
101 0] 1g EM-800 after a stable response, the median time to progression
Hm was calculated at 138 days (Fidn)4

At the end of treatment, uteri and vagina were weighed to

CONTROL|CONTROL| 5ug [ 20ug | 50ug determine the antiestrogenic effect of EM-800 in comparison with

EM-800 both the ovariectomized control (OVX) and OVX estrone-treated

ESTRONE control groups. While the daily s.c. administration of 0.5 pg of
OVARIECTOMIZED estrone to ovariectomized mice increased uterine weight from 25
2mgto 112+ 15 mg p < 0.01) , daily oral administration of 5, 20

Ficure 3 - Effect of treatment with the pure antiestrogen EM-80@&nd 50 pg of the antiestrogen inhibited estrone stimulation of

on tumor response. Tumor responses were categorized as compligigrine weight by 48%p(< 0.01), 84% p < 0.01) and 93%{ <

partial, stable or progression as described in Material and Metho 01), respectively (Fig.d). There was no statistically significant

Tumor response was evaluated either at week 40 or at the death of %k
animal. The control, Eand 5 pig, 20 pg and 50 g EM-800 dose group! Iﬂ%rence between the OVX control and OVX plus estrone group

contained 23, 17, 21, 18 and 27 tumors at the start of treatmetgceiving the daily 50 ug dose of EM-800. Comparable findings

respectively. The numbers in parentheses represent the numbeWefe observed on vaginal weight where the value increased from
tumors in each category. 33 = 5 mg in ovariectomized animals to 60 2 mg ( < 0.01)

under treatment with estrone (Fig)5The 5 pg and 20 pg doses of
EM-800 caused 64%p(< 0.01) and 97% < 0.01) inhibitions of

to those observed in control OVX mice, thus indicating a nedpe stimulatory effect of estrone, while at the 50 pg daily dose,
complete or complete inhibition of the effect of estrone by EM-goyaginal weight decreased to 251 mg, a value 28% below the one
Treatment with the lower daily oral dose of 5 pg of EM-800 causd®éasured in ovariectomized animals.

a 59% inhibition of the stimulatory effect of estrone on ZR-75-1
tumor size at 40 week9(< 0.01), while a 75% inhibition was
achieved with the 20 pug dosp € 0.01).

It is of interest to examine the categories of responses achieve@ur data show that the daily 50 ug oral dose of the pure
by the different treatments (Fig. 3). The 50 pg daily dose of trntiestrogen EM-800 completely or near completely neutralized
antiestrogen caused the disappearance (complete response) of figsstimulatory effect of estrone and decreased tumor size 50%
of tumors, while a complete response was seen in 26% of tumoréﬁﬂ'OW the initial value measur(_?d at the Sta.r.t of trea:tment. A similar
the non-treated ovariectomized controls. In animals that receivéfiect was observed on uterine and vaginal weights where the
the daily 5 pg and 20 pg doses of EM-800, complete respongsgrogenic stimulation of estrone was completely abolished. The
were seen in 19% and 11% of tumors, respectively. A more théwer 5 ug and 20 pg daily doses of EM-800 led to intermediate
50% regression of tumors (partial response) was observed in 0g4libitory effects on the same parameters.

11% and 19% of tumors of the animals treated with the daily 5 ug, In the model used, EM-800 was administered to ovariectomized
20 pg and 50 pg doses of EM-800, respectively. None of the tumamice supplemented with estrone to provide a constant source of
that showed a complete or partial response showed progressionest@ogens and to avoid the compensatory increase in ovarian
later time interval. A stable response (less than 50% decrease or lestsogen secretion that occurs when the compound is administered
than 25% increase in tumor size) was observed in 19%, 17% awdntact, nonsupplemented animals. Due to its pure antiestrogenic
22% of the tumors of animals that received the 5 pg, 20 pg and &6tivity, EM-800 administered to intact mice causes an increase in
pg of EM-800, respectively (Fig. 3). gonadotropin secretion by the anterior pituitary gland, which leads

Sixteen of 17 (94%) tumors showed progression during tH@ increased ovarian estrogen secretion (Lalefieal., data not
40-week period in animals receiving estrogen supplementatiSAown). This results from inhibition of the negative feedback
with estrone. One tumor was classified as stable, although invasgiion of estrogens at the hypothalamic level.
by a neighboring tumor made specific measurements more difficult. Although adjuvant treatment with tamoxifen delays breast
At 40 weeks, tumor size was measured at 580% above pretreatnearicer recurrence, improves survival in early breast cancer and
value in this group. In animals treated with 5 pg EM-800 dailyinduces remission in patients with advanced disease, its benefits are
13/21 (62%) tumors showed progression to reach 322% abdimited by the development of tamoxifen resistance (Howehil.,

% OF RESPONSES

DISCUSSION
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FIGURE 4 — (a) Mean size of tumors categorized as progressions over the course of treatment &alidheEand in combination with EM-800.
Results are expressed as the percentage of pretreatment sizexn$ta). Each data point represents tumors measured in live animals. The
numbers in parentheses indicate the number of tumors classified as progressions in each group (se® MgaB)t{mor size as a function of
category of response to treatment in mice dosed with estrone and 50 pg EM-800 for 40 weeks. Results are expressed as t8&lvhean
calculated for the tumors that showed complete=(fh1), partial (n= 5), stable (n= 6) or progression (& 5).

1996). Gottardi®t al. (1988) have observed the acquired ability ofion (Simardet al., 1997a). The stimulatory effect of tamoxifen or
tamoxifen to stimulate rather than to inhibit tumor growth. Th®©H-tamoxifen on human breast cancer cell growth has been
observations that pure antiestrogens can inhibit the stimulatasported previously by many laboratories unigeritro (Osborneet
effect of tamoxifen (Gottardist al., 1989; Osborneet al., 1995) al., 1985) as well ain vivo (Gottardiset al.,1988) conditions.
indicate that the stimulatory effect of tamoxifen upon long-term The \ell-recognized intrinsic estrogenic activity of tamoxifen is
treatment is due to the intrinsic estrogenic activity of the confely to limitits success in the treatment of breast cancer in women
pound. gérr and Jordan, 1984). Such an estrogenic action of tamoxifen in

In agreement with these data, we have observed t_hat tamo>_<i ast cancer in women is well supported by the tumor flare
stimulates the growth of human ZR-75-1 xenografts in nude micgpserved at start of therapy (Clarysse, 1985) as well as by the
while EM-800 has no stimulatory effect (Couillaed al., 1998). \yjthdrawal response observed following arrest of tamoxifen in
Moreover, the stimulatory effect of tamoxifen on tumor growth Wagatients who progress under tamoxifen therapy (Howelal.,
inhibited by simultaneous treatment with EM-800. 1992).

The novel nonsteroidal compound EM-800 and its metabolite \ye have also observed that the new nonsteroidal antiestrogen
EM'6(152 exerfj the mostdpolt_endt an:jagonﬁtlc effects _?2?:'3 cg M-800 is devoid of any stimulatory estrogenic effect on alkaline
qug S ée'ag': (;nhestra 't?"n tuce prmﬁrqtlon Iltn " SimarqPnosphatase activity in human Ishikawa uterine carcinoma cells,

I_lggh d t- utmaﬂ reas Fcag;:er cells n:hcu ubre( e rf whereas OH-tamoxifen is a relatively potent estrogen on this
al, , data not shown). urthermore, the absence 0 trogen-sensitive parameter (Gautlgeal., 1997; Simardet al.,
stimulatory effect on basal cell proliferation shows that EM-65 9%). Furthermore, the stimulatory effect of OH-tamoxifen on
and EM-800 are pure antiestrogens devoid of partial agon g R .
activity in the 3 estrogen-sensitive human breast cancer cell lin nzlgfs p;?;cf’shj?stg ?ﬁgvgﬁrgagntﬁeg?r?;;flém?scggdo?yE?\Tlualé
used. The antiestrogenic activity of EM-652 and EM-800 c)‘]Eiabrieet al., 1992), thus well supporting the suggestion that the

E,-induced cell proliferation in T-47D cells is at least 2 orders o A ) ; >
magnitude more potent than tamoxifen, 2.5- to 3.6-fold mo ect of OH-tamoxifen in human uterine cells is mediated through
A ' @etivation of the estrogen receptor.

potent than OH-tamoxifen and 3.84-, 2.74- and 16.3-fold mo
potent than OH-Toremifene, ICI-182780 and ICI 164384, respec-The appearance of uterine carcinoma in women treated with
tively (Simardet al., 1997a). EM-800 was 46-fold more potent tamoxifen is not unexpected since tamoxifen has been shown to
than Droloxifene in inhibiting Einduced T-47D cell proliferation. stimulate the growth of 2 human endometrial tumors implanted in
As mentioned above, EM-800 and EM-652 have no estrogeridde mice (Clarke and Satyaswaroop, 1985; Gottatks., 1988)
activity in the 3 breast cancer cell lines studied while OHas well asn vitro (Jamilet al.,1991). Moreover, OH-tamoxifen has
tamoxifen, Droloxifene and Toremifene cause a significant stimulheen shown to be potent, sometimes even more thatsélf, to

tion of ZR-75-1 and/or MCF-7 human breast cancer cell proliferatimulate the expression of progesterone receptors in the human
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FiGure 5 — Effect of treatment with the pure antiestrogen EM-800 at the daily oral doses of 5 ug, 20 pg or 50 pg for 40 weeks oa)aadne (
vaginal p) weight in ovariectomized nude mice receiving a daily 0.5 pg s.c. dose of estrone. Mean uterine and vaginal weight in ovariectomized
mice receiving the vehicle alone is shown for referencep**: 0.01vs.E;-treated control.

Ishikawa endometrial cell line (Jamdt al., 1991). It should be 0.01) by daily treatment with 50 pg of EM-800 clearly suggests that
added that the relationship between estrogens and endometifitient blockade of estrogens has a tumorotoxic in addition to a
carcinoma is well recognized. tumorostatic effect on human breast cancer tumors. It can be
It seems reasonable to expect that the availability of a pufsentioned that 26% of tumors disappeared upon careful histopatho-
antiestrogen, in addition to avoiding the risk of inducing endom pgical evaluation in control OVX animals in the absence of
trial carcinoma, should show significant benefits over tamoxifen %strogen supplementation. o . .
the treatment of breast cancer. In fact, due to the unsatisfactory>0 far, the response rates to all first line endocrine therapies have
characteristics of the drugs available, only partial blockade §F€n Similar at about one-third of an unselected EOPUlat'O”
estrogens could so far be achieved in women suffering from bre Pbrllgirastzg‘o rl;?iss%c-llljhdeeéelsr?eirg\‘/s g?ttr?eappzﬂic::%(l:gﬁj rﬁgfp‘ggﬁ}g;he
gzg(s:?arc:(v)?illlfet\?;u;otlgdm estrogens in this disease could not g this new antiestrogen and its highly specific antiestrogenic
; ) ) characteristics illustrated by its antiproliferative effect on estrogen-
Antiestrogens have so far been thought to have a cytostatic effgghsitive human breast cancer cells, it is hoped that achieving a
on breast cancer cells (Osborre¢ al., 1995), most tumors more complete blockade of the action of estrogens could result in a
becoming resistant to the antiestrogen (Osbatnal., 1995). The more rapid, more complete and longer-lasting inhibitory response
present observation of a disappearance of 41% of tunmrs ( on breast cancer.
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