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A METHOD OF PREVEN'l'ING OR TREATING 
ESTROGEN-DEPENDENT DISEASES AND DISORDERS 

This application claims priority from Provisional 

Application No. 60/055,881, the entire contents of that 

application being incorporated herein by reference. 

This invention ~as made,. in part, with funding 

from National Institutes of Health Grant No·. NCI PSO 

CA68438. The Government may have certain rights in the 

invention. 

TECHNICAL FIELD 

The present invention relates, in general, to the 

treatment of estrogen-dependent diseases and disorders 

and, in particular, to a method of treating estrogen­

dependent cancers, particularly breast cancer, with 

antiestrogens. 

BACKGROUND 

The human estrogen receptor (ER) is a member of 

the nuclear receptor superf amily of transcription 

factors (Evans, Science 240:889-895 (1988)). In the 

absence of hormone, it resides in the nucleus of target 

cells in a transcriptionally inactive state. Upon 

binding ligand, ER undergoes a conformational change 

initiating a cascade of events leading ultimately to 

its association with specific regulatory re~ions within 

target geries (O'Malley et al, Hormone Research 47:1-26 

{1"991}}. The ensuing effect on transcription is 

influenced by the cell· and promoter context of the DNA-
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bound receptor (Tora et al, Cell 59:477-487 (1989) 

{Tasset et al, Cell 62:1177-1187 {1990); McDonnell et 

al, Mol. Endocrinol. 9:659-669 (1995}; Tzukerman et al~ 

Mol. Endocrinol. 8:21-30 (1994)). It is in this manner 

that the physiological ER-agonist, ~stradiol, exerts 

its biological activity in the reproductive, skeletal 

and cardiovascular systems (Clark and Peck, Female Sex 

Steroids:Receptors and Functions (eds) Monographs on 

Endocrinology, Springer-Verlag, New York (1979); Chow 

et al, J. Clin. Invest. 8i:74-78 (1992); Eaker et al, 

Circulation 88:1999-2009 (1993)). 

In addition to these activities, estrogen has been 

shown to function as a mitogen in most ER-positive 

breast cancer cells. Thus, treatment regimens which 

include antiestrogens, synthetic compounds which oppose 

the actions of estrogen, have been effective clinically 

in halting or delaying the progression of the disease 

(Jordan and Murphy, Endocrine Reviews 11:578-610 

(1990); Parker, Breast Cancer Res. Treat. 26:131-137 

(1993)). The availability of these synthetic ER-

modulators and subsequent dissection of their 

mechanism(s} of action have provided useful insights 

into ER action. 

One of the most studied compounds in this regard 

is tamoxifen {Jordan and Murphy, Endocrine Reviews 

11:578-610 (1990}}. This compound functions as an 

antagonist in most ER-positive breast tumors, but 

displays a paradoxical agonist activity in bone and the 

cardiovascular system and partial agonist activity in 

the uterus (Kedar et al, Lancet 343:1318-1321 (1994); 
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Love et al, New Engl. J. Med. 326:852-856 (1992); Love 
et al, Ann. Intern. Med. 115:860-864 (1991)). Thus, 
the agonist/antagonist activity of the ER-tamoxifen 
complex is influenced by cell context. This important 
observation is in apparent contradiction to long­
standing models- that hold that ER only exists in the 
cell in an active or an inactive state (Clark and Peck, 
Female Sex Steroids:Receptors and Functions (eds) 
Monographs on Endocrinology, Springer-Verlag, New York 
(1979)). It indicates instead that different ligands 
acting through the same receptor can manifest different 
biologies in different cells. Definition ~f the 
mechanism of this selectivity is likely to advance the 
understanding of processes such as tamoxifen 
resistance,· observed in most ER-containing breast 
cancers,· where abnormalities in ER-signaling are 
implicated (Tonetti and Jordan, Anti-Cancer Drugs 
6:498-507 (1995)). 

Using an in vitro approach, the likely mechanism 
for the cell selective agonist/antagonist activity of 
tamoxifen has be-en determined (Tora et al, Cell 59:477-
487 {1989); Tasset et al, Cell 62:1177-1187 {1990); 
McDonnell et al, ·Mol. Endocrinol. 9:659~669 {1995); 
Tzukerman et al, Mol. Endocrinol. 8:21-30 (1994)). 
Importantly, it has been shown that tarnoxifen induces a 
conformational change within ER which is distinct from 
that induced by estradiol (McDonnell et al, Mol. 
Endocrinol. 9:659-669 (1995}; (Beekman et al, Molecular 
Endocrinology 7:1266-1274 (1993)). Furthermore, 
determination of the sequences within ER required for 
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transcriptional activity indicate how these specific 

ligand-receptor complexes are differentially recognized 

by the cellular transcriptional machinery. 

Specifically, it has been shown that ER contains two 

activation domains, AF-1 {Activation Function-1) and 

AF-2, which permit its interaction with the · 

transcription apparatus. The relative contribution of 

these AFs to overall ER efficacy differs from cell to 

cell (Tora et al, Cell 59:477-487 (1989); McDonnell et 

al, Mol. Endocrinol. 9:659-669 (1995); Tzukerman et al, 

Mol. Endocrinol. 8:21-30 (1994)). Estradiol was 

determined to function as both an AF-1 and an AF-2 

agonist, in that it exhibited maximal activity 

regardless of which AF was dominant in a given cellular 

environment. Tamoxifen, on the other hand, functions 

as an AF-2 antagonist, inhibiting ER activity in cells· 

where AF-2 is required or is the dominant activator 

(Tora et al, Cell 59:477-487 (1989); McDonnell et al, 

Mol. Endocrinol. 9:659-669 (1995}; Tzukerman et al, 

Mel. Endocrinol. 8:21-30 {1994)}. Conversely, 

tamoxifen functions as an agonist when AF-1 alone is 

required (McDonnell et al, Mol. Endocrinol. 9:659-669 

{1995); Tzukerman et al, Mol. Endocrinol. 8:21-30 

(1994)). Subsequently, based on their relative 

AF-l/AF-2 activity, four mechanistically distinct 

groups of ER-modulators were defined; full agonists 

(i.e. estradiol), two distinct classes of partial 

agonists, represented by tamoxifen and raloxifene, and 

the pure antagonists, of which ICI182,780 is a 

representative member (McDonnell et al, Mol. 
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Endocrinol. 9:659-669 (1995); Tzukerman et al, Mol. 

Endocrinol. 8:21-30 (1994)). These results provide a 

mechanistic explanati~n for the observed differences in 

the biological activities of some ER-modulators and 

indicate that the mechanism by which ER operates in 

different tissues is not identical. Interestingly, the 

agonist activity exhibited by ER-mo~ulators, such as 

estrogen and tamoxifen, in these in vitro systems 

reflects their activity in the reproductive tracts of 

whole animals. This correlation does not extend to 

bone, how~ver, where estradiol, tamoxifen and 

raloxifene, which display different degrees of 

AF-1/AF-2 agonist activity, all effectively protect 

against bone loss in the ovariectomized rat model. 

Thus, with the exception of the steroidal pure 

antiestrogens {ie, ICI182,780), all known classes of ER 

modulators appear to protect against bone loss in 

humans and relevant animal models; while they display 

different degrees of estrogenic activity in other 

tissues (Chow et al, J. Clin. Invest. 89:74-78 {1992); 

Love et al, New Engl. J. Med. 326:852-856 (1992); 

Draper et al, Biochemical Markers of Bone and Lipid 

Metabolism in Healthy Postme·nopausal Women. In:C. 

Christian-sen and B. Biis (eds) Proceedings 1993. 

Fourth International Symposium on Osteoporosis and 

Consensus Development Conference, Handelstrykkeriet, 

Aalborg; Wagner et al, Proc. Natl. Acad. Sci. USA 

93:8739-8744 (1996); Black et al, J. Clin. Invest 

93:63:.69 (1994)). 
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SUMMARY OF THE INVENTION 

The present invention is based on the 

identification of ER modulators that are 

mechanistically distinct from modulators such as 

tamoxifen. These modulators have application in the 

treatment of a variety of estrogen-dependent diseases 

and disorders, including breast cancer. These 

modulators are of particular importance in the 

treatment of breast cancers that are de novo resistant 

to tamoxifen or that become resistant with treatment. 

Objects and advantages of the invention will be 

clear from the description that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures lA and lB. GW5638 is mechanistically 

distinct from known classes of ER-modulators. The 

human C3 promoter (-1807 to +58} fused to the firefly 

luciferase reporter gene was transfected along with an 

expression plasmid containing (Fig. lA} the wild-type 

human estrogen receptor (ERwt), or (Fig. lB) a mutated 

ER in which the AF-2 function had been disrupted {ER­

TAFl) into HepG2 cells and tested for transcriptional 

activation in the· presence of increasing 

concentrations of ER-modulator as indicated. 

Transfections were normalized for efficiency and cell 

number by cotransfecting an ~xpression plasmid 

containing 8-galactosidase. The normalized response 

was obtained by dividing light units by the activity 

of a-galactosidase as measured in an enzymatic assay. 
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Triplicate transfections were performed. The data 

shown are representative of multiple experiments 

performed under similar conditions. 

Figures 2A-2C. GW5638 and GW7604 oppose the 

agonist activity of estradiol, the partial agonist 

activity of tamoxifen and the inverse agon~st activity 

of ICI182,780. Fig. 2A. The ability of GW5638 or 

GW7604 to inhibit the agonist activity of 10-8M 17-e­

estradiol or the partial agonist activity exhibited by 

10-8M tamoxifen was assessed in HepG2 cells 

transfected with ERwt. Fig. 28. The ability of 

GW5638 or GW7604 to inhibit the agonist activity of 

10-8M 17-B-estradiol or the partial agonist activity 

exhibited by 10-6M 4-0H tamoxifen was assessed in 

HepG2 cells transfected with ER-TAFI (McDonnell et al, 

Mol. Endocrine!. 9:659-669 (1995)). Fig. 2C. Both 

GW5638 and GW7604 can inhibit the inverse ER-agonist 

activity of ICI182,780 {ICI} manifest on the C3 

promoter when assayed in HepG2 cells at the 

concentrations indicated. Transfections were 

normalized for efficiency and cell number by 

cotransfecting an expression plasmid containing B­

galactosidase. The normalized response was obtained 

by dividing light units by the activity of B­

galactosidase as measured in an enzymatic ass~y. 

Representative assays are shown in which triplicate 

transfections were performed. Error bars represent 

the standard error of the mean (SEM} . 
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Figures 3A and 3B. GW5638 protects against bone 

loss in ovariectomized rats. Fig. 3A. Effe~t of 

GW5638 on bone mineral density (BMD) at the lumbar 

spine (Ll-L4) was measured using dual x-ray 

absorbtiometry. The significance of the difference in 

BMD between OVX and treated rats was determined using 

Dunnets's test (*p~ 0.005). The range of the bone 

mineral densities observed in Sham (shaded bar) and 

OVX (open bar) animals are indicated. Fig. 3B. The 

effect of GW5638 on BMD at the proximal metaphysis of 

the tibia in OVX rats was measured by quantitative 

computerized tomography (QCT) . The significance of 

the difference in BMD between OVX and treated rats 

{indicated by the asterisks) was determined using the 

Turkey-Kramer test {p< 0.05). 

Figure 4. GW5638 suppresses ovariectomy-induced 

eleva-tions in serum cholesterol. Serum cholesterol 

measurements were performed in blood extracted from 

groups of 90-day old ovariectomized rats which were 

treated with either estradiol or GW5638 as indicated. 

Each point represents the mean serum cholesterol 

(+ SEM} for OVX control (n=7"), estradiol (n=7} and 

GW5638 (n=7} as indicated. Asterisks indicate groups 

significantly different from the OVX control. The 

range of serum cholesterol in OVX animal are indicated 

(open bar). 

Figure 5. GW5638 does not display ER agonist 

activity in the immature rat uterus. Groups of 21-day 
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old rats were treated orally with either vehicle alone, 

GW5638 or tamoxifen as single agents or GW5638 or 

tamoxifen in the presence of estradiol. The data shown 

represent the mean value (+ SEM}. The range in 

measurements made in estradiol treated' (shaded bar) and 

sham operated animals (open bar) are indicated. 

Figure 6. Effect of GW5638 on uterine wet weight 

in ovariectomized rats. Groups of sham-operated or 

ovariectomized 90-day old rats were treated for 28 days 

with vehicle alone, estradiol or GW5638. The results 

shown represent the mean uterine wet weight (+ SEM) for 

7 rats per group. The range in measurements made in 

sham operated {shaded bar) and OVX (open bar) animals 

(open bar) are indicated. 

Figures 7A-7F. Effect of GW5638 on uterine 

histology in ovariectom~zed rats. Comparative 

histology (Low Magnification} of uteri from 90-day old 

rats which were (Fig. 7A) sham-operated, (Fig. 78) 

ovariectornized, (Fig. 7C) ovariectomized plus 

estradiol, or ovariectomized plus (Fig. D} lµg/kg, 

(Fig. 7E) 3µm/kg or (Fig. 7FJ lOµg/kg of GW5638. 

Figures 8A-8D. Effect of GW5638 on uterine 

histology in ovariectomized rats. Comparative 

histology of uteri from 90-day old rats which were 

(Fig. BA} sham-operated, (Fig. BB) ovariectomized, 

{Fig. SC} ovariectomized plus estradiol, or 

ovariectomized plus (Fig. SD) lOµm/kg of GW5638. 
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Photographs were taken at lSOX magnification and 

subsequently enlarged to a final magnification of 600X. 

Figure 9. Effect of anti-estrogen treatment on 

MCF-7 breast cancer tumors in nude mice. Day 0 

indicates the first day of treatment, 2 weeks after 

innoculation of tumors, statistical analysis revealed 

that each treatment group had a significant effect over 

control (ANOVA, p<0.5) and there was no significant 

difference between the two highest doses of GW5638 and 

tamoxifen. 

Figure 10. Dose response study. 

Figure 11. LCC2 study. 

Figure 12. GW7604 functions as an antiestrogen in. 

MCF-7 breast cancer cells. 

· Figures 13A and 13B: Analysis of the effect of 

specific ER mutations on the pharmacology of 

antiestrogens reveals additional mechanistic 

complexity. Fig. 13A. ER wt. Fig. 13B. ER-TAFl. 

Figures 14A and 148: A comparative analysis of 

the ability of a variety of antiestrogens to inhibit 

ERa (Fig. 14A) and ERP (Fig. 14B) transcriptional 

activity. 

Figures 15A-15C: Western immunoblot analysis of 

ER expression in target cells following treatment with 

agonists or antagonists. Fig. lSA. MCF-7 cells. 
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Fig. lSB. Ishikawa cells. Fig. lSC. Ishikawa cells 
transfected with pRST7ER 

Figures 16A and 168: Western immunoblot analysis 
of endogenous ER expression in MCF-7 cells following 
short term treatments (Fig. 16A. lh and Fig. 16B. 4h) 

with agonists or antagonists. 

Figures 17A and 17B: Western immunoblot analysis 
of endogenous ER expression in Ishikawa cells following 
·short term treatments (Fig. 17A. lh and Fig. 17B. 4h) 
with agonists or antagonists. 

Figures 1BA-18C: Western immunoblot analysis of 
whole cell (Fig. 18A), nuclear (Fig. 18B) and 
cytoplasmic (Fig. 18C) endogenous ER expression in 
Ishikawa cells following short term treatments with 
agonists or antagonists. 

Figures 19A-19C: Effect on E2 stimulated.MCF-7 
cell proliferation. Fig. 19A. ICI 182,780. Fig. 198. 
GW7604. Fig. 19C. 4-0H tamoxifen. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to selective 
estrogen receptor modulators that possesses tissue­
specific ER agonist activity. The modulators of the 
inven~ion function as agonists in bone and in the 
card~ovas~ular system, but not in the uterus. These 
modul~tors are mechanistically distinct from, for 
example~ tamoxifen and are useful in the treatment of 
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tumors, such as breast tumors particularly ER positive 

breast tumors, characterized by de novo or acquired 

resistance to various estrogen receptor modulators, 

including tamoxifen. The present modulators are also 

mechanistically distinct from raloxifene, droloxifene, 

idoxifene and ICI182,780. 

Pref erred modulators of the invention are 

triphenylethylene derivatives, more preferably 

compounds of Formula I as defined in USP 5,681,835, 

GW5638 and derivatives thereof such as GW7604, being 

most preferred. These compounds can be prepared as 

described in USP 5,681,835 and by Willson et al (J_ 

Med. Chem. 37:1550 (1994)). The modulators can form 

pharmaceutically acceptable salts with cations, 

including alkali metals, such as sodium and potassium, 

or alkaline earth metals, such as calcium or magnesium, 

cations. 

The modulators of the present invention can be 

used in the treatment and/or prevention of a variety of 

disorders or conditions, such as estrogen-stimulated 

cancers, including uterine cancer, ovarian cancer, 

colon cancer and breast cancer, cardiovascular disease 

(in males and females), osteoporosis and arthritic 

conditions. Other disorders ~r c~nditions for which the 

modulators of the present invention are useful (for 

both treatment and prevention) include prostatic 

cancer, infertility (eg as an inducer of ovulation}, 

vasomotor symptoms associated with menopause (eg "hot 

flashes"), vaginitis, benign proliferative disorders 

includins endometrios1s and uterine fibroids, Type II 

diabetes, rnacular degeneration, urinary incontinence 

and Alzheimer's disease (cognitive function). Further, 
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the present compounds can be used as contraceptives in 

females. 
As will be clear from the Examples that follow, 

GW5638 and derivatives thereof are mechanistically 

unique modulators. These agents are expected to be 

superior to, for example, tamoxifen as a first line 

therapy and as a chemopreventative for estrogen­

stimulated cancers, particularly, breast cancer, as 

they lack uterotrophic activity. These agents have no 

classical activity on ER and therefore it is 

anticipa~ed that they will not induce resistance to the 

same degree as current cqmpounds. Further, these 

agents can be used to treat patients that respond 

poorly to other estrogen receptor modulators, including 

tamoxifen, idoxifene, raloxifene and ICI 182,780, as 

well as those that initially respond well to such 

modulators but subsequently fail. In view of the 

mechanistic uniqueness of the present agents, it is 

expected that their usage will not result in adverse 

side effects, such as deep vein thrombosis. 

Because of the unique mechanism of action the 

present modulators, their use as a component of a 

therapeutic "cocktail 11
, particularly for the treatment 

of breast cancer, is also contemplated. In this . . . 
regard, the present modulators can be used in 

combination with another antiestrogen, a ligand of the 

retinoic acid or retinoxic X receptor, an antiprogestin 

such as RU48~, an antiandrogen such as casdex or 

flutamide, vitamin D (or metabolite thereof}, a 

.farnesyl transferase inhibitor, a PPAR a or gamma 

agonist or a MAP kinase inhibitor. 
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As indicated above, the invention includes the use 

of the present modulators in prophylaxis as well as in 

the treatment of established diseases or symptoms. The 

amount of the modulator ·required for use will vary with 

the condition (disease/disorder} and the age and 

condition of the patient, and will be ultimately at the 

discretion of the attendant physician (or veterinarian 

in the case of veterinary applications) . In general, 

however, doses employed for adult human treatment will 

typically be in the range of 0.001 mg/kg to about 100 

mg/kg per day. The desired dose can conveniently be 

presented in a single dose or as divided doses 

administered at appropriate intervals, for example as 

two, three, four or more sub-doses per day. 

The present invention also includes pharmaceutical 

compositions comprising the above-described modulator, 

or a pharmaceutically acceptable salt thereof, together 

with one or more pharmaceutically acceptable carriers 

and, optionally, other _therapeutic and/or prophylactic 

ingredients, including those described above. 

Formulations of the present invention can be 

admini~tered in standard manner for the treatment of 

the indicated diseases/disorders, such as orally, 

parenterally, sublingually, transdermally, rectally, 

via inhalation or via buccal administration. For 

buccal administration, the composition can take the 

form (eg dosage unit form} of a tablet or lozenge 

formulated in conventional manner. For example, 

tablets and capsules for oral administration can 

contain.conventional excipients such as binding agents, 

fillers, lubricants, disintegrants and wetting agents. 
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The tablets can be coated according to methods well­

known in the art. 

Alternatively, the modulators of the present 

invention can be incorporated into oral liquid 

preparations such as aqueous or oily suspensions, 

solutions, emulsions, syrups or elixirs. Moreover, 

formulations containing these modulators can be 

presented as a dry product for constitution· with water 

or other suitable vehicle before use. Such liquid 

prepara~ions can contain conventional additives such as 

suspending agents, emulsifying agents, preservatives 

and non-aqueous vehicles. 

Such preparations can also be formulated as 

suppositories, e .. g., containing conventional 

suppository bases such as cocoa butter or other 

glycerides. Compositions for inhalation can be 

typically provided in the form of a solution, 

suspension or emulsion that can be administered as a 

dry powder or in the form of an aerosol using a 

conventional propellant such as dichlorodif luoromethane 

or trichlorofluoromethane. Typical transdermal 

formulations comprise a conventional aqueous or non­

aqueous vehicles, such as· creams, ointments, lotions or 

pastes or are in the form of a medicated plaster, patch 

or membrane. 

Additionally, compositions the present invention 

can be formulated for parenteral administration by 

injection or continuous infusion. Formulations for 

injection can take such forms as suspensions, 

solutions, or emulsions in oily or aqueous vehicles, 

and· can contain formulatory agents such as suspending, 

stabilizing and/or dispersing agents. Alternatively, 
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the active ingredient can be in powder form for 
constitution with a suitable vehicle (e.g., sterile, 
pyrogen-free water) before use. 

The composition according to the invention can 
also be formulated.as a depot preparation. Such long 
acting formulations can be administered by i~plantation 
(for example, sub~utaneously or intramuscularly) or by 
intramuscular injection. Accordingly, the.modulators 
of the invention can be -formulated with suitable 
polymeric or hydrophobic materials (as an emulsion in 
an acceptable oil, for example), ion exchange resins or 
as sparingly soluble derivatives or.as a sparingly 
soluble salt, for example. 

The identification of GWS638 and GW7604 as agents 
devoid of classical agonist activity indicates that 
compounds that "activate" ER ·(that is, compounds that 
cause ER to be released from heat schock proteins) and 

·-· 
that also do not cause ER degradation, can be used in 
the treatment of osteoporosis. The discovery of the 
inability to split the osteoporotic and 
cardioprotective activities of GW5638 and GW7604 

indicates that any compound that binds ER and has 
either activity (osteoporotic or cardioprotective) will 
also have the other. 

Certain aspects of the present invention are 

described in greater detail in the non-limiting 

Examples that follow. 

EXAMPLES 

· The following experimental details are referenced 

in specific Examples that follow. 
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Biochemicals 

DNA and modification enzymes were obtained from 

Boehringer M~nnheim (Indianapolis, IN), New England 

Biolabs (Beverly, MA) or Promega Corp. (Madison, WI). 

General laboratory reagents and 17B- estradiol (E2) 

were purchased from Sigma {SL Louis, MO). ICI182,780 

was a gift from Zeneca Pharmaceuticals, Macclesfield, 

United Kingdom. Raloxifene was a gift from Pfizer 

Pharmaceuticals, Groton, CT. 4-0H tamoxifen was a gift 

from Ligand Pharmaceuticals (San Diego, CA) . GW5638 

and GW7604 were prepared as described previously 

(Wilson et al, J. Med. Chem. 37:1550-1552 (1994)). 

Antibody H222 is available from Abbott Laboratories. 

Cell culture and cotransfection assays 

HepG2 cells were maintained in Modified Eagles 

Medium (MEM) (Life Technologies, Grand Island, NY) plus 

10% Fetal Calf Serum (FCS) (Life Technologies} . Cells 

were plated in 24 well plates (coated with gelatin) 24 

hours prior to transfection. DNA was introduced into 

the cells using Lipofectin (Life Technologies}. 

Briefly, triplicate transfections were performed using 

3 µg of tota1: DNA. For standard transfections, 500 ng 

of pCMV-B-Gal (normalization vector}, 1500 ng reporter 

(variable) and 1000 ng receptor (pRST7-hER {Dana et al, 

Mol. Endocrinol. 8:1193-1207 (1994)) were used for each 

triplicate. Incubation of the cells with Lipofectin 

proceeded for 3 hrs, at which time media was removed, 

cells were washed with PBS and then induced with the 

appropriate hormone di°luted in phenol red-free media 

- 17 -



W099/08682 PCT/US98/16864 

containing 10% charcoal stripped CS (Cyclone Inc.). 

Incubation with hormone continued for 48 hrs, after 

which cells were lysed and assayed for luciferase and 

~-galactosidase activity as previously described 

(Norris et al, JBC 270:22777-22782 (1995)). 

Uterotrophic assay in immature rats 

Twenty-one day old female Sprague-Dawley rats (30-

35 gms) were obtained from Harlan or Taconic 

Laboratories. Animals were sorted randomly into 

treatment groups of five, and average weights were 

recorded for each treatment group. Weights were 

recorded on each treatment day. GW5638 or tamoxifen 

was prepared in 100% ETCH as a lOx stock solution and 

stored at -70°C until day of dosing. On day of dosing, 

drug_ was diluted in 0.5% methyl cellulose, viscosity of 

2% ·at 25°C:400 centipoises (Sigma, St. Louis, MO)). 

Oral dosing by gavage was based on a total volume of 10 

ml/kg body weight. Estradiol (Sigma, St. Louis, MO) 

was prepared in sesame oil, mixed in a glass homogenize 

(either dissolved or in suspension), aliquot and frozen 

at -70°C until dosing. Subcutaneous dosing was based 

on a total of 2 ml/kg body weight. Animals were 

gavaged (GW5638} or injected {estradiol) for 3 ·days. 

On day 4, animals were sacrificed by C02 asphyxiation, 

body weights were obtained and uteri were removed, 

blotted and weighed. Data were expressed as uterine 

weigh~/body weight. 
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Bone mineral density studies 

Animal preparation. Sprague-Dawley rats, 90-days 

of age, were anesthetized with isofluorane (4% 

induction, 2% maintenance), ovariectomized (OVX) or 

sham operated (SO) and randomly assigned to groups 

(n=7} treated from day 1 to day 28 post-surgery by oral 

gavage with vehicle alone, estradiol or GW5638 in 0.5% 

methyl cellulose. At sacrifice, animals were 

euthanized with C02 , body weights were recorded and the 

uteri were removed and weighed. Uterus, vagina and 

mammary tissue were fixed in 10% neutral buffered 

formalin. Samples for histologic processing were taken 

from the mid-point of each uterine horn. Tissue 

samples were embedded in paraffin, stained with 

haematoxylin and eosin and evaluated microscopically. 

Lumbar vertebrae and both left and right tibiae were 

excised. Total blood cholesterol was measured (Roche 

Biomedical Laboratories). 

Dual energy X-ray absorptiometry (DEXA). A 

Hologic QDR-2000 bone densitometer with a regional 

high-resolution software package was used for DEXA 

analysis. Default scan length, width, line spacing and 

point resolution were set at 2, 0.75, 0.01 and 0.005 

inches, respectively. The densitometer was calibrated 

daily· using a hydroxyapatite spine platform. Excised 

tibiae were placed in a 1 cm deep water bath with tibia 

and fibula positi~ned horizontally. For in vivo scans, 

rats were anaesthetized with isofluorane and placed in 

a supine position with the spine parallel to the long 
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axis of the densitometer table. The scan leg was taped 

in position parallel to the long axis of the table and 

the tibia was scanned to the junction with the femur. 

A region of interest {ROI) in the tibia was analyzed 

with sub-regional software, focusing on a 2 mm wide 

zone beginning 3 mm distal to the growth plate. 

Peripheral quantitative computed tomography 

(pQCT) . CT scans were performed on a PQCT (XCT-960A, 

Norland) . Four to five millimeter sections were 

scanned with a voxel size of E (0.148 mm} and a step of 

0.5 mm. A 3-5 mm section distal to the growth plate 

was analyzed using contmode, 2/peelmode, 5/cortmode. 

Measurements of total, trabecular and cortical bone 

mineral density were obtained. The excised tibiae were 

placed in a ·1 cm deep water bath with the tibia and 

fibula positioned horizontally to ensure that the bone 

could be scanned vertically. Rats were anaesthetized 

with isofluorane and the leg positioned so.that the 

image of the femur-tibia and tibia-fibula junctions on 

scout view could be located and utilized as landmarks 

for CT scans. 

EXAMPLE 1 

Identification of Novel ER-Modulators 

A series of in vitro screens have been developed 

that permit the classification of ER-modulators into 

four mechanistically distinct groups (Tzukerman et al, 

Mol. Endocrinol. 8:21-30 (1994)). Specifically, an 
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assay in liver HepG2 cells was reconstituted in which 
the ability of a compound to regulate the 
transcriptional activity of the estrogen responsive 
complement 3 (C3} promoter is evaluated in the presence 
of either wild type ER (ERwt) or a receptor mutant, ER­
rAFl, in which the AF-2 function has been destroyed. 
Using these assays, it has been possible to derive 
"fingerprints" of known ER-modulators (McDonnell et al, 
Mol. Endocrinol. 9:659-669 (1995)). Although these 
assays do not reflect exactly the environment of ER in 

vivo, the performance of compounds in these assays is 

sufficient to separate them into groups, each of which 
manifests unique activities in vivo. 

A series of triphenylethylene derived ER-ligands 
were synthesized (Willson et al, J. Med. Chem. 37:1550-
1552 (1994)). Preliminary analysis of these compound~ 
in vivo indicated that the relative activities of these 

compounds in bone and in the uterus were not identical, 
reflecting possible mechanistic differences (Willson et 
al, J. Med. Chem. 37:1550-1552 (1994)). Consequently, 
a blinded assay of these compounds was performed on 
ERwt in HepG2 cells on the C3 promoter and it was 
determined that all but two compounds were 
mechanistically indistinguishable from tamoxifen. Two 
compounds however, GW5638 and GW7604, demonstrated a 
sufficiently different profile in this system from 
other ER ligands to warrant further investigation. 
Interestingly, these compounds are str.ucturally 
identical to each other except that GW7604 is the 4-
hyd~oXylated version of GW5638 (Table 1) . Using an in 

<r.;"> 

vitro competitive radioligand binding assay, both of 
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these compounds were demonstrated to exhibit high 
affinity ER-interactions. Specifically, GW5638 and 
GW7604 demonstrated Ki values of S0.4nM (+/- 5.4) and 
15.SnM (+/- 1.4) I respectively. Under the same 
conditions 17-B-estradiol was shown to have a Ki value 
of 6.3nM (+/- 0.4). Although ~he metabolism of GW5638 
has not been studied, it is likely that it is converted 
to the higher affinity compound GW7604 in vivo in the 

same manner as tamoxif en is converted to the higher 
affinity metabolite 4-0H tamoxifen (Jordan et al, J. 
Endocrinology 75:305-316 {1977)}. A comparison of the 
agonist activity of these compounds to representative 
members of each of the four established groups of ER­
ligands is shown in Fig. lA. In this assay, tamoxifen 

acts as a partial agonist of ER when assayed on the C3 
promoter, achieving 45% the efficacy of estradiol. 
When.analyzed in the same manner, raloxifene and the 
pure antagonist ICI182,780 do not demonstrate agonist 
activity but inhibit the basal transcriptional activity 
of the C3 promoter. Recently, it has been determined 
that the basal activity of the C3 promoter is ER­
dependent, though ligand independent (Norris et al, 
Molecular Endocrinology 10!1605-1616 (1996)}. Since 
both raloxifene and ICI182,780 inhibit ligand-dependent 
and -independent activation of ER, they appear to be 
operating as "inverse agonists" in this environment. 
However, both GW5638 and its putative metabolite GW7604 
do not demonstrate any agonist or antagonist activity 
on this.pro~oter displaying a 11 fingerprint" previously 
unr.ecognized. It was concluded that, in an environment 
where tamoxifen displays partial agonist activity, the 
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tamoxifen analogs GW5638 and GW7604 are functionally 

inactive. 

Although raloxifene and ICI182,780 behaved 

analogously on ERwt, they are mechanistically distinct 

(McDonnell et al, Mol. Endocrinol. 9:659-669 (1995); 

Dauvois et al, Proc. Natl. Acad. Sci. USA 89:4037-4041 

(1992); Dauvois et al, J. Cell. Sci. 106:1377-1388 

(1993)}. When assayed on a mutant ER {ER-TAFl), in 

which the AF-2 activation sequence has been disrupted, 

raloxifene behaves like tamoxifen, exhibiting 40% the 

agonist ~ctivity of estradiol {Fig. lB). In this assay 

ICI182,780, GW 5638 and GW7604 are functionally 

inactive. These data indicate that GW5638 (and 

GW7604), function in a manner which is distinct from 

the previously defined classes of ER-mixed agonists and 

antagonists {McDonnell et al, Mol. Endocrinol. 9:659-

669 (1995)). 

One possible, though unlikely, explanation for 

these initial results is that the compounds were 

metabolized (or in some way prevented from bin.ding to 

the receptor} thus explaining their inactivity in this 

assay. This issue was addressed by assessing the 

ability of GW5638 and GW7604 to inhibit the agonist 

activity of estradiol and tamoxifen exhibited on ERwt 

and ER-TAFl, respectively, and to reverse the inverse 

agonist activity of ICI182,780. As shown in Fig. 2A, 

estradiol functioned as a full agonist and tamoxifen 

functioned as a partial agonist on ERwt when assayed on 

the C3 promoter in HepG2 cells. Importantly, the 

agonist activity manifested by tamoxifen or estradiol 

was inhibited by both GW7604 and GW5638. Thus, these 
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compounds were functioning as antagonists on the 
receptor in a manner distinct from tamoxifen. A 

similar analysis was performed using ER-TAFl in place 
of ERwt (Fig. 2B). As expected, both GW5638 and GW7604 
were capable of inhibiting estradiol- and 
tamoxifen-induced ER-TAFl transcriptional activity. 
Interestingly, raloxifene exhibits partial agonist 

activity on ER-TAFl (Fig. lB); an activity ·which is 

inhibited by both GW5638 and GW7604. cumulatively, 
these data indicate that GW5638 and its putative in 

vivo metabolite, GW7604, are mechanistically unique ER­

modulators which do not display agonist activity in 

vitro but which can inhibit the agonist activity of the 

_estradiol, tamoxifen and raloxifene. Although their 
profile in some of these assays resembles that of the 
pure antagonist class of ligands, these compounds are 
distinct from the steroidal antagonists like ICI182,780 
as they do not display .inverse agonist activity 
(Fig. lA} . 

In order to confirm that GW5638 and GW7604 are 
mechanistically distinct from ICI182,780, the ability 
of these compounds to reverse the inverse agonist 
activity demonstrated by ICI182,780 was measured. The 
results of this analysis are shown in Fig. 2C. 
Specifically, it was observed that the basal activity 
of the human C3 promoter was suppressed 10-fold upon 
addition of ICI182,780 and that this could be 
completely reversed by co-addition of GW7604 and 
partially reversed by GW5638. 

One possible explanation for the mechanistic 
differences observed is that GW5638 and GW7604 interact 
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with ER and inhibit its ability to interact with DNA. 

This was addressed using a modified ER {ER-VP16) to 

report on the nuclear localization and the DNA binding 

status of ER within a cell following ligand binding. 

This modified protein behaves exactly like ER in all 

respects except it activates transcription upon 

interaction with an estrogen response element (ERE) 

independent of the nature of the bound ligand 

(McDonnell et al, Mel. Endocrinol. 9:659-669 (1995)}. 

Using this reagent, it was shown that all classes of 

ER-ligands, including ICI182,780, GW5638 and GW7604 

facilitate efficient interactions of ER with target DNA 

(McDonnell et al, Mol. Endocrinol. 9:659-669 (1995)). 

Thus, GW5638 and GW7604 interact with ER in vivo 

and demonstrate a pharmacology that is distinct from 

other known ER-modulators. It is implied therefore, 

that the unique properties of GW5638 and GW7604 are 

manifest at some step downstream of DNA binding. 

Because of the unique properties of these compounds, a 

series of whole animal studies to examine their 

activity in the skeletal, cardiovascular and 

reproductive systems was initiated. 

EXAMPLE 2 

Prevention of Ovariectomized Induced Bone Loss in Rats 

There is now strong evidence that both tamoxifen 

and raloxifene prevent bone loss in preclinical models 

o~:vpostmenopausal osteoporosis (Love et al, New Engl. 
. ~ .... 

J:-··Med. 326:852-856 (1992); Love et al, Ann. Intern. 

Med. 115:860-864 (1991}; Black et al, J. Clin. Invest 
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93:63-69 (1994)). However the mechanism of action of 

these compounds in bone has not been defined. The fate 

of bone in the patients treated with the pure 

antagonist ICil82,780 is unclear at the present time 

though data from preclinical rat models suggest that it 

is not an agonist in this tissue {Gallagher et al, 

Endocrinology 133:2787-2791 (1993)). This has led to 

the hypothesis that the partial agonist activity of 

tamoxif en and raloxif ene is required for bone 

protection (Love et al, New Engl. J. Med. 326:852-856 

(1992); Black et al, J. Clin. Invest 93:63-69 {1994)}. 

Previous work demonstrating that both tamoxifen and 

raloxifene can function as equally effective agonists 

in some cell and promoter contexts supports this idea 

{McDonnell et al, Mol. Endocrinol. 9:659-669 (1995); 

McDonnell et al, Mol. Endocrinol. 9:659-669 (1995)). 

However, GW5638 provides a new tool with which to 

address this issue. This compound, which does not 

manifest classical agonist activity in any of the in 

vitro assays, was assayed for its ability to inhibit 

bone loss in ovariectomized rats. Specifically, bone 

mineral density (BMD) in both the lumbar spine and 

tibia of 90-day old ovariectomized rats was assayed 

following oral administrat1on for 28 days of either 

17B-estradiol or increasing doses of GWS63·a. The 

results shown in Fig. 3A indicate that significant bone 

loss occurred in the lumbar spines of ovariectomized 

(OVX) animals over the course of the 28 day study when 

compared to control sham-operated animals, whereas BMD 

was maintained in OVX rats treated with estradiol. 

Significantly, GW563B demonstrated dose-dependent bone 
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protective activity, being as effective as estradiol at 

a concentration of 3µmol/kg(lmg/kg}. This is similar 

to the dose of tamoxifen required for bone protection 

in the same model (Love et al, New Engl. J. Med. 

326:852-856 (1992); Black et al, J. Clin. Invest 93:63-

69 (1994); Yang et al, Endocrinology 137:2075~2084 

(1996)}. The bone protective activity observed was not 

restricted to the lumbar spine as analogou~ results 

were obtained when tibial BMD was accessed {Fig. 3B). 

Specifically, using the same experimental protocol, it 

was demonstrated that GWS638 was effective at 

maintaining total bone mass with a very pronounced 

effect in the trabecular compartment. This was 

interesting in light of the fact that estrogen has 

previously been shown to regulate bone turnover in this 

compartment (Gallagher et al, Endocrinology 133:2787-

2791 (1993)}. Together, these data indicate that 

GW563B, a compound devoid of classical ER-agonist 

activity, when assayed in vitro, functions as an 

efficient ER agonist in bone. 

It has been shown that compounds that function as 

ER agonists in bone, such as estradiol, tamoxifen and 

raloxifene, can also suppress the rise in serum 

cholesterol associated with ovariectomy (Love et al, 

Ann. Intern. Med. 115:860-864 (1991); Black et al, J. 

Clin. Invest 93:63-69 (1994)). This observation has 

led to the suggestion that the mechanism of ER activity 

in bone and the cardiovascular system is very similar. 

Although it is not clear whether the observed 

~~~p~ession of serum cholesterol levels is sufficient 
to explain the decrease in mortality from 
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cardiovascular disease in postmenopausal women on 

estrogen replacement therapy, it is accepted as a 

marker of estrogen action in the cardiovascular system. 

To address this issue the total serum cholesterol level 

was assayed in ovariectomized rats treated with 

estradiol or GWS638 for 28 days. The results shown in 

·Fig. 4 indicate that even at the lowest concentration 

tested, GW5638 was as effective as· estradiol in 

decreasing serum cholesterol levels. 

EXAMPLE 3 

GW5638 as a Uterine Sparing ER-Modulator 

To extend the examination of the tissue 

specificity of GW5638, a comprehensive analysis of the 

uterotrophic activity of this compound was performed. 

In the initial series of experiments, the activities of 

GWS.638 and tamoxifen in the uteri of 21 day old 

immature rats were compared. In this assay, uterine 

wet weight was used as·a measure of ER-agonist activity 

in this tissue (Fig. S}. When administered orally, as 

a single agent, GW5638 did not display any significant 

activity over control. Note in particular that this 

compound is inactive in this assay at lOµm/kg/d, three 

times the amount required for bone protection (Fig. 3). 

In contra~t, tamoxifen demonstrated uterotrophic 

activity at doses as low as 0.1µmol/kg/d. These 

studies were extended to show that GW5638, but not 

tamoxifen; could completely inhibit the agonist 

activity of estradiol in these rats confirming that 
. . - . . . 

this compound is a pure antagonist in this tissue under 

the conditions of the assay. 
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In the second series of experiments, uterotrophic 

activity following 28 day treatments with either GW5638 

or estradiol was evaluated in 90-day old ovariectomized 

(OVX} rats. The results of this analysis, shown in 

Fig. 6A, indicate that at doses up to three times that 

required for bone protection, GW5638 displays minimal 

uterotrophic activity. · Importantly, however, no 

significant differences were noted in total body weight· 

of OVX rats treated with GWS638 versus sham operated 

animals. A very small, dose independent, increase was 

observed in uterine wet weight over OVX. This is 

similar to what has been reported by others in rats 

treated with raloxifene, where the activity has been 

attributed to an increase in water imbibition (Kedar et 

al, Lancet 343:1318-1321 (1994); Love et al, Ann. 

Intern. Med. 115:860-864 (1991); Black et al, J. Clin. 

Invest 93:63-69 (1994)). 

In addition to measurements of uterine wet weight, 

a histological examination of the uteri harvested from 

the same animals was performed (Figs. 7A-7F {low 

magnification) and Figs. 8A-8D (high magnification}). 

In this analysis, the uterine epithelial cells in rats 

treated with GW5638 exhibited a dose-related 

hypertrophy, while the stroma demonstrated a marginal 

increase in intercellular connective tissue and ground 

substance. At the highest doses of GW5638 (3-fold 

higher than was required for bone protection}, the 

epithelial hypertrophy observed was comparable to that 

of estradiol treated uteri whereas the stromal response 

and eosinophilic infiltration was less than observed in 

estradiol treated rats (compare Figs. BC and SD). 
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Cumulatively, these data indicate that GW5638 possesses 

marginal ER-agonist activity in the uterus, whereas, in 

bone it functions as an ER-agonist. Thus, GW5638 is a 

unique ER modulator that manifests ER agonist and 

antagonist activity in a tissue-selective manner. 

EXAMPLE 4 

Effect of Antiestrogen Treatment.on 
Breast Cancer Tumors in Nude Mice 

This study was conducted using tumor cells derived 

from the MCF-7 breast cancer line. This line is 

estrogen and progesterone receptor positive, dependent 

upon hormone and sensitive to antihormones. The tumor 

cells were inoculated into the flank of ovariectomized, 

athymic BALB/c Urd nunu mice. The mice were 

supplemented with slow release estrogen pellets. 

Animals were given subcutaneous daily injections as 

indicated below: 

Group 1: control (corn oil} 

Group 2: 0.3 mg GW5638 

Group 3: 0.6 mg GW5638 

Group 4: 1.0 mg GW5638 

Group 5: 1.0 mg taTUOXif en 

Using calipers, tumors. were measured in 

2 dimensions, where tumor area = 1/2 X w/2 X n. The 

results are shown in Figure 9. 
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EXAMPLE 5 

Dose Response Study 

The goal of this study was to compare the 

maximally effective dose of GW5638 to tamoxifen in 

terms of abil~ty to inhibit the growth of MCF-7 breast 

cancer tumors in nude mice. 

10 OVX donor mice were injected with 5 million 

MCF-7 cells. The resulting tumors were transplanted to 

recipient mice. All animals were given slow release 

estradiol pellets. 

When experimental mice had measurable tumors, 

daily dosing, via subcutaneous 0.1 ml injections, was 

begun as follows: 

Group 1: control (corn oil) 

Group 2: 0.3 mg GW5638 

Group 3: 0.6 mg GWS638 

Group 4: 1.0 mg GW5638 

Group 5: 1.0 mg tamoxifen 

Tumors were measured daily with calipers, and the 

area calculated as follows: 

Area = 1/2 X w/2 X x. 
After 8 weeks1 tumor growth was compared among the 

groups. All tr~atment groups inhibited tumor growth 
(with statistical significance) as compared to con~rol. 
The two upper doses of GW5638, 0.6 mg and 1.0 mg, were 

indistinguishable from the 1.0 mg tamoxifen (see 

Fig. 10). 

EXAMPLE 6 

LCC2 Study 
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MCF-7/LCC2 is a cell line (from the Lombardi 

Cancer Center) which is estrogen independent, though 

sensitive, and tamoxifen resistant. This experiment 

was conducted to determine the ability of GW5638 to 

retard the growth of this cell line in nude mice 

relative to control or tamoxifen treated tumors. 

40 OVX mice were prepared to accept cells and 

grouped as follows: 

Group 1.: control 

Group 2: estrogen pellet 

Grou_p 3: 1..0 mg tamoxifen 

Group 4: 1.0 mg compound 5638 

·control animals received nothing and groups 3 and 

4 received 0.1 ml injections in corn oil every three 

days. Tumors were measured Q3 days with calipers, and 

the area calculated as follows: 

Area = 1/2 X w/2 X 1t. 

After 8 weeks, tumor growth was compared among 

groups. In contrast to what was expected, the tumor 

did not appear to be responsive to estrogen. 

Additionally, the tumor seemed sensitive to tamoxifen, 

despite its predicted tamoxifen resistance. Both 

tamoxifen and GW5638 were able to equally inhibit 

gro~th of this tumor (see Fig. 11). 

EXAMPLE 7 

GW7604 Functions as an Antiestrogen in 
MCF-7 Breast Cancer Cells 

Human breast cancer MCF-7 cells were transiently 

cotransfected with 0.9 µg/mi of human ER expression 

vector together with 2 µg/ml of the C3-Luc reporter 
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plasmid and 0.1 µg/ml of pRSV-P-galactosidase 

expression vector (as an internal control for 

transfection efficiency) . Upon transfection, cells 

were incubated for 48 h in the presence of 17-P­
estradiol and increasing concentrations of each 

antagonist as indicated. Subsequently, the transfected 

cells were assayed for luciferase and p-galactosidase 

activity. 

calculated 

each point 

The normalized luciferase activity was 

by dividing the raw luciferase (x104 U) for 

by the p-galactosidase activity 

[(A415 x 105 )/time in minutes]. With reference to 

Fig. 12, each data point in this experiment represents 

the average of triplicate determinations of the 

transcriptional activity under given experimental 

conditions. The average coefficient of variation at 

each hormone concentration was <10%. 

EXAMPLE 8 

Analysis of the Effect of Specific ER Mutations 
on the Pharmacology of Antiestrogens Reveals 

Additional Mechanistic Complexity 

Human hepatocellular carcinoma HepG2 cells were 

transiently transfected with 0.9 µg/ml of a vector 

expressing either human ER.(pRST7ER) (see Fig. 13A) or 
an ER mutant (ER-TAFl) (see Fig. 13B) in which the AF-2 
function has been inactivated (ER-TAFl) together with 

2 ·µg/ml of the estrogen-responsive complement 3 {C3} 

promoter fused to luciferase gene; 0.1 µg/ml of pRSV-

P-galactosidase expression vector (as an internal 

~oritrol for transf ection efficiency) . Upon 

trarisfection, cells were incubated for 48 h in the 
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presence of solvent alone or increasing concentrations 

of estradiol or antiestrogens as indicated. 

Subsequently, the transfected cells were assayed for 

luceriferase and ~-galactosidase activity. Each data 

point in this experiment represents the average of 

triplicate determinations of the transcriptional 

activity under given experimental conditions. The 

average ~oef f icient of variation at each hormone 

concentrations was <10%. The data shown in Fig. 13A 

and 13B indicate that most of the known antiestrogens 

manifest agonist activity on mutated estrogen 

receptors. The fact that GW7604 does not exhibit 

agonist activity on any ER-mutant examined thus far 
indicates that this compound is useful in the treatment 

of tamoxifen refractory breast tumors. 

EXAMPLE 9 

A Comparative Analysis of the Ability of 
a Variety of Antiestrogens to Inhibit 
ER~ and ER~ Transcriptional Activity 

HeLa cells were transfected with either an ERa 

expression vector (see Fig. 14A} or an ER~ expression 

vector {see Fig. 14B) together with an estrogen 

responsive ERE-TK-luceriferase reporter construct. 

Subsequently, the ability of different concentrations 

of antagonist to inhibit estradiol (10- 9
} activated 

transcription was assessed. The results shown in Fig. 

14A and 14B indicate that with the exception of 

idoxifene# all antiestrogens manifest roughly 

equivalent activities on ERtt, whereas on ER~, neither 

raloxifene nor idoxi£ene manifest potent antagonist 

·' 
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activity. Furthermore, these data indicate that GW7604 

is a potent pan-antagonist of both forms of the human 

estrogen receptor. 

EXAMPLE 10 

Western Immunoblot Analysis of ER Expression 
in Target Cells Following Treatment 

With Agonists or Antagonists 

The chosen cell lines were incubated for 48 h in 

the presence of solvent or 10 nM estradiol or 

antiestrogen as indicated. Nuclear extracts were 

prepared, and samples were separated by denaturing­

PAGE, transferred to a nylon membrane, and the relative 

expression of ER following these treatments was 

estimated by western immunoblot using the ER-specific 

monoclonal antibody H222. Fig. lSA shows the 

endogenous nuclear ER content of MCF-7 cells 

(10 µg/lane). Fig. 15B shows the endogenous nuclear ER 

content of Ishikawa cells (100 µg/lane),. Fig. lSC 

relates to Ishikawa cells transiently transfected with 

0.9 µg/ml of ER (pRST7ER), 10 µg/lane of nuclear 

extract was used for detection. The ER levels was 

quantitated by densitometry of immunoblots. The 

results shown in Fig. lSA-lSC are representative of 

multiple experiments performed under the same 

conditions. 
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EXAMPLE 11 

Western Immunoblot Analysis of Endogenous ER Expression 
in MCF-7 Cells Following Short Term Treatments 

With Agonists or Antagonists 

Human breast cancer MCF-7 cells were induced for 

lh (Fig. 16A) or 4h (Fig. 16B) in the presence of 

solvent or 10 nM estradiol or antiestrogen as 
indicated. Nuclear extracts were prepared_, and samples 

were separated by denaturing-PAGE, transferred to a 
nylon membrane, and the relative expression of ER 
following these treatments was estimated by western 
immunoblot using the ER-specific monoclonal antibody 
H222. The ER levels were quantitated by densitometry 

of immunoblots. The results shown in Fig. 16A and 16B 

are representative of multiple experiments performed 
under the same conditions . 

... : 

-· EXAMPLE 12 

Western Immunoblot Analysis of Endogenous ER Expression 
in Ishikawa Cells {Cultured Uterine Cells) Following 
Short Term Treatments With Agonists or Antagonists 

Human endometrial adenocarcinoma Ishiwaka cells 
were incubated for lh (Fig. l 7A) ·or 4h (Fig. l 7B) in 

the presence of_ solvent or 10 nM estradiol or 
antiestrogen as indicated.· Nuclear extracts were 
prepared, and samples were separated by denaturing­
PAGE, transferred to a nylon membrane, and the relative 
expression of ER following these treatments was 
estimated by western immunoblot using the ER-specific 
monoclonal antibody H222. The ER levels were 

qt.iantitated by densitometry of immunoblots. The 

results shown in Fig. 17A and 17B are representative of 
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Western Irnmunoblot Analysis of Whole Cell, 
Nuclear and Cytoplasmic Endogenous ER Expression 

in Ishikawa Cells Following Short-Term 
Treatments With Agonists or Antagonists 

Human endometrial adenocarcinoma Ishikawa cells 

were induced for 1h in the presence of solvent or 10 nM 

estradiol or antiestroge~. Whole cell (Fig. 18A), 

nuclear {Fig. 18B}and cytoplasmic (Fig. 18C} extracts 

were prepared, and samples were separated by 

denaturing-PAGE, transferred to a nylon membrane, and 

the relative expression of ER following the treatment 

was estimated by Western immunoblot using the 

ER-specific monoclonal antibody H222. The ER levels 

was quantitated by densitometry of immunoblots. The· 

results shown in Fig. 18A-18C are representative of 

multiple experiments p·erformed under the same 
conditions. 

EXAMPLE 14 

GW7604 Inhibits E2 Stimulated MCF-7 
Cell Proliferation 

Goal: Determine the ability of GW5638 to inhibit 

estrogen-stimulated cell proliferation of MCF-7 breast 
cancer in vivo. 

Experimental Design: Plate between 25,000 and 

50,000 cells per well onto 24-well plates. Cells are 

plated in phenol red-free media. After attachment, 

cells are stimulated with either antiestrogen alone or 
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estrogen and antiestrogen. Induction time ranges from 

12-48 hours, depending on experiment. 

Add 4A {4µCi) thymidine, [methyl- 3H]-to each well. 

Incubate at 37°C for 2-4 hours. 
Aspirate media and wash twice with ice cold PBS. 

Wash once with ice cold 10% TCA {trichloroacetic 

acid) • 

Add 2mL io% TCA to each well. 

Incubate at 4°C for 1-2 hours. 
Wash once with TCA. 

Add 1 mL 0.2N NaOH. 

Transfer each well to scintillation vial 

containing 2 mL scintillation fluid. 

Vortex and count [lH] . 

Results will indicate the ability of the various 

compounds to inhibit estrogen-induced and basal cell 
proliferation of MCF-7 cells. {See Fig. 19A-19C.) 

* * . * 

All documents cited above are hereby incorporated 

in their entirety by reference. 

One skilled in the art will appreciate from a 

reading of this disclosure that various changes in form 
. . 

and detail can be made .without departing from the true 

scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A method of preventing or treating an 

estrogen-stimulated cancer in a mammal comprising 

administering to said mammal an amount of a compound of 

Formula I: 

wherein 
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R2 and R3 are independently H, -CH3, -OH, -OCH3, 

-OCH2CE-1J or -CH (CH3}2; 

R4 is -CN, -N02, -CH3 , -CH2CH3, -CH2CH2-Y or -Y; 

R5 and R6 are independently H .. -Ci-talkyl, 

-c2_4alkenyl, -C2-4alkynyl, -X-Ci-3alkyl, -X-C2-4alkenyl, 

-X-C2-4alkynyl or -Y; 

R7 is -CN, -C1-4alkyl-OH, -C (O} NR10R11
, -C (0) NR12R13

, 

-C1-4alkyl-NR10R11 , -c {0) R12 , -c (0) OR12 , -c {0) NR120Rl3
, 

-C(O)NHC(O)R12 , -C(O)NHCH2Rt2 , -C(NH2) (NOR12
), -S(O)R12

, 

-S (0) (0) (OR12 ), -S {0) {0) (NHC02R12), P03R12 , 

-P {0) (NR12R13 ) (NR12R13 ) I -P (0) (NR12R13 ) (OR14
), 

-CONR~2 (CH2) qOCH 3 , -CONR12 (CH2 ) qNR9R~oxad:.azole, 

subs~ituted with methyl; . 

R8 and R9 are independently hydrogen, -C1-1alkyl, 

-c3~cycloalkyl, -O-C~1alkyl, -C14alkyl-Y or phenyl; 

R10 and R11 are independently methyl or ethyl or, 

taken together form a morpholino group bonded via its 

nitrogen atom; 

R12
, R13 and R14 are independently H, -C1-12alkyl, 

-Cz-:zalkenyl, -C2-12alkynyl, -O-C1-12alkyl, 

-O-C~-12alkenyl, -O-C2-12alkynyl, -C3-;cycloalkenyl, 

-C3-;cycloalkenyl linear and cyclic heteroalkyl, a=yl, 

heteroaryl or -Y; 

X is oxygen or sulfur; 

Y is a halogen; 

n is an integer selected from 0.1 or 2; 

m is the integer 1 or 2; 

p is an integer selected from 1 to 4; and 

q is an integer from 1-12, 
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or pharmaceutically acceptable salt thereof, sufficient 

to effect said prevention or treatment, said cancer 
" being resistant to an estrogen receptor modulator other 

than said compound of Formula I. 

2. The method according to claim 1 wherein said 

cancer is breast cancer, uterine cancer, ovarian cancer 

or colon cancer. 

3. ·The method according to claim 2 wherein said 

cancer is breast cancer. 

4. The method according to claim 1 wherein said 

cancer is resistant to tamoxifen, idoxifene, raloxifene · 

or ICI 182,780. 

5. The method according to claim l wherein said 

cancer is de novo resistant to said escrogen receptor 

modulator. 

6. The method according to claim 1 wherein said 

resistance to said estrogen receptor modulator is 

acquired. 

7.· The method according to claim 1 wherein said 

compound is GW5638 or GW7604. 
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8. The method according to claim 1 further 

comprising ~dministering to said mammal an effective an 

amount of at least one compound selected from the qroup 

consistin~ of an antiestrogen, a ligand of retinoic ~ 

acid or retinoxic X receptor, an antiprogestin, an 

antiandroqen, vitamin O or metabolite thereof, a 

farnesyl transferase inhibitor, a PPAR~ or gamma 

agonist and a MAP kinase inhibitor. 

9. The method according to claim 1 wherein said 

method is a method of treatment~ 

10. A method of preventing or treating a benign 

proliferative disorder in a mammal comprising 

administering to said mammal a compound of Formula I: 

wherein 
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R2 and R3 are independently H, -CH3, -OH, -OCH3, 

-OCH2CH3 or -CR ( CH3) 2; 

R4 is -CN, -NOz, -CH31 -CH2CH3, -CH2CH2-Y or· -Y; 

R5 and R6 are independently H, -C1-4alkyl, 

...:c2- 4alkenyl, -C2-4alkynyl, -X-C1-3alkyl, -X-C2-4alkenyl, 

-X-C2-,alkynyl or -Y; 

R7 is -CN, -C1-4alkyl-OH, -C (0) NR10R11
, -C {O) NR12R13

, 

-C1-4alkyl-NR10R11
, -c (0) R12

, -c (0) OR12
' -c (0) NR1~0R13 , 

-C(O)NHC{O)R12, -C(O)NHCH2R~2 , -C(NH2) (NOR12 ), -S(O)R12
, 

-S (O) {O) (OR12
), -S (0) (0) (NHC02RI:2 ) , P03R12

, 

-P (0} (NR12R13} (NR12R13), -P (0) ·(NR12R13) (0Rl4), 

-CONR12 (CH2) qOCH3 , -CONR12 (CHz} qNR9R9oxadiazole, 

substituted with methyl; 

R8 and R~ are independently hyd.=ogen, -C::.-1alkyl, 

-C3-1cycloalkyl, -O-Cl-1alkyl, -C::.-7alk.yl-Y or phenyl; 

R10 and R11 are independently me<;hyl or ethyl or, 

taken together form a morpholino group bonded via its 

nitrogen atom; 

R12 , Rl3 and RH a~e independently H, -C1-12alkyl, 

-C2-:.2alkenyl, -C2-1zalkynyl, -0-Ct-lzalkyl, 

-O-C2-12alkenyl, -O-C:-12alkynyl, -C3-1cycloalkenyl, 

-C3-1cycloalkenyl linear and cyclic heteroalkyl, aryl, 

heteroaryl or -Y; 

X is oxygen or sulfur; 

Y is a halogen; 

n is an integer selected from 0.1 or 2; 

m is the integer 1 or 2; 

p is an integer selected from l to 4; and 

q is an integer from 1-12, 
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or pharmaceutically acceptable salt thereof, sufficient 

to effect said prevention or treatment. 

11. The method according to claim 10 wherein said 

disorder is endometriosis or a uterine fibroid. 

12. The method according to claim 10 wherein said 

method is a method of treatment. 

13. The method according to claim 10 wherein said 

compound is GW5638 or GW7604. 

14. A method of preven~ing o= treating 

Alzheimer's disease, macular degeneration, urinary 

incontinence or Type II diabetes in a mammal comprising 

administering to said mammal a compound acc.ording to 

formula I: 

wherein 
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R2 and R3 are independently H, -CH3, -OH, -OCH3, 

-OCH2CH3 or -CH ( CH3) 2; 

R4 is -CN, -N02, -CH3, -C}hCH3, -CH2~H2-Y or -Y; 

R5 and R6 are independently H, -C1-4alkyl, 

-C2-4alkenyl, -C2-4alkynyl, -X-C1-3alkyl, -X-C2-4alkenyl, 

-X-Cz-4alkynyl or -Y; 

~7 is -CN, -C1~4alkyl-OH, -C {O) NR10R11 , -C (0) NR12R13
, 

-C1-4alkyl-NR10R11
, -c {O) R12

, -c (0) OR12
, -c {O) NR120R13

, 

-C{O}NHC{O)R12
, -C(O}NHCH2R12

, -C(NH2) (NOR12
} I -S(O)R12

, 

-S (0) (0) (OR12
) , -S (0) (0) (N-HC02R12

), P03R12
, 

-P (0) (NR12R13 ) (NR12R13 } I -P (0) (NR12R13 ) (OR14
) I 

-CONR12 (CH2 ) qOCH3, -CONR12 (CH1) qNR9R9oxadiazole, 

substi~uted with methyl; 

B.a and R9 are independently hyd=ogen, -C1-1alkyl, 

-C3-rcycloalkyl, -O-C1-•alkyl, -C:.-1alkyl-Y or phenyl; 

R10 and R11 are independently methyl or ethyl or, 

taken together form a morpholino group bonded via its 

nitrogen atom; 

R~z, Rll and R14 a::::e independently H, -Cl.-12alkyl, 

-C2-12alkenyl, -C2-12alkynyl, -C-C:.-!.2alkyl, 

-O-Cz-12alkenyl, -O-C2-12alkynyl, -C3-1cycloalkenyl, 

-C3-;cycloalkenyl linear and cyclic heteroalkyl, aryl, 

heteroaryl or -Y; 

X is oxygen or sulfur; 

Y is a halogen; 

n is an integer selected from 0.1 or 2; 

rn is the integer 1 or 2; 

p is an integer selected from 1 to 4; and 

q is an integer from 1-12, 
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or pharmaceutically acceptable salt thereof, in an 

amount sufficient to effect said prevention or 

treatment. 

15. The method according to claim 14 wherein said 

method is a method of treatment. 

16. The method according to claim 14 wherein said 

compound.is GW5638 or GW7604. 

17. A method of preventing conception in a female 

mammal comprising administe~ing to said mammal a 

compound of Formula I: 

wherein 
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R2 and R3 are independently H, -CH3, -OH, -OCH3, 

-OCH2CH3 or -CH (CH3} 2; 

R4 is -CN, -N02, -CH3, -CH2CH3, -CH2CH2-Y or -'l; 

R5 and R6 are independently H, -C1-4alkyl, 

-C2- 4alkenyl, -C2-4alkynyl, ·-X-C1-3alkyl, -X-C2-4alkenyl, 

-X-C2-4alkynyl ~r -Y; 

R 1 is -CN, -C1-4alkyl-OH, -C (0) NR10R11 , -C {O} NR12R13 , 

-C1-4alkyl-NR10R11
, -C (0} R12 , -C (0) OR12 , -C (0) NR120R13

, 

-C {0) NHC (0) R12 , -C (O) NHCH2R12 , -C (NH2) (NOR12 ) , -S (0) R12
, 

-S (0) (0) (OR12
), -S (0) (0) {NHC02R12), P03R12, 

-P (0) {NR12R13 ) {NR12R13 } I -P (0) (NR12R13 ) (0R14 ), 

-CONR12 (CH2 ) qOCH~, -CONR12 {CH;:.) qNR3R9oxadiazole, 

substituted with methyl; 

R9 and R9 are independently hydrogen, -C1-1alkyl, 

-C3-1cycloalkyl, -O-C1-1alkyl, -C:.-1alkyl-Y or phenyl; 

R~ and R11 are independently methyl or ethyl or, 

taken together form a mo:pholino group bonded via its 

nitrogen atom; 

R12 , R13 and R14 a_.,.e · d d 1 u c 1 k 1 in epen ent y .. , - i-12a- y , 

-C2-12alkenyl, -C2-12alkynyl, -O-C:-12alkyl, 

-O-C2-12alkenyl, -O-C2-12alkynyl, -C 3-1cycloalkenyl, 

-C3-1cycloalkenyl linear and cyclic heteroalkyl, aryl, 

heteroaryl or -Y; 

X is oxygen or sulfur; 

y is a halogen; 

n is an integer selected from 0.1 or .2; 

m is the integer 1 or _2; 

p is an integer selected from 1 to 4; and 

q is an integer from 1-12, 

- 48 -

SUBSTITUTE SHEET (RULE 26) 



W099/08682 

I lllllll llll/l lllll lllll ll Ill/ 
* C L H S * 

or phaJ:maceutieally acceptable salt thereof, in an 

amount sufficient to effect said prevention. 
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18. The method according to claim 17 wherein said 

compound is GW5638 or GW7604. 
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