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USE OF ANTIPROGESTINS FOR TIE INDUCTION OF
APOPTFOSIS IN A CELL

Fiald of the Tuvention

The present invention retates 10 the use of antiprogesting for the indueiion of apoplesis in
a cell. In parbeular, the mvention relales to use of the anliprogestin 115-(4-acetylphenyl)-
Vib-hydroxy-17a-(1,1,2,2,2-pentafluoroethyl)-estra-4,9-dien-3-one or a phannaceuiically
acceplable derivative or analogue thereof for the induction of apoptesis in a cell. The
present invenlion further provides a use of antiprogestins for (he preputation of a
medicament for the ireatment of a type of cancer, such as breast cancer, whercin an
indicator of high risk is an increased amount of turaor cells in the S-phase of the eell

cycle.

Background of the Jivenbon

Antiprogesting represent a relatively new and promasing class of therapenlic agenls lhat
could have significant impact on the treatment of horrone-dependent tumors and othar
diseuses. Although antiprogestins were originally created with regard to medicinal non-
surgical lermination of pregrancy, certain antipragesting have gained considerable
imporlance, e.g., in the endocrine thorapy of those breast cancers which possess receptors
for progesterone (T. Maudelonde et al., in: J.G.M. Klijn et al,, Hormona! Manipnlation of
Cancer: Peptides, Growih Factors and New fAnti) Steroidal Agents, Raven Press, New

“ork, 1987, pp. 53-59).

‘This new stratcgy in endocrine therapy is based on the antitwnor activity of antiprogesting

in progeslerone receptor positive human breast cancer cell lines iz vitro and in several

JP 2004-511523 A 2004.4.15
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hormore-dependent mammary tumors of the mouse and rat in vive. Tn particular, the
antitumor mechanism of the antiprogestins onaprislone and mifepristone (RU 486) has
already been investigated using the honnone-dependent MXT mammary umaoz model of
the mouse as well ax (he DMBA- and the NMU-induced mammary tumar madels of the
ral (M. R, Schneider et al,, Zur o Cancer Clin, Gucol., Vol. 25, No. 4, pp. 691-701, 1989;
H. Michoa et al., Breast Cancer Research and Treatment 14:275-288, 1989; H. Michna, /.
Staroicd Bivchem. Vol. 34, Nos 1-6, pp. 447-453, 1989). However, due to low activity and
adverse side effects involved with e.g. mifepristone this compound could not be
recommended ag a single agent in the munagement of breast cancer (D, Perruult et ai., .
Clin. Cueol. 1996 Oct, 14(14), pp.2709-2712). Furthermore, mifepristone exhibils strong
antiglhicosorliceid side etfeots (cf LM, Keltel et al., Fertil. Steril, 1991 Sep, $6(3), pp.
H02-407, 3. Berlogna, Psychoneuroendocrinology 1997; 22 Suppl. 1, pp. 51-55).

The determination uf the percentage of tumar cells in the respective phases of the cetl
cycle can be performed by the powerful DA flow eytometry methed (ef. G. M. Clark ot
al, N. Engl. J. Med. 320, 1989, March, pp.627-633; L. G, Dressler et al., Cancer 61(3),
1988, pp. 420-427 and literature cited therein). Tt has thus been shown that the stages of
the cell eycle ol 2 lumor cell, and specifically, the munber of twmor cells in certain stages
of the ¢ycle, may bu an important clinical predicior of disease progression and sucocss of
therapy. The number of cells in the S-phase of the celf oycle are particutarly important in
this regard.

FP 0495 825 B1 discloses the use of antiprogesting {competitive progesterane
antagonists) for the production of medicaments for the {realment of mammary carcinomas
having an increaged coment of tumor cells in the S-phase of the vel) eycle, which is
considered ia be a high risk. factor. This is bused on the vbservation that anliprogestins are
capable of blacking the progression of tumor cells in the GyGy-phase of the ol cyole
resuliing in a substaniial decrease of tumor cells in the 5-phese. This effect was however
not observed witl: the standard breast cancer therapy tamoxifen, estrogen iherapy or

ovariectemy. The anliprogesting tested in EP 0 495 825 B1 are 11J3-[4-N,N-

JP 2004-511523 A 2004.4.15
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dimethylamino)-phenyl]-1 7o-hydroxy-1 TB-{3-hydroxypropyl)-13c-methyl-4,9( L (-
gonadien-3-one ang 11B-{4-acetylphenyl)-1 7-hydroxy-1 Fu-(prop- 1-inyi-4,9¢ 16)-

estradien-3-one.

17o-Fuoroalkylsterolds having strong antiprogeslin activity 25 well as methods for
produsing them are destribed i WO 9834947 WO 98/34947 doss not discuss or
mvestigate the molg tiat the | 7e-Muaroalkylstoroids disclosed theremn may play in cell

apoptosis or cell cycle arrest.

Given the poteatial vatue of agents that induce apaptosis in cells, €., in the case of tutner
cells, by blocking progression in the Gyli-phase, it is desirable to identify further agents,
€.8., anliprogesting, baving this specific mechanism of action. Such agents would have
petential applicalion in treating and preventing corlain types of cancer, such s breast
vancer, whorein an indicator of high risk is an increased amount of tumor cells in the 8-

phase of the call cyeie.

Object uf the Invention
It is thus an object of the present invention 1o further ivestigate the mode of action of
antiprogesting in inhibiting hormone-dependent diseases such as hreast cancer and to

provide a method for the targsted industion of apoplosis in cells.

Surprisingly, the inventors have discoversd that the anfiprogestin 11j3-{4-acetylphenyl)-
F7B-hydroxy-17¢-(1,1,2,2,2-pentafluaroethyl)-sstra-4,9- dien-3-one (or a
phenmaccutically acceptable desivative or analoguc thersaf) may be used for the induvtion

of apoptosis in 2 cell.

Summary of the Invention
The present invention is based on the unexpeoted observation that the antiprogastin 111~
(4-acetylpheny()-17B-hydroxy-17a-(t,1,2.2,2-pentefluoroethyl)-estra-4,S-dicn-3-one

(hereinafter reforred to as "antiprogestin (1)™) induces apoptosis and cell death in the

JP 2004-511523 A 2004.4.15
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tumer eetls of standard breast cancer lumor models. 1t was Found that antiprogestin {I}is

capable of inducing apoptosis in cells via the initiation of terminal differentiation.

Thus, the present invention provides the vsc of antiprogestin (1) or a pharmaceutically
aceeplable dertvative or analogue thereot for the preparation of a medicament for the
wnduclion ol apoptosis in a cell. Preferably, the induction of apoplosis is caused by the
Initiation of teaminal differentiation. The cell is preferably a manmmatian cell, more
prefrably a human cell and most preferably a tumor cell, whersin the tumer is preferably

breust cancer.

Anather aspect of (he present invention is the use of antiprogestin (1) or a
pharmacentically acceplable derivative or analogue thereof for the preparation of a
medicament for the treatment of typos of cancer whercin an indicator of high risk ig an

incroased amount of lumer cells in the S-phase of the cell cyole.

A further aspect of the present invention is the use of antiprogestin (1) or &
pharmacentically acceptable derivative or anatogue thereof tor the induetion of apoplosis
inacell in wtre, Preforably, the cell is a mammalian cell, more preferably 2 heman cell

and most preferihly a tumer cell, whercin the tumor is praferably breast cancer.

Another aspect of the present invention is a methed of inducing apoptosis in a vell by
administering an efleciive amount of antiprogestin (1) to the cell. This method may be
applied i1 vitra or i vive, Prelerably, the cell is a mamemalion cell, more preferably a
hurnan cell and most preferably a tumor cell, wherein the taror is preferably breast

CANCCT.

Duee to the #bility to induce cell apapiasis the antiprogestin (1) o a pharmaceutically
aceeptable derivalive or analogue thercof may be used for the treatment of eerlain types of
cancer, sich as breust cancer, wherein an indicater of high risk is an increased amount of
tumor cells in the S-phase of the cell ayele. Other types of cancer or hormone-dependent

diseases that may be aifected and treated by antiprogestin (1) due to its ability to induce

JP 2004-511523 A 2004.4.15
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cell apoptosis may include, €.g., breast cancer, nvarian canver, endometrial cancer,
my<loma, anovulatory infeitility, meningoma, fe. diseases which subslantially originate
or are influenced by the presence of hormone receplors and/or hormone-dependent

pathways,

Briel Description of the Fipures

Figure | shows the tumer growth inbibiling effect as a result of the induetion ol apoptosis
by antiprogestin (1) in a dose-responss study 1o the DMBA-induced marunary carcipoma
of the rat, compared with a sontrol, the antiprogestin onapristone as well as ovaricctomy,

The study was perfouned with 0.5, 2.0, 5.0 and 10.0 mg/kg s.c. daily doses of

mliprogsstin ([).

Liigure 2 shows the tunor growth inhibiting effect as a result of the induction of apoptosis
by untiprogestin (I) in the NMU)-induced mammary carciroma of the rat, sompared with a
control end vvarectomy. The stidy was performed with 0.3 and 1.0 mgfiy 5o daily

<doses of antiprogestin (1),

IFigure 3 shows the induction ol apoplosis und thus the tumor growth inhibiting effest of
antiprogestin (1) i a 10 mg/ks s.c. dose on xenotransplanted human T470 umars i scid

mice, compared (o 1 comral and ovariectomy.

Figure 4 demonstrates the induction of apoptosis and thus the tumor growth inhibiting
effect of a 10 mg/ky, s.o. dose of antiprogestin (I in the MCF-7 humnae breast cancer

madel in seid mice, compared to a control and ovariectomy.

Figures 5A to 51 show histological data relating fo the induction of apaplosis in the
MMU-tnduced breast cancer model in rat (o) Example 5). In particular, figore 5 A shows
that wmeors treated with antiprogestin (1) disptay ductal and asinous formations, vseatly
fille with seeretory maledal, compared ta the cantrol (figure 5B). Figure 5 shows
untreated NMU-induced breast cancer fissue with high PCNA. (proliferating, celf nusiear

antigen) immunorcactivity as compared 1o NMU-induced breast cancer tissue treated with

JP 2004-511523 A 2004.4.15
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antiprogestin (T} (figurs 5D), which cxhibits low PCNA immunareactivity. Figure 5K
shows the appearanss of apeplosts in antiprogestin {1)-ireated NMT)-induced breasl cancer

tissue, compared o the conirol (figure 5L,

Figure 6 demuunstrates the lwmar growth inhibiling stfect of antipragestin (1) in the T47D
breast canser cell line (stimulated by estradiel) with an effective threshold concentralion
of 107 to 10 molft, compared with Lhe antiprogestin anapristons and the pure
anticstrogen tI-fluoro-Ta- {S-[N-methyl-N-3-{4,4,5,5,5-pentaflucropentylthio)-
propylamine]-pentyt) -estra-1,3,5(10)-trien-3,1 7-diol (WO 98/07740).

Detailed Description of the Invention

Antiprogestin (I) - 11[-(4-acetylphenyi)- | 7p-hydroxy-17u-(1,1,2,2,2-pentafluoraethyl )

estra-4,9-dien-3-one — is represented below by formuta (B:

4]

Antiprogestin ([) {or a pharmaceutically acceptable denvative or anafogue thercof) is a
valuable pharmiceutical agent having strong, antiprogestin activily, Antiprogestin {1) can

be used according lo the present invention Tor the Industion of apoptesis in cells,

The term “anliprogestm™ in the contsxd of the presenl jnvention is intended o primarily

comprise alt compounds being ¢apable of competitively inhibiting progesterone receptors.

JP 2004-511523 A 2004.4.15
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However, it should also emeompass compounds capable of inhibiting the biosynthesis of

progesting.

Phumacentically aceeptable derivatives or analogues of aniiprogestin () in the context of
the preseni invention may inelude, for example, any one of the inventive compounds

disclosed in W0 98/34447.

The studies performed in the context of the present invention show ke potent tumor-
mtubiling properties of the antiprogestin (1) in a variety of henmaene-dependent lumor
nodels (see Exaniples 1 o 6} It is further demonstrated that the tumor inhibiting activity
of antiprogestin (J) as a result of {he induction of apoplosis is stronger than conventional
anti-tumeor agents, sush as, the anliestrogen tamoxifen. The troatment of breast cancer
using the antiprogestin (1) according to the present invention is even supctior to

ovaricetony.

Application of antiprogestin {1} in the various fumor models as demonstrated hojow i the
Examples revealed an accumulation of tumor cells in the GuGy phase of the cell cycle
together with @ significant and binfogically vefevant reduetion in the number of volls in the
5 and G:M phase of the cell cycle. These results indicate an induction of differentation.
Dutferentiation-specific Gy arrest has already been proposed carlicr for other stem cell
systoms {sce 1.}, Wille Jr., Cancer Res. 1982, 42(12):5134-46; R.E. Scoft, .. Cell. Risl.
1982, 94(2).400-493).

The experimenta) results obtained in the various tumor models revealed that treatment
with antiprogestin () seems to trigger differentiation of the mitolically uctive polygonal
temor eells towards glandulae structures and acini with a massive ssguestering of
sevrelory produgls, as well as towards spitdle-shaped necrobiolic subpapulations (sec
Example 5 and in particular figures SA and ST3). Whersus lumor size, mitolic index and
the pradte of makignansy decreased distinetly, the volume Faction of glandolar sirctuces
in the tumors as well as the appearance of apoptosis increased 3-fold compared to the

controls (see Exumple 3, figares 5B and 5T).
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Withaut Tirmitation Lo any theory, these resulfs indicate that the nain mechanism of (he
antitumor aclion of antiprogestin (1) in the tested models is a dirsat progesterons-recepior-
mediated aniiproli ferative effect at the level of the tumor eells, via the induction of
terminal differentiation associabed with teeminal cell death. In this manner, amliprogestin
(1} appears to be capabls of eliminating the intrinsic block in tennal differentiation
inberent in malignant tumor cells in progesierone receptor-positive tumors. This
antiproliferative effect of antiprogestin ([} svems te be dissociated from (he anlthormone

(antiprogestional) activity of antiprogestio {1).

Ageats such as antiprogestin (1) that induce apoptosts in cells, for cxample, in the case of
tumor cells, by blocking progression in the GyGh-phase, have polenlial applications for
trenting and preveniing numerous condifions. Such agents, imcluding antiprogestin (1),
may be used for treating those cancers where an indicator of high risk is an incrcased

amount of lemor cells in the $-phase ot the cell cycle, such as in hreast cancer.

Thus one aspect of the prosent invention is the use of sntiprogestin (1) or a
pharmaceutically acceptable derivative or analague thereof for preparation of 2
medicament for the induetion of apoptosis in a cell. In a preferred cmbodiment, the use of
antiprogestin (T) ot a pharmaccutically acceptable denvative ot anslogue Iheroof relates Lo
a medizament for ths induction of apeptosis in a tumor ceil, prefirably a breast tumor ael),
ina burman. Such medicament could be benelictal in the treatment o hormone-dependent
discases such as breast cuncer, wherein an indicwtor of high risk is an increased amovat of

tumor cells i Ihe S-phuse of the cell cycle.

The mannfacture of the medicaments may be performed according to methads knewn i
the art. Commenly known and used adjuvants s well s further svitable carriers or
diluents may be used. Suitable carriers and adjuvants may be such as recommended for
pharmacy, cosmetics and related fields in: Uftmann & Encyelopedia of Techuical
Cheaisiry, Vol. 4, {19933, pp. 1-39; Journul of Phormacauticel Sciences, Vol. 52 (1963),

p. 9181, H v.Caetseh- Lindenwald, “Hilfsstoffe fir Pharmazie und angrenzende Gebiefe™;
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Pharm. fnd. 2, 1961, p.72 Dr. H.P. Fiedler, Lexikon der Hilfsstoffe filr Pharmazie,

Kosmetik und angrenzende Gebiete, Canter KG, Aulendorf in Wiirttemberg, 1971,

Antiprogesting suitable for the purposes of the present invention, preferably antiprogestin
(I) ot a pharmaceutically acoeptable derivative or analogue thereof, ean be incorporated
into pharmaceulioal compozitions aceonding to known methods of prepariog gelenics fov
oral or parestteral. e, inlruperitongal, intramuscular, subsitancons or perentansons
application. They cun also be implanted into tissue, Jmplants can comprise as inerl
materials e.2. biologically degradable pelymers or synthetic silicones such as e . silicone

rubbee,

They can be administered in the form of tablets, pifls, dragees, gel capsules, granules,
suppasitories, implants, injectahls sterite aqueous or oily solutions, suspensions or
emulstons, vintmenls, creams, gels or by intravaginal (e.g., vaginal rings) o intrantacine

syslems (e.g., diaphragms, loops).

Eor the preparation of » medicument for oral administration, the anliprogestins suitable for
the purposes of the present invenbon as delined above can be admixed with commonty
known and used adjuvanty and carriers such as for exampie, gur arubic, taleurn, starch,
sugars such as, c.g., maunitose, methyl ezllutose, lstose, gelalin, suriace-active agents,
magnesium sl earate, aUcous or non-aqueots excipients, paraffin derivatives, crogs-
itnking agents, dispersants, emulsifiers, lubricants, conserving agents and flavoring agents
(e.g., ethereal oils). In 4 phammuaceutical composition, the anliprogestin may be dispersed

in 2 microparticle, ¢ g a nanoparticulate, conpasition.

(i order Lo further enbance the bicavailability of the active agent, the antiprogestins
suitable for the purposes of the present inveolion as defined above car also be formulated
as cyclodextrin clathratey by reacting them with «-, i- or y-cyclodexirines ur derivalives
thereof aceording to e method as disclosed in PCT/EFOS/02656.

For parenteral adininistration be antiprogesting suitable for the purposes of the prasent

invention as detined above san be disselved or suspended in a physiclogically acceptable
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diluent, suvh as, ¢.g., oils with or without solubilizers, surfacs-active agents, dispersants or
emulsitiers, As vils for sxample and without limitation, olive oil, peanui oil, cattonsesd

oil, saybean vil, casior oil and sesame eil may be used.

The amount to be adwministered (i.e., a “pharmaceutisally sffeclive amount™ varies within
2 hroad range and depende on the condition 1o be treated and the mode of administeation,
F can cover any arount efficient for the tntended reatment. Datertmining &

“phammaccutically effective amount” is witlun the purview of the person skilled i the art,

Onc unit dose may represcat abeut 0.1 to 100 mg aclive agent(s). For administration to
humans, the daily dose of (he active agent{s) is about 0. Lo 400 mg, preferably 10 to 100

mg, most preferably 50 my.

The medicaments can atse be administered via a depot injection or an implant preparation,

oplionally for sustained delivery of the active agent(s).

The preferred menle of administration is oral administration, The antiprogestins for use
acpording to the invention, and in pacticular, antiprogestia (1) are pacticularly suitable for

oral administration.

Acvording 1 all aspects of the present invention it is also possible to combine al l=ast one
antiprogestin as defined above, in particular antiprogestin (1) or a phanmascutically
acceptable derivative or analogue thereof, with at icast one anligslmgen, because many
tormone-dependent discases, in particular breast cancer, exhibit not anly progesterone
receptors, bul also estrogen receptors. The antiestrogen mity be administered either
simultaneously with or sequentially to the antiprogestin, and in particular withio
antiprogestin (1) or 3 phanmaceutically acceplable dorivative or analogus thereof, The
amonnt of antiprogestin and antiestrogen may be equal or one component may be inere
predaminant than (he other, such as in an antiprogestin:antiestrogen ratio of 1:50 to 50:1.

preferably 1:30 to 3001, aod most preferably 1315 to 151,
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Examples of suitable antiestrogens for use according to the fnvention are non-stenidal

antiestrogens, such s tamoxifen and nafoxidine as well us raloxifon, Taskdex and EMS0O,

Examples of steroidal anticstrogens include those discloseil in BP 0 348 341 A and those
diseloged in WO 98/07740, in particutar, 11{3-Dovre-7u-{5-[N-methyl-N-3-(4,4,5,5,5-
pertalloumpentylthio-propylamine]-peatyl}-estra-1,3,5(10)-trien-3,17-dial, ot those
disclosed in WO 99/33833, in particular T13-flouro-7e-{S-[methyl-(7,7,8,8,9.9,10,16,10-
nonafluore-decyl}-amino|-pentyl}-estra- 1,3,5¢ 10} rien-3,1 7B-dial or phasmaceticaily
acceptable derivatives or analogues thereof. Aromatase inhibitors having an antiestrogen
stfoet, such as these disclosed on puges 7 lo 8 of EP 0 495 825 B1 may also bo used s

anfizstrogens.

Another aspest of the present invention is the wse of antiprogestin (1) or a
pharmacentically acceplable derivativa or analogue thereaf for the preparation of a
medicament for Ihe (reabtment of a type of cancer wherein an indicator of high risk is an
increased amount of timor cells in the S-phase of the cell oygle. The number of tumor
seils im the S-phase may be delermined by DNA How cytometry as desoribed in Dressler
et al, “DMA Flow Cytomeny and Progniostic Factors in 1331 Frozen Breast Canoor
Specimens,” Cancer, Val. 61(3), 1988, pp. 420-427, see also McGuire & Dressler,
“Rinerging impucl of Flow Cytomeiry in Predicling Recurrence and Survival in Broast
Cancer Patients,” JNCY, Vol. 75(2}, 1985, pp. 405-409. A high risk amount of tumor colls
in the S-phase indicates a particelarly suitable candidate for the use sccording to the
invention. ln the case of untiprogestin (1), the advantage arises from both the potent anti-
tumeor effect, as evidenced by the standurd animal models (see Examples 1 to 4), and the
mechanizm of action of this agent of inducing apaptosis (se¢ in particular Example 5) and

cet] cvele arrest,

taan alternative aspect the present invention provides a method for inducing upuptosis in
a oull. The cellis preferably a mammalian cell and most preferably a human celi, and the
method may be applicd @2 vitro or in vive. Preferably, apoptosis is induced via (o
mechanism of initiating terminal di fferentiation, for example, by the administralion of

anliprogestin (1} or 2 pharmaceutically acceptable derivative or analogue thereof, Ta the
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method, an effeciive amount of antiprogestin (I ora pharmaceutically aceeptable
detivative ar analogue twreof may be applicd o the cells in question. For example in the
TA71) breast cancer cell lne, whose growth is stimulated by the ilministration of
estradiel, antiprogestin {1} indueed # complete inhibition of cell growth with an efective
threshold concentration of between 107 and 10 mol (sec Example 6 and figure 6). This is
cspecially surprising as the known antiprogestin onapristone has ne reducing effoct on cell
grawth in this tumor madel. Thus, antiprogestin (1) is superiar with regard (o potency and
efficacy to other antiprogestins such as onapristene and to anticstrogens such as tamoxifen
and even (o pure anliestrogens such as 110-Tuaro-7u- {3-[N-methyl-N-3-(4,4,5.5,5-
pentafluoropentylthio)-propylumino]-pentyli-estra-1,3,5{10)-tricn-3,1 7B-diol (W0
ABOTTAR).

The rele of aniiprogestin ([I) in the induction of apoptosis in the cell indicates that this
antiprogestin (or a pharmaccutically aceeptable derivative or analogue thersof) may be
useful in a host of condilions, particularly hermoene-dependent conditions, where
induction of apoptosis is particularly desiredl. Specifically, it may be nsed in the treatment
of such diseases as breast cancer, overan cancer, endometrial cancer, myeloma,
anovulatory infertility, meningoma, i.e., diseases which substanttally oriatnate or ars
influenced by the presence of hormone receptors and/ar bormone-dependent pathways,
Antiprogestins, sich as anliprogestin (1), may thus be further used for the preparation of
medicuments for inducing apoptosis or cell dealh for the treatment of hormone-dependent

diseases as already described abova.

‘The invention is farther illustrated in the cxamples. The following examples ace not 1o be

understaod as a limitation.

Examples

mple 1:
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Dose-response study in the DME A-induced (umer model

Matcnals and Metheds:

Tuioaturs femals Sprague-Dawley rats (49 - 51 days efd; 10 animals/eroup} wers used in
this study. Mammary tamors wers indused by a single oral sdministration of 10 mg 7,12-

dimethylbenz[alanthraceno (DMBA, Serva/Hoideiberg). Rals wiih af lesst one established

tumoy with a size ol more than 150 ram? were treaed for 4 weeks by: 1} solvent control,
2) ovaricetomy at treatment start, 3) antiprogestin (I, 0.3 my/kg s.0., 4) antiprogestin {1), 2
mg/fleg g.6., 5} antiprogestin (I}, 5 mg/kg s.c., 6) antiprogestin {1), 10 mg/kg s.c.. and 7)
onapristone. 3 mgfke, s.c., daily. As a parameler for growth inhibition the change of tumor
area (in % with respect o initial tumor size} determined by weekly caliper measuremicnts
was used. For statistical analysis of intergroup differonces of mean values the Kruskal-
Wallis-test wits used. For a further description and evaluation of the DMBA prevention

model, sec R.G. Metha, Faropean Josrant of Canger 36 (2000, pp. 1275-1282.

Results:

[ imtuct eonirol avinals, progressive lumor growih was observed, whereas ovariectemy
caused a cousiderable tumor regression in 90% of the aninals, Treatment with
antiprogestin (1} at doses of or above 2 mg'kg resulted in a significant induction of
apuptosis resutting in inhibilion of tumor growth compared with the control (see fig. 2).
There was 2 clear dase-response relationship. Whereas treatment with 0.5 mg/kg
antiprogestin (1} did net significantly prevent the tumor fron: growing, at 2 mgikg
maximal induction of apoptosis and thus growth inhibition was obscrved. [n this group a
complele lumor regression was seen in 50% of the rafs. ‘The offecl of the highest dose of
anliprogestin (£ tested in (his experiment {10 mgikg), wis comparable to lhat of 2 meka.
Omapristons {5 mgikg, 5.6.) was distinotly less elfactive than antiprogastin (1) at
comparable doses.

Conelusion:
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Tnn the DMRBA-induced mammary tumor modet in the rat, antiprogestin (1) strongly
induced apoptosis in the tumor gells and thus completely suppressed the tumor growih in
intact animals. 1t was found that 2 mg/kg anfiprogesiin (1) bas a maximal apopiotic effect
on tumor cells. Antiprogestin (1) was distingtly superior te onapristone regarding the

miibition of tuinor growth.,

Example 2;

Tumor growih inhibitior in NMU-induced breast cancer moded in ral

Materials and Methocs:

Tumeors were induced by a single intravenous injection of WMU (nitrosomethylurea, 50
mg’kg) in female Sprague-Dawley rats (obiained from Tierzucht Schanwalde, age 50-55
days}). Starting 18 days later, rats with at least one established tumor were Ureated for 4
wegks by: 1) solvent control, 2) ovariectomy at treatment start, 3) anhiprogestin (1}, 1.0
makyday, 4) antiprogestin {1), 0.5 mefkeiday and 5) onapristone, § ma/ka/day. As 2
parameter for growth inhibition the change of tumer arez (in % of initial tumor sizc)
determined by weekly caliper measuremenls was vsed. For statistical analysis of

intergroup differences of mean values the Kruskal-Wallis-test was used.

Results:

In iitact contral animals, pragressive tumar growth was observed, whereas ovariectomy
caused a cornplete tumer growth mhibition. Treaimert with anliprogestin {I) at doses of
1.5 or 1.0 mpskg resulted in a sigmificant mhebition of tumer growth due to the jnduction
of apoptosis compared with the control {see fig. 2). Onapristone (5 mp'ky) was distinetly

less effective than anbprogestin (13 at the much lower dose of 0.5 mg/kyg.

Conclusions:
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Ln the MVL-induced manumary fumor model in the rat, due to its potent ghility to induce
apoptosis in tumor cells, antipragestin (1) cempletely suppresses the tumor growth in
intact aninwls. Boih dases (1.0 mg/kg as well ag 0.5 mgfke) of anliprogestin (1) have 2

significant apoptotic effect on tumor cells.

Example 3:

[Tuman 147D breast cancer xenograft in scid mice

Muteriuls and Meibods:

Yemale Fox Chase scid mice (M&B) were supplemented with estradiol petlets (Innovative
Research of Amenica). T47D breast cancer cells, obtained from cell culture and suspended
i matngel, were nnplanted s.c. in the inguinal region of the mige. Treatment was starled
when the tumers were approXimately 25 mm?® in size. Treatment was continued until
progression nf the tumars. Experimental groups were: 1) control (vehicle), 2)
ovariestomy, ) antiprogestin {I), 10 mgkg s.c. Tumor arca was determined by ealiper
measurements. The Kruskal Wallis test was used for statistical analysis of intergroup

differences of mean values,

Results:

T the T47D breast cancer model, ovartectomy resulied in a considerable inhibition of
tumor growth, compared with the rapid grewth in the control, Fig. 2 clearly shows that the
5.0. applicahien of 10 mg'kg antiprogestin {1} induccs apeptosis in the tumor cells. The
effeci of antiprogestin (1) is almes{ comparable o the effect of converlional estrogen

deprivation therapy {ovariectomy).

Conpluston:
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The effect of antiprogestin (1) in inducing apoplosis aod thns inhibiling the growth of the
human T47D breast cancer xenagraled in Fox Chase scid mics is cumparable to the effect
of standard estrogen deprivation therapy (ovariectomy) which is considercd to be lhe

maximum effective method of inhibiting growth of bresst cancer in this model,

Exammple 4:

luman MCF-7 breast cancer xenografl in scid mice
Materials and Methods:

Temale Fox Chase seid mice (M&R) were supplemented with estrudiol pellets (Innovative
Researsh of America). MCF? breast cancer colls, ablainad from cell culture and
suspended in matrigel, were implauted s.c. in the inguinal region of the mice. Trsatment
was started when the tumors wers approximately 25 mm? in size. Treatmed was
continued until progression of the tumors. Expoamental groups were: 1) control (vehicle),
) ovarieciomy, 3) antprogestin (1), 10 megfkg s.o. Tumor wea was determined by caliper
measurements. The Kruskal Wallis test was used for statisticzl analysis of intergroap

differences of mean values.
Results:

In the MCF7? breast cancer model, ovarestonty resulied in a considerable inhibition of
tutnor growth, compared with the rapid growth in the control. Fig. 4 clearly shows that the
s5.¢. application of 10 mg/ke antiprogestin (1) induced apoplosis in the tumor cells. The
effect of antrprogestin (1) is comparable to the effect of conventional estrogen deprivation

therapy (ovariectomy).

Conclusion:
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The effect of antiprogestin (1) in inducing apaptosis and this inhibiting the growth of the
human MOL7 breast cancer xenografied i Fox Chase scid mice is comparable to the

offcet of standard estrogen deprivation Iherapy (ovariectomy).

Exampic 5
MMU-induced breast canccr in rat {histology. proliferation index and TUNTL assay)

Materials and Methods:

Tumors were induced by 2 single intravenons injestion of NMI {nitrosomethylursa, 50
mg/kg} in female Spraguc-Dawley rats (sbtained [rom Tierzucht Schinwalde, age 50-53
days). Rats with at least one established tumor with a sive of mors lhan 150 mm® weore
treated for 7 days by: 1) solveat control, 2) ovariectony at treatment start, 3) antiprogestin
(1), 3 mglkg s.c., daily. At the end of (reatment burnors were excised, Mxed in formalin and
embedded in paraffin, Histology, protiferation index and apoptosis induction assays were

perlormed on these resacted tumors.

Histology. For histology tissue siides were stained with haematoxilin and amilyzed by

microscopy

Profiferation Index: To determine the proliferation index the expression of PONA was
defermined. Proliferating cell nuclear antigen (PCNA) is 2 36 kD puclear protein
associaied with the cell cycle. Nuclear PCNA immunorsactivity is fiound in the
proliferative eompartment of norinal tissuzs. A monoclonal antibody, that recagnizes a
[zation and processing resistanl epitope has been used to investigate its tissuc

distribution,

FUNEL (Apoptosis Fest): The blochemical hallmark of apoptosis iz the degradation of the
genemic DINA, an iireversible event that results in cell death. This characieristic DNA
fragmentation iy the resull of the aclivation of nuclear endenuclteases, which seleatively

cleave DINA at sites located betwsen nucleasomal units. These DNA strand breaks were
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detected by enzymatic fabeling of the 3°-OH termini with finorescein-gUTP using
lerminal deoxynucleolidyl transtierase (TUNEL, Terminal Deexynucleetidyl Transferase-
Mediaied dUTP Nick Ead Labeling, of. Gavrieli et al,, 1. Cell. Biol. 119, 493, 1992),
Ineerporaled flicressein was deteoted using the enti-Nuorsscetn antibody alcatine

phosphatase conjugate followed by alculine phosphatase substrale reaction.
Results:

Ilistolagyr ARter treatiment with antiprogestin (1), the tissue sections from the NMU
tumors displayed dysplastic ductad and acinous fbrmations, usnally filled with secretory
material (Figure SA). Moreover, the volume fraclion of glanduisy structires in the tumors
increased compared to controls (Figure 5B). In addition, the manuenary tumors of

antiprogestin {[) treated animals showed the morphologioal features of differentiation.

Profiferation fndex: PCNA immunoreactivity is high m untreated NMU-induced breast
cancer tissus (Figure 5C: Untreated contrel). The number of cells with PCNA
immunareactivity is reduced by tnduction of differsotiation in NMU-induced breast
cancer lissue front rats ireated with antiprogestin (1) (Figure 5D} These data demanstrate
that in breast cancer, treatment with antiprogestin reduces the proliferation index by

mcduction of differentiation

TUNEL (dpoptosis): Figure SE demenstrates the appearance of apoptosis induced by
antiprogestin (I} in NMU-induced breast cancer tissue in comparison with untreated
control {Figure 5F). It is clearly evident that antiprogestin (1) alone was capable of
inducing apeptosis in the NMU-induced breast cancer tissue and thus inbibited the growth

ol these tunors,

Example 6:
Antiproliferative activity of antiprogestin (1) in vitro in the T47D cell linc
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Matenuls and Methods:

T4 cells wore grown in charcoal-lreated sorum supplemented with 0.1 M B2
(estradiol) plus antiprogestin () for 6 days with one medium change. Following fixation
and subscquent staining with crystal violet, the absorbance was recorded and values
normalized 1o the absorbance of untreated contrels as described in R Lichtoer, J
Steroid lifockem. Mol. Biol. 1999, 71;181-189. The TUNEL assay is performed malogous
ta above Example 5 wilh the only difference that instead of tissue sections cells that are

cultivated on microseopic slides are uscd for the ussay.
Results:

In {his T47D cell line in vifro test, antiprogestin (1) exbibited potent tuntor growth
inhibiting activily with an effcetive threshold conceniration as low as 107 te 10 mek/]
wheteas the anbiprogestin onapristonc did not show any inhibiting effecl. Even the pure
antiestrogen 1 1p-Muvco-Fre- {5-IN-methyl-N-3-(4,4,5,5.5-pentafluoropentylthio)-
propylamino]-pentyl}-estra-1,3,5(10)-tricn-3,1 73-diel (WO 98/07740) was <istinctly less

effoctive than antiprogestin (T} {sce figure 6).
Conelusion:

Antiprogestin (I according to the present invention induces complete inhitition of
estradiol-stimulated T47D cell growth at very low concentrations and is thus superior
regarding patency and efficacy to other antipragestins tested such as onapristone and to
the pure astiestrogen | [B-fluare-7o- {5-[N-methyt-N-3-{4,4,5.5,5-pentafluoropentylthio)-

propylaming]-pentyl}-estea-1,3,5(10)-trien-3, 1 ?B-diok.
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CLAIMS
L. Use of the antiprogestin 11{-{4-acctylphenyl)- L7B-hydroxy-1 Te-(1,1,.2.2 2-

rentafluargethyl)-estea-4,9-dien-3-one or a pharmaceutically aceeptable derivative

or analogue thereof for the induction of apoptosis fn a celi.

Use aecording to claim 1 wherein the induction of apoptosis is caused by the

initiation of terminal di fferentintion.

Use aceording to any preceding claim wherein the cell is 1 mammalimm coll.

Use acsording to claim 3 whercin the mammalian ecll iz 2 human ecll.

. Use according to any preceding olaim wherein the cell is a fumor cell.

tse according to clum 5 wherein the tumor is breast caneer.

. Lise according to any preceding claims, whercin the medicament furlher comprises

an anticstrogen.

Use of the antiprogestin 11 3-(4-acetylphenyd)- 1 7B-hydroxy-1721,1,2,2,2-

pentaflucroelhyly-estra-4,9-dien-3-one or a pharmacentically acceptable derivative
or analagnc thereof for the preparation of 2 medicament for lhe reatment of a type
of cancer wherein an indicator of high risk is an increzsed amount of tumor cells in

the S-phase of the gell cvele,

. 'The use according to claim ¥, where the disvase is breast cancer.

. Method of inducing apoptasis in a cell, comprising administering an sffective

amount of the anliprogestin | 13-(4-acetylphenyl)-1 7[-hydroxy-17u-(1,1,2,2,2-

JP 2004-511523 A 2004.4.15
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2l

pentafluoraeihyl}-estra-4,9-dien-3-onc or a pharmacentically aceeptable analogue
or derivative thereol 1o a cell in vitro.

. The method sccording to claim 10, whetein the cell is a mammalizn tumor ccll,

5 i2. The method weourding o claims 10 or 11, wherein the cell is & breast cancer cell

JP 2004-511523 A 2004.4.15
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