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certain steroids are capable of inducing a nongenotropic effect via binding to an

unrelated steroid receptor.

BACKGROUND OF THE INVENTION

Due to similarities in molecular structure and homologies in protein sequence,

% number of proteins have been classified into a superfamily of steroid nuclear

receptors. The steroid protein receptor family includes at least sixty four known
receptors (Cell, Vol 97, 161-163, April 16, 1999), including the o and B form of the
estrogen receptors (ERo and ERB), the estrogen receptor related receptor-1 and

~ receptor-2 (ERR-1- and ERR-2), the andrOgeﬁ réceptor (AR); the prqgestc:rone,

30

receptor (PR), the retinoic acid receptor (and related orphan receptors RORa, RORS,
and RORy); the glucocorticoid receptor (GR), the mineralcorticoid réceptor (MR), the
Vitamin D receptor, the neuroactive receptor, the farnesoid X receptor (FXR), the

liver X receptor (LXRa. and LXRp), the thyroid hormone receptors A and B (which

bind triiodothyronine (T3) and thyroxine (T4)), the COUP-TF receptor, the ecdysone



15 nmet hod of <dissociating a steroidal nongenotropic etd @@‘@eﬂﬂbﬁﬁﬁp%e .

steroi dal genotropic effect, and a method for screening conpounds thatt.are .
capabl e of inducing a steroidal nongenotropic effect w thout substantially

i nduci ng woat@sgesdal genotropic effect or are capable of ﬂ(ﬁ%iﬁi’&s@ b
steroidal genotropic effect without substantially inducing a steroidal

nongenot ropi ¢, effect. This in tion al so,describes, for t first time,
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including the a and O formof the estrogen receptors (ERa and ERJ3), the
estrogén peseisitlyr anedwbder dupspription andi Prateinptsynthesis ERRigalbndVIBRR 2), the |

d R . . . i
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Vitamn D receptor, the neuroactive receptor, the farnesgid X receptor
(FXR), th&ery|iapit (g é?P@B&)FO PR E%R@Wutﬁ?e?éf?%% efatem%hﬁ%e ,

receptors ' i nd A t I; : ' e, (T4)),
{ho_COUP. P acaenat Bl iR Amckhl WY (P Sy VBT e s (T
PCT/ i 76011 8&tth. Fhese pbserved: immgprotmopic effectyp ob siefaid doomonest wewmt xederptyot ei n
receptors (PPAR . i udi n PPA PPARy.. an PA , _pregnane X. (PXR),
Bt SN o P e e Rbtioy (hSterony B BRGS At oo

recept or SRapid, SndendRbhik ORALLY” DPRN-AEGEPREH B sisermigls bsad 41Q
intracel lul’ar receptors and 5 subsequently nodulate franscription and

protein sinbvessi 8.5.\qoidgslvesy SE.aErdocst Ravo @/ 718K dP9% dvmyeaf thhse rapistiuces
ene activyity,. {Even tho t t er0i.d receptors e imarily known as
Igi gand- ac?‘fti/%ts SFVE g #ﬁ&“ﬁ‘gﬁ" ?yc?bdjl"g' Of%%g’ﬁﬁsy?r -§élﬁﬁ%5cg8%f° trapid

(e. g. 15 seafhdsuthiverpRididngaiseciatéd fdceﬁarsnwws@@)et&ll.t F5b& Sdc. TPl Bisls have
been identified that are inconsistent with a genotropic effect b&gvi rtue of
S

the rapi dMeg, 30.0P-18:11999). THOzEVEhL shargiefrrnBnyenctnagra atrler sthese st er oi d
h t ' al in, e D i pl

Act§ ons. ofCHgPRbBORE qkers a8 MRABELANy pRAIHETHRELA Bl es ol biselh BOBLS,
Phar macol thoRevthat 10ediate3tizb mangdbipfiondde effatis oof Nh&EWsteroids. SMotdtded) Yi&s, S. E.,

Endoer. Rey. . 20,.  279-307, 1999. Many_ of {hese rapid k6 actions have been
attri but eplationship %mqngﬁgptwpme%ff%%%ere}&&?ﬁb? tgnserighiomaliastyity of s 15

‘I’E“;(:)h %}I"g?&lﬁ&ﬂ?&&bﬁﬂ@&%ﬁiﬁ&@@%@@ﬁpm{ EXWE,SF)JTkeIﬁfeiﬁ kbt al. El_’aﬁg the>0C-
: following observations in thgir 2000 review article. |

(i) Evidence for nongenotropic steroid effects and distinct receptors involved is
presented for all steroid groups including related. compounds like vitamin D, and
_thyroid hormones. The physiological and clinical relevance of these rapid effects is

25  stll largely unclear.... Falkenstein, et al., page 514, abstract. '

(ii) In contrast to genotropic steroid action, nongenotropic steroid effects are
principally characterized by their insensitivity to inhibitors of transcription and
‘ protein synthesis, and-representing. the most obvious experimental evidence-by their
30  rapid onset of action (within seconds to minutes). These rapid effects are likely to be
mediated through receptors with phammacological properties distinct from those of the
intracellular steroid receptors.. . Discrepancies in pharmacological properties alone are -
not sufficient to support the hypothesis of separate receptor proteins for
" nongenotropic action; however, this important issue is addressed in Section ITL.B., and
35  various evidence for the involvement of both classic and nonclassic receptor proteins
in nongenotropic signaling is given. Falkenstein, et al., page 516. '



- Med., 220, 9-19, 1999). However, heretofor it was unkhblecemzari28P4t hese
nonge‘hotropl c effects are nedi at ed by proteins that are the sane as or
distinct fromthose that nediate the transcriptional effects of the
Steroi ds. vweosses, the relationship of nongenotropic effﬁé’l‘ﬁlsﬁ’lf 8§g0er 0| ds
to the transcriptional activity of the 20 cl assi cal receptors iIs corrpl ely
unknown. For appl e, Fal ke stein et .al de the. follow'n S tlons
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" effects an el?%hm Ver%c@e %?gl W&PJEQTPF%““%&@@% Brqpegies thatd
groups i nchigdickgly e distia netn@d ek elagsic attiscedlulam gtereidy regeptonnr nones.
The phyS| oFd@ﬁ@éﬁmMeéBOm cal rel evance of these rapid effects is 25
.still frgel y unclear.... Falkenstein, at al., page 514, abstract. (ii) In
contrast to genotropi c ster oi d action, "nongenotropic. steroid effects are
principally dhalastaniargc sapstidtial bodynefeavidente hvy ekists to fflibité €Has ai0least
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noncl assi aF‘@E% alsp ancly E gloging 94 fhe-pptptivegnemhrane :
Fal kenst ej§§ceRier alllltla1 gapig gteropd Teh &Fe :m@nnm@}o%mgssoﬁd/ uso1

11895014 i mpmhraMdprommmﬁhaif bmdngtemds @pPR, efrinexins IDf tatt enaiedbamhpear to be
medi at ed deimdugly prrahiteeepresak asseroiderrtane reeempt oesponsibly for rapid

“phar macol agiioal @leafipr theedoritgior sm‘l:ea&b@tdrywdulﬂtbmﬁtmi]bﬂﬁﬂirdiﬂsebmf itt he
~classi ¢ i ndhoalleddtBeaforgéttenohet the defihidios of the'pkgeslogical, Haggh a(iv) In
sunmary, aanaqbatmﬁhbaleaagdmaﬂ 1BV ARE GF nBOY bbb Bf brdiAdLG heat

| east 0mBofer thigef &P Qranib'én?ﬁn ﬁm&d ‘g f%caanév tﬂxﬂﬁ mLted by
a MeNbr NG i RidHedd % 25 end LR Wiid AL o %ﬁR{‘  oeh@d N9 L O
t he steroi YOk mone Sikper ens ern afl tﬁ ge 521.
10 (v)- It Vi ousen1 }%rﬁ golsp tts of nongenotropl Cc ster oi d action
still reqU|re

In particular, Falkenstein et al, included the following as evidence for putative

25  separate receptors mediating the nongenotropic action of steroids:

(1) the existence of nongenotropic steroid effects in cells or tissues devoid of the
respective classic receptor {e.g., in cells from knockout animals as shown for MR and
PR) and the insensitivity of rapid steroid effects to classic antagonists (Falkenstein, et
al., page 520); and

30
(i) the observation that RU-28318 blocks rapid signa]ing does not necessarily
imply that rapid effects of aldosterone are mediated by the classic receptor, an
unlikely assumption given the fact that in MR knockout mice aldosterone is still
_ nongenotropically active (Falkenstein, et al., page 535).
- 35. - '

' As a nonlimiting example of this, sex steroids have beeﬁ used to ﬁ'eat bone
loss but the underlying mechanism of action is lmclear The genotrop1c effects of sex
steroids are mediated through nuclear receptor protems, which by and large,

_ discriminate between estrogen and androgen mgnahng and are distributed in a sex
40 specific pattern among female and male target -organs, respectively. Besides the

classical estrogen receptor (ER0), many tissueé'express a second form of the estrogen



continuous intensive research,.and essential clues fot3 Dﬁ@ﬁmbﬁ]mﬁ&@ﬁ* st andi ng
are still lacking. This also includes the still unacconplished cloning of -
the putative nmenbrane receptor initiating rapid steroid signaling. There

are prel iwphabsseti ndi ngs on 15 nmenbrane proteins that bi ngdeghRppidse (MPR, 4
annexin 1), but none has been definitively proven to represent a steroid
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but not Ieast, clinical relevance of novel aspects of steroid action should
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~without th eceptors.clon al t ho the |atter uld definitively also
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. (i e observation. t hat’ ocks rapid signaling does not .
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classig r : ' m ' | :
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et al ., pAgensSigran@T.DAst ah (2901]) iFronti Ngurcendurphel. 20:9741i23; Neefleest £ ds have

- been used tQq. tr one . 1o under | yj nmechani sm of tionis
oo ear st goRSF badieataioegdelgbs SRf" My MBS RrRER M Bevé besgn
nucl ear r aeeRied toRhOhBIIRSf sdhbsdn 1B ntRet with @ uemith idsHtinR SoREbMBRN
estrogen and androgen signaling and are distributed in a sex 40 specific
pattern atferifng, dhednd @niebhl 109)gNet. Medars1130ekidde Piceasy R.Bavfdedit he
cl assical estr tor.. | : L] ‘ XPr _a.sec or m of
The ok r oo SRER AR5 15 b s ot FRST MaBRSo SRl sy
Bi ndi ng of19;Morikar AIMS ef 41, (1099YEddReHA6IbEY $40:08058 &14; SEARGQ IS @708, t 0
conformational changes of the protein which allow it to interact with the
-t ranscr i pErestehu h8FH) iregSesiBxaBiolMedy 226:8: 1% .c tgwepich the dresise idspBivei n
I nteracti ] & L i:
cot r ogen, eqee il dBtatd ARhE ol BpaE icthe; AP MRl B0 |

| cel | typewhethat itax Hodlized ic theambabiana dilager, halie identidaesstructures called

20  caveolae (Okamoto, T., A. et al. (1998) J.Biol.Chem. 273:5419-5422; Schlegel, A., et

al. (1999) J.Biol.Chem. 274:33551-33556), or the cytosol, has not been determined.

The Role of the ER and AR in Adult Bone Homeostasis _
' Receptors for ERo and ERS or AR (androgen receptor) have been
;;:2_5 Sc")nvinéi'ﬁg'_ly demonstrated in proliferating chondrocyfes, osteoblasts, bone marrow ‘
stromal cells (Briksen, EF. et al. (1988) Science 241-84-86; Komm, B.S. et al. -
(1988) Science 241-81-84; Emst; M. et al. (1991) Mol.Endocrinol.  5:1597-1606;
" Benz, D.J. et al. (1991) JBoneMinerRes. 6:531-541; Benz, D.J., et al. (1991)
Endocrinology 128:2723-2730; Monaghan, B.A. et al. (1992) Clin.Orthop. 277-280; |
30 Bellido, T., G. et al. (1993) Endocrinology 133:553-562; Ben-Hur, H.,G. ot al. (1993) .
Calcif Tissue Int. 53:91-96; Kusec, V, et al. (1998) J Clin.Endocrinol.Metab.
83:2421-2428; Kemmedy, 1. et al. (1999) Bone 24:9-16; Nilsson, L.O. et al. (1999)
I .Clin.Endocﬁnol,Metab'. 84:370—373), as well as in osteoclasts and their progenitors
(Oursler, M.J. et al. (1993) AomMed. 25:361-371). Remarkably, the level of

4
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decreased length of the femur in the oERKO and DERKO mice is diame_tricé]ly
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.25 (fncluding the aforementioned cases (Smith, BP., et al (1994) N.EngllMed.
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(1998) N.Engl] Med. 339:599-603), which results from delayed epiphyseal

closure. Therefore, the minor phenotypic changes in the ERKO mice, if any, may be

| - relevant to loss of estrogenic effects on skeletal growth, bt they are not informative

30 in respect fo the effects of estrogen on pubertal or adult bone remodeling. An

: -equivocal bone phenotype has been also observed in aromatase-deficient (ATKO)

mice (Oz, OX. et al. (2000) J Bone Miner.Res 15:507-514). ArKO males, but not
females, have decreased long-bone grewth On the other hand, there is increased

turnover in the females, but decreased furnover in the males. This result strongly
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t hat est r digelosdssa mbﬂloﬁctbemfdasmg boa¥ nﬁs@ﬁﬂa @.ostrbsﬁhdxﬂﬁﬁst&ﬁig a compound
20 that binds to the estrogen o or B receptor (and in one aspect of that embodiment,

wherein the compound is not an estrogen) or the androgen receptor (and 1n one aspect
of that embodiment, wherein the compound is not an androgen) with an associatien
‘constant of at least 10° M and induces gene franscriptional activity at a level of no
| greater than 5% that of 17[3—estrad101 while inducing an increase in exiracellular sxgnal ‘
25 regulated kmase (ERK) activity. ‘WO 00/20007 emphasizes that one method to
preserve the ability of an estrogen or androgen to increase ERK activity without
| increasing h'anscnpt:lonal actmty of the estro gen or androgen is to attach a substituent

“or moiety to the estrogen or androgen to prevent it from penetrating the cell, and thus

traveling to the nucleus to acuvate gene activity. _

30 McDonnell and co-workers have isolated several classes of small {11-19
. amino acids) peptides that bind distinct sites of the ER, and can selectively. block ERa.
but not ERB-mediated transcnptlon, and vice versa, when tested on a consensus ERE
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medi ated FHRBSEPHLFh, and vice versa, when tested on a consensus ERE 7 13
Decenmb r. 2004 W@ Qby/SRRISinPEE it/ FSRRRHcATHIRY TRoliRiP RS HLaPRAL)
(Norris, J.D. et al. (1999) Science 285:744-746;, Chang, C.~ et al.. . (1999)
Mol . Cai | biBasshys 09:i8aridyBgIeyeptor modulators specific for either ERa or ERB. The

disclosed assays use two sets of cells in which the first set contains DNA encoding a

functional ERa and a responsive reporter gene construct, and the second set of cells
contains and ERE ;épofter coﬁstrﬁct' and ERf. Compounds can be screened .for
rs*:electivq activation or inhibition of transcription in cells éxpressing ERa or ERB. .
325 " US. Pat. No. 5,643,720 discloses methods for screening for ligands that bind
‘to the retinoid receptor to form a complex which binds AP-1 and prevents DNA
. binding. US Pat. No. 5,702,914.'discloses bioassays for determining whether a
compound is a functional ligand of a retinoid receptor by aséayiﬁg for transcription of
, * areporter gene construct in genetically Iﬁodiﬁed'cells. ' ' '
30 U.S. Pat. No. 5,863,733 disé_l_oées methods for determining whether a chemical | .
o specifically modulates the transcriptional activity of a gene of interest using a reporter
gene construct in genetically altered cells. | |
U.S. Pat. No. 5,563,036 discloses methods for screening for compounds that

. inhibit the binding of transcription factors to nucleic acids by detecting the presence
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ScreTft Methods 5 Several nethods for screening for abeReeemipsiZ004ct as or
‘throdgh steroid receptors are known in-the art. For exanple, U'S. Pat. No.
5,071,773 to Evans et al. discloses and clainms nethods for determning
Wwhet her aﬁ(&ﬁltff’?% suspected of being a hornone receptor stinulates .
transcripti® 8% al so for determining whether a conmpoundP¢HUSCHISAM i onal
| igand for receptor proteins. 10 U S. Pat. No. 5,298,429 also to Evans et
al . di scl czxabsanchbdhbshed tfanscriptioh Ectirnong sulidiitstrazoripautnstedaricth hwget | onal

| i gands of hornope receptor proteins by assaying the effect of a conpound
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screeni ng e 1ds... ! eti.noid receptor..tp,forma .
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gene cons®Fpgtthe 4 Jematat dhe PyravEigione dacepEr| te scxgsn Jor nisijoof stewid| 733
- di scl oses jelbadsrfR6; @ﬁ,% all whet her a chemical specifically.

nodul ates t.he transcpllagﬁ ona rliiéattg)tgivi ty of a gene of interest using a
reportliér gene ESnPatent tNo.nS5,§2h213 disclogesaht ivsed audtutes scrdeifing Rybtend\Neo
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transcription factors on a solid substrate when treated wth a test
conmpound. containing a membrane receptor, a target gene and a specific receptor selected from

the group consisting of a steroid receptor, a vitamin receptor and an orphan receptor.

20 | WO  99/54728 ﬁ]red by Novalon Pharmaceutical Corporation describes a
method to predict whether a test compound will modulate the biological activity of a
receptor in a multicelular organism on the basis of its interaction with peptide or
mucleic acid ligands that modify the conformation of the receptor. The data is

"'g_:?mpar’?d to the fingerprints for reference compounds with known biological

‘.25  activities.

' Othér Eeférences of interest
US. Pat. Nos. 5,362,720; 5,545,634; 5,846,960 and 5,567,695 to Labrie

disclose a method for the t;eatthcnt or prevention of breast and endometrial cancer,

36 osteoporosis and endometriosis in susceptible warm-blooded animals comprising
_ administering a low dose of a progestin or other steroid derivative having androgenic
activity and low masculinizing activity. In a primary embodiment, the method
involves activating the androgen receptor by administering at léast one éndrogenic

. steroid having a Ki value of less than 2x107 for the androgen receptor, an androgen
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i
rogen recep andr ogen ece

gro2004 WO

01/ 96605 di&STbses SarthaBOEmOutilizecaptcor- Prisdingdrasf am kthigear songidu@dt toogorifee gr owt h
breast cancer ZR-75-1 C]§|§|'S \M’uti gh reaches hal f-nmaxi nal value at a

of human

concent r £DFRROIBEIR P2 BOPYIRIARATSP

20

asgeeate with an ischemic event.

U.S. Patent No. 5,859,001 discloses the use of non-estrogen compounds
having a terminal phenol group in a four-ring cyclopentanophenanthrene compound
structure to confer ﬁeuroprotection to cells. '

WO 98/31381 filed by the University of Florida Research Foundation, Inc.

- discloses a method Vfor enhancing the cytoprotective effect of polycyclic phenolic

(:pmpougds on a population of cells that involves the steps of administering a
c‘;mb-inét‘ibn of polycyclic . phenolic compounds . and anti-oxidants o achievé an
enhanced effect. One disclosed combination is glutathione and estrogen.

WO 99/61044 filed by the Board of Trustees for the University of Arkansas

discloses the use of noggin or antagonists of noggin as therapeutic agents in the

- regulation of osteoblastogenesis and osteoclastogenesis to control bone remodeling.

o230

WO 22/20625 also to the Board of Trustees of the University of Arkansas discloses

that glucocorticoid-induced bone disease is due to changes in the birth and death rate

of bone cells and that glucocorticoid administration increases apoptosis of mature
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liter, and no visible masculinizing activity at bl oo Besenrhecdbent rati ons
below 50 nM, wherein every such androgenic steroid is admnistered at a
dosage sufficiently 5 lowto nmaintain a cumul ative serum concentration of
bel ow 50 nanonoles per liter. U S. Patent No. 5,843,934 to Sinpkins clains
that an estrogen having insubstantial sex-related activity can be
admnistered to a patient to retard the adverse effects. of osteoporosis

in a mal e ostdbbimiseand BieoBRés p@idedbcrdass bolhe dolthatios MARwahe bahel afiierald
conpound t% i ncrease bone mass, but instead teaches how to retard the
ef fect .10%MWone. loss. In a preferred enbodi nent, the estrogen used is

1Ea- est Ladi ol . fﬁuﬁthéra&#e, memwllml t @5 théd Boatdeofi Tieleeor & the U?]Evetﬁitﬂedgs'[and
t he mechani,sm o w, 173-estradio exerts a cyto t Y ect, but
Suggost o 1 Hefanees ditiases g hisien BrmtBieryerdpid csd B ko] xS peed

t ?f t hr ough aﬁopt@ﬂ@ﬂff@:ﬂs aﬁbé?bblﬁst@vmeﬁ)mﬂﬂ] hBteg?wm{ammtamMeheﬁkhiPﬁ t® tried i'nvg
effect is the ul ation of. t regul.ation o ose 7 and 8
T of ther 448 TRASAR SRk o0 BRVIoRs idehce fat BV PEFTY 9 bR B0 A
Resear ch. [ppevedat gioﬁocol'tlﬂ:ﬁid-inalk@wm&)slﬁabmwéoﬂléstiutdnﬂidstjacitiyti@célts i ﬁtlrmlsrer of
an estrogen co n onf er t gpraqt ecti opn on popul ation _of cells
associ ated wit Mﬁ g?’é@@?g’nﬁ Oet\‘?eﬁ'é B%ar% °flg F@Ratesl\ﬁflth@, @9@?6’6& inéré‘f"%%aés t he
;Jse of nond&]ﬁo&@g@lﬁntmﬁmﬁh t:lﬂfidtsi(r;l1 adthimistvatiog iﬁcar‘éaﬁe%i mﬁdptdﬂiwﬁbinaﬂrr%@lmtéobla@ts
our-ring ¢ opent anophenant hr ene .conpound.. structure to confer .

neur opr of eAPoRSEACRET |00 \\BFGares Ko0er ITARIRY o Q0% PoPe; MNSSe EPBSMda
Resear ch Fagostaparded blyndefectilies odtosisisstagerrisisodnd arstediizagtogendgsid e the bone
cytoprotective effect of polycyclic phenolic conpounds on a popul ation of
cel I's that THi¥-ves the steps of administering a : 25 conbination of

pol ycycl i c phendremn tie® apowutndiscusaiod, i apmxéerdanitsn tspiteohcenstdendble erdupensed

effect. One_disclosed conbi nation is, alutathione and estragen. WO 99/ 61044
Filed by « IR ardrpreeat s Bera Sotaifber8fts Hresdneatndioat ot
t he use of stewgigs mediatendvragoaoirgiic and gerag@bit effectsher apeuti ¢ agents in the
regul ati on of osteobl ast oge I s_and, ost epcl ast.ogenesi,s to contrpl _bone
emodel i ng. 30 WiD5297 FBISS8 oLiBe, HEer, dMsptlon 13 nceR gRIgkve SoRigalsRlr o ¢
of Arkansas di sdiipalzs antdbixict of the prsetd invention taprosied abnethodlicstead starsiddue t o
changes in e birth and death rate of bone cells and that glucocorticoid
i ot st r ac e Pl Bl P AL brfiPEef 10 13 econber 2004
ost eobl ast s and lids yetcanpthes objedt af¢ter pr@set ilentor rpravideoa traasgenioshidalte
m neral densi t¥. Furthecrl npre V.\OdOO/ 196}2% to thg Board of Trustees of the
Uni ver si ty38|1;een or compounds that can induce a selective steroidal response.

It is yet another object of the present invention to provide a method to select

compounds that are useful to induce a selective stercidal response.

 SUMMARY OF THE INVENTION

Accordingly, in a first aspect of the present invention, there is provided use of
compound to induce a selective effect of a receptor comprising contacting the receptor
with a compound that induces a nongenotropic effect without substantially inducing a
genofropic effect, wherein the receptor is selected from the group consisting of a
progesterone receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a retinoic
acid recepior, Vitamin D receptor, PPAR receptor, pregnane X receptor, bile acid
receptor, thyroid receptor, farnesoid X receptor, liver X receptor, ecdysone receptor, and
COUP-TF receptor.

In a second aspect of the present invention, there is provided use of a compound
to induce a selective effect of a receptor comprising contacting the receptor with the
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Arkansas di scl oses that human parat hyroi d hornone 1- 38 Dddefithef 20@34)] exerts
anti- apoptotic effects on osteoblasts when admnistered in an intermttent
fashion to mce in vivo. That sanme application also provides evidence that
bovine PTH(1-34) [DbPTH(I-34)] prevents glucocorticoid-induced apoptosis
of osteoblastic and osteocytic cells in vitro. WO 00/ 20625 also to the
Board of Trustees of the University of Arkansas discloses that

gl ucocorti eehpoasdn thast mMaALESE 4 NgeeRERE agfRpt ORitioldl sUBdtantRilPs iriabhgs tas
and osteocyt es and de eases bone formation rate and bone nineral density

acconpani edBYeMPBESIFE" ost eobl ast ogenesi s and ost eocl ast ogenesis in the
bone nmarrow. Fnom thiel ab;@wt ¢fi Heupekent, invéntio, aRpAIriensrotied a PnetRdd Gorof

consi der abl e ress rd. an ynderstan of the st.er nal i ng,
C e A g S meP U Rt iR es SBEES BardbEime ot rTubhe an
genot r opi ¢ reddpsiicemptisings an obj ect of the present invention to induce

| ecti t i dal eff obj.ect of the present |inyention
Co provi de.a morHOtRY Peingeh i EomEo SRl & prlvayDRIRER e ihe

di sorders agant- Blﬂaiﬁgsdoniaﬁn bﬁtmeéter@mtéaepstoemna@mt @bstahﬁall@f&ﬁﬁmhgltﬂeﬂbﬂﬁvon to

Cerecttve SN Baapod BRsiesi REeTGtor 5 aEREre i DO it aomRss oy e

i nvention ts@er@ﬂoucejﬁorammhhwbstamlaleﬁ mtatur@crummnémédtma BY theURahdtbiriding
I nduce a sd eCtlc\):Ifei steroid 50({1%‘ SUMVARY OF THE | NVENTI ON
Accor di ngl b plefo ‘%5‘?988 NG ¥& N present invention, there is provided

use of corrpoundnéesunmgimeebmlc@maeebﬁm cﬁftﬁeqestafon@om@e@taséesson@ebmtyn@
contacting.t

erece wih.a co nd tha S.a hongenotr
o eat ut s iliEe RERY Ronasoliohif sfeTTRaNac: SR b R A S R0l ERet orc
receptor i dtssebiityt éd fndoce tdiletamelugenmiwiétefﬂegt ofithaut pn@@mg ] Oélﬂ)staﬁfmalpt or
a glucocorticoid,rec corti retinoic

receptor, VOPEFRIFOBC, eiftggtpt”g?re'rﬁgﬁﬁt?r8'gé'ﬁ?‘%ﬂ?°r 'ﬁF%‘&ﬁfﬁﬁi o thg@é%poqomqﬂslr@ aC| d
receptor, td’gmgesﬂerba@emiepror, & gluoeaeticdid récemore ptraineralcortiebid XedepterPh edtinoic
ecdysone recept or CQE-TF rece ._In a second aspect of lﬁte resent
nvent i on, RGIGEPST DM Geahor o ABSGERE BooTIt S ol c Y vBe
ef fect of aetept@pthgroid mtppios ifagessid Xaeteptor, livee X axepionrecdiddnetrbeeptdr ahd
Decenber 2 4U|gﬂ.§pou that I nduces a genotropic effect w thout
substanti al J&f nongenotropic effect. In a third aspect of the
present inventi dma folrer aspeet pir the iptesgntin@itiadthkboy is movidenigtgofaa eerApsLnad
that wll inrguciﬁ a_selective nogl%enotropl C effect of, a stlerdoi %
other than an esfrogen or androgen containing a cyclopéntanoperhydrophenanthrene
nucleus which binds to the steroid receptor and induces a desired nongenotropic effect '
of a steroid receptor while not inducing a steroid-induced genotropic effect for the
manufacture of a medicament to induce a nongenotropic effect of a steroid receptor,
wherein the steroid receptor is selected from a group comprising a progesterone
receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a retinoic receptor,
vitamin D receptor, PPAR receptor, pregnane X receptor, bile acid receptor, thyroid
receptor, farnesoid X receptor, liver X receptor, ecdysone receptor and COUP-TF
receptor.
In a fifth aspect of the present invention, there is provided a method for screening
a compound to select a compound that induces a selective steroidal response
comprising:
contacting a steroid receptor with a test compound;
determining whether a test compound activates the nongenotropic activity of a

recepior;
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receptor conprising: assessing the ability of the comddderenberzged4 vate a
pat hway nedi ated by the |igand-binding domain of the steroid receptor

wi t hout substantially activating the DNA- bi nding donmain of the steroid
receptor or to activate the DNA-binding donmain of the steroid receptor

w t hout substantially activating functions nmedi ated by the |igand-binding
domain of the steroid receptor ; and then neasuring the biological activity

of the test conpetenininy &wskssl off Badietiplidnal totivity nsfuide racémogiebt compound
nongenot ropl C Fffect wi t hout substantially inducing a genotropic effect or
its ability°B9n&l€e a target genotropic effect wthout inducing a

substantial norgreothig tei cmn@ioﬁa@that\ahmaaémthbhmngémtmpd: ascﬂumqpbmheirgc@mrect ed

fromthe ro I SI N es rone re tor cocorticoid

recept or, ° ip?éﬂﬁg%aﬁ‘i"@%?'ﬁ' B’B}SP &’e rgce;pé?r(iﬁ% fg‘ahé‘@l of &ogerAuS SfgPldni n D
receptor, fl?éwﬁtcrregiermsomhemfnegmﬂ&rd(d rreca oo, sdiidiel &onda grmlabmpnsmgmr oi d
recept or, alr ne

t t
o TR ¢ ERRRTON feoRPEDs Shooraietld SeoRRE et b fadeBier 3 FEIre s
pr o?/i ded useidofeceptopnpicinid l?]OrTeb@itoﬁ, fmARnreESptngﬁ@gltiHneaD(df%wﬁ!@trCblllﬁ acidi ng a
opent ano ophenant hr.ene e steroid
et etk o RRLRARRbE ol et e X Bhebtor, pOaysoie FsehRr Gndt or
whil e not iCQURiTFgeeemdrer oi d-i nduced genotropic effect for the manufacture

O T, GO 1 5 RELLERR  P  SHSIRE G

pr ogest eromaluamwtmnpomdgioumsmgthe:ﬂeds ofecept or a mneral cort| Coi d
receptor, a retinoi.c reglégtor Vi t rl? UF' %I{)tor PPAR re tor gnane

X receptor, bil & %43 Gpiture growte en"ﬁege&c '8’(5’

liver X recr:epﬂhmnpeecdysone recept or and CClJP— TF receptor. In a f| fth
ded .a screinlng

aspect of the prresefnCt i n%‘ |I I onc I wet 5 Dr oVl Ot}od feorfl L
a conpound to sélag o -ae ﬁg&ﬁﬁ‘% Y Floah % 8 @E‘E'? & 5GP %Iponse
conpri si ng:and@nteaptesalgn@iastrmﬂmrdtairgeleglmarrespmlawe td metsemtqdcmmbtordet erm ni ng
e e OB BSbhALE chMOPR T BAREI °Ct T LY T 2
activity of the detrmping whefiter cthepaumgbundoinfliess 2 aoribeselrawt i efigct nthout
Cp U, L ha Bl Bk AReDBRORCRARE C oot vy of ¢ pe receptor anc
endogenous st er dm éh seventh aspect of the present invention, there is provided a method for
screening compounds for the treatment of steroid receptor related diseases or disorders
comprising: '
contacting a cell expressing a selected natural or artificial steroid receptor with a
test compound;
assessing whether the compound activates a nongenotropic activity of the steroid
receptor;
determining the level of transcription induced by the test compound; and
selecting the compound or compounds that activate the nongenotropic activity of
the stercid receptor without substantially activating the genotropic activity of the steroid
receptor, wherein the steroid receptor is selected from the group comprising a
progesterone receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a retinoic
receptor, vitamin D receptor, PPAR receptor, pregnane X receptor, bile acid receptor,
tyroid receptor, farnesoid X receptor, liver X receptor, ecdysone receptor and COUP-TF
receptor.
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receptor glands, wherein the steroid receptor is sel eGeecemiumm2804r oup
conprising a progesterone receptor, a glucocorticoid receptor, a

m neral corticoid receptor, a retinoic acid receptor, vitamn D receptor,
PPAR receptor, pregnane X receptor, bile acid receptor, thyroid receptor,
farnesoid X receptor, liver X receptor, ecdysone receptor, and COUP-TF
receptor. In a sixth aspect of the present invention, there is provided a

melt hod of IIeviaml Utatdnn?gﬁthcéﬁplﬁﬁﬁlﬁﬁtmoméér&i 1ngertt|bﬁ ﬁfeﬁms ﬁfowc@ﬂo:wim?P@d fdrssue
culture ce I he unti e (0] a | COﬂ uence,
et oot | wEreehiBS o RbaundsTot tRaraen R sl S eplR FipBl dkedses o abEng, o

recept or @Dﬁhpﬂﬂn@,Xpl’eSSI on plasmd for a target gene responsive to the

sel ected receptor cont ac 8" the tra ct eﬁ |s with a test COﬁgound
det er mi ni ng wheA¥ Ctﬂ%a&Sﬁrﬁé BS'P%&JQ gra °hg GB‘H PIOGRFIET B {TBERPIG Y
subst ant i altést comgomdgorne @an@bmbmaﬁoremleatpro-bpbpﬁotmgeﬁth aspect of the

present invention, ther rovi ded thod for screen nds for
Phe treat ot ofSiassng: thel e i g B A e ASieng ot g P e Storon
conpri sing recgpn:tractl ng a cel I expr essing a selected natural or artificial
steroid receptor npoun n t her th conmpound
activates a nond 8#6 tEeE—:-e/ 'iag’/’s‘c‘ffp Pﬂ@@f’%&é‘( g’e\,%h‘g@@B‘PBP” 'det er m ni ng
the | evel of tra!efmrlhlrmg wnemedmeetésbmmbmrtdemmemupt@sasamcbeneQioﬁtatcteﬂg t he
conmpound or_, t, acti enotro activity of the

ounds thg he. nor}s B "
steroid red® tao SWW(S’HF ?GBEP&HWOQQ"F IQR W1 2 RTAGPPRIRYC 839+ r opi ¢ activity
of the steroid seleckhn e componsd or édh@cﬁihes ¢riadl acmmomerndngemio@mmwfyr@rm t he

o noral cor HibetPd EeBRRE AN LR RAEY <uiaifodoe STidianls St BEBR o PA

receptor, peaptane X receptor bile acid receptor, tyroid receptor
farnesoid X receptor. liver ce tor ecd Son receptor.
¥ of B I

receptor. 11b 13 BellWhESPeR [oSEh gW’E’ﬁ o0, dhgre Jp Qrﬁgdﬁq éasér?ﬁ hod! for
i nventi on, stieeniagifer gonpauddsl treat meddoizde frmrnor@enﬁmwmgctmwrpbaIsdermﬂcrécdd&ﬁ
AT K e e A
with a test corpotadthgadetiswithat ieastomettestabmpbund Wher@inpthe calfsogintdin:c agent ;
(a) non-endogenous DNA which expresses a steroid receptor protein, or
functional engineered or modified forms thereof,
{b) DNA which encodes an operative hormone response element linked
to a first reporter gene; and
(c} DNA which encodes a second reporter gene operably linked to a
signat transduction pathway responsive transcriptional control unit such that transcription
of the second reporter gene is activated in response to activating e signal transduction
pathway and wherein transcription of the second reporter gene is not activated by the
- steroid hormone;

assaying for evidence of transcription of the reporter genes in the cells; and

selecting the compounds that induce transcription of the second reporter gene
and do not induce transcription of the first reporter gene.

In a tenth aspect of the present invention, there is provided a method for
screening for compounds that modulate the nongenotropic activity of a steroid receptor
without modulating the genotropic activity of the steroid receptor comprising the steps of:

contacting cells with at least one test compound wherein the cells contain:

{(a) non-endogenous DNA which expresses a steroid receptor protein, or

functional engineered or modified forms thereof,

lic



assessi ng whether the conmpound activates a nongenot r opl ReEERGS2PY4 of t he
steroid receptor; determning the |level of transcription induced by the
test compound; determ ning whet her the test conpound inhibited apoptosis in
cells contacted with a test compound alone or in conbination with a

pro- apoptotic agent; selecting the conmpound or conpounds that activate the
nongenotropi c activity of the steroid receptor without substantially
activating the genot (ppDNAadtichvencpded a rdporiet gera acberaldy iniedrto alsignal ni nt h

t of ' ' h i id thod for. screenin
For - compoultaa iRt REHRLTES S Ee dsrEksbRaRoB R el Tt YaneapaT F FE™
receptor \vepdrengenedubctivateg ihhrespperette apiiatiag ta sigriaf tmﬁiddworls paiheiagh and

t he. st f. tacti | i t.h at | east one test
[ecopt or CoMRER MlsbASR SR orar SRR, B oL Al b B¢ sBp
Thor cof . (b) DNA-uL v onchdos an-aner o1 ve DoLine. £ eapanse el ement 11 nked
to a first re[[))[(;br% £ %grym ﬁg;gﬁg%g:%(o 39&‘%9@#{! %fﬁh%ﬁe(pgﬁgrsged\essﬁ _n%?"?;eporter gene
;)per,abl y |tl nked qUantiiyingt@rtthnsbrﬁmmabﬂstbr@rqﬁlmapﬂmw tipg?\rmgmf teﬁ;; ccand
ranscri pti ' u
repor ter " g aeting BRbfkolls il ck1Be bR B b8yt fen Sengas &7 FRMsEL 1 on
paz hvva%/ Sngram?ﬁipﬁbnn?tstaquhlebq:mbmspﬁnsi\ie@_eses.on(rj re_pg‘re'ﬁlere gfenterlaﬁs(r:l(r);t Con
activate r : Vi ,
of the repor o SR %%egﬁﬁ“ﬁri? ﬁ%ﬁ?‘*@%ﬁf@%ﬁ i R Bd L
i nd t rai ifypngi ariesifconipsu emiab isiger hectivatel dongenbtropid wreeeptor
;Paﬁggri L?iagﬁ\ritgp\ﬁil?é& E&l{s?é ti%gypgz}vgﬁrggsgﬁotrc} QQECE&BF Qctwet‘?gg] %l %gie §{?§sent
invention, there 1s provided-a ne or RS IFEER ng 10 r?ﬁ U ?
modul at e t o9& nongenotropic activity of a steroid receptor wi t hout ]

dul ati th i (SIRVA : Ol Sl t he

steps of -~ cont SEinG B el b s@beliy SHERPUT o EHERICIY, GG Hiiipe
cel I s cont anediung,apptivoalc suppiemented Dhith whiriehtse wyeesis die aeli tlmeoofdthee isgueor

becenber 2681 P o R, APRRME STt o PR rp@bigChilid FIERY qne loBneg

si gnal tr ansgeretiopin agtitityivay reponsi ve transcriptional control unit such

that transcri ptigghgt b AGonkBRAY bEaHTR s @6 Akt 1 T esponse 1o
[ quet Ry signay

activating a signal“trans Ion pa erérn transcription of the
second report er mpasaringtheemoot dhtenecrigbipnt he st eroi d

measuring the amount of nongenofropic activity;

selecting the compound that induces nongenotropic activity but does not induce |
transcription.

In a twelfth aspect of the present invention, there is provided a method of
screening for ligands of steroid receptors that induce nongenotropic activity without
substantially inducing genotropic activity is provided comprising the steps of:

contacting a cell with a test compound wherein the cell has been transfected
with:

i) a DNA sequence encoding a functional steroid receptor or genetic
variant of a steroid receptor

i} aresponse element-reporter gene construct; and

ili} serum response element-reporter gene construct;

determining the effect of the test compound on the transcription of the response
element reporter gene consiruct;

determining the effect of the test compound on the transcription of the serum

response element-reporter gene construct; and
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hor none; assaying for evidence of transcription of tHS DPegeseer0dene in the
cells; quantifying the transcription of steroid receptor responsive genes;
sel ecting the conpounds that induce transcription of the reporter gene and

do not induce transcription of steroid receptor responsive genes. in an

el eventh aspect of the present invention, there is provided a bi oassay for

I dentifying a test conpound or chem cal signal that activates nongenotropic
receptor acti viselgcimg theutonspoust ahati adtivateache wahsatigtigre 6d tHeOPeram’ Repdiser

activity conprising the steps . .graowi ng. a.tjssue.culture screeni
System | n Sepi s Sadt chasrh i iba Sl St hadipianentes

wi th nutri esdpnsevblenenhrepbeeragink cohsteucnf the tissue culture screening
ongenot ropi ¢ adt AUl SNELERARGE B MEce oEB LAty Mo BAVAES GhaPog Phe
medi um  measeninggiot ligamdsoon bteadid trecapiars i thal MAdUceTRBAGEHONDpichactiaitp withowt!
nongenotropi c .activity.. selecting the conpound that. induces nongenotropic
Rt ivi y botbsiaRianinliing SeaSirapthrdty fPTaed sompisiRaraRs s pect of ¢ he
present inventi eontatirer e first peibwitteal testnedrpmlingf whereihethial frgt kol Hak gsgeds of
steroid regeﬁttors thtﬁ-t I nduce nongenotropic activity without substantially
I nducing ¢ {ii '?PSISFJ(‘,M ttivity is provided conprising the steps of:
contacting a cell wi t)haDNestqueaopendudingefdttivrahstectd tecbgtdr bragmetic

transfected w t quence encoding a functional steroid receptor

va t%' i% adDNA go?

or genetic Ut Bﬂtse(!;?' L oi d receptor ii) a response el enent-reporter
gene construct; and ii}i) aeaesponsesRohtrejostergdng @petricty gene construct;
determ nin .effect of e test co und_on the transcription of the
esponse. " SelsBinTe B8 sidet o B b SCon IR A1 ol Pensiintench e B P e

t est conpousmbriengéiecdnsaostcri ption of the serum response el enent-reporter

et ivates the | PANEETsR SEror i, FPLieof ik wie'BnaftBRLE: (R rpene

construct \bethdahsieaiedtvtit & sidngl Thfsiutiion patheay respeosive tiiaascriptiondl eontrol
response el greplrhRRkiFl SRBSHGYRE! UCt -

determining the effect of the test compound on the transcription of the second
cell; and

selecting the compound that activates the transcription of the second cell without
substantially effecting the transcription of the first cell.

In a fourteenth aspect of the present invention, there is provided a kit for
measuring steroid receptor dependent nongenotropic activity comprising: a container
having a stable transfected cell line wherein the cell line includes a steroid responsive
reporter gene construct, a means for assessing the activation of nongenotropic steroid
activity, and a steroid receptor.

This invention concerns the fundamental discovery of the understanding of the
mechanism of action of stercidal nongenotropic effects and their relation to steroidal
genotropic effects. It has been discovered that (i) steroidal nongenotropic effects and
genotropic effects can be mediated by the same steroid receptor; (ii) both effects are
ligand-induced; (iii} the nongenotropic effect occurs due to a ligand interaction in the
ligand binding domain of the steroid receptor, which can be fast and loose fitting; (iv) the
genotropic effect occurs due to a ligand interaction with the ligand-binding domain but
requires the DNA-binding domain of the steroid receptor, which is typically a result of a

slower, stronger interaction; and (v) the nongenotropic effect of
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In a thirteenth aspect of the present invention, ther'® Pecepiosieed a net hod
of screening for ligands of steroid receptors that induce nongenotropic
activity without substantially inducing genotropic activity is provided
conprising steps of. contacting a first cell with a test conpound wherein
the first cell has been transfected with: i) a DNA sequence encoding a
functional steroid receptor or genetic variant of a steroid receptor; ii)

a response eligane iMteraeisN ¢87 bg@BSoRRES fromGhe geRbtRII &ffddfot & Ggfd igetadiibnt he
t est corrpound %a%t he trangcrl ption of the response el enent reporter gene
construct ; "eBYLR FEARETHC SHRY AFeEAYe (GSPPNS%he test compound wherein the

second cells haE’Basb@em tiapidnestind ddcbVerp, 81 @BMbd tis aireddsd iopHiRatiBigy a

o e e PR ar R G hic, R Fomune Blro B G PGS E RO SRy FeRePr: of
t he second In oAt lembadithee| tﬁ@ﬁnv@gtldrhlﬂle@éEJQ lmlitﬂhé&ﬁi s@i@&tf\)éﬁrt |]9$ucfr:fgaa sterondal
stanti e ectin

transcription of the S t hout

transcri pt "SAIYICHLRIE Pﬁ‘?“g’t ﬂ?il 'PCIU%{M §°'Ft6ﬁt|‘rt9e RecE® tE)fa t"r‘?@’pﬁg%‘% dhat

:j nven; i on, suffieieatly tgraotei wied tre Iigdndf ISIdingRREIA Bt n%rc@ptdr E}rﬁéaﬁém’fer thatbl
ependent nongenotr o activit n contaji ner havjn abl e

t ransf ect ec?ah‘gef the fﬁge%e% media nﬁge t'??g'cl %%Med“’éta&"éﬁt@gq%wﬁl ve

reporter gejimiufg)cﬂt&ﬁémletlch mat‘r@@@filf’ éém geRGIRSHd &¥tkct i%Ehotlﬁidd\d@éd @rﬂa@ﬁlternatlve

nongenot r o on

pi er cti.vi steroi.d rece his inyen
ConSerns. ¢ ReeRlrgRes matii & etsbides) Tor SR B dacaA oA SenetoRieNesm sm
of action dhatsiheludésdsdntactingenotreositer &fth ectempishd it suffi euleaﬂy @btiiafes the
st er oi dal tr.o effetc has been di s overec% t hat ) st ey Qi dal
nongenot r owg Etcgo %‘86‘8‘1’&?"6 i iR agpanner &h he decaplay g ynedinte @ane
steroi d r egepbiospic ffedt, Whilshnetf daeging asignifi bargamdgermﬂmpitcbffe(ct il & donsidered
nongenot r opi due 1 '

bi i ng. dont? ISErOrigeE et Belies atsipisnn s Bt Blecr Bt st soge Han
fitting; (i10Y thakof tgerrnanmrstexoseéifmbt ancma peferréderabddimant ldsBtiemas | e
with the |igand-Dbi restheDNAblndlng domai n of the
steroid rece P%rpenl&ﬁa?téﬁt QVB& ﬁ?%VPH? suI t of a slower, stronger
i nteraction; ancEx(em)olarhe‘omg:énMrrg@piroplefécﬁu@tue@findlﬁde Tt [ﬁeeﬁbleﬂirrﬁl@@%oa
e SR AR SR R BB SRR B S bl paseo
on this pi Melnlmsdlmvea%dumimm&mayss MAFoKingdedsigihal diahsawtion ipathways,
Src/She/ERK  signal  fransduction pathways; regulation of intracellular calcium
concentration; secretion; changes in cellular morphology; cell motility; cytoskeletal
rearrangements; and apoptosis.

In another embodiment, a selectivity inducing compound (including but not
limited to a peptide or protein or a ligand antagonist) may be administered that competes
with an endogenous or exogenous ligand of a steroid receptor for a binding site on the

- receptor as a means to mask the activity of that ligand-binding interaction. As one
example, a peptide or ligand antagonist may be administered that binds with the ligand
binding domain in a way that prevents a ligand from inducing a nongenotropic effect. In
an alternative embodiment, a peptide or ligand antagonist may be administered that
binds with the ligand-binding domain of the receptor in a way that prevents a ligand from
inducing a genotropic effect. The selectivity-inducing compound may inhibit the
transcriptional activity of the steroid receptor directly by interfering with DNA-receptor
interactions or indirectly by preventing the receptor

12



st eroi dal nongenotropic effect fromthe steroidal genctPeREMeELPELt of a
steroid receptor. In one enbodinent, the invention includes a nethod for
selectively inducing a steroidal nongenotropic effect, that includes
contacting the receptor with a conmpound that sufficiently interacts with
the Iigand binding domain of the receptor in a manner that causes the
receptor to nediate a nongenotropic effect, while not activating the DNA-
bi ndi ng dorfmimfosing a grateirapretefmintaracion v@lambl’nefr@nahecr@mmtregtﬁatmt produced.
In an alter Y 0 ect i

| nduci ng. o ApPlRy. FRORESIVB e R eadibound o8t SYRCR eShRER bt 75 | he
recept or wilédst ath:mrp;mnedtstdmh treat fwhien ittentdrypaehtsvainesng, e cdifAebinadivags
domai n of tE recept or. féw Jponer t hat causef t.he heg{eg or ttod;redl afje a
genot r opi ¢ &Y F8et CRvhiel txo? c AHLRIRS WesyiaeIeRiR BN o8 Bt HO19I% FesePRit . 1t
is consi der ed tlﬂnatstlﬂiahmtgand]bddmenmm miethdd ¢er inducing a selective effect of a steroid

a" si gnlflcz?,e subst ect, i.f. the eff han  10% hﬂat of

Fhe 90t L oi18derlrif HARIBR A indiided Saginis by b BESuRAmTRE AR Corading
or 0.1 pericztivateddbhe @INA théndirat regidn of HTeorebabtoefﬁyemﬂuculig(@nbd;rﬁbryna‘tlﬁhmorof

o Pacel | ol Bpfttng! FRobETLER fegblornie Vel Rt i Biotent. & BRhAR n Ry e
pr o':] 3; n ki receedective afféct of aamctémptopim??y@d thmﬁclhdwacﬁmais@;?lb émrafestdiect i on
ot racer ] uBISEEPE pasmeobhd Bt AAUASH Hnchled BiedhiRE a7, the afi Bgging

nmor phol ogy regienh lof riug irédepior byyindsdieg at ednforrreﬂomairrgeumﬁgwatlc&nw chpagd psite. | n
anot her e Laent, a selectivity inducing conmpound (including but not

limted to"a peptide or protein or a |igand antagoni st) nmay be adm ni stered
t hat conpetes \nteh aeraide gerbodinant, amsgbmm&spntoh/gladdomcreemm@Icomdomrmseptor

h
[ 2 ohrosaR Sk Safihd BF ndGEPHChRd RERBR AR RREC s ot
may be admimiusingra dtetdidal genmdcmmetféznttdnaré capable oblnddmm? ackiereidal genairopky

h n

L P e o<l RS BB ABRT 8 e e s oo
that bi nds:ameﬁmutlmeahwrgmwfknqamjumrglpcthmm n of t]tlfe rece%gr in a way that
DSt oyt Dl UG P ARASDY Pyt BB B e, o
t he steroi diomaﬂ‘epft ﬁle sdternldo'ebgpt@ywwthmmsﬁbstanﬁ@llly\iatﬂivamg\trreelﬁm-mmdmg domain
i nteracti O%?th%rstérjaﬁi é@éﬁt&r rt%g aBySr%ig %gr}:r%tl\szﬂg tl{eﬁﬁﬁ%?éndlr{lgrz%qﬁ%% ﬁﬁ ﬁ%{'P%OOA'

fromformng a prote tTon w
regul ators recegmwnmnasumamuaw a@ivalitg functionsribatcara gnextiatpd only yathedigasd- as a

conpl ex ha\ﬁﬁﬂ%@ﬁ%rﬂwaﬁﬁﬁ%thg%rgﬁqgc%%fcﬁlasndsﬁ&b that when the conponents

conbi ne, nact e 'genodotropic activity and activates the
nongent r opi(2) actneastgnapthedidegead adivite obiedest compound to assess its ability to

induce a target nongenotropic effect without substantially inducing a genotropic effect or
its ability to induce a target genotropic effect without inducing a substantial
nongenotropic effect.

The first step can be accomplished via molecular modeling, preferably with the
aid of a computer. Alternatively, modified forms of the receptor consisting only of the
ligand-binding domain and lacking a functional DNA binding domain can be used to
determine whether the test compound activates the ligand binding domain or
DNA binding domain. The modified form can be expressed, for example, in a
transformed cell. Cells cultured in vitro can be genetically altered to express a steroid

receptor or a genetic variant thereof. Genotropic activity can be quantified using
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In a still anotherenbodi ment, a method for inducing a'$EPeRTRPYL0Bffect of a
steroid receptor is provided that includes adm nistering an effective* -
~amount of a conpound that inactivates the DNA bi nding region of ‘the
T ecept or Wyo1asesci ng a conformati onal or configurational pefaRegidesy t he .
receptor. In yet anotherenbodinment, a method for inducing a selective
ef fect of | | as‘ﬁﬁﬂ I | %?Rﬂgm | Sl.ering an
ef fecti vehﬁgf&rltogeﬁ?t éfl%g%ﬁnp%gu%% t ag iﬂﬁgﬁ@gt%f;@é%c I ons g?rié%gtgée only by
t he | i garmgspuneeiiong test eghpoundfortthe mRNA ppenifid yor oxsuar mngressterofif regualatédonal  or
configu_ration\a/# chan%e i,n %glg, rotei,n...In an alternative enbodi nent, a
“met hod i SSPFOVITIREIREYAnRe Qangin SIVORRYi®s that are capabl e of inducing a
st eroi dal - nonggr&ah ' t Wit Ko Ibsdaphbd! e er oi dal
genotropi c effect %@%’?’e%%glbla‘gao ﬁdggl% a g?eﬂr%iséﬁépggg%%?‘?gp?% ef f ect
Wi t hodt sesivepoandd dipt seldctivelyiindyice etheramahgenotoopge ongemmiopicafffeetwithdite met hod

b | ed . out i f, . ~dnclyding:, (1 ' th ]
i1y oobmaal g v R R AL Ry il eelEh A s o ana. bi ndi ng - dorai n

~of the steroi dI'Hi@ﬁ@Bh@énMMMMWE&&@%@%&%&@Eés}b&ﬁéeﬁﬂ%n&'&?ﬂ@%hﬁb”di ng
domain of the steroid receptor or to appropriately activate the
DNA- bi ndi ¢fgsteroidareaensprss mlmﬁm thedo or oot Hiet ¢ntroges ndsptons (BR & \and

' ] ' h medi d ly b he i d- _bi ndi d I o
e et R I S R S, P D08 AT S BRSSP
h - . . . . . ‘ . -
e L BRI RN bRk ek PRl s DEGREL P

ef fect wi thout substan ucing a notr o ability

t 0 i nducerchtédaoghin garptoro ROR®G RORP, whd IRORyY); luocodicaidstéosstan{GRY,
- nongenotropic effect. The first step can be acconplished via nol ecul ar
model i ng, MCEHarteq regepier (MR), Witamsy D sespinsu meproanivateaentow, degneseiddi f i ed

forms of SPXF b SL] ' | i,qand--bi ndi ng domai p and

| acki ng akF gcr(]a@ﬁ‘f na 5’[5%?3 %ﬁ?ﬂr}gr@z)na?‘%‘c‘%w& l@%ﬂl%ttbomag?ger?ﬁﬁ’otﬂlés et-her
the test adiPdwhithasihd wilodsthitgild @3)dAnditheoRihe (TUR), COUP-TBNACHsBEE,NT -
domai n. The npdified formcan be -expressed, for exanple,-in a_transforned
cel | . 15ce|thg RRAR ufasly {perpxiseme sprobierajen ectivatpd yprateinsr ngludinge PRPAR: a

steroid t or. a.genetic i ~thereof. .Ganotropic ti.vity can be
quant i f i e@%@ﬁn&'&d% ‘Air]ga)g BRIt %ayggﬁi Q&&%é@%ﬁ@#@@ﬁ E‘}aai?‘%gﬁ known
-t echni quegmddisitindscapRAs Werédd. t he amount of total rnRNA generated in
response to a test Conpound or the nRNA specific for one or nore-steroid

regul ated genBsmother sahodgned of itee thyeetidng itvhasobasn discovered dhatAfiereidsat i vel y,
steps 1 a&ﬂ iﬁdhfc@% ﬁ%ggme?ce&fé%Y VISai ai ]}l%r&%%ﬁ xniriﬁiga EteI‘o% receptor other than '
20 its typical binding receptor. In one nonlimiting illustration of this aspect of tﬁe
invention, it has been discovered that the‘es'trogen receptors (ERa and ERB) énd the

" androgen receptor (AR) can transmit anti-apoptotic signals to osteoblasts and
osteocytes with similar efficiency irrespective of whether the binding ligand is an
‘éggt:ogen_pr an androgeh. Further, it has been discovered that the nongentropic

“95 Iéceptor-dependent anti—apdptotic mechanism of apﬁon of estrogens and androgens; -
| _ ‘which in the case of osteoblasts/osteocytes involves activation of extracellular signal "
regulated kinases (ERKs) are mecﬁauistically dissociable from the transcriptional
 activity of the receptors. L 7 A |
The fact that a steroid can use a preﬁously considered wnrelated steroid
30 ~ receptor to induce a nongenotropic effect now explains the anomaly described in the
Background of the Invention that nongenotropic steroid effects oceur in cells or
tissues devoid of the respective classic receptor. In sudh a case, the steroid is using an

unrelated steroid receptor to mediate that nongenotropic effect. -
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. 5 conpounds that selectively induce either a nongenottbBeeersier et r opi c
‘ef fect. without substantially inducing the other effect in an in vitro

cel |l -based assay. This invention can be used to selectively effect a
fesponse.ﬁg@égﬁogf the famly - of steroid receptors, including the a or 13
form of the rogen receptors (ERa and ERP), the estrof&t/F0Lasnse,

rel ated receptor-1 and receptor-2 (ERR-1 and ERR 2), the 10 androgen
receptor (AR), Ashengilbgsdmationohy tesiingpbwnar RRyogeneteacemipe claried thaichaeor (and

| at ed t RORa i .. .and . gl ti coi t
(&R o b A VBEPE SPans ph Rty O S B T CRPO OO Gt | ve
recept or, nhasdAEEOHIE effécfse(‘f&péﬁhﬁng@@h adﬂ—éi%gtoﬁcrﬁfe%ﬂtﬁis HedettRacaGs tR(3) .

_thyroid hornone receptors A and B (\’/\4hi ch bind trii‘odothyronine T3) and
t hyr oxi ne tqr4gnti-aropiicTiomain ad yseshbereinsrefane iPthaRldcatioh win(the pooteindhat

rolifera -act] .€ [ in | P PP, .+ and . PPAR8)
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receptors apdilﬂéﬁﬂindhﬂing_fl%hﬁkﬁrsuﬁﬂm d¥B08ger0dr dolRdtIReRN 1 138 bebd digsveREN

di scovered that: steroids  can induce a nongenqgtropic effect via an-

i nt er act i St fieantippopiatisi demadn apihg st reesnios is fpthetligand pinding regiondi ng

centor A . s L aehect of i
vont s on (iR E). B8 SoRificRy bicu Bl tabindl s e ARBRED (AD tidloto, g
ERJ3). and tliehigareh Homghestiogee peasptdr AR) deagint Eandich inkhbwapRpefdtes gnal s

to osteoblasts, apnd osteqcytes with similar efficiency jrrespective of
whet héf th&"’%‘i"dﬁégﬁ frangcgipbenal aciyrty ‘é%‘i‘ﬁ S8iEogeBreERtnetsgie Mo qifﬁct pethe it has -

been di scoyg #ﬁe %ﬁ%ﬁd@%g&ﬁ&@&f@&ﬁ@m%&ﬂ@&%@feg%%@dem

~anti-apoptoti m of actio estrogens and i ogens; which in
t he case  of osUsnigl thet ERasdseaqprbiotype) itvehy asxtainvestipiatednwhbthee g as@! | ul ar
signal regul ated ki nases (ERKs) are nechanjstically dissociabl.e fromthe
“transcri pBPYReHC agkify,oF fheorecepiars fog sepdereids mrguirescther same a1 $ideerld can
“use a pre ' al.Ak r Ol:ds r indu a
nongenot rg%@%ﬁéggé%%ﬁggﬁgrns t‘ﬁ%@%@w@%‘%@éﬁ?ﬁgﬁ Pr111 ?ﬁetggBac gr ound
of thes| neffadts ofi stvead] moatagened theiRa sireprivehtivhf ¢ isoptesiil tverd ce@ped Or
ti ssues deyvoid of the respective classic receptor. In,such a case, the

steroi d i $heiTmYtant haye bermshera fe pardyce Seprnsried pratsinsavben fausiently
,“°”ge“°”ﬁ echdd ffd humat 2eils (S26 ral.?@@é's-\ﬁ@a%/e?‘éﬁ%ﬁcﬁkkii?%g/ 8950

As. one illustration, by testing human éstrdgen receptor ¢l ones that have
mut at i ons 1936)vimias skowo fimt fe mitattseompaisingrihe dingsremton (D) tunbthe dipapd-or
effoot) . PhE i a0l BN B0t LOB! £ ¥ SHAR Ao proTichiPhE explosSd prottblid | ©

20  lacked transcriptional activity.

Like ERa, mutant AA/B which Jacks the entire N-terminal transcription activation
function (AF-1) domain, or a mutant in which serines were substituted with alanine
(S104,106,118A), or mutant AF, which lacks the F domain, or mutant ADBD which
],gcks most of the DNA binding domain (amino acids 185-251), were able to convey

25  the anti-apoptdﬁc sighal of the B,-bound ER. Yet, all these mutants exhibit reduced or
no BERE-mediated gene ‘tr'-anSGﬂptional activity. Le Goft', et al, J. Biol. Chem. 269,
4458-4466; melnerney, t al, J. Biol. Chem., 271, 24172-24178; Katzenellebogen.
More striking, the . ability of t,he' ligand to convej ‘the anti-apoptotic 31gnal was
Iﬁreserved in a deletion mutant which is missing the entire AF-1 and DNA binding

30 domain (DE); as well as in 2 deletion mutant consisting solely of the AF-2/ligand
" binding domain (E). In contrast, the ER mutant L525A which lacks hormone binding
ability and S554fs which is deficient in the C-terminal transcription activation
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term anti-apoptotic domain as used herein refers to t??aPeF%%@r@H‘fon.the
protein that 5 nmediates an anti-apoptotic effect on osteoblasts and ..
ost eocyt es when bound to an anti- apoptosis-inducing ligand , such as an

estrogen vp§ odbssadIdrogen. It has been discovered that the I otic .
domai n of the estrogen recéptor-is in the |igand binding Fgg}idgﬁﬁbé omai n

E). It -hag specifically been, found that n_a synthetic peptide Xl |
bi) nds to 1§l"t':‘l‘? o i(ﬁghﬁ’ l%iﬁ @égﬁlg%&éﬁo?gﬁ%%&grth&ta%'ﬁwwuﬁ ﬁWlﬁ)ﬂlcﬂﬂldi gl(e(know?ﬁ to
effecti Ve{réfns@ﬁpl‘iﬂxﬁ%&ﬂﬂttf&?héﬁr@ﬁﬁf” ptional activity of the estrogen .

receptor, there I's no effect on the subsequent anti-apopt otic effect of "
- that |igand Ibvansacxsdetogmained wbethewthe agbiapgptdie ERuitnof dhpEodomaipevasi t was

Ot o et e B iR B b PEP b S s (b SR T o -
for transthis@o@itwasetdetdd i the it LdMNbrankrds thdinileus RE 1D eEiCEYs of

several nutants of the ERa on prevention of apoptosis were conpared. These
nut ant s hBsEghtlerenbaesed cyen Puarasrent nrotsinesgdaingg nhsmagnersbrshe or nucleasi ent | y

t ransf ect E N0t el l Sghodin: I 1995:. Kraus.et al ., ,1997;

- Ekena et g’fg?]fﬂh%é gwﬂf%’ ﬁ?ﬁémglﬁ%l&nﬂ% E%‘%%{eﬁebynfﬁlﬁﬁ?rfs%ﬁ%F:’rl%rf)ﬁ’é’p%@e
di meri zat h@iftatddledBRd 2@d! heana-taipetdi BIeHFhRéd shlar OdisteBliod kg &adomai n
al so produced the expected proteins and. 20 |acked transcriptional
activi'ty. fluorrssemRain hatmusleup\apdeytaplash, ndideting Hbateshiminatidy: ofealhbutathe -

Sort L' PR Ry Bl of hEER s hAY el OB B BHAT bt 1
whi ch | acisorpbfatibn defmie, gﬁbpﬂité AptgefbBReWhéds dcasiplisheat th@feﬁﬂ%&e@'%
S
pl

- bi ndi ng domai n (am ng aci 185-25 1), were able to convey 25 the

ant i - apoptugeelinlay lpealization: pb the magduane PR thyehuclear| ECHR stisiont proteinsxhi bi t

reduced q . i r CLipti tiviaty. Le Cof et al,
32 B . peivalicad Bl R AR RIRIOR S A0AY R b hlhrepdeioci e 27
24172- 241348 déli{s) e MatdetinggerE doivhingrsddmikamily td the plasakithérdrand didheot! | gand
to, conve the%%}itiﬁ- apoptotic signal_was preserved_ in_a deletion nutant

whi chly s Hiegdls doesonyvese thedigandapdusre 2gtrapertptis Gigsbeasrevidsmped BY wel | as
in a del efi 1 28 b i , (Vi Y TN | | Ading domai n
(D) n coniRale oS WD oY Sisfon RrofeliPicpar & b0 Bemest B0 LT Ly
‘and S554f failvibngth FRx. daftiin iskarp comirdsh darGetimy thenBldotaainsalispielote thetceMat i on 15
13 Decenbr, 2004 01/ 96605,  PCT/USO1 /18950 function (AF-2), lost the '
abi i ty tBcleys ltgdinramppiety less o5 MtbEPPLANGAAYIBING the transcri ptional
activity of the protein. It was next determ ned whether the anti-apoptotic
activity. of the E domain was dependent on its localization to a _

partizul ar subcel | ul BRIEFHESCRENITONIQF AHEB BRAWINGS

The Figures provided herein illustrate embodiments of the invention and are

=

_ mot intended to limit the scope of the invention,
Figure 1 is a serics of graphs demonstrating the control of osteoblést
and -Qsteocyte apopfosis' by sex steroids in vivo andri}z vitro. A. Prevalence of
.25 ostecblast and osteocyte ap'opfosis following ovariectomy or orchidectomy in mice. '-
.Bars are means + SD of 4-5 animals per group. *p<0.05. ‘B.. 'Ca.'l'varial_ osteoblasts
were treated for 1 hour with 10~ M to 10~° M of E, or DHT followed by 6 hours |
‘treatment with the pro-apoptotic agent etoposide (50 uM). The 'ﬁercentage of dead 7 | .
“cells was quantified by frypaﬁ ﬁlue staining. .Etopdside—induced -apoptosis in the
- -30 absence of steroids was set at 10(_)%._ Bars indicate means + SD of triplicate
| :determinations, *p<0.05 for E,- or DHT-treated cultures versus vehicle using separate
- one-way ANOVAs for each treatment, C and D. Calvaria-derived osteoblasts or
MLO-Y4 osteocytic cells were treated with 10® M E, or DHT, and épdptosis was
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" This domain was targeted to the plasma menbrane or to!3 HBCHERA €094 of HeLa
cells,"by fusing it to enhanced cyan fl uorescent protein containing plasm

" menbrane or nuclear |ocalization sequences, respectively. As reveal ed by
sepi f | uor esw@noesedd cr oscopy, the non-targeted ERa  and t =t eted E
exhibited simlar distribution of cyan fluorescence in thgp%ﬁ@?(gﬂlggglnd
cytopl asm._i.ndi.cating.t ha limi.nation Qf all but the 10 ligand binding
domai n of PHECERY tl%t"%éfoé’Q?ld?’h Xemstherng AP dvostari BIke ¢h nMlowdher

i'ncor por at4 ool T a.geting SeQLel c i shed t he
- expect ed Isseg%gg euﬁea@{ag%@gtl_oneg {uﬂg m%ﬁg@%%ﬂaﬁ ‘gHrPIXCHW@éWaECFP
fusi on proANOVEA. *pe@.pE ottien ebmpazisg pretrebimentsewithin @Atk heentpRdubidadtdagn of
-cyan and red gl uor esce cg} in.the sane ce#l bsﬁi Taraet_l ng _the E domain

pr edori narfFy ‘f%“f’ﬁ’@gﬁ?ea H&Wﬁ‘ﬁ@uaf’@- oBr6 ogieplelpsticieslla icptpoyated convey
the |i gandniongblh@en 38ls waBRlRld withi dft8lent @éuc%ﬂﬁ-ﬂﬁ',?.ﬁgot? %%’01;[ Pgﬁ“@rg%ﬂl o

~anti-apoptotic activity of this fusion proteinto .
the full hosrgt A ©RA of 200tcells venaepalognd imsindotidy gelbited) fichis, Bndrmkile

excl usi vel y' t cehble o,nucl eus.resul ted in conpl et oss of its -
anti - apopt%?%@sa%?\ﬁ %9 A’Z%C %F%& FESRBANEN %ﬁ%@bﬁmﬂ@ﬁéﬂtﬁﬂ gures
provided helteies viishsiéliclt @sigFREskcatE bhe wal ANOVARYS kP ReARfAr €  Nnot

intended to linit the scope of the invention. Figure 1 is a series of
graphs denonst FHgMifg2 e sarisatof erapds showmgdhatetbe antrapomsticaffytteofBopt 0Si s by

sex St.@roi i Lo vt 1o, oA . Preval ence qf 25 osteobl ast and
osteoclgtel%ggp o%?gﬁgo%%gﬁ%@&% 0 ocapgjrﬁ’ﬁ%‘g? 3 fithgrdbe Bars

are means BR & @f By ob thniARal A, p@alvarial Bstedtladls Frre p@e-trgéﬂad’abﬁ
o)

i {eobl ast s
~were treated for 1 hour with,10- Mto 10 Mof E2 or DHT O\I\lt%éé%(b% 6

hours tr eatagemist IGIt1821786 (b0 OMIpmpuith ife ABemtagoisDRGRINME: (190 M) for 5
_percentage of dead cells was quantifi ed by trypan bl ue staining.
Et oposi deMiRdifeliagved by dpeubstion iwith HE W EBsen PelDfos1 dwoai. dSubsaguenely, at

- 100% Bar 4 ngh ' f f.triplicate..determinations, *p<Q.05 for
B2 or - DiRopPAE a6 g o8 o i bl L B PSR ity TRnovae
for eash Resddtswaexpressedds Percealay@bf siof6didd ARlucQPiRPRIsATh $hehbsebd b Y4
osteocytic cells were treated with 100 M E2 or , and apoptosis was 16

13 Decenb&Eradd MVRigh owedesb st peG% | SBays1 gmlicate | mearsed ISP anfd iniplovatof

et oposi degeg, %%—h WMhicR" by MRéo The,, percent age of dead
cells was quant;fied gplesn(]é%ﬁ%%?@’sb et & g#a%e&abﬁ?ﬂ?%@-rﬁgﬁm;& A.
*p<0. 05 tehmsfectedhpithicithepERby BRBAR VDR, dt RIXR asPreatien vebRlg vimsl geach
agent versus vehltcl(e 5035 a &%ﬁ:’leanrQEt reatnment. E. OB-6_osteoblastic cells
i ncor por a'FI_@BtY vector (ev), along 2 Nuc- GFP expression vector. Sixteen hours after
20 ftransfection, cells were treated with the indicated concentrations of E;, DHT, or 1,25-
dihydroxy-Vitamin D (1,25D3) fpr 1 hour followed by 6 hours treatment with

etoposide. Apoptotic cells were identified by e)iamjning the nuclear moi-phology of

-200—5'00 transfected (fluorescent) cells. Etoposide-induced'apoptosis in cells cultured
11‘1 the al;o-s::nce_ of steroids (-) was set at 100%. Results are expressed as pércentage of
o5 etoposide-induced apopfosis (mean: + SD). ¥ p<0.05 ver.s'usl cells treated with
 etoposide in the absence of steroids by ANOVA. -
Figure 3 shows the localization of the anti-apoptotic activity of the ERa to the
E (ligand binding} domain and eliinjnaﬁon by nuclear targeting, A.Hela _cé]ls were
qo—h‘ansfectéd with expression vectors for Nuc-EGFP and various ER¢ mutants, and
30 then treated for 1 hour with 10" M E; followed by 6 hours treatment with etoposide.
* B. The full length ERo was fused to.the non-targeted ECFP (ERa-ECEP). The E
domain of the ERa was fused to either non-targéted ECFP (E-ECFP), membrane
targeted ECFP (E-Mem-ECFP) or nuclear targeted ECFP (E-Nuc-ECFP). Bach of
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5 into collagen gels were treated with different concEhPeeamisigoed E2 or
DHT for 24 hours. A total of 200 cells were evaluated in randomy selected .
-~ fields. In vehicle controls, 32.3 zE 2.5 %of the cells were apoptotic.

*p <0. 05 Yworomgsosor DHT-treated cultures versus vehicle lﬁjlz@sﬁﬁ%ﬁate one .
way ANOVAs for each treatnent. Figure 2 is a series of graphs Show ng that

the anti-apoptotic eff.ects of E2 or _10 re inhibited by both ER or AR
ant agoni s ?’lgesg Ao, Rrofging, was 8’6@8‘559‘? o ge{‘ﬁ?f;ﬂ;i g]@ng Frtly 3 Typlepy %/aggetix}] EdR A
Cal vari al 1800, R e ' eq: - azﬂia?g%%ﬁi i 1 C
182, 780 ({18.8!\/) olrt%\?\/ﬁst?lrl\l r}g AR a?n}iitgfgagﬁﬁs%%}%ﬂ}%%m&g@bﬁ%n I\V/fasfor % ‘
fol |l owed epiflunrcatance orcxostdpyl 0.cfl #2 widdlepdficlsaiepict pbotomiGwgsphs efithey

- etoposi de_was d_and.apgptatic cells were quantified after hours as
i gur o5FBe oai*Rued RE B byt B i it ol Fepecteli: b ce A 8e R nauc o
apopt 051 S Nud-ERFP ¥a$ 8dan His effefinRhnth qMh&Hy 3RBio3Rbedduss 98 %miBadScdyndi cat e
means : SD of triplicate determ nations, *p<0.05 versus vehicle, by.
ANOVA. B. beisadily distingwishes from tledt of the/cyan famerd protavs. Witahsferte eellERare ERj i |

AR, VDR, or RXR expression vectors or with the enpty vector (ev), along

“with a NuBewtefEdont fous igh 10 e Moz osvaliislenfollewed bat 6 doupn treatment adth on,

i hyar oy SPPEES, CApibly ko, 3L A0\ wEC BEERREE b ANk £ malthaidlfe - B°
W th et opwmeigie. SBpof tuiplicatec ddtbrsninaticnsi de&pt0.05 adrday elamoti taghtddhevithuc| ear

nmor phol ogy, of .. 200- ransfected (fluorescent) cells. Etoposide-induced
apopt &&i SXWHO%@?P%A&%?Y&M in the absence of steroids () was set at 100%

Results are ex ; Qgi ' ceel 1.0S§ S
Crean o ) RS AR IR IES LR otk B AP B PR MDA D e
of st eroi dis HPreAOERK digmling paheiapna. MO Ydcedlis zedre dmcubhtedor 2, 5, or

T mi e b Wi R PR of oS i, i REys0sb daP et o R (FEERG Wi
expr essi ofpIe Hys5 frfin wiw%%ﬁﬂmnctemgis%% wehd oBliRA shd HBEIROwEREN

treated for 1 hour with 1le ME2 followed, 6 hours treatment with
et opoti deanalyped e Wegtarn [biot cpuglyEiRausing af 2 or tanti-phosphaEB&LEH (ECFP

P ECTPhc SR 2o B BB S B, PR 9
(B Nuc_{@ffl}, PIBS8059506r Bl IBmibpgierty the 2d0#ion0QIH,/ QG0RT. PEREUSO mih 18950

these fusion proteins was expressed in Hela cells algng with a nuclear
tar get ed #leBosiqq way added and gpontesin wanassayririyurs faen asan FigunedBr Bul Ehe B
distribut} ' | L1 G : t m ddl e
O LA R0 YR, BB S tocRR A AR b6 BBFHRkrs h6EIs: 80

20  versus Src-/- mice, as described in Figure IB. RT-PCR was performed as described

in the experimental procedures. C - E. Hela cells were transfected with Nuc-EGFP

and with expression vectors encoding the full length ERa or its E domain, or the AR
- alone (C, left pane_:l) or together with a dn MEK (C, right panel); a Src mufant
Iacking the kinase activity (Sre K°), & St mutant lacking the SH2 domain (Src
725 ASH), or a Src mutant lacking the SH3 domain (Src ASH3) (D); or with FRo.
| together with wt She, or the dn She mutants Y239F/Y’ 240F/Y317F (Shc FFF), Y317F |
_ (Shé YYF) or Y239F/Y240F (She FFY) (E). Bars represent means + SD of triplicate
determinations. *p<0.05 versus cells cultured without steroids, by ANOVA.,
Figure 5 demonstrates the dissociation of ERo-mediated transeriptional versus )
30 anti-apoptotic actions and ERo-mediated versus ERB-mediated effects using peptides.
" A. Hela cells were u-ansiénﬂy transfected with the ERo. expression vector alone or
together with a vector carrying a fusion of the a-I1 -jaeptide with the GAL4 DNA
binding domain driven by the SV40 promoter. In addition, cells wers transfected with
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~sane cell(s) obtained with either cyan or red filter bePgcernkesg@eti vely;
bar =15 pm 5 Nuc-ERFP was used in this experiment to quantify apoptosis
because its em ssion can be readily distinguished fromthat of the cyan

f usi on prqp(?b{)?“os Transfected cells were treated for 1 hour_ with 10-8 M E2
or vehicle owed by 6 hours treatnent with etoposide. RpbHtt¥18Sq n hoth
3A and 3B was quantified as in Figure 2. Bars indicate neans f SD of

triplicat e ER&-Weor dbtor biedor the @HOSOJ@WB stdissrey With R&Fﬂmm&wmdptosm

et oposi de ure 4 t ac lvity of the
ER-and AR ?)sépé%?é% ga‘g éesgﬂé&‘ ]Egl? gﬁlj‘ﬁﬁﬁtﬁg&ﬁ dt Fdisatey4

cel l's wer ef¢1a:submmnfdfrﬁga-1@ ot0fold-1fhibititn Wk T-6ERrcO br Uf &Mf@&e@éeﬁ@ n Wi th
.PD98059 (50 pM or PP1 (10 followed Qhy 5 mn with B2 or

Iys?t es \/vemathmpoptormecfeamds jox mlﬁmlas(Ew)Loe 10 M%:%ge ngmf% %Efble

t
anti bo es et Sl by B Hifaella el Bureoiconits Ko or FRésbonceer wi ¢ h
Veh' cle, (%ﬁx@?%&re@fﬂsm Ve tBrsPedrRfin %Na b?o?@g%?% 6&{[}8%85 E%a?sre e% f‘f ter

et op03| was added and apopt osi’s S assaye rras-in
|=| gur e 1B. mBan ¥h&D @TmehQatmﬂetﬁznmaanoﬁ)ﬁneampﬁp@Rm Hoe6ylacedr amti-
enbryoni ¢ fibroblasts fromSrc+/4 20 versus Src-/- nmice, as described in
Figure 1B. 2pepioagk maespprsefto Bred0 a MYinsenlls hesasterted twigh teadicated rateptor

d f ect EGE '
Por essi on it A o dnoliy phth RS EERBER A’ R eI I Lo A
al one (C, tefstcapgig) theq-écepﬂﬁ ebiteiotWwhe fpeﬁtldk) wdﬁiés@ate&la@momﬁ”e |p)<0 @& Src

mut ant | acki ng he Ki .activity K-), a _Src nutant |acking the

SH2 dorrai USAERS Sz‘#ﬂA ﬂbithf‘af%eﬁtoﬁﬁi%@t by ANOVA t Ge Eiliz callsnwere ( Src

éggg)m Y240 F%sé%/@@g et %?%%t%r%é@@ﬁf%‘? t@%%%&?e?%&gﬁkﬁsﬁé%m

(E). Bars reppsegdh¢ memansSD &Diriplichtei detdrmiriations] €t 210105 adrisanechitle talfd
-versus cell {c).ttrjlgélsﬁp wi t hout steroids, by ANOVA. Figure 5 denonstrates the
di ssoci at| tfedi ated transcri ptional versus 30 anti-apoptoti c

actiong and ERapjppel & 8duiiRkats n@?%@hﬁ&ﬁ%ﬁé@%ﬁuﬂﬁé o' géﬂo grt

HeLa cells were transiently tra ted wth Xpression ve
al one or actiydy tedrthovBR wathveywthstic digangs. mg. Borf ($imediaied tdaasaﬁlbnopeﬂian?he with

cot's wer P arar dpRelR TR 6 b S e Smd e Rl s tscinblsate | 15050

ERE- | uc  ofonbéntftibis of @f dsiten bof &nﬁﬁab:@lbl OBarS! féfife8ént 106 Médd+E§HPor fec for
the apoptosis experinents. Bars reEresent the mean f SD of triplicate

det er mi nattelstize Hiferaseireits BLU)ar nbigglactssidapeactivity, R5i0.05 versus
A (_)l d- 'i&h' bde'i]k %&{ect&&w@ﬂlleﬂfpty Qréct&? ?GIV), w MGE ef'hecglllti-gpoptouc activity of - -

the estren and the pyrazole was evaluated in calyaria-derived osteoblasts as described

in Figure IB. * p<0.05 versus cells not treated with etopo'side by ANOVA. B. MLO—_

Y4 cells were incubated for 5, min with the indicated concentrations of the different

| ' hgands ‘and ERK phosphorylation was assessed as in Figufe 4A.
25 ~ Figure 7 shbws a proposed model for ligand-in&uced dissociation of anti-
apoptotic from classical genotrppic activity of sex steroid receptors. The three
cartoons dépi;:t_ conformational states of thé receptor protein prior to and following
‘interaction with the ligands, ﬂ:x_at are required to effect either the genotrbpic or the
lanti—apoptotic responses. The inactive unligated receptor is depicted in the middle in
30 gray. The change in conformation induced by interaction with a ligand that
preferentially triggers transcriptional activity (e.g., the pyrazole of Figufe 6) is
depicted in the right in blue. The change in conformation induced by interaction with

a ligand that preferentially triggers the anti-apoptotic activity of the receptor (e.g., the
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wi'th ‘apoptotic features in vehicle (E2-) or 10-8 M EZWB?(’@P)DTF’QO%:O.%
versus vehicle treated cells, by ANOVA. B. HelLa cells were transfected
with ERa or ERI 3 alone or together with expression vectors carrying 2X293
or  2XF6vyaspisdes. Bars represent mean SD of triplicate ggggisgifiatd ons of .
the activity (ERE -luc, IL-6- luc, or anti- apoptosis) in response to F2

10 8 ' I t fected w th, the indi d. r.egeptor d tid
Ver sus. beFiRER af Figher BA 1o Piates e It appbii nen SE3E B s el 1%
10 cell Spg%fés)éﬁtrtﬁe tv@@ﬁgéﬁﬁeﬁl‘éﬁe’no@é’ihe'iﬁﬁfeét%dﬂ@%&féﬁ,ﬁt\ﬁ@ﬁhﬁ&ﬁé Bitdied as

100% * .05 versus-cells transfected with the receptor alone, by,
ANOVA. - C. petke respbttivelyer dssaciationf(ls) tand dissediation e} mtescel theitwg differedRl P

PePbl ey bRREeEhpREibh i WoiglobiBiafRid oy SREFERIMdL fpliohe AReft,,
ANOVA. 5 157 fra8 Shch ATORHL bAEGEsS Bfiued BSMGoatdraiatiohs. NARYRIRALH ARé gntif r om

genotropic activity of the ER wth synthetic |igands. ‘A For C3-nedi ated
transcri papaptoticiaede! aslireckcamtact betwess theceeepton and 9-i seowndt Brpossibled wer e

treated wyth t.he |ndi d tgat St T a | e. Bars
- repr ESen\tA%aEeadﬁégﬂn pg(g%%@l P’Iﬁlgogﬁ%%a{ﬂ% V(]aIR F%S%ne?%g‘géé&ni s%&ﬁ?’ygﬁglr%?r’al I zed -
for P-gal getresiosdiag endgdy Meivély .oftke réfepice poiRi’th @l inactivansfignédetais t h
~enpty vector. (ev), by- ANOVA.  The anti-apoptotic activjty of .the estren and
the pyr aztekeudinch prograssing sither b the peneigeis cradoraatien Kpls dimeler the a8 bed i n-
Fi gure, 1B,  *.0n<0 . : s ' PORLAGiscdinANEVA B
MO @4 c%qqpé&\ﬁeﬁogﬁ}rﬁlgéggg%ngﬁ#dﬁ ’@9} %E ﬁﬁ%;ﬁﬁn}tﬂﬁib?ﬁ%cg?%%&g%ncent rations
of. the di{érdcalnikis idithmanksgy dhagrdaic mbas pd diditat adargenthaasseleskfferasce n
- Figure 4A, 25 Figure 7 shows a @r%’gosed.rmdel for ligand-induced
di ssoci atmcﬁpeggy_rg%ﬂqmengspwgqq CAVRACIEIASSsi cal genotropic activity of sex

steroi d recept piegire $NR 4 Hh88m SEFPPARIRNFENEANTIRE IR éRfRodatatia® of the

‘receptor proteim prior to and following interaction with the |igands, that
are requi thedate meufefr Rvix-induceadraxprpssion pHihiewIband 2R3 peptides.apopt ot i ¢

responses. Thegjinactjye unligated receptor is.depicted in ¢ 1 ddle in 30
gray. g’he. changl;g“f‘ﬁ %nf of mét ?Wﬁdﬁ@é@a%g i%?egg%eﬁltb% vit qﬁﬂ“’rﬁ“ and t hat
pr ef er ent fgddo¥erl-bfiGHOES thelDAOmAREBL s95tein B bstmmaist(sgeaﬁc ckpressit a2Cke Of
Figure 6) .is depicted in the rlggt in blue. The change in_conformation

i.nduced biecombispsee tAgtivaioniof the RO§ARE lequatbypererumdentheganirol pf gdde-2 he

anti - apopt oti ¢ agdi-vi f .t ec. . ( . 2004 WO
01/ 96605 bR A 1%5%“6%3&5%%5 %?gﬁ%’é’%ﬁee&éﬁe 3 g%%@tsé“?q fiﬁtﬁ'ﬁgﬁg@ﬁ in
magent a. 6B €ig peldhb g Dog-igieed astivaton 6f Cregtpessiun inhétrd VOb6i cglisdee pl ease

note the perfect and., inperfect fit within the binding ocket , .
respedt i 'v&-‘iﬁ!ﬂ}ﬂ% dwaslaetedrivith e Tah@Cdi s ongimds an dycre éﬁ@k irggted math wo

di f fAer ent 0.5mg/ml Dox or vehicle for 24 hours. Cells were harvested and Cre expression was

assessed by RT-PCR analysis. Lane 1 contains size markers. Lane 2 represents cells

- treated with Empty Vehicle plus Dox.- Lane 3 represents cells containing 0G-2-1tA-

. | .Cre'jalrithout Dox. Lane 4 repreéents cells cdntaining OG-2-rtA-Cre with Dox. Laﬁe 4
.25 Contains the OG-2rtA-Cre plasmid induced with Dox. |

-' Figure 10 is a diagram illustrating the targeting of floxed exon 3 into a 86 Kb

gcnotrdpic locus containing exons 3 and 4 of the mouse ERa gene. -

'DETAILED DESCRIPTION OF THE INVENTION
-30 This invention concerns the ﬁ_lﬁdamental discovery of the understanding of the
" mecharism of action of stéroidal‘nong'cnotropic effects and their relatioil to steroidal
genotropic effects. It has been discovered that (i) steroidal nongenotropic effects and
genotropic effects can be mediated by the same steroid receptor; (ii) both effects are

20



types of ligands for the receptor.are depicted by diffePesamigrdfdt and

'engt’h" arrows. 5 Ligands such as E2 will of course induce both ‘
conformations. Although in the anti- apoptotic nodel a direct contact
bet ween t Meooee@ps or and Src is shown, it is possible thape  &oso

protein(s) may bridge the interaction between the two nol ecul es.

Correspondj.ng enerqgy, | evel s of the receptor protein in the_inactive

unl i gat ed EE%{@DS‘&%?%@@ ?!?‘?eff’n%qnﬂgf’%’é’s?ﬁﬁ’te?‘icﬂ’@r %PB tona B@ﬂéﬁ‘@}ﬁeé

conf or et i gétivalibnl8f tHe\ian@ biddiBe 88bhin] FHARARL Yol fsiGRIA 1B APEHOE GFREENt 2
line) are shown in the bottom The discontinuous -vertical axrs'i'n the
ener gy di ageuieps effenttoccursi di tataeligandainderedt scdivatiomlod tte FDNAindingi n
-ener gy reqyi bet nthe two. activiti.es. Figyre.8 i.s a diagram of
t wo _transg‘gélﬂelggg&(}tns_er %rﬁgaefeﬁ’g?to%r‘g I8 P et rFﬁ#to(’ff‘h%O‘@%rét‘ e for
Dox- i n@peﬁt&%@foﬁ_?&l@@% He fidigendttopid 8Fa 31 R HRbAdRSeradifonfial e AisSbeiaed 2
~diiagramillustrating the generation and functional characterization of the
Dox- i nduci Bp@ 8¢ geapirepie bob| ashigapdeinierictionx pr sueli ormarnetite effect .a
reconbi nas | lan of the ROSA26 1ocus by Cre under the control of
the OG 2 gg;erl%drﬁrg%iée\réﬁéﬁs A" i ndicates a splice acceptor site of the original

ROSA26 | ocus. FBgwtden GR pisneeingsdisivesy, Db ndthsiliRestoabil \WEdi@6eifingCh ©
expression. in,vitro.- Ch-6 cells were 20 transiently transfected wth the

Tet - OG2- Gt&Forh dopgerodropied eifeste tiome the stexidel gpnotfops SHgetnpf aDsteradd
vehiclg f OY§S %-diﬁﬁé r gk e S§ 0N assessed’
by RT- PCRq;eﬁ |‘§12i ;Iﬁ I?fne %'contl1 i ﬁ% Si ze&%ar (geilr“gafS E:‘%gﬁlgarfggrsgge\gﬁYe&ycel, | s
treated wiindudinge stexabilaloageiampiooeffect, lthatdndndapoametits theakidptaz arittai Ni ng
.OG2-rtA- Cre w thout X. .Lane 4 represents cel|s containing OG2-rtA-Cre
with Dox. @mua&%s&t@?@nﬂwww o ligaodhindmg dozpain of fhggessptoRinh Dox.
Figure 10 4 sniineh 8% ahdds| tat | hsedi 1 .0 e into a
.86 Kb genotropic |ocus cont allreﬁ%ﬂrfglgg(ons ﬁ%gaghgﬁ%ngﬁoﬁ%eéﬁn% sgﬁﬁ%an%éene.

- DETAI LED RESTringTtheolpNA-binding NN iON BehneT lihat inducen higenotcapic effars, The

f undament a)_ dj f.th der st.andi the ..mechapi sm of acfi f
tor onda ARIsEREVE ottt A Belid 1 moridsCion FEriTRY SRBrERReREbr 1 opi
ef fects. IgenbRspibesiecti gROViaFRded f&aﬁtaéﬂiﬂ%&ﬁ@rr@ééfﬁdr mmg%ne&ﬁgdﬁna gfapects

d by the Sane ste

~and genotropic effects can be nedi ated steroid receptor; (ii)
both ef f ecuEiGisrdly zgtivaiesibediNé binding domatiyishenseptorinasanner 189 sauses

|1 gand- i nadecqepk ¢ e BPABRGE Mtk AR it H® trlinding e 1 s

and | oose dobidin inga manugr thaeindgessal nerzeodie @ffe&C Clal ¢ edt@fall of the
| i gand-i nduced activation of the DNA-binding domain of the steroid-
receptBr, UNFCEAT diselosrdbare, thereeapfar ismohan Egtasen reecpipnger alternatively,

is not a progesterone receptor.

‘I. - Definitions
An estrogen compound, as used herein, refers to a four ring ‘steroidal
.25 E"‘ompdliﬁd which possesses the biological activity of an estrus—produ_cing hormone, or
its conjugated and esterified derivatife, or a derivative thereof of same cﬁe:ﬁical
composition and sﬁ_'uc_tﬁre but which- does not possess the biological activity of the
- active form because it exhibits a diﬁ'erent.stereochémisuy from the active form. °
- Nonlimiting examples of estrogéns inélude broparestrol, chlorotrianisene, dienoeétrdl, '
30 epimestrol, equilin, estrapronicate, estropipate, ethinyleshﬁdiol, fosfestrol,
hydxoxyeset;one, mestranol, estradiol, estriol, conjugated and esterified esﬁrdgeﬁs,'
estroné, pdlyestradiol, promestriene, quinestradol, quinestrol, stitbestrol, and zéranol.l
An androgen compound, as used herein, refers to a four nng steroidal

- compound which can be produced in the testis or adrenal cortex, or is a synthetic
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5°interaction; and (v) the nongenotropic effect of a 13gesfrtie@P4hction can
be dissociated fromthe genotropic effect of a ligand interaction, .in”such-
a manner to effect . a selective response.- Based on this pioneering

~di scover wo audsebhod i s provided of dissociating a steroigatysangsseotropic .
effect fromthe steroidal genctropic effect of a steroid 10 receptor. In

one enbodinent. the . nventiaon Jinc Lyely jnducing a

st er oi dal hﬂﬁoéigh&%%}biqg%e fréegﬂa%t%‘éfdcﬁﬁﬁ%s%QQ%o% ggfl‘ejrllg tﬁﬂéﬁ%eé’ggor with

a conpougehivakiat thetbbdf 6f edhd yhémibdr ddpbsitiohharidhgirichga ibait kitieh dgesdatai n of
~the receptor in_-a manner -that causes the receptor to nediate a

" nongenot r Besisess tef biofogicahiackvinnof the ARl TRy deeausryl rhiisg difeem in a

- manner th i r.ORI f e nlfnﬁ' f% gh e ' dinent, a .’
met hod. i s%?%ggﬁé@&yg@&ggﬁéc ﬁ&%l@&"ngﬁ%l nguégs er |é5a{£ﬂ%dg\r/1b§%(fe§§€% effect,
t hat i mcl videsbolpniacizol)g didseiansiompt opitinsthdola etbyiesivendl,t Hhioxymestdrong,ent |y
activates t he DNA- bi ndi ng. dongi,n of t‘he'relcotf1 tor jn _a manner _that causes

the recepfmebelonpdfireabal, quARHIPHMIc BEFELIONC NS oBet Methenpigng he

| i gand- bi pdj Wl nper Al iy es no | ect. In
 one as pectﬂgg?&gftﬁ&g%htg heiﬁggdr ?%\E}g’nt P%%g{ag?fggi%’sed&hagggiﬂﬁ, P%)gﬂét%:gg%){’or is

not an esprasigrome; guepdlone, staolomk; stanvatlol; édsyosiarena) ahd freyrodopest er.one recept or.

1. Definitions Ang estrogen conpound, as, used.herejn, refers.to a f.our ring
Steroi dal 25 &5ipoTHSIREEH PUSOtsel 1H1E el Gbein b ERseyodnEn Y.
est I g Pr @dHmhBOoNAERBERmMICAl cohfiSurkiits U I§HRANANGSr @& hBHIE] th@q7gﬁ9m%w ve, or

a derivative thereof of same chemcal conposition and structufe but which
does not psimgess haveebiolagied iactvityawhils ithey 1 B hydrexy astrogens fhaververycliftise it

. exhibits a.différent, .stereochem stry fr t.he acti,ye for Nopliniting
oxanpl s GHCR ST SFURLCRARSARC Kpamduer Bt normogratks sete demenshipiloest 1ol
30 epi nes hd@laﬁo%q UFdy fhe puSdst DEHER isfeifeatiBn! &PitBRbChemibilndonfifgatiéradi ol
fosfestrol, roxyesetrone, nestranol, estradiol, estriol,; conjugated

hy . : SLT 8
and est etichiding eitkqrr hgehiglogically rashiee opdhe diglpgigally inastiyeenstlesseprdive

qui nestra ujinesktraol ti '?gg ZELs : Eggﬂ gngggpouhd,
as usZ‘L(’:I h clt'ﬁg’ ‘#%fg%sug%% %]P%g?ﬁﬂiegéong er&%gigﬁgécct)hr%%’un \%\'ﬁﬁg& can be
produced ¢ketibof tiedhvéntion. adrenal cortex, or is a synthetic 21 13 Decenbrr
2004 WO 01196605 PCT/ US01/ 18950 hornone, which acts_to r?ﬁgl ate_nascul i ne

. secondary sexu#he e#falogee entitlsd ‘Seroils” Fromygteraleids yac Raker s pooyidescheni cal |
conposi ti I Hut ' : t 1.0l agl.cal '
ot vity Bt ot atth didof willbilefil Sotrodll and IRARA debFaifled! Adle
‘st er eocheaitslbg yad be wbtaireeddnt contacting the colgrahny mnd iis glse xanphtbsavaiatlada

bol de%) "Cthe internet at http://www.steraloids.com. One can select and purchase compounds

from this library, which are all commercially available and thus easy to obtain and
-evaluate, for use in this invention. | 7 |
The term "steroid" as used herein refers to any ligand that will bind to one of
_the traditionally referred to "nuclear hormone rcceﬁtor family of proteins." Based on
25 the discovery herein, it is now known that these receptors are not necessarily nuclear, :
" _and in fact can induce néngenotropic effects when loca{ed,ouﬁide' the nucleué or on' '
the m_émbrane,r and perhaps in the mcleus as well. The names of the individual
' members of the family of the nuclear receptor famﬂy-is published in Cell, 97:161-163,
. 1999, and reproduced in the Tabie below. This articlé was authored by the Nuclear '
30  Receptors Nomenclature Committee. It is now known that there are at least sixty -
" ‘members of the protein family in humans as shown by analysis of the human genome
and proteome, and published in Nature 409:860-921, 2001. This arficle was authored
by the International Human Genome Sequencing Consortium. In one embodiment,

~ the receptor has a zinc finger and a ligand-binding doma:in, as mentioned in the
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- cl ost ebol, danazol, drosstanolone, epitiostanol, ethld@etarenese004
‘f1 uoXynesterone, formebol one , furazabol, nepitiostane, nesterol one,
nmet handi enone, net henol one, nethyltestosterone , nandrol one,
nor et handi@h gsssePxXabol one, oxynet hol one, prasterone, qui Mﬂ@ﬁ gqaol one,
stanozol ol , testosterone, and trenbol one. As known, estrode g8 dr ogens
have chiral carbons, and thus can exist in. 10 a nunmber of stereochem cal
confi gur af ek A Bropgsed Nomgnolapgs forNugleas Receptpige 17p  hydr oxy estrogens have
bi ol og cé‘Pg‘gﬁbﬂ vity V\hﬁl}de@ the 17@,,“h)wlﬁsoxy estrogens have verywlssromulmﬁ,
ef fect 1 y o
transcyl |pt| onal actrwat,uon) Fo RE - ose of this specrfr c;n any
.stereofhemnmil®al confi gd®R®@tion, i neARadi ng either the biol ogicall yo@stiveg or
t he biplogically inacﬁﬁ}ﬁ? or les ve 15 structure, can be , ag long
-as thel conpound satistvries the speard ically itemi zed criteria ahskhe -
.invent}on. The catal o%‘% entitl eH’ARﬁSF@hWMRrom Steral oi ds | €792 W ||t on
H H, proviides a lis over tﬁgﬁ%g§, W t h numer ous esg\’ﬁé en gnd
androgen derivatives. \{lhe cat aI raMyeBIbraimed by contactingshe
company andgis also cifffently av% Lkl e on 20 the internet at X1 o
http:/{ ww.ist er al oi dsxeem One cmkez@lect and purchase corrpouné{msgrrfromthi S -
IibrarF;, whi ch are al g%ormercr aFQ R&Pai | abl e and thus easy tao Y8#¥ai n jand

s inven - hhe cl8lcis. St eroi d* as usggheier eiln
refers to any ligand that will bgs. to one of the traditionalth srefe'rred
to "nugl ear}Hhorm)ne r&{ﬁ}otor fa V' of proteins." Based on 25 di sqovery
herein, it is now knowkHt hat  t heseoreRptms, Bxrar e not necessari vamucl dar,
~and in fact can induc ﬁj)ngenotrgﬁi cts when | ocat ed outsr%ﬁzt he | -
nucl eys or on the nemkmane, andvheer haps in the nucl eus as wel Im ]fhe names
of thel individual ﬁrs of th &’Fﬁ BHE the nucl ear recept@@®anilly is
“published in Cell, 97 1-163, ﬁé reproduced in ' the ﬁ fﬁ bgl ow.
-This drticlie was aut hoRrEd by theDENercI ear 30 Receptors Nonmencl atuesgre
Commi titee. )ft is now Fiwn that Ehere are at least sixty menbdi¥@f the
proteijn famly in hunsgks as shovw@y anal ysis of the human genames and
protegme, - and publi s i n Nat ufErA409:,860-921,.2001. This artif¥E was
aut horled By the |nterpational Hxean CGenome Sequencr ng Consortixums | n [one
enbodijment, the receffZpr has a ZRpEPREGE? and a |igand-bin dorai n,
as nerftioned in the 282843 Decenixase, viziide WD) Bil/ 96605 PCT/ USO1 / 0 Tgbl e
1. A Hropoded Nomencl ffire for NfgEEdl Receptors Subf am |y andlgﬁ"vr al

cevalupte, for use in OR >

NanmesAccessh on Nunber Nrzpi DHR78 36791
2E NRZE] TLL, TLX, XTLL ' 872373
_ NR2E2 TLL, Tailless M34639
2F ) NR2F1 COUP-TFL, COUFTEA, EAR3, SVP44 X12795
NR2F2 COUP-TFI, COUPTEB, ARPL, SVP40 “M64497
NR2IF3 SVP, COUP-TF M28863
WR2ZF4 COUP-TFII, COUPFTFG X63092 .
NR2F5 SVP46 X70300 -
NR2F§ EAR2 _ : X12794
C3A ) NR3AL ERa . . X03635
NR3A2 ERS : U57439
3B NR3B1 - ERRI, ERRx X51416
T NR3B2 ERR2Z, ERRB . o Xs1417
3C NR3Cl - GR : : : X03225
' NR3C2 MR : : MI16801
NR3C3 PR - ' . Mi15716
NR3C4 - AR M20132
4A NR4Al - *  NGFIB, TR3, N10, NUR77, NAK] L13740
NR4A2 NURR1, NOT, RNR1, HZF-3, TINOR. - X75918
NR4A3 NOR1, MINOR - ) D3AB530
NR4AAL DHR38, NGFIB U3ie762
. CNRS,C48D5 . ‘ © . U13076
5A . NRSAL - SFI, ELP, FTZF1, AD4BP D88155
NR5A2 . I.RHI xFFer, xFFirB, FFLR.PHR,FI‘F . U93553°
NRS5SA3 M63711
5B NRSBi DI-IR39 FI‘ZFEB L06423
6A NR6AL _GCNF1, RTR ‘ : o U14666
0A NROAL KNI, Knirps . X13331
NROA2 KNRL, Knirps related . X14153
NROA3 EGON, Embryomc gonad, EAGL‘E , X16631
NROA4 ODRT . . V16708
NROAS Trithorax : M31617
o8 NROB1 DAX1, AHCH . L . S0
NROB2 SHP 1L.76571

Note: The groups contain highly related genes with often pamlogous reIaﬁons}np in vertebrates (e.g., RARA, RARB, and
RARG). The term isoform is reserved for different gene products originating from the same gene due to altenative
promoter usage or splicing, or alternative initiation of u-ans'iatmn

| | 23 |



NR/ Geae Group_ ] ANRI Al TRa, c-erbA-1, THRAMR4748 NRI MWPce%bféﬁeﬁéz
THRBX04707 LBNRI BLRARaX06538 NRLB2RARa, HAPY00291 NRI B3RARy, 'RARDNG7707

. 1ONR] Cl PPARaL02932 NRI QPPARA, NUCI, PPAR4 L07592 FAAR NRI C3.- L40904 PPARy
| DNRLDI RipreBossosARL, EARLAMR4898 NRI D2REVBRBA, EARI A, BO¥Sr/uBMRssso
HZF2L.31785 NRID3E7SX51548 | ENRI' E1E78 DR 78U01087 | FNRI FI RORa, RZRaU04897

NR1F2 4 RZRl Y08639 NR1F3 TORUL6997 41183
CNR3, MDO NRPIRIFGREDIOTRAS q we@mﬁeﬁﬁf@% ORI,

e wghﬁ%@@%@%%@m%bﬁﬁwgﬁ%m Pt oo

. CARa23043BNRCAHBARR, of CARAKEFRQES, amgem@bﬁ%maﬁeaerammuﬁaﬁ 0£9360

- 2ANR2 Al ANF4X 930

gand-binding domain (CT-LBD). These regions either have already been
5 mapped for a target steroid receptor, or are easily mapped using known techmques
The term “bone mass” refers to the mass of bone mmeral and is typlcally
determmed by Dual-Energy X-Ray Absorptlomeny (DEXA).
~ The term “bone strength” refers to resistance to mechanical forces and can be
measured by any lenown method, ihcluding vertebrae compression strength or three -
10 pomt ~bending of long bones. | _ '

The term “bone quality” refers to normal collagen orientation without
excessive accumulation of unmineralized bone matrix, and can be measured by any
known method, inciuding undecalcified bone hlstomomhometry

The term “bone anu-resorptlon agent” refers to a compound that blocks bone

15 resorption by suppressing remodeling or the aeﬁvity and/or lifespan of osteoclasts.

The term “osteopenia” refers to decreased bone mass ‘below a threshold Whmh
compromlses structural integrity.

The term chimera as used herein means a strand of DNA formed by fusion of
the genetic sequence of two different receptors. Steroid receptors are compesed of

20 both a DNA binding domain and 2 ligand binding domain. In the chimeric receptor
the DNA binding domain is composed of tﬁe genetic code from one receptor and the
ligand binding domain of another receptor. These two domains are fused to form a

r_chimeric receptor. The domains can be from dlﬁerent species or from different

receptors within the same species.

-

=5

25 "Ths term mphan receptor as used herein refers to a famﬂy of apprommately 69
| receptors which have been 1dent1ﬁ_ed by ‘amino acid sequence homologies. The )

orphan‘recepltor has an amino acid sequence that is highly coﬁeerved m the DNA

bihding domain, and has consensus regions located in the ligand binding domain of

the receptor. They are called orphan recebtors’ becaﬁse ﬁo ligand has been identified

30 that directly activates any of the members of the family. An example of an orphan
receptor is the chicken ovalbumin upsixeam promoter transcription factor (COUP-TF).

As used herein, the terms “metabolic bone disease”, “orthopedm bone disease™

or “dental disease” are defined as conditions characterized by decreased bone mass

and/or structural deterioration of the skeleton and/or teeth.r |
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© NR2A2HNF4GZ49826 NR2A3SHNFAB, 219827 NR2AADHNF4, HNF4DU7B8ganber 2004
2BNRJ131RXRAX52773 NR2B2RXRB, H -2111113P, RCoR- 1MB4820 NR2B3RXRGX66225
NR2B4USP, Ut aspiracle, 2Cl, CFIX52591 2CNR2CITR2, TR2-11M29960 NR2C2TR4,
TAK1L2758W@OHERE DHR78U36791 2ENR2EI TLI, TL X, XTLLS72373dNre&dfikdso
Tai | | essMB4639 2FNR2F1COUP TFI, COUPTFA, EAR3, SVP44X12795 NR2F2COUPTFLI ,

COUPTFEB, ARPI . 4497 NR2F3S\P P, TEMP8863 NR2F4 FLI|
COUPTEGX63092 ﬁgz‘%g\l\%iﬁ%é% ) %ﬁ%ﬁlﬁ 3%%&‘1’?‘%‘?6%%-5[5‘1%&
NROACERAUBAAQRRBARED) Biliter EisiEifibh NEADIER 144 T4 AQBBCRERX03225
NR3C2VRML6801 NR3C3PRM 5716 NRSCAARMPO132 4ANRAAI NGETB. TR3. Ni0, NUR77,

NAXI L13748ompeleziqakeiteriaand Tempnal Ypding DepxymricosidalsimmefeanioNick BhdloRD38530
- NR4AADHI NRB, C48D5U13076 - 5ANRSAI SFI, EL P, FTZ-Fl,
AD48PD88%§%’ ﬁ%@%ﬁ &;ﬁ i A, XFEIrB, FFLR PlIIR FTFU93553

NR5A3B| 2- FI V6 3MHcltchBNRGH!, Ewi&ad h%ﬁflr%%t&?&ymaam&loonﬁﬁ%&%m

~or animal.

The term "transgene" is used hereiﬁ to describe genetic maferial which has
been or is about to be artaﬁcm]ly inserted into the genome of a marmmal, parhcularly a
mamimalian cell of a hvmg animal. : 7
10 f'Transgemc'a.uunal" means a non-human animal, usually a mammal (e.g.,
i’nouse, rat, rabbit, hamster, étc.), having a non-endogenous (i.€., hetérologouS)
micieic acid sequence pfescﬂt_ as an extrachromosomal element in a portion of its cells
or stably integrated into lts germ line DNA (i.e., in the genotropic sequence of most or -
all of its cells). Heterologous nucleic acid is ihtrodﬁced into the germ line of such
15  transgenic animals by geneﬁc manipulation of, for example, embryos or émbryonic
stem cells of the host animal. | _ ‘ | _
7 "Consfruct" means a recombinant nucleic acid, generally recombinant DNA,
that has been generated for the purpose of the expression of a specific nucleotide
' sequence(s), or is to be used in the constructlon of other recombinant nucleotide
20 sequences _ |
"Operably linked" means a DNA sequence and a regulatory sequence(s) are
connected in such a way as to permit gene expression when the appropriate molecules"
(e.g., transcriptional activator proteins) are bound tb the regulatory sequence(s).
"Operatively inserted” means a nucleotide sequence of interest is positioned -
,25 ad}acent ‘a nucleotide sequence that directs transcription and translation of the
| introduced nucleotlde sequence of mterest (i.e., facilitates the production of, e. g .
polypeptide encoded by an APP sequence).
"Signal transduction pathway responsive transcriptional control unit" means a
regulatory DNA sequence that pem:uts gene. expressmn when tanscnptlonal activator
30 | _protems are bound to the regulatory sequences in response to the activation of a signal
transduction pathway including but not limited to MAPK, nuclear factor of kB cells
(NEcB), INK, AP-1, p38K, PKA, PKC, PI3K, or NEAT signal transduction
pathways. The transcnptlonal activator proteins of signal tansductton pathway
.:I'CSpOI]SIVC transcriptional control units can be phosphorylaied by a protein kinase in
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OANRI Al KNI, Kni r psX13331 NROA2KNRi , Knirps rel at edx14158¢ B, .
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"Genotropic activity of steroid receptors” means ligand dependent modulation
of transcription which is sensitive to inhibitors of transcription and translation;

20 A "steroid receptor related disorder" is meant to mean aliy human or animal
- disorder, condition, or disease caused by or characterized by abﬁorma]ly high or low
concentrations, availability, mutations or other imbalance of a. steroid or steroid
- receptor. By "abnomially high" is meant any difference above normal sufficient to be
manifes'ted by physiological, biochemical, physical, menta], or ﬁsyphologiéal effects.

25. BS;: “gbnormally low" is meant any difference below normal sufficient to be '-
| inanifested by physiological, Biochemical, physical, mentﬁl, or psychological effects.
In a preferred embodiment, the steroid receptor related disorder is oﬁe wherein
.additioﬁal steroid transcriptional activity is not desired such as with disorders in
-postmenopausal women. Steroid receptor related diéofdérs can be associated with any

30 ° cell, tissue, organ, or system that exp:eéses steroid hormone receptors.

. Method for Selectively Inducing a Steroidal Response
Based on this pioneeting discovery, a method is provided of dissociating a

steroidal nongenotropic - effect from the steroidal genotropic effect of a steroid



receptors within the same species. 2.5- The term or phEhPeeehsr 3004s used
herein refers to a fanmly of approximately 69 receptors which have been
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am no acid sequence that is highly conserved in the DNA binding donain,
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e an

"Operably i FRE sequenc a regul atory sequence s]) are
pathways, Sre/She/ERK signal transduction pathways; regulation of intracellalar

calcium concentration; secretion; changes in cellular morphology; cell motility;

cytoskeletal rearrangements; and apoptosis.

20 In another aspect of the invention, a selectivity inducing compound (including
but not limited to a peptide or protein or a ligand antagonist) can be administered that
competes with an endogenous or exogenous ligand of a steroid receptor for a binding
site on the receptor as & means to mask the activity of that ligand-binding interaction.
As one example, a peptide or ligand antagonist can be administered that binds with

25 the ligand binding domain in a way that prevents a ligand from inducing a

.' nongenotropic effect. In an alternative embodiment, a peptide or lipand antagonist can
be administered that inactivates the DNA-binding domain in a way that prevents the
ligand from inducing a genotropic effect. The selectivity-inducing compound can
inhibit the transeriptional activity of the steroid receptor directly by interfering with

30  DNA-receptor interactions or indirectly by preventing the receptor from forming a
protein-protein interaction with either the ligand binding domain or the DNA binding
domain, as desired. Additionaily, the selectivity inducing compound can exist as a

complex having at least two components such that when the components combine, the

27
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20  receptor (LXRa and LXRP), thyroid hormone receptors A and B (which bind
| triiodothyronine (T3) and thyroxine (T4)), COUP-TF, ecdysone, the PPAR family
(peroxisome proliferator acﬁvated protein, including PPARc, PPARy, and PPARS),
| pregnéne X (“PXR”), bile acid binding family, and chimeric and orphan receptors

t'hsreqf. -

25
II. Induction of Nongenotropic Effect by Steroid through N on-related
Receptor - :
In another embodiment of the invention, it has been discovered that steroids
30 can induce a nongenotropic effect via an interaction with a steroid receptor other than
' its typical binding receptor. As used herein, the term "non related receptor” refers to
bne through which the steroid does not induce a genotropic effect, It was heretofor
unknown that a steroid can act through an unrelated :e{:eptor, becausé it by definition

does not induce a 'génotropic effect through an unrelated receptor, and the cellular
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20 A "steroid receptor related disorder” is neant to heBeceame BN or

‘ani mil* disorder, condition, or disease caused by or characterized by
abnormal ly high or low concentrations, availability, nutations or other

‘i mbal ancewqf oimeeost eroid or steroid receptor. By "abnor mal gy étﬁﬂ's'tﬁos meant
any difference above normal sufficient to be nmanifested by physi ol ogical,

bi ochem cal , physical, nental, or psychaqlogical effects. 25 By "abnormally
low' is resEmgenolapiGeiees BIREQUiSleh @ Prsh s wyentien iy mudes TRaledda: od by

physi ol ogigak..ibi: 'ﬁ&lg ' ‘ . &%@ ical.effects. In
a preferr%ﬁ%@&?ﬁ%ﬁﬁ t gnst ?JQI ?%@%g‘%ﬁdﬁdfﬁeﬁ@% |§§Q’r%&gr fagﬁ% e
wher ei n  thedetépdoratvitht em aintelated rsaroidpthiad safficierttiyv binds i to ami acksmteseal such as
.with disotrders i post. renopaysal men. Steroid.receptqr related disorders
Can be. acBBEIGR S RERO ARG Y g SO S asccaish (e oSOt ik raey
eXPr eSS eSofSHRY Rlefholl 06 TR EeriRE HURYEE - pribenddll HOGid @in TR 8l HelidternlaICi NY @
.- Steroidal Response Based on this pioneering discovery, a nethod i's provided
~of di ssocwhether selected storaidiicam tigen o targpl wongkheliropit cfiveit vie aspreviousiypl
genotropic effect of a.,steroid 26 13 Decenber 2004 receptor. In one
embodi mn@@@ﬁl@ﬁiuﬁ{ﬁéﬂpﬁlgﬁﬁffql‘ﬁﬁcﬁégg a method for selectively inducing a

st-eroi dal' nongeneid ABAEmitRE! Mestratohalf thitC hdes of RO inehtiba # s RegPtor
with a compound that,sufhCiently- interacts with the |igand binding domain

- of the redsqovereditimt the ertnogen receptors (BReend ERE) and dyt ndrogenirectplor AR)
tropi f f.ect ... Whil €. not: tivating.th - bi ndi ng, domaj n in
el s 18 frafoid - tpii Sendls " Sbbe" A5y SRS M R 0

enmbodi mendfficiandieirftepledtive R aMtictied theobindivldidand gk Wni s3tbogdngr an asdrega. dal - -
genotropi_r effect, that includes contacting the receptor with a_conpound
that - suffurtiens 3t bas been; dispoxsred flat thernonssatrapRic desrmtor-dependrat meghasisn in a

manner ¢ hata A SSanbBtd EEPALALek URIHALP R GRAOL BRI EIERELyathi | e not

“inducing a significan nongendtropi c effect.” | S consi dere at a :
-1igand ddeeolves acivatien a of siegtradelloBnt sigmal Yepubsednkirmsds e{HRKY) ifret he

effect is less, th 0%t hat_ of the natural steroidal effect, and in a
pr ef eI(Sr edn?-ﬁ%ﬁ%’tﬁp tdtllsslc’oé@gl%tf[’%’hﬂl’i,“aﬁcr&m@?‘lla%t&gga‘ﬁrﬁ%ﬁpt‘?ﬁ t he nat ur al
steroidal - ef f egfe plex R 9%&@@& file Q%Eﬁ'%ﬁéi?pwnsﬁfé}é&’hﬁ:\éldi&?%ﬂéﬁﬁdbUt_ are

~not limted to 15 intracellular sec, meSsenger systens, signal
t r ansductreeapiqrdd indues, a mmgenoetedpic effget nowi axpldinsithe, anoimgipadescribetsisiibei on

~ pat hways, P |dn Il gnal transduction . pathway Src/ She/ E si gnal |
transdyctﬁ%ﬁg?gpﬁ\ﬁg;@?%gﬁﬂfoﬁ fhgﬂ nS?gﬁnﬁﬁPlélge%ﬁﬂl. re%eﬁtﬁl WM SREEMEr ati on;
secr et i ORjssd3WRYS o l@h&ﬁh}bd«b_ﬁ@é clﬁ&ﬁ@fé@éﬁ&y ;InGath a¥Rid, 'tlietsiéroid?—ih’ Lelf, _ghet al
rearrangenments; and apoptosi-s. 20 In another aspect of the invention, a

“sel e viunyelatad gtsraigd reesissin mediale thatinengenotropic effect (with the exception of
' course of the event in which the effect is not receptor mediated at all). '

IV. ' Method for Screening 2 Compound for its Ability to Selectively Induce a
, Steroidal Response

® A method is provided for screening compounds thét are capable of inducing a
steroidal nongenotropic effect without substantially inducing a steroidal_gcnotrdpic
| eﬁ"ebt or are capable of inducing a steroidal genotropic effect without substantially
* inducing a steroidal nongenotropic effect. The method can be carried out ili:a'number

30 of ways, including: .‘ o '
| M assessiﬁg the ability of the compound to appropriately bind to the ligand-
~ binding domain of the steroid receptor without substantially aétivating the DNA-
binding dorhain of the steroid receptor, or to appropriately activate the DNA-binding
domain of the steroid receptor without substantially activating ﬁlﬁctions mediated by

35 the ligand-binding domain of the steroid receptor; and then
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but not linited to a peptide or protein or a |igand aM QSB?W%T)m%n be

adm ni stered that conpetes with an endogenous or exogenous || gand of ‘&
.steroid receptor for a binding site on the receptor as a neans t0o nmask the
activityvedot/4ssos | i gand- bi ndi ng interaction- As one exanppernfoRf@id de or

| i gand antagoni st can be adm nistered.that binds with 25 the ligand binding

effoct. 1Y antptileBe RtBkE ot OF i SR CABAERAN, Bsrclt BORHBHIRE, can
be adni nimlues edticbat nomRaskopé effobtheridilt Biltintigliy Gra grra feri@gpichat

. prevents the -ligand frominducing notropic, e fect
sel ect i vFESet; ‘??d@cﬂ%l}’de ABGa e gt gqnﬁ&ﬁ)wp@fﬁeﬁfewﬂh@m%bmaummd@m vity of
"t he stergggm{u% dlrectly by interfering with 30 DNA-receptor '
I nteracti éns or 1n |rectly by preventing the receptor fromformng a
pr ot €5 n- pr ot eThe tﬁ:‘mwﬂ"tqs:mmbe\abdohlgﬂnshétbmatﬂneldcubﬁmbdahﬁ@lp’t@feﬁhbmiw&thor t he
DNA bi ndi.ng . do as desi red dditiQ a the sel ectivity inducing
conpoundteasid tC%P‘%ief c SH{sra P}ﬂjhg‘? e of e genspondmldng @ch t hat

~when. theﬁﬁlggp%mﬁﬁﬁtﬁﬂ&{ﬁ HSmahQﬁn%Zu%iﬁt@Qfe@%ﬁe%ﬂ%ef@e%&g&ggac - at es

PCT/ USO111 conplex 1 act I vat es genotropic activity an

t he nongastvateponlyathtei ligand bihding doteximior andy ¢he MNA bindiag sloinain, aritisher '
aspect, a .for L nduci n aselectlveefet of, a,.stero receptor is
pr ovi oo thizh S b8 cumeR A 7 FERgRlRy Dr3 1 VB fGlints liwﬁmewund 5
that 14 nagidov@ineBe tJaRetidifly DiRFHING E)gﬁéﬁna QferbidCrebEREPLHP Qéf\et[é gAY a

conformati onal or "confi gurat I onal change in the receptor n. yet. anot her
aspect otheteod | Goroframin activitymeathbe quantifindursingy kaownliedtmqleses‘ubhcas of a

- steroid.receptor,.i s Vi i 'ncl udes adm’n'sterin ffective
amount  of" 55"88 ?ﬁﬁfg%%\%gﬁr#@rf& TEERDs LR OB e he
1igand bj!nRéNA\@ﬁJécﬁb @or Be biBiofLaaBID egilaidd géifts n(Bc?ee‘faﬁigf &gy §GRan or 10

a

configurational change in the receptor. As used herein, the term
conf or netivVe®&aIn viange refers to a change in the three di nensional

strugture of t The_ t.e onfi n cha to a
chemﬁ{:al chan%ggﬁnﬁﬁtgﬁg %Eegtse?n 1isit?lr;qtg:z%ﬁur%e Q%B}édelan\gl% |cﬁ'g§‘?isﬁ'$gl§ E%red to

sel ect i vetmypoahfietHat aele&&m!}fm&udermtawa fdngehetrbpivior genddfopid efeat #ithegept or s,

i ncludi ng_ those, set. out in Table 1 hereipn, and._ in partlcul ar, the a 15. or

fi form PPk @%@B@Bﬁ%#@@%l’&%@@ﬁw{%@%strogen recept or |
el ated. oo gk LaRRxic 4 ARl SNABETI) ekl rligRgr T ocCPtor

(AR), the progesterone receptor I nol ¢ acl d Iece rel at ed

or phan rtmsepbmlm.ce sRERaIngRERER comprdingRbRsfepsgifyrownngt 4 tesud cultaepietlr (CGR),
m ner al rt|c ece oh % Q Vitam n. D receptor,. peuroactive receptor,
far n@soﬁbﬂ vﬁg 135) 18ag ef é*pp;@pnate confluence, typically approximately _

50% conﬂuence, transfecting the tissue culture with an appropriate expression

plasmid of a specific receptor and an expression plasmid for a target gene responsive
1o the selected receptor; contacting the-transfected cells with a test compound; and
then determining the effect of the test compound on fhe expression of the térget gene
.25, to ‘determine whether the compomld induces a genotropic effect. In an aspect of this
| embodjment, it is also assessed whether the compound has’ induced a desired
nongenotropic response. As a nonlimiting example of this embodlment, cells are
contacted with a pro-apoptotic. agent; - the number of apoptotic transfected cells
contacted with the test compound is determined; and the ‘compounds that inhibit
30 apopt051s and do not substantially induce the transcription of the target gene are .
selected. . , o
In the screening methods described herein a tissue culture cell line can be-
devoid of the receptor whose Biological activity is being tested. In this case the
missing receptor is added to the cell ]ihe by irensfection of a plasmid carrying the
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20 receptor. (LXRa and LXRP), thyroid hornone receptbt el 2804 whi ch
*bind*.triiodothyronine (T3) and thyroxine (T4)), COUP-TF, ecdysone, the
PPAR fami |y (peroxisorue proliferator activated protein, including PPARa,
-PPARy, an, P , pregnane X ("PXR "), bile acid binding fam]ly, and
chinmeric g’r? l‘cl)yr%f%?an receptors thereof. 25 I11. Induction #Wﬁﬂ@ ropic
Effect by Steroid through Non-related Receptor |In another enbodi nent of

t he i nvenePI3A, for themmissivggacegtos ©p e chigera Hax thetdsfigiedtrecggor aFhd respase a

nongenot r gQpi ¢ fect_via an interaction with.a.steroid receptor other than
its typic ?m ?tﬁ‘éfﬁ]@&egﬁﬁﬁwﬁsﬂie%‘égﬁ@%\%"#@% term"non related
receptor” refeThe trecerithe rédpomdied) epnder t DS SeMieht dPaRINRI gl CRed
genotropic effect. It was heretofor wunh  own that a steroid can act

"through dEsSReRseslarenteenpsspandingdodbsspecificypcepisriused indhe syRias. not i nduce a

ecentor 5004 8 BARD BB ALARGE & S BEET Bl RAuG B e 27
uncl ear atTARA" elefitnt capabRufibmdith RNA polynitessed] ahd Rofideed fisth @@yiogel y

i nduce a nongenotropic effect of a steroid receptor, conprising contacting
the receph®coRmony pseh plemsntsgrat eramrles Rymidie findse Promotsy, v nd

activate ' e steroid |igand-binding domain to acconplish
dosi Aol AR MYI LT

t he B of the nmethod of screening nethods presented
"herein can be Tiserkbpbriedgéneraanibe selootetieom anyalfaht edriay of gledescianwhicduce . a
target nonpgenottopic, eff.ect .via a previously considered uprel ated_steroid
receptlor .tEgrPIBWE:‘ Tuchiis eruly; #5 a% |d8W°E‘?)F/l tQﬂessgg‘ffgé’ﬁ ¢ aheeadlyent i on,

it has begghentiesCoUENHRE g‘ﬁ?@fnlfgﬁ? 1S LEQEL Asda§E6E RO odlorifrfehitk, aﬂﬁjore{tgflé) and

t he androgen receptor ( can transmt-anti’-'apoptotic sig to .
- ost eobl astnuneghesicel chtewalwithdiothdnigal methiods. divether, themporden gene cbnwhet her -

t he bi ndi | | d | ~ d "Furth L has b
i Scover B R ST ERETGEn Of a0 SRoRED 2o, PN 2 e Asd Tefudsrbacy | on of
- est r ogensaaRaPathaRe oraBhéticdl AcétyPiranTsasd (CQSTE BBl st 90GYLES

invol ves activation of extracellular signal regulated kinases (ERKs) are
1s neéharrbesphedaseylugiferses ingplide horomoes cgrowdin Sasiorpand ehimerist protains. dh t he

iy of at e Peledlnbobed he il Rol SR BORISHE et ERRGERHE. o1 ai ns
t he anonmsCAT deassd th@thrmalidiesysteld Wegazs ithisalot b herhakesicuting dayme in

nongenot r opi ¢ tertﬂsg@gf_f ects occur_in cells or _ tissues devoid of the
respect i VBARRNZLa ¢e % eAsy tq epsay; dihus, the sreepion depander; agtivatiopaf KA BN

- in tissue culture cells can be used to identify compounds which directly or indirectly

20 - interact with the receptor to activate transcription of a gene. _
In another embodiment, a method for screening cbmpounds for the treatment |
of steroid receptor related diseases or disorders is provided compﬁsing: () contacting
a cell éxpressing a natural or artificial steroid réceptor'with a test‘ compound; (if)
_ assessing whether the compound activates a nongentropic activity of the steroid .
25 receptor, including but not limited to an intracellular second messenger system, signal
' transduction pathway, protein kinase signal tra_nsducﬁop pathway, MAP kinase signal
transduction. pathway, Sro/Shc/ERK signal transduction pathway; regulation of
intracellular calcium conceﬁtraﬁon; secretioﬁ; .chaug.es in celtular morphology; cell
motility; cytoskeletal rearrangements; or apoptosis; (iii)_ determining the level of
30 transcription induced by the test compound; and (iv) selecting the compound or
compounds that activate the nongentropic activity of the steroid receptor without
subsfaﬁtia]ly activating the genotropic activity of the steroid receptor. “Suﬁstantiallyi

activating" the genotropic activity of a steroid receptor means activatipg transcription
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20 unrel ated steroid receptor to nediate that nongeno'{?PBﬁ?eémﬁﬁrfzg% (with
the exception of course of the event in which the effect is not receptor

- mediated at all). IV. Method for Screening a Conpound for its Ability to
Sel ecti vav@ oi/nébote a Steroi dal Response 25 A nethod is ppovsechsbsy
screeni ng conpounds that are capable of inducing a steroidal nongenotropic

ef fect Wit hout bst.ant i.al Ly induci n ] ' : e .affect or
are capaﬁoée‘gﬁniﬁ#ﬁgaﬁﬁldg&ggbé’r@? EX 'Pgesnoﬁlﬁi%%&ggog#’f%gs P%E{aﬁg)ﬂfesgu Stantially
i nduci ngs; 2.1 &4®1 ¢ dal nongenotropic effect. The nethod can be carried out

in a nunber 30 of ways, including: (1) assessing the ability of the :
conpound to apbrepRenenbodipetice tr@gqoﬁefor sGeaminGrorep oty ds frdragtiaentiof@ st er oi d

" receptor W Lh | Ak cl 09 1 o RAN g d9MRiOf the
steroid ?ge&c;et%i%gé l,-e%ggl%% ge%%%él%%arsi&a%ﬂeqig&g%g i bg)ﬁ% 1 hem%h%ﬂagl. ﬂ%ﬁqng tglgrrai n of
the s4 eraiaéﬂbﬁ%ﬁﬁﬁiﬂg a Whttnd o arsifibial sext stabidyreceptorweith agesf compoumdulonedi at ed by
35 the |igand-bindi,ng domain of the ster'oi,,gi receptor;. and then 29 13 ;
Decenbi r OD &0 20MPINgHeD Fatna prorapeptaic agegh dii) @ssessing Fhwethey the,eompImdgi cal
activity e,t : SSepnt b € QvarhiidUGE anhjar get

" nongenot ?%%‘fa(&:é;e?flg%{gegmﬁ)ﬁg %Ita g‘gbgs?? S%tg i it?llloicp irg%gtcir’ngogagjé%@tg T cc‘)tplmgnhef fect,

_prdi_ts atrah 3'd11yﬁ¢1::)pam:1g. ES;J,?IJ h?a@gm'?‘m'h 'fgsecqngnﬂt" téﬂaimhm, ﬁgﬂphﬂm ys:allm A gtifal l'y
i nduci ng,, a genotropic.effect. . 5 The first step can be acconplished via
ol ecul aKITR66I IR, FIARIOREPABYATOF (e ERIoR DCDURIRA sl AFPERRati vol y, -
modi f4 ed .- Slifh a8 ot & IRdiongg-domai n
can Ede uﬂs%@ﬁ?%s’cfg{o eéér?“l ne V\ggﬁeﬁfg}[&t he tegl'?p%agun%gﬁrﬁr@ aﬁ%tté&gﬁfﬂg%%’ t he
Ii»gagd b(im)jﬂctgrminmd 'f'whciherdhcf fest drenpioiiA tdtiﬂh:?itm@@mmd iTl.ceIlTheontmtdql ﬂi’éd L orm o

- can be expressed,. r. exanple,.in.a transforned cell . C ultured in
oot o oo bast Smond LR SR pBirbigich Bt B8 BF sert, WL SRS, *Cenot i o
variant  tHehesBRSundCon bmhpdtings Agk ia¢tivite AR nbRgatrdpic idteily Ust e Sei6iin
t echni ques such as measur_l'nl? t he amount of total nRNA generated in -

r espons eraceptar t withowo shstantiallyo ractivatingnitig genpfeenie  sctivly efhdhorsieraide steroid
reguk ted genes. Screening can be done in vivo or in vitro 15 -
Al t ethat TRFEPYT steps 1 and 2 can be conbined by sinply assaying for
conpounds t hatn €& akier @biboilingng & Riethdd fontheaeietion b picompougd asdftlopi C

effect w thout "~ substantially inducing th% other, _effect .in an in vitro
“cel | - basBythgstseaiment of bone discase or to incfease bone mass 1s provided that includes

assessing whether a compound activates the anti-apoptotic domain of the estrogen or
androgen receptof without substantially activating the DNA binding domain of _th;_a'

20 receptor, using methods as described further herein or otherwise known. In a
- preferred embodiment, the steroid hormone receptor protein is expressed from
. endogenous DNA. In another embodiment the receptor sequenée can be human, non-
- human, or chimeric. By chimeric it is meant, a resulting sequence comprised of a
mixtﬁ__re' of sequences from at least two different sou.rces.' Alternatively, the receptor
25. can be ‘- éénetica]ly altered ‘such that specific sgeque’:icés are deleted, added, or | ‘
 modified. 7 . S . o
In another embodiment, the activation of the DNA binding domain of a steroid
hormone receptor is determined by using a non-endogenous DNA sequence encoding
an operable hormone response eleﬁlent operably']inkéd to a reporter gene. Methods
30 - of measuring transcription levels are known in the art and include physical isolation
and quantification of mRNA as well as ' more complex: procedures. - For example, the
production of mRNA can be quantified using reverse ﬁ'anscﬂption—polymerase chain
reaction (RT-PCR). When optimally performed, RT-PCR can be used to detect
transcripts produced at very low levels and can idcntify RNAs in minute quantities of
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-An addi tional enbodinment of the present invention is 13 Retaeer 6P O%haki ng a
tissue culture screening systemconprising the steps of growing a tissue
culture cell 20 line until cell growh has reached appropriate confluence,
typi cal | ywappwasskesrat el y 50% confl uence; transfecting. thepdpGSiHAsey! ture
wi th an appropriate expression plasm d of a specific receptor and an
expressiof, .plasm d for a targe responsive to.the ect receptor,
cont acti nhgdrttng g %11‘ efé.?%%m e%?"ls&%ﬁg@ahfse%? %Og}%%rﬁwgy %\‘f?@ea%lﬁen erm ni ng
the effecéndobeidie HBRNA devilowal B rbdilyerphReRHOR Qbsekdaht met gepe - 25
to determ ne whet-her the conpound.induces a genotropic effect. In an aspect
of this @mm#é}ﬂ?mp@ngfeg@sﬁs@eﬁb@demm‘gmm tofghe pressuihthveation, | nduced

-a desire ' . As. Limting exanple of.this
enbodi ment, ce gtagfglbt? 8%%%%@?%& %%%a&%?ggsa&&%tapggm% Entt pWFécaiurrber of
apopt at i cchatacteristiecofd cogipotnd 4o RspeisetoV tddt bhapdwat intQaBipdith She

-~ determ ned; and the conpounds that inhibit 30 apoptosis and do not
subst ant | SFPIL TERRIe the transcription of the target gene are selected.

lLn the screeni ' Sadescri 3 11i:SS Liure cel i ne can

be devoid of t %‘H?%‘@gtg% \%A%%fse%?% mg‘f’ﬂ%& élaa{%:tbl%vi @egl#igiegei% ggt bﬁ‘déd I n

t hi s. casemichearrayi ssaysg Bisflyt amcleic adidedn tthe tfoemcef llodgd ”Rbuble siramasd ecti on

of a plasmd.carryi he 30 13 Decerher 20Q4 . WO 01/ 96605 PCT/ US01 /18950
forcoﬁ@nf‘ﬁ%%?’ FQhegpucieotides, is ﬂﬁ’i‘égﬁ%@aﬁ%@l‘ﬂ‘éﬁqf’ﬂ? ghdes,qthept or . The

" eSpagSe whLBNRL obfolleh Pind SCRMOHNEARNaRRA BRAAHEd KL, HhiARA! 661 1 ON.

The receptor responsive enhancer el enment 1s selected
r esponsi vibowdapdeof wigusr spetspafimicleir 20 chebs paidlito endr side RadRackively t he

Gont i ns o BTt BRSE R b AT s apohih o Bl elecod 2B ama 15

sel'ect ed dppfspriaftypddfod dfitans umaRRYdraliSashif) SIBA e HFBfdBXE PRI ni | di ne
_ki nase préggoter, povaI bumi n ‘pronoter an mv LQI'R. T?]% rgg(%)rtnedrcméé:ne can

- be sel ectasifl is deieriaf ysing ammerosenpieatr peasher &fibs nieleisticihidentityod epchotpet n

prodyegt i = b Vs - kilded in the art readily
Fecodni 2 h iR Shddis RO o RbEEhEuo el ih eiapmple it e DY
f 1 uor esceiy presemoeLofoa sigasti srahat gPoeEileation onr theisiabeUkaa! thisehbeds théur t her,
the reporter gene can be a_chinera. Exanples of various reporter genes
whi ch ¢ aﬁxB’é“fog% ievﬁﬁ‘éﬁ thawsapdeof grnes ean by siapipreousbhmersmgthiniustor feaxcet y|
transfer ggg.( CAT), 0- gal actosi dase, alkaline 15 phosphatase, |uciferase,
pepti de hornones, growth factors and chineric proteins. In

' In stili another embodiment, activators of selective nongentropic signalling

20 can be selected by (i) contacting cells expressing a natural or artificial steroid
receptor(s) with a test compound; "(ii) determining the amount of ERK a;ctivation in |
the cells conmtacted with the test compound; (iii) detennining the amount of
transcription in the cells contacted with the test 'compound; (iv) selecting the cells
contacted with the test compound that exhibit ERK activation and minimal .

25 u%’hscﬁﬁﬁOn levels as cbmpared to transcriptions levels in cells contacted with the

| natural_steroid. Ina preferred embodlment, the compounds are idenﬁ_ﬁed using a high
throughput ciombinaﬁon screening which simultaneously detects ERK activation using
a SRE-SEAP construct (positive readouf) and C3 (complement 3) transcription
(negative readout). | 7_ S o .

30 - The SRE-SEAP aSsay detects activation of the MAPK/JNK signalling
pathways by means of assaying franscription factor (Elk-1/SRF) — induced activation
of a Serum Response Element (SRE) placed upstream of the herpes simplex virus
thymidine kinase (HSV-tk) promoter that drives fhe expression of sgacreted alkaline

phosphatase (SEAP). This assay is commercially availsble as are kits for in vivo
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‘the preferred enbodi ment genes produci ng non-native pF%P%ﬁW@PﬁE?@G%sed For
exanple, CAT is used in mammalian systens because it is not 'a normal |y
occurring enzyne in manmmlian cells and is easy to assay. Thus, the
recept or wipp@geENt activation of CAT in tissue culture cpbigistdzo used
to identify conmpounds which directly or indirectly 20 interact with the
receptor to activate transcription of a gene. In another enbodi nent, a

met hod f gssaxa:foebﬁlﬁgor: @@mdgnegmer@lh%‘* bwe&eh’é'ms %ﬂhoethc%@emﬁ)

rel ated eases o | r QWbdSd g a
cell exp bs gp Iﬁe‘:ﬁ% Egl‘%liﬁg’ﬂﬁq’tber0| %/r eé(i:l'g%lf c@rei]B éﬁﬁ%ggt
: COWpoundfor(M Ars xﬁ%s@aﬁso 75 ssheh had thdweassHyeitp ontrob shrnphis ege Greitod @Gi r Opi C

- activity of the steroid 25 receptor, including but not limted to an
i nt r acel Vetigle altBeond nessenger system signal transduction pathhay, -

. protein. Kina: eﬁ“.@quﬁga! Qﬁwﬁéiﬁ& i '
transduct i on: A pat hwa @ glﬁ%’n 1ngﬁ‘§s&§tfpgﬁﬁga : yt;BSt
regul at i oompéund or chmmbélwlgial dhatcactivates Rorgdntidbicoreceioe raetiiritgn withbahges in

cel lular norphology, cell notilit cyt oskel et al r e nts, or

- apopt osi SubstanriaYy aGiValRg BPRASTOPMLIC eqawtzocqmwﬁ& G¥EE by the
test co ctivate
t he nongg%?%p?lgﬂg%% ‘Jfré%l%lﬁyg o?&%ﬁble S@gfogﬁ {épjgg‘ieig’t gPﬁv?nﬁ?@%lﬁ?apﬁn%gtfgfl ally
activati nﬁtmh@ﬂ’guwcsbreenihg gsteny i contagfs aMemtderrmegtarehapng)rat le&ibsdantial |y -
actlvatln h eno1 Lc.activ of steroid receptor nea ctivating
FrandCri pniheE pdaErlsnl AruPiuoiie R ool SRt o R SOB8L TR ¢ han
10% t hat niea&umnﬁxslﬁigg @ tavioht F QtraﬁécglgﬁSﬁ QR QRS anfiht quoﬁgeﬁio;slc I ess

. than "5, 2, 1 or I n anot her .enbodi nent, a nethod for Screéning

conpou ndscthmw Onea&zﬂednm fbe aﬁ mﬂeﬁadslcremgdmeéheé ﬂeomed@ chioseh dpéedssus or

dlsorder rOVI ed co cont ceI ressing a
‘nat ur al t]PF’l g‘?%ﬁna? Pﬁ?&f&%&)"é‘ﬁ% “bd f‘ul %%E‘ﬁd”%?none .or
conbi nat t]ib'hrt"éﬂd"kuﬁalﬂé Jor AP @Eﬂl Gihé.CTHRG € Yptork hud r@aﬁeﬁ St cuﬁn 8k hededtie |
conmpound activates a nongentropic activity of the steroid receptor, for

exanmpi e, C&h%ﬁ@ﬂﬁﬁﬂtcﬁﬁ@hk‘d@ﬁfe@hm pat hway such as a protein base signal

t ransducti on n th or in
“general a necﬁg%{ﬂas@hgﬁ ﬁ‘ﬁPg%E'é’&érﬁ gl%%d %%g%%%éé%fgu%écgﬂe T Wga t he

| evel of stiefoid sepipis i@ lprmndub@;dnpnsmgwhetsmps of (Dpuitnting cellyin ch&itceﬂmml ng

whet her the, test conpound inhibjits - ptaotitis in cells contact wth a
test conBdid %F’Eﬂfer{g G@%ﬂ%tqro %F' Yae’ﬁgfﬁsa% oeretd Ee%?Q@’it% nd (v)
sel ecti nsothﬁ. Ca{aoemgd Wik GORPUSdiat (B8t a arnﬁniuge VYRGS N ORIsE

~activity o ster0| d receptor w't hout “sabstantially activating.the
genots optempatridvadtivatef nongemtopioadivity of the steroid receptor; (iv) determining

- whether the test compound activates gendiropic activity of the steroid receptor; (v)
selecting the compound that activates nongentroplc activity but does not substantiaﬂy
activate genotmp1c activity of the steroid receptor.’

| 111 one embodiment, the cell line is OB-6 and the nongentropzc act1v1ty can be
25, d&ermmed by assessing whéther the test compound inhibits apoptoms Apoptosis can _ '
 be assessed using techniques known in the art. For example, cells can be transfected

with Green Fluorescent Protein localized to the nucleus to assist in assessing changes

l.m nuclear morphology correlating to apoptosis, Apoptosis can also be determined

" using Terminal Uridine Deoxynucleotidal Transférase Nick End Labeling, In Situ Bnd

30 Labeling, Hoechst staining, or assessing caspase-3 activity.  Additionally,

nongentropic actmty can be assessed by determining whether a signal transduction

pathway has been activated, preferably the Src/She/ERK signal transductmn pathway.

Celis can be transfected with a nongentropic activity marker, preferably the serum

;response element/secreted alkaline phosphatase (SRE-SEAP) construct such that the
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15 receptor. In yet another enbodinent, a method for tHeeSoEEI¥h of a
conmpbund useful in the treatnent of bone di sease or to increase bone nass
is provided that includes assessing whether a conpound activates the-
.anti-apo hifosEgyTei N of the estrogen or androgen receptaor without

subst ant Pgﬁ?/l%gct i vating the DNA bi ndi ng domai n of .t he 20 FEII0ysi ng
met hods as described further herein or otherwise known. In a preferred
enbodi menindugeteactivetion of ey swme resmast elemenbdeves the exppessiss axf skereted

endogenous, DNA. L n_anpt her ~enbadi. t he receptor sequence . can be human,
non- ghurra%],kaﬂi\lt% é’#ﬁo \%5"7' By 9EhPHY %Il’ tcoma%tt‘?"t%\ tf'@_s%ﬂ“t"?‘ﬁ%“ Hgthence
conpr i sedMXPR/INEI %igﬁﬁ]ﬁngfpéﬁﬂéﬁ%nﬁﬁﬁnéaﬁﬁ%f%sdygﬁshah%ﬁigy BERRIERQU Ces.

Alternativel the receptor 2S. can be genetic y alt t
speci fi c &8RFanThe degree af genosigpicadtivity canrbernssiissédbuking techaignesHamwarinodi ment

the activati f bi.ndi n ongi n of a sterold.horpone receptor is
. deter n% neglfe agt; ]31&1‘%%%&5):%0\ Pgﬁﬂ%ﬁ%ﬁ%’ﬁ%‘ ﬁ@@@éﬁ%‘%ﬁe‘iﬁe@oﬁ F%t c%ﬁlp%‘ﬁgr abl e
hor mone r e8Pbe i1t BB corddRRADIY ‘2l initids abid sequéRRe doflesiRihg NEfR0dS SO
of neasuring transcription levels are known in‘the art and i né ude physi cal
i sol at i onSteiRil FesRemSer ¢lemeniopssesiateRnpaith she panticulay steaseid rsoegtbex Lagk adedur es.
For exanpi:eq: r et i uantified.using reverse
transcr rgé’ﬁg‘r’%%g‘% %e%gﬂég& Ee%gicﬁﬁpgri@;.‘lg‘g ?I%ﬁlgf &(‘; I PRRRE nelgﬁ?ﬁn%?ﬂ\:%pce,

per f or nedindRiteP@Rt dentebtecongruint doekei Giffect! denBEEHIC PG VIRY.O0ke & oRfinat§r Yy | ow
| evel s ang.can identify RNAs in mnute quantities of 32 al WO 01/95605 13
Decentfer in thecerf widbapaisostedsthal the siherdhe unlabeledetrreid: or thaanfbeledR kit s

are Ccomelg 24 qPﬂa : e readi |y
. moni tored .tﬁﬁoﬁgiglg%éﬁ%%agtﬂgf ec‘%m%%edgirhg%gg%%% %ﬁ%ra g%é@rs% 5%?@5353\?@ s. In
- ot her enbrespomeantleneht ahneqicd cantthdmiveaddedno the solibphsts. dDétestitin Gctheened by
assayin nges i n,.the appearance or sical 5 characteristics of a
Compound TheECHs 0u4 pe Rcle TSR ol ek Fampol nhraiisbat Gedesi o
| recept or . cofgogfidhaddepRk Yomblg cﬁ?é@ﬁ@tslﬁh@ﬁuﬂéic%gﬁaﬁlldﬁtﬁt@%eg&fﬁd&&e%r gheusi ng

DNA niicroarray assays. Briefly, nuclelc aci orm of l'ong doubl e
st r anfed geooueiie petivitr AlBiatively, the gemidoceaptordest, congpompg comglex@agbas s

m crosco l.i dess._ei.ther 10 using robot cont.rolled pins or, solid phase
cheni cal pl%f/’%t]%g’s ding TS %&gﬂmlga‘éw _ WBHB%% a“ﬁ&sdﬁf’ﬁgg‘gs%t%"tof
nucl ei ¢ dirhitedcRnARY, NFRBL SRC-0 28@ Bt 18tel dRck BRBiRBES bY BleYsteroid receptor-
test compound with transcription factors indicates that the test compound does not
inhibit genotropic activity. '

20 " Additional _embodirﬁents of the present invention include screening methods
usi;lg muitiple transfectants such that cells can be optionally transfected with steroid
receptors, inducible reporter gene plasmids for detecting genotropic activity; dr
inducible reporter gene plasmids for detecting ﬁongentropic activity. The steroid
receptor is trans.cription'aﬂy active such that it can induce the. expression of one or -

25 more fePSfter genes. Compounds can be screened for desired eﬁ'ects on genoﬁopic or
| nongentropic activity by monitoring the change in reporter gene expression when
' transfecte'c_l cells are 'f;reat'ed with a test compound. For example, a first reporter gené

o construct can have a response element upstream of 2 reporter gene such that the

 transfected steroid receptor encodes a protein that interacts with the steroid response

30  element to indiice the expression of the reporter gene. The cells can Bé single, double,

| br _ﬁiple transfectants, or any other multiple of transfectants. In another embodiment,
a method of -scre'em'ng for ligands of steroid receptors that induce nongentropic-
activity without substantially inducing genotropic activity is provided comﬁﬂsing the

.steps of: (a) contacting a cell with a test compound wherein the cell has been
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or fluorescently |abeled sanple (probe) DNA is then appPPEtfS2PRE siide
and after an appropriate.period of tine, and several -washing steps, tlre
hybri di zed probe nucleic acid is detected using a mcroscope or-scanner.
1f the nwo eigegci d identity of each spot 15 on the sli depdwuddiawsso t he
corresponding nucleic acid in the sanple can be detected by the presence
of a slgnal at that sEot s | ocation on th slide.. Using this nethod the

expr essi cinsiagied wath i 6%8@‘1‘@?0‘?95@%@“ °§?lrﬁ§ﬂf?1§r¥€ 4nPr 888&HE ed i n
just a feuw:, RobhS: Fﬂé&éﬁ%v@ﬁ@é If h% u%@'@ct've

‘nongentropic si gna can be se ecte c actl ng cel
- expressi mgrapnﬁcﬁaheﬁrepcﬁcrfgcnc anssney mddu) scmmpﬁqro@lso elmteht—la:poﬂs:t

- ggg{)gg?g@ WI [ ) det ﬁ@;ﬂ ni nﬁ &&a%ﬁnci[f)tﬁ%fgﬁ RK aCtuh %%ll n.in the ciel S
transgri pid fh@%dﬂ%e El?cl-ljeﬁor?éi’ 123 n)t B6teinfiBing CRERARRM of mevaestsel ecting
S est conpourid

t he cell tacted with the. t hat exh|b|t ERK activation and .
m ni mal 25mp0mmimthep1anmﬂt®nellf ﬁlmnmmﬂpmmd elament-seporter geneonstratiel s in

cells cont(ii W‘h{lh t he nat sterotﬂ In a preferred embodi ment, the
~ conpound&® Fh%ﬂonaw i RPgYRLes; ?8&5??5’@5‘“&8 G SHVBACPO ¥ eni ng
whi ch si Mﬁﬂ?@c&w &%%&&&%@@Mﬁ&dﬁ'ﬂ}ﬂbﬁeﬁﬁn% fhe SREsSRABn eFmsd 1 uct

(positive readout) and C3 (conplenent 3) transcription (negative readout)
- 30 The SREISEppriersgany cdustarst.s activation . of the I\/APK/ JNK si‘gnal | i ng

pat hlﬁys by ns Oh?ﬁ]&lﬁgéfpgﬁ“” S%I‘B_fﬂl é&g ace gl&n{,énﬁlﬂli) duced

activation onse Erement upsttream aF The her pes

si-npl ex ptekﬁﬁed ﬁﬁﬁg‘rﬂﬂﬁglekctdmaﬁﬁs(rhtﬁ& tHah apsingiet @il ﬁﬂh’:lboﬂﬁmﬂlgsmﬁh@le
- expression of secreted alkaline. phos&hat ase (SEAP).. This assay is

conmer ci densfeeienis. b eneemhpdiment ¢ methof rpf sopeendy fou qumypQiadse tregbos WO
01/ 96605 I 1%' Lind h
‘after t rSt éagq; r%%&c%%ga?%dm&-&&?%%tlg%? ng. %Ergéné\@gﬁm Wdﬁfkcegﬁﬁr rredl u:nst hat

cont ai ns jrabsudted .With e transcripdbhatlyadotive tdroide ebceptor aﬁd ﬁm'ss repasteadgend 0. 2%
serum and t hen assayed ntrol sanples are treated w. Vem%tlgﬁ{:qﬂ one. 5 A

furt Hér &pmsGcHERascEptonallyfesnansive ii6, thetqrold secenipn: PEAGInG # sep ying a
test cogp ﬁﬁﬂsteéte&bﬁfﬂﬁakmﬁ< L gRabnAYAbHRCIEr6R R3cOPARIY EQBhE 1, F1:,e9teﬂot or

activity wt substantiall'y actifvating genotropic receptor activity,
conpri S|gnlgp cdxstmctewhencin tremseiipton of thcssumdaﬂpomleg@cr@eam m@asatesn i n-

0o " Biadiaton A BhGBebE i b Er e, 4 Figpht B3GoRhbd BhinAgt oo 19

determining the effect of a test compound on the transcnpuon of the first and second

20 reporter.gene constructs; and selecting the compound that induces the activation of the
second reporter gene construct without substantially activating the transcription of the
first reporter gene construct. | |

“In yet another embodiment of the present mvcntlon, a method of scrcemng for
| compounds effective for the treatment of steroid receptor rclatcd diseases or disorders
25 ,Is prov1dcd comprising; adn:nmstcnng a test compound to a host, prcferably a '
| mammal, most preferably a mouse; determining the effect of the compound on the
target nongenotropic action; detenmnm_g the effect of the compound on transcription
-of genes regulated by the steroid receptor, and selecting the compound that mediates
_ -the nongenotropic effect and does not substantially activate the transcription of steroid
| 30" regulated genes. -
Apoptosis of bone cells can be assessed by obtaining bone cells from the host
- after administration of the test compound using TUNEL or Hoechst staining.
Additionally, ,bone‘histoxﬁorphomctry can be used for directly and precisely analyzing
.the effect of test compounds on bone tissue. Histology samples are usually obtained
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10 identified nongentropic activity; adding a test cohbBEFRIYY “2heni cal
signal to the nedia and neasuring the anount of transcription and the
amount of va@gpedhsopi c activity. One skilled in the art will readil

Yecogni ze that the nedia chosen depends on the cell line BHOUSHUIBAY can be
any of the chemcally.defined culture nedia known in the art and suitable
for the ceby bbrnbiopiheTheeffpitoofa dest compamtien e mapsptosis o boneldelts day 15

ei ther transient or ahl e transfection, I n anot her _.enQodi nent, a net hod

for. scr eeniﬁﬁ‘gb? ﬁse%seébge&em@mgitéfa?ﬁe%pf the test eqnapQInd QARG DISE 9T BASYi ded

conpri si ng t L) | . A\ £ € - .8 wherein
~the cells %tge'tgglrh; fgé%ér)fng{s% icfalﬁ (L:J% %ﬁfdfg%%%ﬂsgs %E%?elrnt)ipgﬂ?%%égtqgr; tﬁe)

cont act i ngednmrtedidmognapitly (QCESt Bonepivenytly can e Jneatmrest withitdiguedhatibelr t he

e RSP S SR S BT Sl S e o
of the stegqishihi@edrs ect b test%%h:?%ﬁci‘éh ﬁt&%ﬁ%ﬂﬂ'@ Qe fairedie Eéh‘é?t?res

nongentropi c activity but does nof substantially  activate gen opi ¢
activity of theThaserodiortinasy ekilldn thel art wiibappmérdate febthe scheentry hethodeof s OB- 6.

d the’ tropi.c activit be...25 . deernined b i ng_whet h
The tost  CORORIRRE: REBOR ol B o Sttiaghft Lrmiey pmnpinds B actate g
techni quesydsBR¥Ric sterbidcreddptor aﬁﬁﬁtﬁmhﬁacﬁ%@diﬂﬁsn&@gm&spfe repdraiaeackioty th

G een Fluorescent Protein |localiZzed to the nucl eus to ‘assist in asSessing

changel i’FhesasPawound eobogsedcwhem mangantyopis acivigy ofi steroidypensploss & can

al so be deter, usi.ng.Term.nal Ui di oxynucl eqti dal Tr ferase
Ni ck End L"gbwe_“ %Sbﬂltl%enégf&ﬁc Eﬂ:ﬁq@ds Eg%lé 1 2‘3%“%@%%_ s‘fn_i%(fuglaﬁicﬁ%!be 3?%’3\ sessi ng
caspase- 3tk istdrbid. o\GRidid dedphot, relAe dBRikORING Aebideist Whed ght@pressed by
det-erm ni ng whether a SI‘%DGJ transduction pathway has been_acti vat ed,

- pref er abl yAcHKEY ofithe seroiEfudesirgdh hpt theneagenttapimagiititivgynot. Eiussincens be

“transfecte | t ' YA [ ' m _
eaponce. ouddiled, 8 AR R Fenlf dabiiolnBick He (kR Buukold B8R

that tise Félafcd Oseswban dbdrderd)OirD bhe GhttndRadt USGEL 1449011 recegtozedtlatel i vation
of the serym response . el enent .drives the expression of secreted__al kaline

phosphat as8seasielsSGRpvideseompsining: (1) comfatide Acall frPESEng amadiraber amificianpi/ JNK
signal | i nGyhaidhespiordih ARAMDORImAES 234k BRrdidl 223 k,p&dtpa_tés@%ﬁ@o&ﬁ- @s 11SRF)

. The degree of géenofropic activity can be assessed using te hni g known
in "5 the asessing iwhsthdretheebrpobndiiactivates asnangoittbprie cspivity sofctiet st with a

o r espondPigiars Con detehip (S 18D of s tio abdu@aiE oo farnaid: °"o°°
- parti cigl arangiiR eéldctimBe toipound@f cefnpoiidddhftGehvatt g SdRtehR 486ty §pmPound

conplex to the response el enent sequéence :
_ the steroid receptor without substanfially activating the nongentropic activity of the

.

steroid receptor. Substantially activating the nongentropic activity of a steroid_

* receptor means activating a second messenger system such that the second messenger
system induces a nongenotropic biological response in the cell. Exemplary biological

~-25 ‘responses are chemical cascades, including but not Timited to _thdse cansed by
- phoéphorylaﬁoﬁ, changes in moxpholbgy, secretion, proliferation, DNA synthesis,

- protein syﬁthesis, and cytoskeletal rearrangements,

A  Methods for Using Cofhpouilds That Induce Selective Steroid Receptor |
30 - Activity. ' I
. The active compounds which satisfy the criteria set out in detain herein can be
-used to treat a wide variety of medical conditions. Moreover, because steroid
~ receptors including sex steroid receptors are known to be expressed on a variety of

35 tissues in mammals including but not limited to nervous tissue, muscle tissue, bone
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i ndi cates that the test compound does not affect genotdBRFEREEEPWty: ne
of ordinary 10 skill in. the art wll- appreciated that the either the
-unl abel ed steroid or the unlabel ed response el enent .can be i mobi | i zed on
‘a solid WRMEHWAd a | abel ed steroid or |abel ed response BCHHEN 1888 needed
can then be added to the solid phase. Detection of the |abel on the solid
phase in ddye Bice (ﬁi‘cuwﬁsshesstm&&m%aﬁl oot @8 phdiaht fbSnti@Séan
conmpound- receptor conpl ex does not bi nd nuclelc acid and t herefore, does
not af f edte udgertodat camatgeaodlsordelyof Hhies@ on atliev dlsyyest Waersinefhsi tﬁSwIdGE;St or-test

d conpl d in bindi th k l.ear
Urangor i BEROR 6 SeFOR aSFon, FURT €5 o bt SR RRYRE o AP 1, NEKB, SRC| and

“the like. Lackmoh Sitewled@nbainkéit,s ey aclve @8aRbAAds oSt bé AEBOURA ikt h
transcription factors indicates that the test conmpound does not inhibit
genot opicerdievasoulay dispaseadtion example.cearapnupdnthevise theaqngentenic i sireid i on .
I ncl ude sg¢ 21, hods S L C ch t ells can -
be opti onaﬁFlﬁ/%D O&gﬁz‘ % t#%g‘flerolfldle}geee%%%ggag 5&%& %:f te%r@%%)ir er gene

_ plasmds xﬁ@dmdtetxfa@éﬁea@@@r@ar@mpaﬂmt ibakdnys. Qﬂictlveﬂﬂiﬁqjdmhﬂs i@pnifiedrbygene
plasmid for detecting nongentropic activity. The steroid receptor is
transcri phe gwesent inwenfior mayche @agve o mukiple, giesad tW@ePt@Tﬁp?Ié%ﬂ%’nh%‘fe one or
25 nore rapold EFreﬁ%%&eﬁn.e%ﬁ'.p%{‘%%xg@%b% %8{1 eeQ:SﬂgJo@%d Sonfid fRd S on
genotropi ¢ or nongentropic activi y noni ange in reporter
gene ®\Xprgastropicabiivity off cnesfepsit eebepﬁdr lvsithntinhitdtih @ the wehbtrapic eidtitycafrpound.

For exanple, .a first, reporter_gepe construct can ha.veo% response el enent

upstTeam pfifferent FRrpid, TegRte s arfya the BRNZCRIraRIS rACHYIEY ﬂfé? |r&°‘?¥?:‘épt or
' d t t t
encodes angFBE‘ﬁilﬂbﬁWIe;&w t?ogr‘ﬂéééh\& f%cﬁ_.ﬁtgfce 2 can e s n%illgrn 0

I nduce the 'expression o erepdrter g
.doubl e, macmvatm e transfectants, or any ot her nmul t| pl e of transf ect ant S.

I N anot her enbqdi mént, a netho f scre for
receptors that ' AHE ﬁ%‘ﬂ@‘@\’i’ﬁd’g péeésl‘ep W’IE I’P&%ﬁ g@ﬂd'%‘i q ifr %V nduci ng
genot {50pi &dd6ihe His¥rdess ﬂEﬁHﬂn@%n%@In‘-&éﬂéﬂdén@ QiabteARS W]l ad B moAbl@rti ng a

cell with a test conpound whérein the céll has been 35 13 Decenbrr 2004 .
WO 01/ 9668 ipgTmngSystetn 8 T5@ils ramkﬂmé@l em’nebﬁ stetqdae@mrseiqddh@@c@modu ng a

Whor el " ctoate B TS B0 Yo BRS et Abh 0kerlu BB TR, e

el ement - I &iiduads gafieals® et didedt fo &aﬂt hbmrblo%ﬁfall rﬁlsc&&mn&ehﬂﬁ@mpﬂeﬁs@por ter
gene construct; (b) determning the effect ,of the test conmpound on the

transcri W&GPT@S@W%IB&@@“@% r%‘?ﬁmﬁ’é%ﬂl@ﬁnﬁ CY{ c)
~detery ning they, LJn%tco é ﬁ:ﬂ@ chff BE uSTRBY E&Q aﬂ%both*&eag[aﬁtgﬂ?ﬁ'hbal {Rhddlg the
serumr esponse e ement-r eporter gene cons

a human, to strengthen bone for strenuous physmal activities such as sports or manual

1abor, and to strengthen bone in persons or other hosts who do not have osteoporosis
but might be subject to osteoporosis in the future because the host is in a risk grbup
for that disease. Other uses for a bone anabolic agent in humans include the treatment
_;_25 of hosts; including persons who are born with naturally thin, small, or unusually '
o fragile bones, including weak teeth, persons who have a genetic predisposition to a
bone catabohc disease, or an orthopedlc bone discase such as joint degeneration, non-
union fractures, orthopedic probiems caused by d1abetes, periimplantitis, poor
responses to bone grafts, implants, or fracture.
30 These compounds can be used 1o increase the bone mass m horses and dogs
used for labor as well as those used in sports such as racing. The compounds can also
be used to increase the bone mass in chickens and turkeys used in meat production to

increase the ease of proccssmg
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“.and (d) selecting the conpound that activates the t r ahSePFSRER08 t he

‘'serum Tresponse elenment-reporter gene construct. without substantially
effecting the transcription of the ERE-reporter gene construct. 10 Those
.of ordinamp&ldehes in the art will recogni ze that the invenidiakesageshe
practiced using nultiple cell lines rather than a single cell |ine
contai ning nul t{pl e ransfectants. |n,.one ephodi pent. a t hod of .
screening for _c%‘_ﬁ%rgﬁeﬁl N meﬁa%@fc %_QF%rdd‘feas‘?Se?é%pﬂé)%r qupﬁage%ﬁt?@f’ﬁ%g?ss is
provi ded ceuiflei 6étBghorddid th dinAils darfd FemeRs, ghicoeortiédiatsdiRed ekteddordbi
transcriptionally active steroid receptor and first reporter gene 15 ,
const ruct iDpReRIkZatnn-iAugery osteoneresis, vweightiessecsadndused) gstaopprasts, (g awi di ng a
-second cel i L h t ransckiptionally active steroid _
r ecept or a#&céé f[sig%t%g’ra?gé@or t\%&g’%ﬁé@%‘?{gf?’u%’t‘ér\%?’éf8?"8"3‘?’8?%’&%??&% B of the
second sr e pestéoporais) fuvenils dstéopordsiy PegétB Disédle, adtdogyithsisdpeffedta @esHiE opi C

~activity, preferapl yifﬁ signal transduction pathway, determ ning the effect
of a test lamwig \zrs %egxneaﬁhxf@rdlﬁﬁ sheugrataith arthyifist GarhamsStowh dlisease,
“reporter.ng _99&;%]& : Egléﬁj" 55@% i g t he
activation o?&?%e S cgﬁﬁdﬁ?négor%ér@ g ngiﬁgect)ns ‘rasﬁgfpvvlt c()%‘Fgetsrst’J gﬁ]ﬁ‘ﬁ% |y
act i vat i ngny¢lemnr aGhamétptistion offthé loethopedic bone disehses age iess cafbddeUsiass, | N yet
anot her enbodi pent of the_present i npvention, a_ nethod qof screening for _
conpounds E@P?r@ggp%gﬁaﬁl% uf@_ﬂft deganera oL dondpnignofrectiss crthapedie| aadelental seases
or di Sgrdehshlene® bausdd Oyl d QLT I ShiRg 1RGN ri Sty C und to
a host, p érfeF'abI y a mam"rgl %ﬁﬁp@ggglbl y a rﬁ?&ge;ﬁ%’é{ég‘%sﬁi Trt10| n?@?ge
ef fect of griafs/oapipaishdneosubstitate matarigls; parimdgriabdiseases; andckéleta] aglag andri ni-ng

. the effect_of the conpound on transcription of genes regulated by the -
steroid reBSHPEIEKE sel ecting the conpound that nediates the -

nongenot r opi ¢ afdBpdunds deleebadeaidiss RStha titedlh!proredd Natig dal@ldoRNEed | Pt i on
of steroid 34 regul ated genes. Apoptosis of. bone cells can be assessed by
- obt-ai ni ng fBoridec angmentation tdfe bovet mass tand/axd fiantuse rpreventionf in hdiseasss

, d usi | tai ning i tienal |y, bon
st oror pihdpiebrE by Sl BORCA%S SpDlcta wdstly, B33 omontiBen s be e
ef fect of usedto eeapborrddisebe BRARS b WhltR . ostdoblatlogaiesRalTicreadd® susnial |y

obt ai ned 36 13 Decenmber 2004 WO 01/ 96605 PCT/US01/ 18950 by bone biopsy.
The ef f ectSSuilF ogfepnRoEests, G dinercemiconbindpens: odeoporasipyeapecially i gwwingl so be
assessed : e ni eiiﬁ&’l . esl G .on_b or
bone strgﬁlglgﬁl E‘gan;ﬁdr%%ssé&gsén& e asvgjgelgfslg%ngsﬁlngw Xzﬂfbgtfegggri p e@ﬁé
-quant i t at ireraodelimgpis tetrintentah g Mupéow ef, pHEGEE) of didinerysskile igthe atwilbeecogsiser ed

i th bi ni cal Cr e : . . : :
Wit l2)(|) on%:aq Hhe gc?mpounds identified by the present invention can be utilized to treat disease

states in which steroid therapy in general, preferably sex steroid therapy, is indicated.
Conditions where steroid therapy is indicate include inflammation, arthritis, 'lupﬁs
“erythematosus, organ transplants, cancer, epilei)sy, anxiety, depression, insommnia,
 migraine, memory impairment, and drug dependency, immune disorders, ‘and
.25 Gardiovascular disoreders. . | |

The compounds selected by the present invention are advantageous over

- existing steroid the_:rapiés because the selected compounds can. initiate the signal
transduction mechanism of the steroid hormone receptor pathway and the benefits
thereof without inducing traﬁsc_ripﬁon thereby preventing adverse side effects

30 associated with current steroid therapy. Examples of side effects associated with
current sex steroid therapy include unwanted secondary sexual characteristics
including hirsutism in females and gynecomastia in males etc. Compounds exhibiﬁng
varying levels of transcriptional activity and anti-apoptotic aéﬁﬁty can be useﬁﬂ for

: the treatment of different conditions or diseases, and those of ordinary skill in the art
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5 testing. The activation of transcription of steroi d13r%%?ﬁnéqefégo%nesﬂf can
be assessed by determining the effect of a test conpound on uterotrophtc
activity or breast activity. Those of ordinary skill in the art wll

appr eci afWOOH603 he screeni ng nethods of the present inverCrwsormesml so be
utilized to identify conpounds that activate genotropic steroid receptor

activity wi actiyall el LR eroi Cln M L. t'E'vR(T e
conpoundsx\%{an@%ielyu%éé éerqﬁ%g%%gn r opl éﬁ%ccfnl wqgmgfépgﬁeoﬁ%i_ re e'gf%rs S
unwant ed bethp@edaicedd © @Bl a\sbesifitc Midasi sty mdithods cérhemalycbopymlixdthecan be
used to treat Steroi '%?or, sterqQid receptor related di seases_and disorders -

where gen®t@8gidisclosed hereim, &t ofher cgbe eg%si, SRS POTRRPNGE ofh PersiegEE: r opi ¢

activity } OOl ' ' : ' ' onpounds - -
For the ¢ 1B ABkvard BE el ol SIRPEE Thilroid ol B Bul Fo 860 BB T
one enbodhomgehirapis eactbligr off dibee stepsidr receptat. ed Theses emtivs, compaudsi aed conpr i
si ng: (i)arfon‘t acting a cell eXpressln% a{ naj ural_or, arq&'iti lal steroid
recept or , 2FYRUEBEOUS PBEFILEOPIGACHYIK P tErof EPRBES s {WPEe$ 89t est  conpound;
~(ii). assessing whether the conpound activates a nongentropic activity of
the steroid receptor; (iii) determning the I evel of transcriptiaon
i nduced. b¥1t heKiitsst conpound; 20 and (iv) selecting the conpound or
conpounds that ,actjvate.the genotrgpic activity of .the .steroid receptor -
Wi thout  subst oAt APl eRpaimt (1t pihgtn PEpRen itd F dof BeSRHEE ot or of d
recepij@r. st&&f&@d@%)ﬂo@deﬁeﬁ%ht Yi8hgetdrobleCadioity VohipRPRig: at6drtiinby hi¥fing aSt er oi d
receptor -means’ activating-a second nessenger system such that the second
~ nessenger stably dragsfectad aeld sine whereie thst acl Jing 1htledesdi saoid rasponsie fepotitre cel | .
Exenpl ary _bi ol ogi'cal 25 responses_ar.e chem cal.cascades. incl.udi.ng but not
i ted {ErsREn A B T RSERRG £ SVBRCT of SRRt RRC AR Aty
‘Secr et i onand SteiolEfeabhtan, TEINAL SMDERE Hicfude aellliBieinSyHIE 8Slesst onie of the
and. cytoskel eta | rearrangenents. 30 Methods for Using Conpounds That
| nduce Seftewid 1esemmonsy iedemsies pers conslrpqt is ingludadhas arexpyessiosienrds whi ch
satisty-the crif Gid forfihinhxhpflc 3500 A GRRIHR odhBiSiml SohtefHr @ Wi de.
vari ety of nedical condi-tions. Féover, because sterol receptors ,
i ncl udi ngERBXactitvaticai ak well @p(08risaraerptionoRyrazole lvan depsed ase degative conirolet y  of

35 tissues.i mal s i ncludi ng but not linjted to pervaus tissue, nuscle
1 ssue. - bBh R AVaGR Gige 1o SRR oA/ BBBRS RETRORGE. K SademeERLte.
bl ood, r e@B&gH&ﬁdsV\?vitE'&%ﬂg%@-g;ﬁﬁ%g%ﬁ%ﬂ&pﬁﬁm%r Ofbs ﬁﬁ%?&%%&iﬁtﬁvem lon

can be used to treat a target : these or other -tissues wherein
t he di sorcenpéred teel Zi-Betradiolsre seleced cilicoalection brterigean tindpde classifying

no ngeg& rogclmgpounds of interest based on the ratio of ERK activation over C3 transcription.

VII. Transgenic Animals _ _
- In still another embodiment of the present invention, a transgenic non-human
“animal s provi&ed that includes an ,induci;ble transgene encoding at least one steroid
25 r"‘éceptdf'éntagonist, for example, an ER peptide aﬂtagdnist such as peptide F6, ofl, or. |
293, and preferably two l'copies of the peptide are encoded.- vIn .one embodiment, -
. induction of the transgene blocks l;oth the genotropic and the nbngenotropic of the
- feceptor. In another embodiment, induction of one or two transgenes block the
" franscriptional Activity of a 'steroidl receptor. A ‘transg'enic ‘non-human animal,
30  preferably a mouse, having at least one inducible steroid rec_eptdr specific antagonist
* can be used to screen for cbmpounds to treat disease that act specifically through that
receptor. ‘ ' ' |
In one embodiment, a method for screening for compounds to selectively

_ induce a receptor response is provided comprising, (i) inducing the expression of at
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.In a selected enbodi ment, the active conpounds can be!lSeeEMRerePRht 5
cardi'dvascul ar di sease. For exanple, conpounds having the nongentropic
steroid activity of relaxing smooth nuscle in large and small arteries can
‘be -used tWO ¢if#605at e vasoreactivity. and synpat hetic bal aoTaisoivasdsee
conpounds identified by the present invention nay be active on multiple

steroid r t ] \LE: i tani?& : . l e, an
active coenfégﬁr?glgz‘%%?g)rgﬁﬁalg%%telfnhgﬁmfg&ggno r%%ﬁ% agg ?t\?llg y Oong%drlllg s-% eroid
recept or Webépaort atagdnist tttanggdnes (ifemivinistrring ac tast/ compadnd to thefitansgatic st er oi d
b s il RED WSt RS e eHigst b RenpeBptopiFRretia o SUBRIMRL NG
-'receptor g ' ' 3 i jon nay -
al o be sl SASHINRE Tt 1ol oAU RATR T il of HEp PP SER ) dliBlthg 07 Y
| nolnl-i nsul ithicbep@mtjmhthaﬂmiue' ee?empwot:opm e:EfechmdbfﬂL sgmﬁtegntminmas'ygt Sm T
cells. are known.to, express steroid receptors,,a e ac conpounds ma
e Used | QAR i b BRBECHIs AaHa) PO RRIeBUL I et OB OuRd, o The EepEon g

conpounds seRaRbsfic AGMIEE kibvid §RiheNBt CLOWAalt 10b.SQOIES {LLdIGi B

epil epsy, anxiéty, depression, insomia, migraine, nmenory inpairnent, and
drug- dependistioses ag ALThkamgeiic enayserpudimethodor produsiag travsgeaicamiceand|is ¢

—agents in a host, J.ncl.udi . h t trengthen.hone for strenyous

physi cal a‘@?‘?WPWeélsh%ﬂEFpﬁge’éatHSﬁi’%o ﬁ’&sﬁy Bbﬁe_aﬁtnwjf@%e_fc?%ﬁ&aﬁen bone
i N perfPNsn@iciBlehfsfRes saiie @R, fighe "G\dtzas ERRERY. O Sne Bibodinght, e
subj ect to osteoporosis in the fixture because the host is in_a risk group
for that diransgens. isonder thgseontipbef thegHersairiiseyslineagpisssorfietragraling 10N | ude
“the treatnepnt, 2%.0f. L Nel udi ‘ ' (o] i 11h rally
thin, s rraIrT%,S{egar gﬂ?\%ﬂsﬁgﬁ@ aqllﬂr Bgﬁ#@éﬂ%‘gg E%P%ﬁd] ?’%\?O\%Se%k 1\{rl}'eéset %lj _ (i;;%tPions who
~have a genpiehds Bicliempsidi 18: 017144758 and Gossenal/ia e lal. o( 169 SeBciencea268aIT766-
~orthopedi c._bone di sease such as joint degeneration, non- union fractures,
" ort hopedi c!768r obl ens caused by di abetes, periinplantitis, poor responses

to bong grafts,qi t.Spn: Ure. 3 8@]:55%&@5%‘ dto
incregge t he bo%e%%gs ECIﬁ%refé@e%(a%%}ﬁ’d%gsaﬁﬁfZ% ?‘%fg&%%gé as gg t hose
used i n speidctvelycindas: napicegior Teponsnio proisdehcompssingb i) umdoeihg thacr ease
t he bone mass in chickens ang turkeys,used in neat production to increase
e eace CRPHBOBSLANSE 98¢ HR BRSRIGIN 5B  GLTROS LN Bdenst 28850
Represent %&N&bl@EEﬁb%ﬂagoﬂQP%aﬂédg%ﬁ@;S% ARSIRXSHAP NP RS BbmPSERAORO @81 S,
senil e osteoporosis in males and femal’es, gl ucocorticoid -1nduced

ost eopor ostiasgenic animal; (iii) determining ‘the mumber of osteoblasts or osteocytes

20  undergoing apoptosis in the amimal of step (ii); (iv) determining the level of
transoriptidn in the animal of step (ii); and (v) selecting the compound that inhibits
apoptosis without significantly increasing transcription in the transgenic animal

 administered the test compound. “ | o

- The reverse tetracycline repressor (¥TetR or TET-ON) system takes édvantage

25 'of the high specificity of the tetx'aéycline repressor (TetR)-operator-tetracycline (Tc)
| fnt_efaction, the herpes simplex virus (ISV)-VP16 transcription activation doman,
and tetfac):rc]jne (Tc). In the conventional CI‘ET—QFF) system, the Tc-controlled
transactivator (TA), a fusion between TefR and the. activating domain of the VP16

, profein, stimulates gene expreséion, as has been shown with reporter assaj/s in Hela
30 cells. Tccan prevent tTA from binding to tet bpérators (tetO) upslréam ofa mmnnal
- ‘promoter, and consequently turns off tTA-dependent expression. However, the TET-

: O_N system utilizes a tTA transactivator thai has been modified, such as Tc, or ifs
derivative Doxycycline (Dox) that induces rather than abolishes binding of VP16 to
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i mobi | i zati on-i nduced osteoporosis, weightlessness- |Wdla%°éa(5nt%?é12@%dpor05| s
(as in space flights), post- transpl antation osteoporosis, mgratory *
OSteopor iso, igﬁghopathi c 5 osteoporosis, juvenile osteoporosis, Paget's
Di sease, DA% ¥Resis i nperfecta, chronic hyperparathyr ECATUSH/18950
hypert hyr oi d| sm rheumatoid arthritis, Gorham Stout disease,

I\/b Cu ne- Al the ioptatitos.y fIﬂthfET-@Ni spstm @hymmamspasmmldémwmﬁ‘eouahﬂaﬂeﬁr s

"mul tiple el.o Char st,i cs e orthopedi c bone di seases are
Coss ot Ehsronted 10 St calls Raleving profog p}&?%we&egex?@walme@n non- uni on
. fractures, ort RSN qgg?ﬁﬁ | 4
RGeS b8 8&&3& %Q%Era ts/i rrp nt@?ﬁ?ﬁ%&}agﬁi tute

:perllnplantltls poor responses to Bone
mat-er i al san ipdudillgtandciivattid stasid secaptt. %ehebmbodlgletmg atighsgenit tafiimal is

consequen ou.n s, selected according to.the criteria provide her ei n
can’ a0 GEked AW tthe Sgk SHERI FEPPIOTOF  pgiivated arly '% lgstaandir e

preventi Oéktéoeﬁgé Sq%eereﬂ%ép%ﬁ@%gaewﬁg@gﬁty%ls% ko 'AE% o ahgknbAHEased

fragility. The conpounds can al 50 treat | sease states in
~whi ch oﬁeagtbh%t@g@e@wg&mcdmwﬁatiﬂadauanmmcl eaniratlsopar ob¢ s, and

- Stor escertelsipril hpEt ERRAURY B SRR el pRgon o 1 Hibcel | ng o

- det ri mentfalanotef @abRlimeht) @ $0nSfenfdf iy ﬁiﬁdehwﬁbréﬁ% éélﬁc\ékbﬂs dfagegni ze 20,
that the conpounds identified by the present |nvent|on can be utilized to -

t reat10di s¥cieid reeepior @6ne nrqmd@qulytsph@d@rqahgg sppifigstgeidregeptopdeltombl y sex -

het oat o HERP Réwmbtt; bR} Bbn 4 5P 0020 SARAEY SRR L05ERMG 42,

transpl artdbsgepiihihal IVl CREFRoABIHH6 M exBRBIR$%004 or bBHQIROLS, ~ M grai ne,
menory i npai rrren and drug dependency, inmpune disorders, and 25 -

-cardi ovascul ar 6?@6?%@?%91’ r@ﬂ&ﬂﬁﬁﬁa @se%tzﬂneéﬂlea-bwaeﬁeaqggmmmahvent i on
are advarhafeer Sofl Alsea s bl The ihnleiaBlifion BaF BY IR IDRLAH BFL 00

conpounds can initiate the"si gna I on nec ani sm o eroid
hor noise rlmnmzmuus fat theetyarmpehet dve daarimire bse ot here abinsgehduThe

aehspeii¢)
transcri pt| ere r.event.i dverse side effects 30 associated with
current e‘?@é’% ‘E‘ggﬁ provqiier. dprother aspectyef Q’Féﬂ‘f%ﬁ?ﬂs &current
sex sterqraasgehereﬁaﬁal %ﬂé@ﬁe&%%&%&%&&%&&cﬁﬁ%ﬁﬁ% ﬁiw(g tics
including hitTsutism in fenmales and .gynecomastia in nales rrpounds

exhi bi ti rl@NA\Imq;ng]gomemdhst dsfes uomsd;aﬁeptgennmpmsex wifeqt omrﬁdcpasure tmmopt ot i ¢
act|V|tyc n_be _us i fferent, condjti.ons or

e tr t of dg
di seases,®AR™ t%(?s’gm@lenb&&% as}nss"k Hm%ﬁhaf§°efﬂ8#em§‘?e o4 WO
01/ 96605 aﬁﬁz%biﬁgh&/emﬂ%ncéﬂeo‘tﬂﬁﬁdbf bsteg@ﬁ@ Bhr@cptogtﬁ'elt%vﬁﬁ QfrogenaBsCri ption

and anti-apoptotic_activity of
androgen; or (iii) or contains both (i) and (ii).
In yet another aspect, at least one polynuclcotlde used as the transgene to
- block both the genotroplc and the anti-apoptotic act[_v1ty of _the estrogen receptor but
not the androgen récéptor For example, using 2XF6 as tlie iransgene, the activity of
- 25 the estrogen receptor can be blocked but the ant:l-apoptohc actlwty of estrogen or

androgen through the andro gen receptor can be retamed.

YL Combinaﬁon Therapy. ' _
_ In one aspect of the iuvenﬁon; one of the acﬁ\'re.conii)ounds described berein :
.30 can be administered to a host to treat ‘steroid or stero1d receptor related diseases or
-dlsorders mmcluding bone disease in combmauon with a second pharmaceutlcal agent.
With respect to bone disease, the second pharmaceutlcal agent can be a bone
anti-resorption agent , a second bone mass anabblizix_lg agent, an antioxidant, a dietary

supplement, or any other egent that increases the beneficial effect of the active |
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“conpound needed to treat a specific disease using met HOBECERRAIEAPY known in
the art and di scl osed herein. In other enbodi nents, active conpounds- can
be selected that activate the genotropic activity of a steroid receptor
-but do nofyganjdkspat € -the 5 nongentropic activity of the Stp%‘rﬂ%s% ﬁ@g@pt or.
These active conpounds are advantageous when nongentropi C ac i Yy~ of
steroid receptors is undesired VI. Kits An additional enbodi nent of the
present i99FEUNGPY bone Rinictyrgy strangthy rdengity, 1 mess: Gy mepsher pf dhe dependent

Col P11 neer ] drtp of Qs e oG B SEpat B Pulie RISl B ey
idS

gene consbombidation mEdNshd @rinasy extiveJadeht -aRludbed:i o SabHEN GRFHTIOPA C
.steroid g¢tivity, . and a steroid receptor. The kit can also include a cell-
line in sphionptes & calsfieniBy an ¢irogel Ay pragesteronp: GRAntitasogams Shelbas gene |

const uct fo?ifbﬁlé:' L 8NyL 8% [ ap%fi &l lmiing

. exanpl e, rzf‘L? t - est rgﬁﬁ%)ﬁ?elns’ % pogﬁﬁ\?gﬂ;é@#ggun 2’0%1??%4}’ 3@” - é’gt#‘ vation
as wel | asriediverthesof,iopkicalbiunPyreparatienscan be used as negative control of
ERK activation.and the estren as .a {Tegative conirol. of C3 trariscriPtion.

Compounds wi t 2 Sppnplegapsuiable 4geptsfor combination mslds; butzre ne

act i Vi t Y Jimi€QMRA" QendrBnit 7ch 'E'Jd?aﬂ:g' 0 e | Q6b criteria
- can include cl as’si.fyi ng ZOk%E&npoun sél?)?(ﬁlf)ﬁ%tg’rg]g?&ﬁglsg‘g&gﬁaghgﬁ%a%o of ERK
act i vat i oredpomate, GBsadivmsaxidrpnatendisoditm pensidsmets] aeridwiticedcid, | tisedtanid anot her -

enbodi.ment..of , the present .inyentian, a. transgeni ¢ non-hunan animal is
proviq ed it teflﬁ?aﬁa@ggs agelate, %‘*‘?ﬁ’g £fi8ns 5‘2’@90%&@?'??3’.1‘32&‘?%3&?@0% .
steroi d prafestofeent Biazidt, ARURIS hitratd) NI |pﬁ|c§/ﬁ?ci§,%lﬁﬁlm dn@'ﬁ?/@taﬁgéom st.

" such as peptide F6, 6H, _or -293, ano’l_pr ef erabl WO Ccopi es o pepti de
are encoddlgium aceipte, enlsban puhonate, i gathion) oregoésitthecarbannteg @né subriabiates bot h

t he geno P he Rongenotr.opic of, the .receptor. |n another. -

- enbodi men e?'%%%ﬁ%??%hg%‘?‘ e STPNG OF rogfﬁga_@ﬁ[g?%é‘l%c?a)f ﬁko ]?erH‘FFg@r}Upt i onal
acti vi t y combihative kaittaryed & @fmpofnds afthe pdsent AOEHYATR ¥8H WBlein, 0 L
preferably a npuse, haying at |east one inducible steroid receptor specific

ant adoni &m anfoxidant Jefers 9 & sulstance dhat qurymin e exideticsaef an exidizabihat act
E , ' Of Qlss i t hod £
br eeni noophotl A% HARISEERPIAtont", B Sul URELIRGA: & BBRIN. i

pr ovi ded comsiqered ian gantipkidantnibn gumsed of ehiprdisviosare iff it abdwbes kaddeasnder 2004

WD 01/'96605 PCTLUSO01/ 18950 J east. one.receptor _antagoni st in a transgenic
ani mal cORYEENFAdrRlt I ¥HEG foiiperedagt gan be ad‘?ed_ to'a cell extract under ’

‘oxygenated conditions and. the effect on an oxidizable compound evaluated. As
20 nonlimiting ‘examples, antioxidants scavenge oxygen, superoxide anions, hydrogen
. peroxide, superoxide'l radicals, lipooxide radicals, hydroxyl radicals, or bind to
reactive metals to prevent oxidation damage to ]ipids, proteins, nucleic acids, etc.
| In another aspect of the invenﬁon, one of the active compounds described
héf-réin can be 'administered to a host to treat a steroid receptor related disorder in
B 25 cf;;nbihaﬁbn with a s__econd pharmaceutical agent. The ,secbnd pharmaceutical agent
~ can be a steroid, sex ste'roid,-'mpdiﬁed steroid, modiﬁéd sex steroid, 'anﬁbiotic,
antioxidant, dietary supplerﬁent, or any' other agent that increases the beneficial effect
of the active qompouﬁd on 'stérdid receptor related disdr‘ders. | |

30 IX. Pharmaceutical Compositions
- A compound that induces a Selective steroidal effect or its pharmaceuﬁcaﬂy-
acceptable salt, selected according to the criteria -déscribed in detail herein, can be
administered in an effective amownt to treat any of the conditions deéscribed herein,
‘optionally in a pharmaceutically acceptable carrier or diluent.
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receptor antagonist transgene; (ii) admnistering a t&?e%?ﬁf‘é@l;]@f‘to t he .
transgeni c animal; (iii) deternmining the extent of nongenotropic effect
-in the animal of step (ii); (iv) determning the level of transcription in
t he ani maWooisstep (ii); and (v) selecting the conpound pbgfusiifheses the |
nongenotropi c effect w thout si gni ficantly increasing transcri pt I on i n the

transgeni c ani dm ni ed t st .co und. The cre t|on of
transgenic amﬁgl achve E}%W &Pﬂﬁﬁfgol?}’atagﬁt%(}p%a UL o | ee et

al . - di sgl96a®, %baﬂ- lor Qoﬁléeﬂrtﬁaeayc forBaaH]R Nl thaRsktdrally, HinRektholsy,
- trausgenic nmce and is mcorporated hefein inits entlret . One of-

or di nar y infiademally, t sEbcataneausly, @Mﬁﬂ’ecﬁﬂﬂ’@%ﬁsﬁhamh&bﬁ@mdﬂwm chbﬂas@enes éan

b I, .t f

ander thimEE? o Hgpdl HERELERE, Faasile aaRRRRERE dhe hiiBopd SERRECS. o
syst esn difveftiolinaly e by Ebﬂﬁ@dﬁ@k%&o@ﬂﬂol@ﬁr@&wv@ﬂﬂhsl n . Cossen, M et
al. (1993) Trends Biochem Sci 18: 471-475; and Gossen M et al 1995)
Sci ence 268: 1Peprefomed mors qfnadeaﬂm#rét%e&thq actisenerampanid. 1szotabt K8l f or
sereer! OobRLsifGIOH fanck Ay SELRRL b Shott BAME & Bn LRRPLBHCE OTROTSEVL o
prOV|ded Co r|5|ng, Cil ng expre55|on 0 €ast one

- ant agoni sbmpoudl tdrabs gatlosedan gﬂuuxp@@tsﬂbm ongompressedsintootablets.ndoeithd e ER
ant agoni st transgene; (ii ) adm nj stering a test conmpound to the .transgeni c
ani mal ; PHPEse Q6O herapgitic adminisiiainn, 13 Commpeg) o b BcomrEsd yYiEs 20 .

undergoi BECFRAR! @7 dsc o BE O B fbisSkBthet! o) cpli). daERm kg he | evel
of transcr [Ton 1 n the ani ma step )5 sel ecting t

conpound cmhgaublem biduting agents phder adinvartonsterily wah bedndliided ac paraoi m@
“transcription..n the transgenic aninmal adm nistered the test conpound. The
reverse F%?P%?%rh ne repressor ( rTetR or TET-ON) system takes advantage
25 bf the hi ghngp@sietd, Cﬂﬂlé/ QbstiBE £6dHea Al tHRC1kE REE To@fain any of the
(TetR)-operator-tetracycline  ( lc). interaction, the her pes SI npl ex virus
( -HSV) - VRiBwing ningraditrits n on ctompmuings Qfomasmllaran@tureetaabsudbr rackTey. In the

CoNVeRt | BBk alBeShy R A kbt SOBIAPH xR AR 2

stimul at egidieNe ENRtRSHIRNapeAs stm 2R eARinsd) Q¥id, WrinlogeB POY lcBin @ﬁ&éh\;sal n HelLa
30 cells, To can ﬁrevent tTA frombinding to tet operators. .(.tetO

upstr eaniubmantrﬁ ugh 18 ImagnesinE: dearatg g eretesya ahdm) sugh ﬁ% Ceﬂﬂld@ﬁlhé‘fﬂéndént

Chat  has SRS, A fererbflf odl S YRG0 o Lok, Skl & SUSIRAHAR ™ 0r )

t hat i ndeshsay pégpermintametiph kiliclybse, irnetamg: ﬁﬁvoerEJ.GWﬂIanéthe Jdésaggewsitrber 2004
“WD 01/ 96605 PCT/US01118950 the operafor. The TET-ﬂC]J\I % ystem ci rs:um/ents any
pot eAl i afoTHig g ogplee i tscapﬁggptq%yn addition fo material of the above type, a liquid

 carrier such as a fatty oil. In addition, dosage unit forms can contain various other

materials which modify the physical form of the dosage unit, for example, coatings of
sugar, shellac, or other enteric agents
The compound can be adImmstered as a component of an elixir, suspension,
‘ 25 7 sytup, wafer, chewing gum of the like. A syrup may contain, in addltmn to the active
compounds, sucrose as a sweetemng agent and certain preservatlves, dyes and
,colonngs and flavors. ‘
The compound or & pharmaceutlcally acceptable derivative or salts thereof can
‘also be mixed with other active mate_na_ls that do not impair the desired action, or with
30 materials that supplement the desired action, such. as classical estrogen like 17p-
estradiol or ethinjrl estfadiol;  bisphosphonates like alendronafe,  etidronate,
pamidronéte risedronate, tiludronate, zoledronate, cimadronate, . clodronate,

ibandronate, olpadronate nendronate, EB- 1053 calcitonin of salmon, eel or human



.be conferred to eukaryotic cells follow ng prol onged ExBesmier £804
“tetrdc¢ycline. In another enbodinent, a transgenic non-human animal is
-provided that has an inducibly inactivated steroid receptor. In one
-enbodi merwo oa/ssgeansgeni ¢ animal is 5 disclosed in which tgeqangxgdsgr oi d
receptor is inactivated only in osteoblasts and osteocytes. The Cre/l oxP

bi nary reconbi nati an sys s a.preferred nethod f.or .. rati.ng these

Cr ansyent G A St Rl ARG, S far sl HEtRe, Rades T o ed i n
terms of drisperdftinkidsid f pavéritébl, drddefnA XQIRESHhOGS, Br tSRASElidBioOX. I N
anot her enbodi nent, a transgenic animal i.s provided wherein Specific exons

of the . canlipchyerhs licwdeprompenents: arsterile diluens| uch s water frdajection,speci fic

-steroid receptor . .delgtions. ne exanpl exon 3 or exon.4 of, the ERa -
gene is i HIEIRgOR ol Bolyiruiety gbESl pikeii Pron e s Rl A ERa
del et ison dyattexietobrefts; aiEihctrial afQid shoaSbenzl Glcohdl anlelitl pasdead; of the

- present invention, a non-human transgenic ani mal nodel of bone di-sease is

provi ded. chelatiast agsptsgrich cesaetbrigredéiapinglstipasetie eeidy (ERTAH); bulfers omel \a§ous f or
the tran a / tg t.r ene,. can be
oper abl y s%%{r%%esd ¢ o"&%ﬂm{] ﬁ%‘%@lﬂ%ﬁge 9%(; 0 e rfgua :ﬂ?\eg g@ﬁ%tgne-ﬁgg)g et 8&3&&&%@%

i nvent i onsodium chivkide @ idexteose.ndlhe ipareptad prapachtiohah Yengicluded i ampyulss, er oi d
receptor that (i) contains_a hi_ndi omai n that does not nediate a
genot r opi S@ﬁb%ﬁ%’é&“@ﬁ“’é‘%&é@%‘?#H%%Hgogslﬁw‘isdgdﬂw- androgen; (ii) -
contajons a i ”,?Inﬂh'ﬁ' : | 1 I pdu Q12000 apopt ot i ¢
effe?t0 on ostg%b asts%@g%?gg%@f%g%g%ﬁgﬁgﬁkﬁ fg% gﬁsgdg?égalen o‘raa(-ﬂ-

andr ogen;phosplfate byffered sdme{PBS).both (i) and (ii). In yet another aspect, at

" | east . one pol ypucl eqt i ed as the transgene to block both the
genot ropi ¢ an mareiﬁr%??ﬂa %%@%}fﬁ%&@f?@#@ﬁr 6%2"?@:%?‘6‘?8 but
~not ‘the apgy ﬁzﬂf?ﬁfté‘&%ﬁé Qbmpbetd 826N |rfpid EHbiBatiol RofS tHebody, 3080808, the

cactivity of 25 the estrogen receptor can be bl ocked but thé anti-apoptotic
activi ty controded sejerseoformulation ganludingoimplanth endnaogencapadapd oleliveny be

e e wesiet, SRR bl PofdmR s pbmEB B RN ednch BE GRS, Poe:
to treat sbetgigdlyRanhsdriics] sblyEgedtcoicid,doliagsh, Pospiamesters, add polyifite

i ncl udi ng bone disease in conbination with a second pharnmaceutical agent.
Wth respsid Msthodsdorprspaaiion ehach devmdatinnsrwidlcleq eprasent 49 dheseskillede a bone
~anti -res%%égl@ agent , a second bone.mass anabol i zi ng agent, an
antioxidant, a dietary supplenent, or any other agent.that increases the
benefici al ef fEipbsophalt bespaadionse (@hililngdDdipostines 2R0etaA0 With 96/A6cIBRal USO

. 1/18954 conpound .on hone structure, _strength, depsity, qr mass. Any nenber
of tHRE t&ptibodies to surface anf':slgens of specific ceﬁs)gare also pharm?l/ceutloally acceptable

carriers. These may be prepared accordjng to methods known to those skilled in the
art, for example, as described in U.S. Patent No. 4,522,811 (which is incorporated |

_herein by reference in its entirety). For example, liposome formulations may be
prepared by dissolving appropriate lipid(s) (such as stearoyl p]iosphatidyl '

. 25 efflanblaﬁ:iine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and/or

cholesterol) in an inorganic solvent that is fhe‘n evaporated, leaving behind a thin film

of dried ﬁpid on the surface of the mntaiﬁer._ An aqueous solution of the active
compound or its monophosphate, diphosphate, and/or triphosphate derivﬁﬁve(_s)' is

then introduced into the container. The container is then swirled by hand to free lipid

30 'material from the sides of the container and to 'disperse lipid aggregates, thereby

. forming the liposomal suspension. _ o -

The dose and dosage regimen will depend upon the nature of the metabolic

-bqne disease, the characteristics of the particular active compound, ¢.g., its therapeutic

_index, the patient, the patient's history and other factors. The amount of an activator
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cl asses of drugs that are used in the treatnent of 051%Bﬁ%ﬁ”6§qr§09%m be ,
admini stered in conbination with the primary active agent, including: an
anabolic steroid, a bisphosphonate , a alcitonin, an estrogen or
pr ogest emanes/o6605 anti - estrogens such as 5 ral oxi fene or tEIMMESF1888s0 .
parathyroid hormone (" TIM fluoride, Vitamn D or a derivative thereof, or

a calciu par atj ons. imtin exa of. .sui t | nt,s for
conbi nat %E‘ éff%‘ frOpig sk 3’1\12';1@ ﬂﬁ'l“"hq% gﬁ:{laammlg %3’3: Y Begdns o di um
cl ondr ongfeSrangdlbs BRI LPa/Rg id SEANADSng/RE SPPAHLR wi fOI!i?éﬁsheth%Gﬁ!ulHB

oxi dr onat e, d%SOdI um pam %ronat e, neri drom c acid, risedronic 10 acid,

teripar apomuadeipaoptlmlzﬁl effctinersss awhide bajanped againet ﬂﬂgﬁtﬁ% effartsi efar bonat e,

by oxi- abeamel. o " shf Raniie, HRePmiRifn s oot BV gim AR "
car bopat @ybkdhthgs 06!, Hasiding PeniRe dHE | GebdagNiEl Gﬁnﬁhsa%ml@ﬁzﬁﬁiac&agm@r ot her

anti oxi dants n%{ al so be useful in conbination with any of the conpounds .
of the pBesienf Therepauticobih B(198@Pwesmaemboshe 15 term anti oxi dant refers to

. a substance thg]tcgnd%%é nt& t. W%L ‘m&gatk%%gu% cﬁﬂp%@%@%gﬂ @3 ﬁr\% under .

phy5|olog|cal 1S a conpoun

ant i oxi d@stnulfed I%hl@@ﬁﬁsddsﬁ%]d hjecteble cfopau(selutibn) buspenkioss eantidgynins
oxygen radicals in vitro e anti oxi dﬁgt can beegw ed tqg a cell extract

under oR§rgeirien Wi sRharnaseytioglly acoepiab fPF‘E‘é'fef%}nV XSH‘F}tXBIF@le%ﬂFpound
eval Yt SlrerbibieOn Oﬁhgp%%deﬂsn%&&%ugé Supe X 481t SERIAR0 G YRR,

super oxi de ani per e radicals, [1pooxide
radi cal ssa]h:;egirhmgér'sr a:diuuei:,s demtrods reghifion, rapdc (5PA churpdmm| serom itemEnt

oxi dati on. danage 't ej.n nugl aci d etc anot her a ec.t‘
of the + Roaatians vaveDos ke Baed pULRAMO sitite B6 aRb BEaSoHh e IO po
~adni ni Stﬁ{aﬁ%t‘g Pad\Ostie rEOTh%%ﬂucﬁrﬁi FéitAn hBAGRIMunteh BldkiflsSaKigy in 25

conbi nat i a- secand armaceut’i cal agent. The second pharmaceuti cal
agent  cawbsimces ghar ehlthncs exsowmmmn dind nohkiniicald stabdityi &, g.nmololtiére daybx
ster0| d, 'antibioti

d |
Shet ¥ o peRBetteR £n affHoos! aiiksnroiE Rer ik URlg MrmfibaWiET, S05™

recept or t,rpféaﬂyq;é foina15198 1S suckOvelitles AttoncantaténsCal aboan PO HighhbRsabdus onpound
t hat i nducCes sel ective steroidal effect or its phar maceut iFcally :

~accept abﬂ@nﬁﬂﬂl, sel ected according to the criteri a described in det ail

herein,.can b mu t he :
.condi tions de?h? ?gﬂ%ﬂﬁtﬁog ﬁfjtﬂe Dt |0§]%éqﬁ ﬁm% nar maceu{ calTy accept abl e
carrier @bsoﬁpﬁdngniacuvhaoﬂ,?andréamﬁbg&at@@@ﬂthu\ﬁhfglds%ﬁnﬁs otRETaLBOd kicR@b0 -
20 to those of skill in the art. It is to be noted that dosage values will also vary with the

severity of the condition to be alleviated. Additionally, the active ingredient may be
administered at once, or may be divided into a number of smaller doses to be
administered at varying intervals of time. It is to be further understood that for any
_ particulér patient, speciﬁé dosage regimens should be adjusted over time according to
25 thé individual need and thé professional judgment of the person _administering or.
: supervising the administration of the compositions, and that the concentration ranges -
. sef forth herein are exemplary only and are not intended to limit the scope or practice

‘of the claimed composmon,

- 30 | X.  IDlustrative Examples
' The following examples are given for the purpose of illustrating various
embodiments of the invention and are not meant to hmlt the present invention in any

fashion.
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. troches an

.. The active materials can be adnministered by any apptBptaHeEP8hte for
‘'systémic, local or. topical delivery, for exanple, orally, parenterally,

i ntravenously, intradernmally, subcutaneously, buccal, intranasal

‘i nhal ati ogo gi@edosal , rectal or topically, in liquid or sqld0,d0k. So'l\/Et hods
of adm ni stering the conpound of the 5 invention may be by specific dose
or by controlled rel ease vehicles. A preferred node _of adm nistration of
the activ® corffbggers ud, androgyny| mediaiss pteesiasiogenesiy cyiar Hpnspriptienalide an

inert dil . bl e ryl ‘ ol Nnge | osed in
gelatin cljg%g %ﬁ“g{s 0@%@%%%5@?&#%%@%%& .Wﬁc? rtt %ﬂpgﬁ %@%819 of oral
t her apeutpregendin: sulfienaval rEstiogenscmdpatngensdlsdexdrieffsauosatiedifvdpah of O
.excipients  and useﬁ in the formof tablets, troches, or capsul es.
* Phar macedR#tsg bape collsprorapoptotissiigrts @nQpisockstsy huh apti-appnictimetispis @R al s can
be inglu - i : ahl s >4 | es,

35" o RaR i oSborye, TRATHAT o MRigt1 6yl Rk, Jot EARME. o,
conpoundsiepéndent, s mecharismnatf uretiona addae suchasstically rdissocieblestien i ne

cel lul os um.tragaganth or gelatin; an excipient such as starch or
| act ose, %@WP@%’FE?}QHQ agent such as alginic acid, Prinmogel, or corn :
starch; a | ubfieGRRInt 3G ApiftoIBORRS bEEBStE618 bl offeoblallk 3h& dstedeyiilsidant such

as colloidal sili'con dioxide;, a sweeteni n(g agent such as sucrose or
sacchar i npedaated by aaeédpiredepagdaatymechanism indsequapp phosphorylatemhgfi ERKS i cyl at e,
or orange.flavoring..\We he.dosa unit 20 formi.s a sule, 1t can - -
cont din_ Sinechafion S s b R Motavdr Soutyp Rera B GHR  BRy o7 such
as a fat BRAidr AR Qai delhdrhi0 anti-A6SHROEC sidhdls hothNthe Gaie CFAbBhGY HREpRITe Ot her
~materials which nodify the physical formof the dosage unit, for exanple,

coat i ngs obwhether the ligand i3 aivostipgen onar ansisegen; UsingtedRass aqamdigmdt can be
adm ni st : t Qf I X1 L, S %Qﬁ@ . y naTer,

- chewi ng %%%g?ﬁ{%g‘&?%%ﬁ tggrﬁ%ﬂn%/mé%éﬁ%% I%l n a%%?i%ﬁagt%&!%g tg%t ive
conpoundslimerigitios loamins ciwhis groteity arglisiensibie ferthaantiapepety affestesf dyes
and colorings and flavors. The cqonpound or a Ehar maceuti cal]ly acceptable

der i VAt i welregens Jdpstead, Hhese stfesiirequireihe pertang nrategt Het resides wathigit eri al s
t hat do i A i ction. . W L '

Suppl et BdER, THECARSGEBa AN, Aiviy o TR bRy Wl be

est r adi olloalized in mydgimsof theippbiein thaisis Midsimbhbaat dissdcidbde Aloanthabwhickis -
etidronate, idronate, risedronate, tiluydranate, zole ate ,

o1 mmdr ondrPonBP b Henotrpeis pean af e BmiarBRare reorbrara uRRES Bats. 1053;
calcito ” khe ﬁm@ade‘ERQS hoﬂ&ey*lﬂ&ﬁﬁﬁ-&ﬁbp@&f&d@ﬁﬂ 15?1%91413y ta@gcﬁn@%@ﬂz‘o@ﬁ@%

20 tothe nucleﬁs is also disclosed.

Others have reported biologic effect's of the nuclear orpha.ﬁ receptor TR3 and |

ER which were independent of their transcriptional activity in the nucleus (Li, H. et
_al. (2000). Science 289, 1159-1164; Simoncini, T., et al (2000). Nature 407, 538-541).

In addition, Miglifaccio et al. (Migliaccio, A., et 2l (2000). EMBO J. 19, 5406-5417)
g5 sﬁbwéd ]E;,R or AR co-immunprecipitate with Src in prostate cancer cells. Consistent
with the finding that the anti-apoptotic activity of the ER requires the SH2 domain of
Src, while the AR requires thg SH3 domain, Migliaccio et al. also showed that ER

-iilteracted with SH2 domain and AR with the SH3 domain of Src. The preseﬁt results
(Figures 2 and 4) argue stfongly that the 'cross-talk between antagonists, and more

30 importaﬁt the cross-falk between the cognate ]igaﬁds-au issue that was not addressed
- in the Miglaccio study - is not dépendant on the coniplexjng of ER with AR, as
prevention of apoptosis by the heterologous Iigand could be demonstrated in cells

transfected with only one steroid receptor.
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origin; and anti-oxidants |ike glutathione, ascorbic %?tlpﬁceé?bﬁgaﬁ)‘hm

bisulfite. Solutions or suspensions used for parenteral, intraderrnal, .
- subcut aneous, or topical application can include the fol I ow ng conponent S:

a steril such as water for injection, saline so*,e,g g ed

oi |l s, pol%(gtihyl ene glycols, glycerine, propylene glycol mﬁ@ns S0

synthetlc sol vents; antlbacterlal gen s such as benzyl al cohol or nethyl

par abens; che?rea@tahgnendy@mﬁ ﬂsmM:AB tsignaling @ﬁth’i@ﬁfem@éd:l& Sre apdi d
(EDTA); . I ugc acet ci.teates on hat e n ent s for
i g SRy iy, BEoRlen oA Bl RC B R R Bt 980

t he adj us

~ parental mﬂa{ aihl Qﬂbcmﬂbm@cm@ﬁeaﬂ tdvedlimaulaad, coﬂpsﬂmaﬁtbhﬁb siignalges or
nmul ti pl e dose vials nmade of ass ore]pl astic. 10 If adm nistere

i nt r avendtasduction dPkpmete, Eagt @lel(k99§) @1915 Caleé?g 2731 5419-5472) o ICavpeles phat e

buffered unds ‘are
o eperod 48 KR it F¥Se |f o Bl oAb AlRo] AR el S AR SHRARAY
- el i m natK®o, dtrabr2060) JHhodye Mlnelhm 1, 2391"@401 |Siﬂom6i1mgefﬁr (2008tJ, on
~includi n%qﬂrrpl ants and m_cr oencapsul ated delivery 15 systens.

Bi odegr add®i% MBehc Bspatlbl S80ctphkr s B s beah, showah regenlly hipl 96 vinyl -
t at R YR PR a6 I i d

Doy act i PR RIS RA o pr"égﬁéﬁ%@%nﬂof%c@?@r 1, R YChGioPRL o o and

appar ent 335514385%6)s 4. sutepopulaticiohef mmhasbdenpnosioeﬁized;usmmlaemaﬂ:(bmhl udi ng -.

| i posones targete nmonocl onal tibodies to syrface antlgens of
speci ¥ ¢ @EH a%ffé;&;égo %m@m@@&&’%@é‘é‘fﬁe&bﬂ@u Ar QIEEDIT eIIH%se may

- be prepangehhafiear sk Afioh (ORRLPRLS RKNOW af ‘lz@é@sé%& 'eﬁ EA4639), for
exanpl e, as described in US. Pat enf No. 5 11 (whichis |ncor por at ed
herein bydepai@n%noé the ahti-epeptotic effppts Foeshogamphé, anldrqganmm séxsterdidit i ons

Dhosphat PPl i i citdbcS B} R abeBamol AR ATATR dPnl S3hEY hadoy

phosphat igghylis Eaf&ééﬂv@@,wl?dﬁdﬁa% halsesibRiPkd the) nthbrAe, HaRi€isSRst fhent hat s
t hen evaporated, |eavin athinfilm of dried lipid on the surface

of th'ﬁ c GRRating:H to fhe u e@@mamatedhatdﬁeteﬁ?ch@m keemedigisduiria adrac i:lpsh
P oS g AR AR aBP UL sk A QR Coriehl VRULERS) lobrprkner

“free |ipiwitla0 cawdoddel alhif comndction 3§ sipporid bjaeh@ﬂﬁcﬂmgrmera c@%bﬁeﬁdeﬁhb pgr se
1ipid aggregates, therebﬁé formng the |iposomal suspension. The dose and
.dosage régf OFjeRs OF) SHe E'Rﬁe nature of the netabolic ‘bone disease,
t he characteri I ﬁﬁﬁ‘“ g

t herapeutic ﬁ%ex ﬁ%Se %g?ﬁ%r%hcltghtgé %f%l gﬁltﬁos 8#%1“ grr?dmo gr?ﬁéo 1Ca:mt ors.
The aaoourmtmﬂy ah aastbrmthu'ecrepﬂﬂ can be functionally dissociated from the genotropic

_)_)

o)

activity of this transcription factor; and that this can be accomplished using synthetic

steroidal or non-steroidal coinpc)unds. Although the invention has been exemplified

using  sex stéroids those of ordinary skill in the art will recognize that invention is

apphcable to all steroid hormones including estrogens, progestins androgens

~25 glucocorucmds and mmeralcortlcmds to separate nongentropic' activity from.
‘genotropic activity.  Similarly, the specification is the first to disclose novel -‘

- treatments for bone disease using compounds that act through sex steroid receptors to
. inhibit apoptosis without inducing transcnpuon In one embodlment, ligand-induced

 dissociation of the two activities is the result of dlStlIlct conformational states,

30 assumed by the receptor proteins following their physical association with the ligand,

| that are required fo effect the geﬁotmpic versus the anti-apoptotic reSj)oﬁses (Figure
7). Because sex ster_oid_receptors are found on manj tlssues other than reproductivé |

tissues such as bone and brain, the compounds selected with the presant- invention can

- be used to treat conditions associated with the tissues or organs expressing sex steroid
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' 13 Decenber 2004 WD 01/96605 PCTIUSO1 /18950 of nongeht P8P bgen-1i ke
*si gnaling conpound adm nistered will typically be in the range of about. 1
pg/ kg to about 10 ng/ kg of patient weight. The schedule will be continued:
L0 optim gy &f t i veness whil e bal anced agai nst negative
treat nent%S@éJﬁgfesm ngton' s Pharnmaceutical Science, 17th g{ﬁ%@#&mrk 5
Publ i shing Co., Easton, Penn.; and Goodman and G I nman's: The
Phar macol eepeptaks. Bemiyslanyftishbas velipea ek sterdt medegtord b&@)bebe foundonclpdebat.  For
parenteral adnini.strati.on, the.actjve conpound wll. nost.typigca be
P or il ot oate 6L hifad 5 i aoe B PSR Bt s biool Bl pigod
emul si on) vedelsf@ROsIctit aficwéal h a. pharmaceutical |y acceptabl e parenteral
.vehicle. Such vehicles are 10 preferably non-toxic and non-therapeutic.
Exanpl es of suém {hiseale sofamelagaler Anterasaons, and mRelyler 'ayesls) @t genetrogiext r ose

Lution, o . = o L < fixed

ol s afd SEROMEOH AN Mheent hE an W BESIeY Wb iD TR
carriers. lighel-sebpiet GniRyt6® AivalvinglandétaiRdofn e thé hatond e theS Yildings _
substances that enhance i.sotoni ci t%/ and chemcal stability, e.qg., buffers

and 15 pr 8edsel i prdyce asomplerefisaiicisnt siabiigeard fttanccioreffigh emulsipls gnal i ng

compound Wi l:l: . i C f 1| at-eq_j h_vehi liﬁéo Al C ations

of about wté%d)}%{ﬁmﬁ %Ma'(r)u?mfﬁ{dr%'ll %1&%%3%8%‘%%‘%“ n oqc %(ez[g@{))ﬂr‘rspound- in

t'he drug tempasicguired v rémaliepelndmatin asdhitectpel 2d, effsea changps iwthe ratdof =

excretion rates of, the dru s_wel l. as other ctors, kpown 0 to those of

skill Pn.&me Eﬁspﬂpﬁoliélglgag%if%t%httmﬂ 'sa'gﬁe pa o ioggm guc 1asHaRlgr y wi t h

the sever idnb Bfedilian8 9Bt 2B L kgt AddidnA : aactive

-~ i ngredi enfl- ]ye(bie adm%s%rgrggﬁgﬁﬁ%%céﬂo%dsbe aéa\h}l g’gjcli‘l:t?ﬂfleft(i) a nunber of
smal | er dustks wedl-kowmspecificsty ané distinctphaynacglogytitbatchbscefize iherelaskical s t o be
further understoo ft hat,. f or any d% ticular patient, specific dosage

regi mens SRR e:%ﬂ BB &t H‘F‘ég @ecording to 25_ the individual need

~and the prof esﬁy%hak%’m%ﬁvﬁﬁod, %&Eﬁﬁ&?ﬁ&dﬂﬁb'ﬂoﬁéﬁfﬁo@% Sfti-apopidtiee! VI S1 ng
the adm nistration of the conpositions, and that the conhcentration ranges
set f @bt hraspemsenisatery mpehpidangy bhelifectadcbyas leshBilly daveloged or broaderirangehe scope
or practicg of the cl ai cQ sition. .30.MILlustrative,Examl es The
o1 o ngobsarfprilions aREs oS RTRA Bort BResis déapantRhic? bhtpicy s WS,
enbodi menysfaflefthompleent Tha fandtian of Bwth th@aTEnt ispedidsninight Requeasraly.

_invention in anﬁ( fashigon. 46 13 Decenber 2004 - .

that the ligand associates with the receptor briefly, and thus would be dominated by

" ligand association rates, rather than the ratio of “association to disSocia_tion rates that
20 determines the affinity of ligands assessed by classical binding affinity assays.
Because ligand association rates are much more comparable than dissociation rates
(Bindal R.D., et al. (1987) J Steroid Biochem. 28; 361-370; Raynaud JP, et al. (1978)
, Cancer Res. 38, 3044-3050), the formation of such short-term complexes nnght show
' greaﬂy. relaxed structural specificity and potency/affinity ranking, as is manifest in the
-+ 25 ;;ti—apaiitoﬁc response. - | | | S
The idea that a ligand-induced rapid response may exhibit a different potency
order than a long-term response -has 'intéreéﬁng precedents. In the time course of
events that follows estrogen sﬁmu]ation of the uterus of immature rats, sﬁd:t;ac_:ting
estrogens suéh as estradiol and diméthylstilbestrol and equipotent. with long-acting
30 .cé_i:rogens such as estradiol and diethylstilbestrol in inducing early responses such as
water imbibition and early RNA synthesis, whereas they are far less potent t_ﬁan the
long-acting estrogens in inducing the later responses such as DNA Sym‘hesis and
uterine growth (Katzenellenbogen BS, et al. (1979) Prbg. Horm. Res: 35, 259—300;
* Katzenellenibogen BS, et al. (1978). Mol. Cell Endocrinol. 10, 103-113). In fact the
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WD 01/ 96605 PCT/ USOL/ 18950 A. Estrogens and androgen1s3 %‘iﬁﬁ'l‘bfﬁrgood' L

ost eocl astogenesi s via transcriptional regulation of cytokines; and: '«

- ost eobl astogenesis via attenuation of mesenchymal progenitor self

renewal . v6hiegeHs and androgens al so exert effects on thgc#)gg@?ﬁggb of N
mat ure. bone cells: pro-apoptotic effects on osteoclasts, but anti-apoptotic
effects gn gsteaoblasts and osteocytes, The |atter are nediated by a

" nongent P} cluPegled eFERasp e caisd dadascribe this charaptsristisr chapgs BhpotsheY ar e

mechani sty IS ' 1 SC Mk | VAR nt
: anti-apot&egv?%%%gg#gglﬁ?o é’,e%ﬁég ?P%éog]g%bn os%g%'egggé_s%éjﬁé ogi[%gggt%éeg is .
. medi at ed neyd forreentiptars-atd fepdam receplodvcoupaacdby tigand tedndivedphgtathat i on of
ERKs 10 via actiyation of Src and She kinases._  Moreover, results in HelLa

cel |' s shAWPORSH: WhekGas ansicg) oosppangy was SREIRGnt iminduesdbp short-termicgial s with
the sgme effi %iSl%%Yca]l&rﬁ%%g&iEﬂaﬂtebupﬁndfg%e%en{ R the Q%gh'g ﬁcéc.}é dNeild 09en or

an androgen. Using the as a paradilgm 1t has I scovered that
t he AF- 1 desoribed an, thBiNwot deléhegeortcept Bf @azymd “slaw, ttight-bolidivgr inhitiitoesi” domai ns

ot r ogen CHaichely SERCRRSIARRhe Plptete e BETRY MG 0B8Rt pa

- resi-des WdhEAzyhE RElaH AR Mol NBick 41! 801.808). qat-aiﬁ@%%f)&éﬁes,%ﬁ&i{ﬁ&bé y ' of
f the

t he estrogen receptor nust be 1localized in’a region o protern. that is

di sti nct cambe ditsbigest rpldly andoeffactively\iyi actathes widersge of Bandsponlyreefegenot r opi ¢ -

effects of.. th i gand-activated receptor.. Evidence,that, the ability of the

R 1 00 coft B PtR R CeaEIpYBit foret GEh Bioce AR SBFBISPD sy BeAEPlt L ei n 20
~to the nishedds imiﬁalibﬁ@ﬂb—&ﬁ%ﬁ&;fﬁlb@é%%ﬁ@lé&@@%ﬁﬁﬁs@t@ lROhgaeéd ects of

t he nucl ear _or_%han receptor ~TR3 and ER which were independent of their
transcri gRecHBElY £8eWhi herej in e nepeenitepiq [TEspopsesetwhereas| thy ZBoOYightci ence

.289, 1159: o S [ L PP ' .0 14 8- 541) I n
2dai i on Somp s UeRORlel! pocdil B e egRiMly, MBS enp i elts ;' "
5406- 541 ¢pmplexedusuddd FiR genotdigicactivilgunpr eci pitate with Src in prostate
cancer cells, Consi Ste% with the findipg that the anti-apoptotic activity
of th& ER reqliopgistephwith Gaim yifraanfi-gpoptaficeiiaghs afscx feroids omesieoblasts he. SH3

domai n, i ' 1@l of 3 tehERens K 1 domain -
and AR w%ﬂb%tﬁeig%’ (}(r%%i Oﬁ‘ %‘#- rc@%%?%%}%ssgnt re@%%%ﬁ&?&f%‘%@% and 4)
‘argue st axhgkigotites it penadedomized Ithich dtome esithemsexg oA Shereasenih ogtedyEd .
| nportant _the.c s-.tal k between the cogpate |igands:an issue that_was not -
,addres'se'apoﬂq?ﬁmt ifgfw h%ﬁefﬁs@ﬁﬁ‘ai?ﬂ%b?eg onag?}g‘iﬂ%?ﬁﬁo RS @S Mtexi ng of
ER with '&Binﬁiﬁnarﬁ;rﬁ‘N&IB BN a0f RERRDL 92009) Myolt e talissRlap gt 7limandy coul d be
~denonstrated in cells ‘transfected \?\ﬂ h)onl y one steroid réce’p?’or. .47 '
20 contrasts with pro-apoptotic effects of estrogen on osteoclasts and the prolongation of

 their lifespan in estrogen deficiency (Hughes, D.E., et al. (1996) Nat, Med. 2, 1132-
1136; Kameda,T., et al. (1997) J. Exp. Med. 186, 489-495). A shortened working life
- of the bone formigg_c&ll and longer Worki_ng life of the bone resorbing cells could

account, in part, for the imbalance between bone resorption and formation that
25. follows loss of sex steroidé;' Moreover, an increase in:osteo.cy’te.apoptosis could -
further weaken the skeleton by impairing the osteocﬁelcanalidu_la; mechanosensory -
network (Manolagas, S.C. (2000) Endocr. Rev. 21, 115-137). Indeed, it seems likely
that the signals of estrogé;js and ‘.thosé of mechanical strains ‘may be integrated in
bone, since, osteocytes which, fike endothelial cells, are pnmarﬂy regulated by shear
. 30 ' stress and respond to estrogens, do also respond to stretching with ERK activation.

‘ The dissociation of nongentropic from genotropic activities of the sex steroid
receptors With synthetic ligands provide a novel means of sepai'aﬁng'desirable from |
undesirable actions 'of sex steroids, thereby providing improved 'phh:maéofherapeﬁtic

| .agents. Specifically, the 'mechanism-speciﬁc ligands of the ERs or the AR, in
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13 Decenmb?r 2004 WO 01/96605 PCT/|1S01/18950 Sever al ThBREERE 6P he MAP
ki nas€ " signaling pathway, including Src and ERKs, are clustered in
caveol ae - specialized nenbrane invaginations that are enriched in the
.scaf f ol di mg prasb@s n caveol i n- 1 and conpartnentalize si gnaﬂ.cfmgﬂs]]g%t i on
(Ckamoto, T., et al. (1998)..J. Biol. Chem 273, 5419-5422). Caveo 5 are

found in varLet of ce es | uding h rran and muri ne osteobl asts
( Sol onon, Sm?'ﬁ@?ﬁgg 2@5% pr c al patrogengar. angdsagensayeo mon
KR et aLm aﬁ@%@ge&us cBRESE El%iacoﬁ (t?u%g%aﬁf)g:g%f rb?:g oRRER Shown

recently to co- 1mmunoprecipitate cave In-1 (Sc et al.
(1999) J. amBi-sésorptivenandogedder maea)fmﬁempnagemnmmmpmcmtm ERa has been
-co-l ocalized in caveolae with both 10 caveolin and eNOS - an enzyne :
activated by estrogen through a nongentropic nmechani smof action
(Chanblisg, K L., et al. (2000) Crc. Res. 87, B44-E52). The dependency of
-t he antl-l\ﬁopt otlc effects of estrogen and androgen on sex steroid

r ecept or sMigg oﬁguwnpnﬂft-ﬁd femplgcwies Wfﬂvstet tmctam fivepoptledidcmelegBAMRE the E
domai n of _the I S.preserved . when t rotel n.to the nbr ane,
ot i 1 | s wel o BhEE i Bt oo BARE TN, ibii oR e el e
ef fect cafsdbef FBEIatire humlthals.2 Mica Gdrd EubJchtcd hea @hﬁﬁ%p%ﬁdﬁoﬁ%%tmai’erﬁlh at is
associated with the plasma nenbrane, probabl ‘Wi thin caveol ae. This

connect i ofvaTiCloTREN etshidggtome Afiondiond weeks, anele mige.aespectivelphenonena
on Sr reinis the first denonstration -
t hat ?%e nongen?ﬁtg)géfagd@%l&g%a?v %ﬁq%&aﬁvg‘?erm d receptor can be - _

functional I'y dissociated fromthe genotropic activity of this
‘transcri ptlon_fact or ; and that th| S can be accorrpl | shed usi ng synt hetlc
st er oi dal QBantHinaher LG Oste: B 1T 1 edihene sections

exerpl i 1 giopidah eeeaaéseafdetéb%m LG g%%ﬁﬂﬁwalaﬁghhwsﬁa%& g vil

‘recogni ze Invention is steroi or nones I ncl udi ng
~ est r ogenssectiong)ef thenesrichradr(fd dnd.,s) bYZ'BUgJEIcsIam@ us:ngisheaﬁdbnow FragEL

act vl y. SeiegR {OnéqiBaes of PRt pofrebed OV eletn, 1 S0 d Al obeSRb fo

treat nentehﬁomvbanmilmam L!l‘i]kﬂpk@”&%“(i@%ﬁﬁ%ﬁithﬁz&%ow Soxmheroid
receptors to inhibit apOptOSI s W t hout inducing transcription. |In’one

enbodi menTUNBELgporifiven dypestrophic s&:ondmpmﬂ wretoteem atcthevbeftces ofs thehe
“result of di t _conf or mat.i tes t he receptor

prot ei ns ?8?&5%? ﬁe@ SPhETE *pHyE fghl P%i‘ ec?dé’ﬁ"g r\ﬁ’l‘f ‘i’ that are
required to effect the genotropic versus the antl-apopt OtIC responses
(Figure 7). Because sex steroid. receptors are found on many tissues ot her

t han ?%prgﬂbﬁ&lﬂ@ ‘t Ostseflastic ealls eerp gainet figrm neonata] engtng saivasa Iy ect ed
Wi th the piRsaitse ' AYEHobOTufiffld for 2-3 days in OMEM containing 10% FBS,

resuspended using trypsin-EDTA, and frozen until use. Osteocytic MLO-Y4 cells
(Rato,Y., et al. (1997). J. Bone Miner. Res. 12, 2014-2023) were cultured in phenol
red-frée GMEM supplemented with 2.5% FBS, 2.5% bovine calf serum, and cultured
25 ofi collagen type I c_dated plates. Osteoblastic OB-S ce]ls'(Lecka-Czemik, B. et al.
(1999) 7 Cell Biochem. 74, 357-371) were cultured in phenol red-free GMEM
supplemented with 5% FBS. HeLa cells were cultured in phenol red-free MEM
‘supplemented with 10% FBS 01 mM nonessential amino acids, and 1 mM sodium |
pyruvate '

nO

20 _ _
. Quantification of apoptotic cells in vitro. Apoptotic cells were quantified cither by
trypan blue staining or by direct vieuaﬁzation of changes in nuclear merphology (in
the case of transfected HeLa cells), as previously described (Plotkin,L, et al. (1999). J.
~Clin. Invest. 104, 1_363—1374; JilkaR.L. et al. (1998) J. Bone Miner. Res. 13, 793-802;
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be used to treat conditions associated with the tissubsPeeniegafyd
expressing sex steroid 48 13 Decenber 2004 WO 01/ 96605 PCT/ USO1 /18950*
Teceptors. Exenplary tissues where sex steroid receptors have been found

i ncl ude Wigfor/sa60 Not limited to pituitary and hypot hal ampgridshst@se nuscle .
ti ssue, blood cells, blood vessels, and colonic nucosa. On the scal e of

nmol ecul ar_i nteractions_and cellul ar events enot e nse is a

rel ati velika, dhb- FE%(&?%Q)JH&ZI{DHJ%VGSF sl%el4l38V@§)qt gﬂ té%]ﬁ“fqeé IP?FE- ‘gpfgfm cal

| i gand-r t{aﬂﬁ n the
‘ b: %dl ng 9%21@%3 °‘i‘%§ uce ac% nvé)?n%% s%ﬁfgélg%ttéds%aﬁl Ity and |Ifeltl me to
- effect t bellsnplhted ph@lasprcomﬂslrpsmﬁl &ienexﬁaandrﬁnoecsnentlpmtems (gmmi of mdr acti ons

and the enzymatic activatigns, that are i red I}l,e cﬁuromatln
ar chi t ecPORENEE]a S 4 §eAUeneE B‘i‘c 26 EG: angﬁ

(Figase fxafidh if 1909 fb@ﬁ&ﬂd@h@de e pee@dide SORIBpBaLE was SddthBned bgng- | i ved

| i gand-receptor conplex places strict. denands on ligand structure, |eading .
to t he wdttermmingths pededrinirplologiind? @k §WctransfesieddButrespgndiegs. char act eri ze

- the classical genotropic effects of estrogens and androgens. By contrast,
ERK activation, which underlies the nongentropic anti-apoptotic .15

responsembﬁqy&%%y r @fksblang OmpRene(d Patedullywarelcahared in Mc&en epped or
br oader range conf ormati ons adotted o o ®

much nore transi.

i gand r gelepessentiablpnss xeviousty dasedbe (Klpmﬁ QE% et o (AA98X Y- quh@l?loﬂﬁ%t i on of

i 1] ho BT AT B mien B3 e S et ok MR 0ok o A PRUTRRR" o
~ associ at b @pateR! &8 ovedaliewith DSrnt @ﬁ(mmgoovmsmmqm@mbxcat i on
rates that 20 determ_,nes the aff| n|t an s assessed by cl assi cal

bi ndi ng a¢if mdisithgs vehjele (BEGsthan 1&%5 1o, RARICESeRliRNS nor e

51 oohom Ve dpd bR AR RerAY Bﬁﬁﬁ@*’?%%m%ncer hoo: ag. oo

3044-3050), the formation of such short- termcorrpl exes mght show greatly.

rel axed structural specificit te [affi ank| as.i,s mani f est
in thd m&%@@aﬁﬁ- ﬁ@é‘@ﬁﬁgg’gﬁ@ (ﬁ;# 1 %ﬁ%&yrapld
response ;ipyy, ! Bl {4 ehRilke pa{o%emnapraﬁboa a?ec% & {SFdEdesponse

has |nterest|ng pr Int e tinme course of” events fol |l ows
est r ogenphosplmtyhited BRFE1/2, e aitabbitspalfclomateimtibedy Eﬁtcsgnlsmertptaéﬁﬁlﬁgﬂ

estrogen s est i ol di net hyl.stil bestrol an ui .Wth
1 ong- act ?‘?@W@% Jt ?’i&‘&@%&%d‘eﬁ FUDer; (a0, gpiTmolise “oF ap, g ?ﬁ%ﬁ ?ﬁﬁ%‘f in :
i nduci ng cSﬁjWEMed BSPORER R PorcXidaseqS Aita CABI Biotdchiolog)d early RNA - -
synt he5| S ereas they are far | ess potent than the

DNA constructs. Reporier plasmids carrying the 2.25 Kb of the human IL-6
promoter, 3 copies of the vitellogenin ERE sequences, or the complement 3 promoter
driving the firefly luciferase gene (I[r-6;1uq, ERE-luc, and C3-1uc, respectively) were
used to assay transcriptidnal effects of the 's_-teroids. The expression plasmids of ER
25 p‘g‘ptide antagonists carrying cither ofll, or two copies of 293 (2x293) , or two copies of-
F6 (2xF6) or GRIP fused to the GAL4 DNA binding domain driven by the SV40
promoter have been described previously (Norris, J.D. et al. (1999) Science 285, 744-
746). The sequences of the peptides are disclosed in Chang et al. (1999) Mol. Cell.
'Bio. 19:8226-8239 which is iﬁcoxp_orated herein in its entirety. The sequence for
30 peptide oIl is SSLTSRDFGSWYASR (SEQ ID NO.: 1). The sequence for peptide
" 293 is SSIKDFPNLISLLSR (SEQ ID. NO.: 2). The soquence for peptide F6 is
" GHEPLTLLERLLMDDKQAV (SEQ ID NO.: 3). The sequence for GRIP is
HSRLI-D)SKGQTKLLQILTTKSDQMEPSPT_PSSLSDTNKDSTGSLPGPGSTHGT
 SLKEKHKILHRLLQDSSSPVDLAKL TAEATGKELSQESSSTAPGSEVIVKQEP
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| ong- acting estrogens in inducing the later responses!$HerrmReNBAt synt hesi s
‘and *ut'erine growth (Katzenell enbogen BS, et aL (1979) Prog. Horm Res: ‘35, -
259- 300; Katzenel |l enbogen BS, et al. (1978). Mol . Cell Endocrinol. 10,
.103- 113) wo oi/egehs t he 49 13. Decenbir 2004 WO 01/96605 PCT/USOL /18950
term"inpeded estrogen was coined to describe this char act%?"r@ﬁ?]élsé%nge I n
potency befween short-term and | ong-termresponses. These di fferences were

at t ri but e PRERENAHIRYEEPKIMTKRIGLEELSEQ BndiQ.cdh Smhtﬂyplexmggmﬁncy by

ufTTen enHEC R MRS e 20087 8T0e M LAAR AR RBRL T S B e bt
nor e pertlhaeenﬂaeemretpbﬁea Ieﬁﬂleﬁ S&lﬁ)dﬁ% BYeat 4, (}ygsyglmspl e hb 8 vgrlg—él s the

i nhi bitors” (Szedlacsék

-.concept of sl ow, ht bi
(1995? weﬁ%iﬁéyﬁ%r%b et 32491 %MBMOC eNb2 74, ea&}as-zoossv M@aao, M., eEnzyrmI

~ Rel at. zAr 1 enz can
.be i nhisbi t%gcspg&%l ?Iyﬁggéc’imnﬁedt ve %39 M? ?“Pm a@é'&%{%ﬂﬁg@%@mﬂ ﬁnds
onl y @ fem&g)ohom{]mm tAtmemdl Sb%c)c'e’ed% sApvw%/ 25?1-2396 br ir@ i ahle
.conpl exes u Qr.ne initial enzyne-in or
(" ?g?st-l 08%“&6}’5’&?&‘?% @sé dé%%métl?rlal éfhme2ﬂel2&3<’é?d24{1§§ebcﬁaﬁfeyalsﬁem here in
-t he nongent | €590 t e e their.
par al | el ?nBi?Ee(?‘EeP%SS| cglllg y recfogné'ﬁ]é?ge%@g%geg%e@ %}Zeﬁ)é Zh%%é)ges o
needed f oBl@eﬁh@mo@é&; 24089-214098; Ihce, BAS etSiIeUlt99B\) J.IBioheChdinV 248 4026~
anti - Eopg?ﬁé ﬁé ts of sex steroi g%S osteobl asts and.osteocytes, the
| 0SS 0 a‘f?@ﬁ%ﬁ’g andhE mptagtspeh thef ERes truolsbtidess and-
~ost eocyt eorirdy &Qﬂ@@%&%ﬂﬁﬁ@ﬁ&dﬁ@? thtod A s ?talﬁﬁr33§%rm@§ dé?%ﬁﬁ?g?{,ejy,e g

osteocyte apopt osi's followng loss o rogen-has
pr eV| ous| Wereamplified fzom iR by RER. nThmfmwsrd(pmbér&w&a&ed thededte@ich site:  (2000)

Cel | 13 contrasts with pro-apoptotic
: effects of rg%;ﬁcogen orllééog%%(cf Reey ?ﬂﬁlzﬁgﬁéemlﬂmﬁﬁ?@ﬁm@? d thenBamHli f espan
i n estrogmstridtbn csnencm;kwaePCRDpEeduc@t wete sibk @%g@lﬁ% &EW 132-

. 1136; Kaneda, T., , et al. (1997) J. Exp. Med. 186, ened
wor ki fry | YeRicHen iteofP MV or ni ng . cell and longer working life of t he.

one. 16501 pt§ oRRa e A FaR et 10 BB g et A Gndige e,

Mor eover , gameratedcr dyse POR osdresiéffdatiofPopt OHRyy CQidhh fﬂfﬁﬁaer keg_t he
skel et on @&dé&%@\ Meoc te/canal Il cul ar "mechanosensory . network
. (Manol aga {('”é CCAGS 16BQ Ihdded; si andefis | i kely
that the GC@E\@GGGTC?@ NEHEPERUGHARR ni rains - be
integrated in bone, since, osteocytes Wﬁl c%m%sﬁée 1gjad]c}]t%?r | %cefl's, are
pri rra?oidl ﬁeggﬂmwwmm@m@momw@sm I@N@geﬁ&m gQ al so
respond t
Pond 1 ScENCE EPAtTAEREAR A3 (sBQ ID NO.-: 8), respestively.
- PCR products were digested with Nhel and Agel and inserted into the same sites in
 the appropriate ECFP vector. To gerieratc E-Mem-ECFP, E was cloned into the
- Mem-ECFP vector (Clontech) which carries the N-terminal 20 amino aclds of
25 neuromoduhn containing a signal for post-translational pa]mltoyiauon of cysteines 3 )
and 4 that target the fusion protein to the plasma membrane. To generate E-Nuc-
-ECFP, E was cloned into the Nuc-ECFP vector (Clontech) which cardes three copies

of the nuclear localizéﬁon signal of the simian virus 40 large T-antigen fused to the C-
terminus of ECFP. For the generation of ERa-ECFP and E-ECFP, the nuclear

30 | localization signal was eliminated from the Nuc-ECFP vector by Bgl]]!BamHI
‘ digestion and religation to generate ECFP. ERaor E PCR products were then ligated
into the Nbel/Agel sites of ECFP. The complete sequence of all PCR-amplified

regions was verified by sequencing. The cDNA for Src ASH3, Src ASH2, and
,SrcR295M (Sre K°) were gifts from Dr. William C. Home, Yale University (Zhang,
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The di ssociation of nongentropic from genotropic actildPpesnksy 208t sex
steroid receptors w th synthetic ligands provide a novel neans of . =«
separating' desirable from undesirable actions of sex steroids, thereby

provi di ved pharrnacot herapeutic agents. Specifical the
rrechanlgﬁrt %E’éi? Fi ¢ | igands of the ERs or the AR -in 50 12 Cﬁé@ g0 2004 r

WO 01/ 96605 PCTI US01/ 18950 distinction to tissue-specific |igands (SERWs)

or classizat ateezooowrmot Chéifi 208479-486% Waor Sﬁwmtaagewm prosiied bf Dr
‘phar macot her apeut i C ents (true anabglic as ap anti-resorptive,

Bnd gend&s Ay Do S AL WAL GOF o o SO e d gmgelyice.
Four - nontl déﬁﬂﬁé |
mce Were hal nt d an usg}j’ﬁf}%}?@g&&? g?tlgig(\f/}mtﬁ ’Nwﬁigwép?l nes on the care-

and use (Mankcain,(ﬁ atemay(kﬂmprﬁblsncelﬂﬁe%ﬁwm)subj ected to a sham operation or
to bilateral- ovariectonmy or orchidectony. After 4 or 3 weeks, female or -
mal e i ce, respectively, 10.were sacrificed and the |unbar vertebrae

r emoved. flnk friaGe¥bbeRihs OTHHAAPLD ivfere gﬁt&%ﬂ £abYem? AHR SHBP §5.08 houtd

undecal ciTred bone sections. Apoptolic osteoblasts and osteocytes were
_det ect ed viere tradsfected ivitted tptahsmountenﬁédn@@f RMNAt using Iapofetiemizer (ldfr ae (L1 -

to L5) by, TUNEL..st usin Kl enqow . Fl.a 5dtct|0n Kit
(n6obendremetogif fioh P ang g, Hicorrar ftpbefiot ihe Togleolin migNs 5
din. | n\‘%ﬂtcedlﬂaa frédit meBrim cohithikimhg 18% charBbaldtri ;iea%%aim%nd @ehfinentd Nvest .
104; 439 TUNEL- positive hypertrophic chondrocytes wer e observed at

the HOtt G‘imr@iﬂltlﬁed Jhe it ba@pesﬁ@@l analysia wvagperfarreed g bp&ise (Rafeaigont r ol

for each sec 0 I talf € I € e, obt ai ned
“from neoﬁbfa?t r?gr H‘f}g}) al (\;gﬁ g\“ 'ét %%I ?%e%@eeg& ?{3’08’? dt?& ﬁe\&fant for 2-3
days i n tdinscEiption ttaisftciRa: cé@%&%&reateﬁ@ﬁiﬂ&ﬂ?ﬁﬁ@ﬂmﬁﬁtaﬁg akd gRailaotokiddde . and
_frozen until _use. CEteocgtlc MO Y4 cells (Kato,Y: , et al. (1997) J.

' Bone M négtiviftesswergmeasered 24leter. were cultured in phenol red-free oMEME
- suppl enented.with 2.5% FBS, 2.5% bovine calf serum and cultured 25 on
. collagen type | coated pl at es. Osteoblastic OB-6 cells (Lecka-Gernik,
B. etisal RT-PCRIalvkisCef the BER« hmdnAR #1l emiBbvoniy fibrobdases. ¢ Tht yirmekrs nlsqahenol

bhenol *r atere'r s ERAKBRD oL s o GABAAGPAPA ST A GO B EENE L anino

~acids, agflahg SMIIGGCCARAGERTEGCAGC-3 (SEQ ID NO.: 10); for ERB (162 bp) o

|  5-GAAGTGCCAGCGAGCAGGIG3’ * (SEQ ID NO.: 11) and 5™
TGCTGGGACGGCTCACTAGCACAT-3" (SEQ ID NO.: 12); for AR (615 bp) 5'-

20 TGTGTGGAAATAGATGGG-3® (SEQ ID  NO.: 13)  ad 5-
TACATGTGGTCAAGTGGG-3 (SEQ ID NO.: 14); and for B-actin (200 bp) 5>
TGGAGAAGAGCTATGAGCTGCCTG—B’ (SEQ ID NO. 15) and 5-
| GTGCCACCAGACAGCACTGTGTTG-3* (SEQ ID NO.: 16). R

‘25 S;etisticai-analvsis. The Student’s # test was used te e_\raltiate the in vive changes in
| bone cell apoptosis .t-o assess for signiﬁcant differences between means of the groups
(o=4-5), aﬁer establishing equivalence of variances and normal distribution of data.

- The data of the in vitr"o‘.apoptoéig assays were analyzed by ANOVA, and thc'Stuc_Ient- |
_ Neuman—Keﬁis method was used to estimate the tevel of signjﬁcance of differences
30 bétween means. Tn order to establish whether the steroid effect was dependent on the
pro-apoptotic agent used, data of Figures 1C and 1D were analyzed by tvtro~way
ANOVA, in which the. two varisbles were the proapoptotic agents (vehicle,
.dexamethasone, etoposide, and TNFa) and the pretreatments (vehicle, By, and DHT).
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Quantification of apoptotic cells in vitro. Apoptotit defanbepgpet
.quantified either by trypan blue staining or by direct visualization of
‘changés in nuclear norphology (in the case of transfected HelLa cells), as
.previously described ( Plotkin,L. et al. (1999). J. din. I nvest. 104,
1363- 1374v0 odiédon; R. L. et al. (1998) J. Bone Mner. Res. kyra®3nffls: 51 13
Decenber 2004 WO 01/ 96605 PCT/ USO1 15950 Jil ka R L et al. (19%9) J.

Climlnvet 104,. 439-446).. In the latter vi sual i zati on of

pyknoti c 3? eﬂ'ﬁ%%ﬁtfeeﬁ H%FH ‘%S@é"dr‘é(ﬁ Prady e?? tE 0¢ signeiicapes gh theof

- cell's pl aligftrRe9hdsts fRURAM RS éﬂtg&ﬂgﬁﬁrcﬁﬁhanced f1uorescent proteins
(green or red) containing a nuc ear | ocalization sequence (EGFP-nuc or

ERFP-nuc) . Following 5 fixation in 3.7% fornal dehyde, the percentage of

- apoptosi s was determ ned by det emﬁﬂe nucl ear nor phol ogy in 200-500
transfected (fluorescent) cells. ssay. Osteoblastic OB-6 cells

. (3. 3 x5 10K épulatine b€ oSiHbBIHEt Q8 d bBtebdiidSaro ﬁﬁis' og&lbSang h bblafd as

- previously described (Klein, CE ., et a

1427-1436) . After gels for rred they_ﬂm_tmdet ached from the bottom of the

well using a spatula, and overlaid with 0.5 m of (aMEM cont ai ni ng 10%

PBS, 200 pM ascorbic acid, and either vehicle (0.1% ethanol) or steroids..

After fixationOvimettdthy oo Br&ﬁl‘fﬂ“ctdﬁgﬁm MigE m@ease@a&taﬁ@ms@édb@ast gRiptcsiger e
quantified st ai nj ng Western bl ot anal S

_ T UNEL. Sl '
phosphoryb&t{%n"lﬁ Sirfolds andermtepoytocapopieaisy by d-hynd |3;ﬁ1fﬁbblmﬂ6hgelyu5| ng a

| ated |/2 -
R e e G N T >
i ncubat i oovatiettongzddhmiceacening ITGustadio] (). @atd ncrtanbwh) aMol daddate wJ ugat ed

wi th horser dISh B roxi dgse (Santa Cruz Bi ot echnol o . 20 DNA constructs.
Reporter Bf theps SHFS tiEnary shvape sell pplirgs g anIOEtGBGY%QﬂHd@I@r 3

f E t
copi es o weﬁeh%eala&%bag&mdaels REi 5 Q%f‘dl?cfgﬁ?:hg&:oft%al 28 agggs@l ot er

~driving the firefly luciferase gene .
respect i vﬁprSIdﬂanéucedsqmbptt@slaas aglavarzneallsi mtaaﬂnaé depémienis fasmohheltb taer oi ds.

The express S R t| de t arr el ther all,
or t co%‘?“ a!)fa%lf xaég@)gEt 1)&5 é@ﬁ] 1?‘?? rf’?'it%‘)' &0 @’%ﬂd fused
to the %mwm SN B ok YT RLBS. been
descri bed previ ousl| y Ptr . EJ ogt al Byev%g%d aﬁysﬁﬂcsalﬁ%g%% (71%?1&1746)

The sequelﬁii%%e gstee @%ﬁﬂs@md@d@&ﬁew@@cﬁc ccllding MLQIY4 (Eugm) Mol .

nct ) IR B

sequence dextmpibpsindeor mBm&ﬁalmwﬁghﬁP(doﬁﬁwaﬁ) NO. : The
- sequence for peptide F
20 The s1gua]s that control the prevalence of apoptosis of osteoblasts and

osteocyles in vivo are unknown. However, there is extensive evidence to suggest that
mteractlons of cells with their matrix, in partlcular collagen-integrin interactions, are.
important in vive cues for the decision of a cell to survive or initiate the process of
lsgicide by apoptosis. This phenomenoﬁ has been termed anoikis (Frisch, S.M. and
“2s  Ruoslahti, E. (1997) Curr. Opin. Cell Biol. 9, 701-706). Thersfore the effects of sex
~ steroids on anoikis using a boﬁe mérrow derived osteoblastic cell line (OB-6), which
was cultulfed inside Type 1 collagen gels were studied (Figure 1E). In this system,
apoptosis results from loss of integrin signaling during contraction of th,el collagen -
lattice. As in the cas¢ of the other pro-apoptotic signals, either B, or DHT does-
30 dependently attenuated anoikis at concentrations as low as 10T'M.
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GHEPLTLLERLLMDDKQAV . (SEQ ID NO.: 3). The sequence fb@@%nﬁb?r@m‘*
HSRLHDSKGQTKLLQLL TTKSDQVEPSPL PSSL SDTNKDSTGSLPGPGSTHGT | .
SLKEKBKI LHRLLQDSSSPVDLAKL TAEATGKEL SQESSSTAPGSEVTVKQEP 52 13 Decenber 2004
MO 01/ 96605 PCTI US01118950 ASPKKKENALLRYLLDKDDTKDI GLPE (SEQ ID NO.: 4).
Simlarl WO&$6®ssi on plasmids for the ERa nutants /A B; PGI/USH/BIN, 118A;
AF; Sbb54fs; E DBD;' or L525A . have been reported earlier (Schodin, D.J. et
al. (1995) J Biol. Chem 270, 311%# Ekena, K., et al. (1996) J
Biol. Chem 271, 20053-20059; Montano , et 5 al. (1995) I\/bI
Endocri nol . ]ﬂ{(&dﬂﬁﬂﬁ&he ABrirasn amaksvelh #he lsarr \

Proc Natl. Acad. SCI . . , . ; . , EEM a‘nd

. Kat zenel | enbogen EXEERECHYE; LT SICSANEIS A0 CSSEREON LATAIALORRAS: e Gof f et
al. (1994) J Biol. " Chem 269 4458 4466 Wenn C. K and Katzenellenbogen
B.S. (1993) J Biol. Chem 268, 24089-24098; Ince, B.A et al. (1993) J.

Bi ol . 5Chem 26Be béi@@g?ﬁnlﬁacmszantagémst tId b&ﬁ;%&O mt%namhogdmer@épmnd E

tants of .the. FRc tid 263 th h -
555 and eeORbIgRBeSbERal iR R IoRC B e b it DR AR ERE S PO e
- forward phiREng QY Bt HREHRS 6f BbiseR sfetdifls wedd m%éiafedﬂ!i&dthte*ﬂ{ﬁﬁ@ Koza'k o

sequence and the reverse primer contained the BanH restriction site.
Ampl i fi edAPCFSIFPUdugb'S baweeers dhec autivepbptoticoeffee @a]ﬁz‘l”WBa@HD abrggatessby i cti on

er ¢ °£,ep W o e B DF PECHY dt 1 RAGPRIT oS, RSBV g™ et

ke \GiEerkQiaie- showln o@sl&l%at ﬁﬂtwﬁﬂmcﬁles including ICI
GCCACCGGTCT CTGTGGCAGGGAAACC- 3' (SEQ ID NO. : 6) or 5

GCCGCTAGHACIRD m&m@mmqimegof sterofd TeoeRkors O#-)W?@n& 61999) Cancer
GCCA ?%&STGTAGGCG 3" (SEQID NO: 8), respectively. PCR
products were’di'gested with Nnhel and Agel and inserted into the same sites

‘in the appropTé edtsbiEERR: dqehdency bf tigensi gioptdtid\ffacECFE) ariid DHT ctlthaed into
the Mem ECFP vector, (C ontech) WhICh carrlestheN-termSHﬁ% tglitgmno E
aci ds of EBsznd AR ag et Eé???é% rﬁa%fe&e%tf’ﬁh%l § Brexpeded 1§ P 9k al

pal m {50y ar?Tx%drg‘gﬂls%f t%)ife% SHlleFcT oM whlich Hétnoﬁ éEEgﬁ-éés 210 Sr hARSker tpgﬁeﬁﬁécf‘ to the

pl asma ne 0 generate E-Nuc- was cloned In t he Nuc- ECFP:
vector ( (mdhesactrgpemnml:& dhalai exdls theetranapntéﬁ trapffectad withc ealeancédogeeinzat i on

B O R SRR 50 Al oS hIBE (R and ST
- ERa, ERB or the AR expressmn.consu'ucts, or empty vector controls (Figure 2B).
Neither B, nor DHT (102M to 10™ M) had an effect on etoposide-induced apoptosis

20 in cells transfected with the vector without receptor (empty vector, ev). However, in
~ Hela cells transfected with either the ER (oo or f) or the AR, but not the vitamin D
receptor (VDR) or the retinoid X recepior (RXR), both B; or DHT prevenied
' apoptbsis in a dose-dependent manner over the same range of concentrations.
Iigtercstillgly,_ 1,25(0H)2D3 prevented apoptosis in HeLa cells transfected with' the .
"25 VDR or RXR, but not the ERs or the AR. Identical results were obtained usmg s
dexamethasone to induce apoptosis.
, As in the experiments with the primary cultures of osteoblasﬁc cells, either ICI
182,780 or flutamide abrogated the effect of B, or DHT in HeLa cells, irrespective of
whether the HeLa cells were transfected with the ERa or the AR (data not shown).

30 These results clearly establish the requirement of the BR (¢ or ) or AR for the anti-

' :.apoptotic effects of estrogen. Moreover, the data suggests that- “the receptors
responsible for nongentropic effects of sex steroids are indeed the classical receptor |
proteins, i.e. the ones that mediate the reproductive functions of estrogen or androgen,

~ rather than alternative prbteins. More important, these findings indicate that some
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30 localization signal was elinmnated fromthe Nuc- Iﬁé:@e‘i%r&eélgo%
‘Bgl | I'f BamH digestion and religation to generate ECFP. ERa E PCR
products were then ligated into the NhellAgel sites, of ECFP. The
conpl ete sequence of all PCR-anplified regions was verified by sequencing.
The cDNA WOIG6E0SASH3, Src ASH2,- and SrcK295M (Src K-) mewveseibiss from
Dr. WIlli-am C. Hone, Yale University (Zhang, 53 13 Decenber 2004 V\D

or She. mutoiee o e ARSEGH AR B AR are it Mibs BB Rl

“Virginia (hﬂkbyﬁn&rogenaadthe@@ﬁﬂ)estﬂ\genhdvebmmece%ﬁ ﬁ%&'@st?o%ﬁéér dO MEK .

: d S.J t al.
o0 *6crel Mamgiomuee 68, (O Gisast for £ ﬁ%ﬁ%"eﬁ%ﬁ%ﬁsbutﬂ@;?@lﬂgmm@onerg o
‘pl at ed at { t ot al
Pl ated at ofud S PRy Bl Sbrtfiod o egA: b HLARRIER! Slold I 112
Fol | owf ng(\ﬁelnsaetreﬂuw%JrPnodﬁmhmmm U,m 1955527—6532 , Qe peswlsresenfedl aced
'V\nthfresﬂ nedi um co ttﬁ‘nfllrptg 10% ﬁrco I-strlpiged serumandtreatnents 10
ver e init Pat S PR s fi ?I?‘%‘[a aty A RSRstransarRtional fastion piathepef or e
‘(Pot tr at ZelassRoal ER&! ardl AR(ﬂa%%hoﬂ- gek'h‘bﬁ%gemﬁé ag.t% ﬁég)esu{g%h RE- or

. C3-nmedi ated transcription, trans ecte wer e and
“lucifer as@@m@r@mﬁah@ BRi at kA Raappears t6 eccowetrfor treasficaeyt oT4ithéradlsss. 15

RT- PCR an E d, AR | ryonic fibroplasts. Th rlrrers
- used wergfy orx %%%%ﬁ%leto%ﬁgﬁﬁﬁ&ﬁ@@?@&&e@w 41D NO :
9) ando 5' EéﬁEWﬁm%&encﬁﬁﬁQduﬁﬂﬂ%mﬂa@&tsﬁﬁh% (162 bp)
5' - GAAGTGCCAGCGAGCAGGTG- 3" (SEQ ID NO. : 11) and -
. TGCTGGGACGGCTCACTAGCACAT-3' (SEQ ID NO.: 12); for AR (615 bp) 5' 20
TGTGTGGAAATAGATGSG 3' (SEQ I D NO. 5' - TACATGIGGTCAAGIGGG 3' ( SEQ
I D NO. : 14) and for 8 actin (ZOO%QW%F%AGAAGAGCTATGAGCTGCCTGS (SEQ

1D NO = 15 Elidn BNdling) dmain 25
Statlstlcal anal yS|s uate the in vivo
changes in bone cel 204 5¢03UIS BHCAEE ACRITE ; giht di ff erences

bet wegn means of the groups (W 4- 5) after establ | Shl ng equival ence of
vari ances and normal distribution of data. The data of-the in vitro

apopt osi s assaUsingeﬁhe BRal aszz @ratptypbiOwhethen dh¢ hatiSpogtetic achieityad- fieel s
met hod- was uz ft estimate the | evel -of 1ilﬁmflcang:e of differences 30
bet ween rSSHLOTS R §FY EtFmtl QR thessama on fifteranf, domaws dhap those sequipsd

gﬁgleggggt%)@/ﬁ{%@jpﬁfhﬁr ABREEOWaS RESMIndS BflgnraBA).Of THi QHEER c]ics&'egallD vere
mutants of the ERa on prevention of apoptosm were compared. - Some of these
20  mutants bave been described previously and have been shown to produce the expected |
' proteins when transiently transfected into human cells, such as the HeLa cells ﬁsed in
the present study (Schodin, D.J. et al. (1995) J Biol. Chem. 270, 31163-31171; Kraus,
' W.L et al. (1997) T Steroid Biochem. Mol. Biol. 63, 175-188.; Ekena,K. et al. (1996)
J Biol. Chem. 271, 20053- 20059; Ekena, K., et al. (1997) J Biol. Chem. 272, 5069-
gy 5075; Montano et al., (1995) Mol. Endocrinol. 9, 814-825) In experiments not - |
"© ' shown, it was established that the- mutants comprising the DE or E domains also
.produced the expected proteins and lacked transcriptional activity.
Like ERg, mutant AA/B which lacks the. entire N-terminal transcription
activation fimetion (AF-1) domain, or a mutant in which erines 104, 106, and 118
30 were substituted with alanine ($104,106,118A), or a mutant AF, which lacks the entire
' F domainlof the carboxy terminus, or mutant ADBD which lacks paﬁ of the DNA
binding domain (amino acids 185-251), were able to ,ceﬁvey the anti-apopiotic signal |
of the Ex-bound ER. Yet, all these mutants exhibit reduced or no ERE-medmted gene
ﬁanscﬁpﬁonal activity (Montano,M.M. and Katzenellenbogen,B.S. (1997) Proc Natl.
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ANOVA, in which the two variables were the proapopt ot | tPEGEMRE 2P0%hi cl e,
dexanet hasone, ' etoposide, and TNFa) and the pretreatnents (vehicle, B2, .
" and DHT). 54 13 Decenber 2004 WD 01/ 96605 ECTI US01/ 18950 Subsequently, the
Bonferroni nethod was used to estimate the significance of the differences.
‘anong pr SYPAHPHEAL - agent conbi nati ons. EXAMPLE 1 5 Rel at i BeT/HS01888%0b| ast

and osteoc e a o tosis by estrogen or androgen in vivo and in vitro

Ovari ect OAua@rsGP@fs gke.eaozmuzssm LEGRTP ea 21984 rahibRICHR AL, erlmfs
apoptosis' by 10- and '8 3-fold and osfeocyte apoptosis by 4- and 3.5- foId

respect i v46p; Mﬂnmmﬁﬂdm&i{&mdledmgan,&iscﬂﬁﬂm Biol.Filgmn. 271341 72hese

(E2) ( dat 218) Maege o b (PS) MET BRETAl L 3IGRY b b ©
primary CAHNGT 4f%he Slgand v Edi{ve tﬁé‘ﬂl@gl?cﬁdtﬁzoﬁﬁdlewé‘sﬁﬂr&eﬂéﬁn él\'ﬁél%u&ﬁ?d as in-

vitro nodel s Either E2 or 5a-dihydrotéstosterone (DHT) inhibited
et opos demumucfbwhapcmmtbe enﬁrc a1/ and Dl‘h‘ebmdmgrﬂoalm@Eheﬁ)Mtlnf ashi on

Fesul ts vibrBgn st Srdt, Bie oAb it bR B S 07 BT oo
-apopt OSIScdﬁEraleﬂ%/ERllﬁuﬁﬁﬁmemwmheks)Bdtﬁﬁhb&ﬁﬁ acﬂﬂtjrmkdﬂagstra 1C) or

the osteocytic cell line MO Y4 (]FI gure 1D) when induced any of three
i 1 or ent(BY 0. HBb e 232 30515075 S awiint S8 sk atict-i6 e Roisnt 1 | as

breval once piie] BRIk AR Funchldn [0-2P (AR08, LTAE (08 PImiol (T -
H"t“ﬁ“?L cﬁm?zﬁossemnfenwemmws)d Bikjg€hém! 268 14mzﬂ—e4ctmg Womanof cells
| -.V“Eportaﬁ'tr enticnbadendidFl Bial: Ghef- ap8. S8R 2 4babs es%f" %'aﬁi'ifém?{ .eate
o b 2C RRRvE} bofh ) A8 biipofp WP By R enlRAAP ADRASE BREPi 10
© 701- 7062I .(Ekhnea, & oetealt fﬂé’Qé)‘I&clsGhiemséﬂl %@%BeZW%ﬁclmdm Ictal l@l99fi%]a b_oge
, 6 \
Type 1" cdtiohcEheterdafuisiiq Toer il deicsty i} @%’a‘s@ﬁ“ OB ot osi 5

resul fss fddﬁli@xh%&eoﬁmreémrmmﬁ g R AnAhifdihE REEiGH (ot fbf %Ika.@elﬁ()l | agen
lattice. As in the case of the other pro-apoptotic signals, her B or

DHT does-angdOtdapkapiptatioactivite maxtned reqwbtelphosphorgletion nf pentam a%teammad;w as -

107"M 5% AaokBs Gtk irmpzo 3% for the transcriptional activity of the ER.

Next whether the anti-apoptotic activity of the E domain was dependent on its
localization to a particular subcellular comparﬁnent was determined (Figure 3B).

20 TheE dcma.m was targeted elther to the plasma membrane or to the nucleus of HeLa
cells, by fusmg it to enhanced cyan fluorescent protein containing plasma membrane

or nuclear loca.hzatlon sequences, respectively. As revealed by eplﬂucrescence_
mlcroscopy, the non-ta.rgeted FRa and the ncn-targeted E exhib1ted similar

' d1$tnbut10n of cyan fluorescence in the nucleus of the cytoplasm, mdlcanng that
s elimination of all but the ligand binding domain of the ER does not alter the
_ subgellular distribution of the protein. However, incorporation of the apprcpnate
targeting sequence - acccniplished the expected subcellular localization of the.

membrane or the nuclear ECFP fusion proteins, respecﬁvely_, as can be'seen by .
comparing and contrasting the distribution of cyan and red ﬂucresce;_ice in the same

30 .ceH(s). Targeting the B domain predominantly to the plasma membrane did not alter
its ability to coﬁvey the Iigand~induced anti-apoptotic signal, as evidenced by
identical anti-apoptotic activity of this fusion protein to that of the E dcmain or the
full length BERex.” But in sharp contrast, targeting the E domain exclusively to the cell

nucleus resulted in complete loss of its anti-apoptotic activity.
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. WD 01/ 96605 PCTI USOI /18950 EXAMPLE 2 ER a or or the RPeaMsh?P0%nti-a o
“totic.signals with the sane efficiency irrespective of whether the |ligand:
is an estrogen or an and ro en 5 The estrogen receptor antagonist ICl -
.182,780 o drogen receptor antagonist flutam de bl ocked the

anti -apopivéi&g%g&f ect of E2 and. DHT in calvaria cells, iB{N/ESRII1RH0
strongly that the effects of the sex steroids were nediated by the ER and
AR Surprisingly, however, the antig@psmigtic ef fect of E2 was al so

abr ogat ed b fI ut am de and the effect of DHT by ICI 182 780 (Fi gure 2A) .
~ Consi st ent 2 EHEPHPSOULCACHNGY §ICIAE Sk 4 Seialed IR gnaj
t hat antl-horm)nes |ncI ud| ng ICI 1 thwa' | nteract vmth mul tiple cI asses of
.steroid receptors (Nawaz, Z. (1999) rr Res. 59; 372-376). To establish
t he dependency of the anti- apoptotic effect of E2 and DHT on the ER and
AR and_di ssect .the _role of each receptor in the unexpected results with the
15 antagoni st s;F2&F Lapiily pondidragsieptly serggsed frephosphorgizfips ©f BREwin AR wer e

“perf or med g0 ¢HESR, @;&F%Eﬁﬁﬁﬂﬁ%ﬁé&?&e@n%ﬁ hﬁn?gcli méﬁ%&’tﬁ *bEEl%qﬁé byll%%em ed

wi th enhanced green’ uorescent protei-n con a nuc i zation
sequence (WPe AA}) Identicabreshlty welcReproliiRG:d wsingt the mubine exlvais iseBblastic

t t t t 2B Nei t h E2
(10" 12M t §eioR) R 2 e Flpgiony ﬁm&fmmwm Bocksd cel 1 s
transfect 8¢ i sbcifRanNBabRIo Whd 543 U KRR PHoRS k. t%@"lkg( ver,

in HeLa cells transfected -with ei eER *or a) or t ut not
t he vil® anskovm); laedeqﬂtewﬂ(e\&mfamﬂytbeom hmsajm\hlblmdmlor Mé&éByer, botth E2 or -

of  concent PRREH R PRI hulslodRy SSat SRR S orie, R e o o SR, 1L

“cel | s trapsficeng dhadiBRK ph&@haq?aiwﬂ%d@rc Feltiase a@t"rkh 2t rErlgﬁll'éER'E fRE ahtile AR

I dentical results_were obtained usin dexanethasone t nduce -apopt osi s.
“As in theapopielis eRgetssofifotthsepriterpids ato eddesice Tosthe ebseattiol oleef | s,

‘eith I th ff E

aeLae::el IC§ I?I%rgespect|%?b§§tgﬂmg§?%t@?f$%as&%§f_ %e]?er \ﬁéfbgt?? éﬂgllngﬁd Wi th
the 1£Rc :mchRt— feﬁpnéﬁu(gjahfa'yamt: fibaeblingts dédvelase Sies thics t@dxemd Mclegésabl i sh
t-he reqU| %Eﬁééa or Oé ar AR for__the antl-ﬁ@i)o otic effects of
est rogen aD<erth @*5@3179%\1 uplife tha (5eREPIB) e for.
nongentro%&ﬁrgsﬁgﬁﬁv%tﬁgémﬁ%gg?% e rep‘?@)gﬁg%\é‘ ?u gheal receptor

prot ei ns e ones that tlons of estrogen
" or androgen, Tht lserdepéralancyt bﬁthaaamw-apcpptmueeffect NDE£ and¥ATaor thet fgse

findings | gg)‘i(f ?‘éc%p’}o?saket gg&eSﬁng’r %eansb %trrelllaZsOgli1 the activation of Sre/ERK
20 mgnalmg pathway was demonstrated in HeLa cells (Figures 4C and 1)) PD98059 or.
co-transfection of a- dommant negative (dn) MEK, a kinase respons1ble for the |
phosphorylation of ERKs, abrogated the eﬁ'ec_ts of E; or DHT in Hela cells
transfected with ERcx or AR (Figure 4C). Likewise, the effect of B, or DHT was
. . tjbrogatqgl in HeLa cells transfected with the ERoor AR and co-transfected with a Src -
“':32'-5 | n:utattt laeking the kinase activity (Stc K) (Figure 4D). More strikingly, a Src mutant
lackmg the SH2 domam (Src ASH2) abrogated the antt-apoptotlc activity of ligand-
activated ERo but pot that of the AR, Conversely, a Src mutant lackmg the SH3
- domain (Src ASHB) abrogated the antt-_apoptottc activity of the AR but not of the ER. -
Likewise, the anti-apoptotic' actifrity of the E; or DHT activated ERc -wes abrogated |
30 by dominant negative Shc mutants in which al three, or only the third of the three
'tyrosmes (Y239, Y240, and Y317) which are the primary sites of She phosphorylation
were substituted by phenylalanine. However, when tyrosines 239 and 240, but not

317, were mutated the anti-apoptotic activity of the receptor was unaffected (Figure
4E).
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WD 01/ 96605 PCT/ USO1 /18950 actions of the classical ERICEHPPAR ST e sex
non-specific. Transcriptional regulation of the ER by androgen and.the.AR
by estrogen have been noted recently in breast cancer cells (Maggiolini,
‘M et al (i) Cancer Res 59:4864-4869, ), but this phenorrenon coul d be
expl ai nelWBYPBE expression of 'specific receptor coactivaRHESUAEEe cells
5 (Yeh, S. et al. (1998) Pro Natl.Acad.Sci.U. S. A 95:5527-5532, ). The

resul ts presentekistéift wthithe epidRacd that tie B H6mhind1THe BRI i%tsmﬁbl&ﬂiefbr its
non-transcrjptional action of the _classical ERs and AR is_sex nonspecific.

 Sex non- sPicaHoptotisi gefvitynFigyre Sy é‘géﬁ‘ﬂ@r cellsa ffapsdged (with Ul dpmamR o(r:I t he
- AR
R D b S {8 U S SSENSl Skt oAl B0

phenot y pecfédcts=i they diddrleha eclletraisional with thet fall laipsh ERor@gnestCGaasd humans.
EXAMPLE 3 The anti-apoptotic activity of the ERa is located within the . E
(1i gard bphdlng) domain .and L quires extra nuclear |localization of the
protein 15 Using the ERa as a prototype, whether the anti-apoptotic
activity of the receptors for segxygi¥pprds require the same or different
dormai ns than those required for transcrlptlonal activity was determ ned
(Figure 3A). The effects of several mutants of the ERo on preventlon of
apopt osi s ldisseriatiom arScrrigptianf mihe 20}i-apapdd iy of thy j ,
previ ously and have been shown to!ﬁiodgce tEe expected protelns mhen
transiently transfected into h MSSuch as the HelLa cells used in,
the present study (Schodin, D.J. et al. (1995) J Biol. Chem 270,

31163- 31171, W@D&nnell\/ﬁrld civodters hdROFkevidusydsadated sBrepslnelnasedvbf smidlol . 63,
- 175-188.; Ekena,K et al. (1996 Biol. Chem 271, . 20053-20059; -Ekena,

K., et al(11¢Pgumino acid) Bpptldeﬁéfmt)bmﬂzdw‘eetsete ofthe Bgand-achiwated FR,@ndgen  (1995)
Mol . E”doééiécﬂ%gb‘ioc@‘fﬁasﬁét) %11 E@&B&hg@gom %gﬁlo SBRMicd e “ﬁéﬁab"Shed

t hat t'he mutan conpri Si ng 0 produce expect ed
prot ei ns tasted baakeodsdnsayBRE (pétrapea lresponievélement) (Nerrisies ], (108D rRcichdé B whi ch

dormi n, | cI85e 4ot ot aumteki oS R S elel ta%%g%%%épi&'hq@“ LA 0SBs1 ) ¢ ut ed
with alanj déﬁo%g&k%ﬂéa&& tofid e w A exatiil fm} ﬂ‘e‘?ﬂ’; dre F
e ﬁlch acks par

domai n- of carboxy term or nmut ant ADBD W the DNA -
- bi ndi 15g dmpmme(nanﬂ:nabﬂrty df ﬂms p@ﬁﬁd@s tobleskatiinscriptiononee gxauhied using

ocucen JociSorheialed btE BRECRRS s honlaes (OARTERAARAGEM M and
Kat zenel | RohoaeArBeSudbR8¢ XIIEG-Q'.ﬁlcb\'atIhe peptideXicbipasth @A, 30hg sequence
- SSLTSRDFGSWYASR (SEQ ID NO.: 1) which binds to the ligand binding domain
ERe, blocked the Ep-included increase in ERE-Luc transcription (Figure 5A).
20 Likewise, the peptide blocked an E, -induced decrease in the transcription of II-6- a

-

- paradigm of transcﬁptibnal reguiaﬁon mediated via piotein—protein interaction

- ‘between the ER and other transcription fat:tors. Nonetheless, the oll peptide did not
influence the anti-apoptotic effect of B, Identical results were obtained in

_ .-experiments using HEK293, instead of HeLa cells (ﬁot shown). -

25 . AnER- specific peptide (293), and a peptide which interacts with both the
: ERa and ERB (F6) (Figuré 5B) were investigated. For these experiments, HeLa cells

- were transfected with the ERE- or IL-6 luciferase constructs and either the ERc or the

ERB. 293 blocked the effect of E, on transcription from both the ERE and the IL-6

- promoters in the ERS carrying cells, but not in the FRar carrying celis‘. F6, on the

30 . other hand, blocked the effect of B, on transcription from ERE or IL-6 in both ERet

and ERB carrying cells. More ﬁnporta;ltly, unlike alI, which did not affect the anti-
, apoptotic activity of ER (and as expected of ERB, as ofl is specific for ERa), 293 did

| | 60 |
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U S. A 94, 2581°P8888%e 280, P.

‘et al. (1994) J Biol. Chem 269, 4458- 4466; Mlnerney, E.M and

Kat zenel | enbogen, B.S. (1996) J Biol. Chem 271, 24172- 24178; Montano et
-at., (199 oMabsos Endocrinol. 9, 814-825). Mre striking, 115(}‘7? ?&h%éty of
‘the ligand to convey the anti-apoptotic signal was preserve WIASWE et i on
5 nutant which is mssing the entire AF-1 and DNA bi ndi ng domain (DE); as
wel | as i plock theeansi-aneptotiqactimity o6 thsi BRF.rimt dolidngt bive drceffict ofi/the guathd

bi ndi ng . in Bk t t ER.nmut ant. L525 i acks
hor rmng bﬁ%@ﬁ%&%? %‘/&(eéilg‘%aﬁ @tﬁd&ﬂ(‘?‘?ﬁw(ﬁ%ﬁ??p fh%i %V‘é’d’lﬁﬂqtﬁ% G
5069- 5075FRA)u wapasmmaﬁ?ﬁ&ﬁﬁéﬁls}zm il [1-5. ARebSieRills édhfiribthe elbmdeM Nal
. transcription activation function {(AF-2) ('Schodin et al. (1995) J Biol. io
Chem 270thak eackpeptirte1bindy e aad bipcks(difigmnt yitesobithe Afth bindisg potbets- 14032;

Wenn : an el.l 4, BLoL . 98, - | ost
_the abl | i@*@%@-&%&53%@'3{6#292%%?4‘52%%%@@@1%%Qﬂi?f?ﬁ%\?ﬁﬁé&gﬁ?ﬂ-
transcri pt9:8226-8289)] Moksovef, thé datarabiceindicateEien dlodkingtheadite th WAA6N ofr Bi ol .
Chem 271}%@ 0(;3%@5&0&2% Schodin et al., (1995) J Biol. Chem 270, -

31163- 311! %S Pras gife, dopnapicaffest theatantitapoptale’ aeipipt evercthonsh donai n of
the ER resd FhifaY | 4 ~<alndi 0g.: .00 ' otein

and its’ aﬁ#—ﬁg%l glﬁgggﬂﬁeiﬁﬁ?%@fgﬂ%%‘g%@g p gg%ﬁﬁog‘%ﬁ‘%%%o ‘certain
N -term nthe spééificitpnefi thesé tpeptidespinr blwkingotrarsbeptiorab sefandt amhadopastic vi ty of

the ER Next.whet her e antj-apoptotic activity of the E domain, was
depen gnta"gﬁ]&?@m ﬁ%?c%ﬁ?‘?& hSURPOHS ther onfentign tRai ke pntiapppiotie Al ent was
det er m negk thé HosHH Soti9Bkd re

| Ne & el t ‘he plasma
. menbrane or to the nucl eus__%o-E% ﬁcﬂ%@ﬁ?ﬁ%ﬁs#ﬁélﬂﬁg?%syg?g{ﬁh%%té cyan

f | uor escemotepr, sthi¢hnhasdeen convepiquklysermeddatti-apeptotic™ dumedinar | ocal i zat i on
sequences, respectively.. As reveal e I f l.uorescence_. m croscqpy, the
‘non-targeted ERY ;ﬁ??’#@oﬁ@nﬁf'yfl@et"gﬁé %h}sb %§ ' I]_ﬂﬂ“e’&i"'@tlﬂt} i on of
- cyan fl uohesssios evith spdifio¢iehatiiatdt, hof of GHAPERIMN the dbaRHATIRRE, 25
elimnation, of al]l but the Ii1gand bi nding domain of the ER does not alter
the Kubcnetif termed the micleaprcenter bpx (MeKenun o al. (1989kFedocri Rew2oBal-i on of

t he appr ha . ' eque | ished. .t pected.subcel | ul ar
[ ocal | parray BEbds ORE, bitfeds OREFACR IR SRS SRIEHDB5 BEadCEs
respect i vatiyatos((hang,be. getn(1099) Mot.0slh BidlNU0:8226-8239) 2BHd GRIP Peptide .
distribution, of cyan and red fluorescence in the, sanme 30 cell(s).

" Tar get i noPHdrsehg GRalch tFre eRstiphein e LA BLE mrotifs Aom theetmoretivatari@RWol. al ter
its abil i’f%ﬂd&legﬁ%gé/%u}eﬂ& fob g dsdigifidced anti-apoptotic signal, as
|

evi denced by . 1dentical -anti-apoptotic activity of this fusion protein to
that f tGACE AGHCOGETGHe ATGACAGAYA EREGGIAGACC ShAALCTOCTES! ,

(ar et g L AR © SReLTMBO D TR o0 AER AR
© CITGCCCAGC ~ TCCTTGTCGG ~ ACACAAACAA  GGACTCAACA
GGGAGCTTGC ~ CTGGGCCTGG = GICCACGCAT  GGCACCTCGC

' TCAAGGAGAA = GCATAAGATT  TIGCACAGAC  TCTTACAGGA

25 CAGCAGTTCC  CCTGTGGACT  TGGCCAAGCT — GACAGCAGAA
GCCACAGGCA  AAGAGCTGAG ~ CCAGGAGTCC  AGCAGCACAG
'CICCTGGGTC ~ GGAAGTGACT  GTCAAACAGG  AGCCAGCGAG

| CCCCAAGAAG  AAAGAGAATG ~ CACTACTGCG — CTATTTGCTC

- GACAAAGATG ATACTAAAGA TATTGGTTTA CCGGAA (SEQIDNO.: 17).

30A ~ When this peptide was co-transfected with ERa into HelLa cells, it did not influence

- the ‘énﬁ-appptoﬁg activity of the ER (Figare 5C), arguing further that the anti-
apoptotic activity of the ligand-activated receptor is indepéndent of the function of

* ' this protein as a nuclear transcription factor.
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activi of the ER and Ris nediated via a Src/Shc/ERK. si alin athwa5 E2:
or DHT rapidly and transiently increased the phosphoryl ati on of ERKs in

MO -Y4 sebbieseuwd th a maxi nal effect seen at 5 mn and ap E&/fs? 0basel i ne ,
by 15 min -(Figure 4A). Identical results were reproduced usrI ng ?1

murine calvaria osteoblastic cells Enot shown). The induction of ERK e
phosphoryl ation by E2 or DHT was 6by the specific inhibitors of the

Tho Sro { antiores PRl s i 80 MRl be Bt o 18 0B o8B 07 050 ™ ana

PP1. conpletely abrogated t mmmwﬂlammwbm o ect- of E2 and DHT,
indicating that ' ERK phosphoryl ation and Src kinase activity are require

for the anti - totic of .both se i ds. Confirnatory evidence
for the essent“?g? PB‘F‘%’DO‘? %fse%ﬁﬁgem?‘?‘\‘stﬁﬁ)é“%n a&p‘ﬁ%ﬁ'ﬂl"%‘l"eﬂ" et o:‘“ sex

t isd [

sterols V%ﬁepfvﬁiéhd&ﬁhtﬁﬂs %ﬁ%ﬁEﬁﬂ'l@pﬁ&ot&Saﬂ'% fgﬁcuéﬁé@%%sg%‘gﬁf;ﬁﬂz oni ¢

fibroblasts derived fromSrc-/- mce that also yes or i nao
et at. (¥dosipalCalahngy vwids-{@p)antitapbpictic teffecSon+primaty datvprie wilstwad s, were

Co- dopendatiisrdh A adiiied BERBRPE 6K, S oefith s foted e trisecak) e
steroi d- rRa@p}, ekbibited bbRAt idtf‘—a totic e@fﬁéac?s O¥elte c'ﬁer%n&hﬁpf‘ﬁ%ﬂé%ﬂpn of -

Srcl ERK 20 signaling pathway was denonstrated in-HelLa ce (Figures 4C -
and D). DPriobbawcEptionsd agtvls h@%mmmabwtaamumﬁcmgaﬁwlame am;x- MEK, a

ki na | at | of ..E effects
of 2301 RRONe PRErbbHE oo R g ek e i |
- Li kew se phbtphosfiithel (FiguresB)r DHT was abrogated in HelLa cells transfect ed
with the ERa or AR and co- transfected with .a Src -25 nmutant |acking the
‘kinase activity (Src K) (Figure 4D).- More strikingly, a Src nutant
| acki ng the SH2 domain (Src. ASH2 mﬁed the anti-apoptotic activity of
| i gand- -activated ERa but not ha e AR Conversely, a Src nutant
| acki ng the SH3 dBremsgeni c&ﬂm&ﬁh@hc&bﬁj@mﬁeﬁﬁtaheh@mﬂsga&opt otic activity of
the AR but not of the ER Likew se, the anti-apoptotic activity of the E2
or DHT activated ERa was abrogated 30 by dom nant negative Shc nutants in
whi ch at threqo dése@ih¥inidiBe tlhi Qhtdifon Bf&e achxﬁé)éfﬂii@m&%?s%s 240, and
-Y317) which are the primary sites of She phosphorylation were substituted
by pheny! ations 9€ theidVk ve the hhae profedivie reffeclel estbg@r @r dndrogent candde?, wer e

ot at oo e oABhlndPEY oAl it bitstBfertlE i SRE N aslSiintilE efEh R (71 Oure

~ and osteoclast apoptosis, bone mass and bone strength in wild type ovariectomized
20  mice and mice carrying a tetracycline-inducible transgene encoding the ERs-peptide

: antagon_ist 2XF6. Estrogen can exert anti-apoptotic effects as effectively aﬁd with

~ identical potency through the FRa or ERS or AR. Additionally, the ER« or ERS-

_medlated effects can be blocked using the selective ER peptide antagonist ZXFG

- (Fig. 5B). The activity of estrogen or androgen through the AR can be retained whlle

25 _ smultaneously blocking the activity of these steroids through ERa and ERﬁ by using

' 2XF6 as the transgene. Developmental problems like the opes that are most likely

' oonfoundmg the results of the ERKO mice, can be avmded by placmg the transgene

~ under the control of the ‘I‘ET ON system driven by the actin promoter and as

_ described in Gossen, M., et al. (1993) Trends Blochem Sci. 18:471-475, and Gossen,

30 M. etal. (1995) Science 268:1766-1769.

The reverse tetracychne repressor (TTetR or TET-ON) system takes advantage

of the hlgh spec1ﬁclty of the TetR-operator-Tc interaction, the herpes simplex virus

(HSV)-VP16 transcription activation domain, and the tetracycline (Tc). In the
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.13 Decembrr 2004 WO 01/96605 PCTI US01118950 Consi st EhPeetter2RB4 evi dence -

“that’*the E domain of the ERis sufficient for its anti-apoptotic activity
(Figure 3), in HeLa cells transfected with this domain, PD098059, "the
do MEK, t ; Src ASH2 or Src ASH3 had exactly the ffects as
they did ?ﬁ)ﬁéﬁﬁg&cel |'s transfected with the full |ength Eéi‘al?%“d ®%4C and
5 D).  EXAWPLE 5 Dissociation of the transcriptional fromthe anti-a ot
otic act isppvetionh TERDER sigtenpethei Te-cantrolipshitrensactivdbon (&A, anfisiom wor ker s

hav. : v isal | ¢l f Il 10 (11-19 . '
1, Ly AN S AR LT e s IS
sel ecti velekpltsaion, dsRmstiebn BIwibRItR FESiret Qskayt LRAPRLA CBld, The effdentyCor Ver sa,

~when tested on a consensus ERE (estrogen response elenment) (Norris.et al.
(1999) Scistigadationggasrareveey a Aateld incregse iy thggeporkdsigene egirkssBinolevels.

19: 8226-8 : Abkhi t fr.: ept | oAl ock the anti-a ptdtic

.eff ectg szﬁg(ééan ggggggjh&neﬁc{fm? ﬁ%}?%?%)t& ‘?é]er%@%aftfatéﬁ &Iﬁlég%e?ﬁwa he’

abi ity ofprotetee, andpionsemenily fate@if {TAdssddehl GproveBnCHawWevRieSIEL- Hela

cells trangfected wi.th an }EEE driven |uciferase construct (ERE-Luc) or an
It

IL-6  prorth! systam; ydizes rgpggactivatop that has beqmmadiind sehssToymatitd al |,
havi ng se : | § e |igand

binding d?ﬁﬁ?%?"ee’%’g R DR ok Ohlthor iR bbolishel Binilhe PRI fo W 11 991

transcri ptoperatqrFTheTEBAN syt ckemireants hine ppreptididiexie! effdcadthanmis bd nlduce'd

decrease in the transcriptign AL-6- a aradi gm of transcriptiona

regul ati orf® Wﬁf%ﬁ%&oﬁﬁﬁﬁfﬁOWEowqgﬁ@gwegﬁ tetb@ﬂb@n thg ER and

ot her transcripiboBohakR gre NaRRADE Eii-%)z thlg'gsai‘ﬁé_ n?ﬁl%@' i Hod-2Aahe

~influence the anti-apoptotic effect of entical resulfs weré obtained 3
in - experckpagasien of thegpeptdeo B theifirstt constradt, tHelgene ehdodigmiTAsbompdsed?5 An

Fra ana . BaesErRoRd Witk foRaRF Rt et udlr Bt SEuSotscaationt s
" HeLa cel | $rot6tee fér amqﬁmis%égg%éibn.t i EBEmeter Aks Qeédiﬁicﬁcéésﬁgfé‘r ggﬂ%r ucts

and either the ERa or the | 293 bl ocked the effect of
t ransty i pizeet: ubigeiteusoerprespion Frthe dymaneplacentd alkalineophosphiteset pane BRI

carrying . l.n t E [ cells,. EB6.40 he .30 ot her |
hand, bl ocﬁemﬁﬁﬁeﬁc@eﬁ%@’ E%&Eﬁ@%%%ﬁ%ﬁ%ﬁ%ﬁ%sﬁéég%ébgm% bot h
ERa and Bréwilniorinoge (aGHS . fidbirtroni esgidin whith ity Mhicke@r abdalizfirChigdhld not
affect th ti- ap?pt oti activity of ERa (and as .expected of ER(3, as
all is. spoER) anfgio yeyylabas ity (PepAl 3s plenepdewnstman of the actin-riTA

‘ construct to confer tfanscﬁpt stability and optimal protein expression levels. In the

20 second comstruct, a tetracycline response element (TRE) that cardes the tetQ
sequences and a minimal promoter, is placed upstream of a GAL4DBD2X¥F6-hGh-
poly (a) cassette. | o : _

* Two copies of the 2XF6 peptide are used in the GAL4 DNA binding domain-

o 72XF6 peptide fusion because they are more efﬁéient than just a single copy in

.25  suppressing both the transcriptional and anﬁfapoptotic écﬁvity_ of the ERs.
~ .Transgenic mice carrying the co-integrated constructs are grown to adulthood and |
then tréaied with Dox in the drinking water. In the absence of Doxycycline (DOX)
 the transactivator in the first construct is blocked from binding to the ZetO sequences.
~ Once Doxycycline is added the trénsécﬁirator will reco gnize its target zetO sequences
30 in the TRE and under the control of the actin promoter will dri\}e transcriptional

- activation of the peptide sequences.

63



WO 01/ 96605 PCT/ USOL/ 18950 bl ock the anti-apoptotic 132857y 28%4 t he - ERP,
but -it did not have an effect on the anti- apoptotic activity of the ERa.
F6 bl ocked the anti-apoptotic activity of both ERa and- ERi 3, as well as
transcri gsOm ERE and IL-6. These results confirm t%'elirﬁ e that
each pep?pd&emg nds to and bl ocks different sites of the A %I ndi ng pocket
5 (Norris, J.D. et aI (1999) Sci ence 285:744-746; Chang, C et al. (1999)
Mol . Cel | (héners YA f \micxginiectionhe data al so i ndi cates that

Theanti - apod Lo AR ht B TR AGAIADE R e BonERETRA 2o
transcri ponSadts &etgeﬁeﬁatedq&n@m S&Baa:demecmmgrteéumque@.n Ehf:h ohbefdpecificity

of these peptides in blocking transcriptional or/and anti-apoptotic 1o
activit y tootensinectrguises mpfiple ool dlenipge Fyent ap obhe final copgructs

gIntS!“ nct qéof%&-oeﬁck‘hél tsé%ﬂeﬁée %Paﬁ]e recéﬁ?q}lﬁﬂ%rgiggﬁgﬂ%%a ﬁJ has §%e2 :

conveni entdngfecRibfesk Hebd béllsanonbaitrdiy thelredbitity Tib eblbdkathe cactipity offdbthact i vity
of the ERis dramatlcally i nfluenced by its 1nteraction with specific _
‘co- act i vatRY i resnonse WrDQRITeHWDEWnt ai n the conserved LXXLL 15 notif termed -
‘the nucl ear receptor box (MKenna et al. (1999) Endocr. Rev. 20, 321- 344).
Peptide GRIP prevents the interaction of the ERwith GRIP- 13 one of these

~ co- actumm@mn@nmam@uﬂgmcew Cell Biol. 19:8226-8239). The-
"CGRIP_peptide ont ai ns enter th fromthe'-
co- ak‘fi vat or &Fﬂcim' Ré}) &Wﬁpéﬁﬂ}ﬁh-pgt}' gﬁ é ~125
CAC A o o
AGCTGCTGA@%AAW W s and are microinjected into
GlheEGA0Teach the two-cell stage and refmplanted

O A O MR AN vy

_‘ GCCACA%AWW %’%ﬁ%ﬁ%@ actin-riTA-poly(A) and the TRE-
CTCCTGGEGTCGGAAGT GACTGTCAAACA

CCCCHAGAAGARADRDATRG- hS&EpAM@:@mmM@ m@&mmeﬂ&MM@DNArTGGTTTA

Cote vt B Moo B il e ) Sl EPL bR g o4t BRBLEbA L 8

ER (Fi gure Shated HGUTCSTBIAmidRend thabifiptihgantdencd fafttdkgeheatinsmissionof t he.
‘ligand-activated receptor is independent of the anct I op of tPhI S prot ein
as a nuclBansgepisniiiieringsitivn frRotly constructs, after tail DNA. screenng with

- described above, is selected for farther characterization. The DNA sequence
20 . integrity of each integrated transgene is confirmed by Southern blot analysis of tail
genotropic DNA and hybridization against probes horologous to the 5° or the 3’ end

of each transgene.

'Charactenzatlen of transgene expression in mice;

25. N Idenuﬁed fransgenic animals (referred to as Tet-F6) are charaetenzed in terms

of their ability to swiich on- F6 peptlde expression in response to Dox. Dual

" transgenic lLitter is mamtamed on normal water or water eupplemented with 0.5

" mg/ml Dpox., as it has been'reperted in the literature (Ray, P. et al. (1997) J |
Clin.Iﬁ&est 100:2501-2511), for Varjﬁng periods of time. This approaeh evaluates

30  the minimum amount of time required for the mice to be treated with Dox in order to
: -induelibly express the F6 peptide. Mice are sacrificed before and at 2,4,6 days after |

| tﬁe' addition -of Dox and tissues harvested. Tbtal_mRNA is extracted from calvaria,

- femur, vertebrae, uterus, mammary gland, and a number of sof_c ﬁssu_es sueh as Liver,

lung, kidoey, spleen, brain and F6 peptide expression are evaluated with Northern

_
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transcri ptional activity of the ERa can be dissociated fromits

nonent r oR| ivity with synthetic |igands. A conparison of the effects
.of vari O&Spg/&%@és on the transcription of the C3 5 genePGEIOK186ht ai ns
an ERE in its pronoter and is regulated by estrogen in a classical manner,
Wi th thei bl@nnalyeioThekirfie epproadh @folowsd ity cefintaihabreddval ofBBx fEgnduct ed.
As depicted in Figure 6A, an estren was found that had no_transcriptional
activity, TsANBKDPEMaen ethe double dpmseets svinals sauljs iopesstiionoeipaptidand, a
pyrazol e w dﬁcﬁ&?‘tent transcriptional activity, had miniml anti-apoptotic

_efficacy. e relative anti-. 10. apoptotic potency of these two conpounds
correlated with their ability to induce ERK phosphorylation (Figure 6B).

na th

EXAMPLE 7 _Tran gen' i ey, de F6 as the transgene. 15 To
_di ssect i&—&&?ﬁ%ﬂg&ﬁw the, FErIREIcRe ¢ :

ti
: oS BRSNS Etr e JENINPUAIE FRs ver sus
~ the actions obofite tﬁﬁs%eﬂl hﬁ‘ugc' hOB &rtdsed SRiH Eﬁﬂ%{)z?gtsatﬁs ehﬁ%%:?meﬂr

androgen can be .acconplished by conparing osteo

ost eocl as thgytipds tensgesicditer asichemadhltnd dddxaist addpd pe Ofsd drinlingsvatmss and -
bone strength in.,wl.d type,.ovariectoniz 2 Lce a mce carrying a
et r acyc Aitie g PRt Ppligg eRtreativn drny edvb AERSGsant o Honrsh LAY SR ot 26,
Estrogen eaif%e trandfbtio RAPEQhi Blo@dds GhitnaAs aidfsheshidedebyionts M hburs -

i dentical potency through the ERa or. ER or AR Additional [y, the ERa or
E'- niddi atrsatmdnt aviths 20 ang/sobody welghtl of Honapdt hecZ ettisityi ave mEuspendt indibe

ant agoni st 2XF6.  (Fig. 40). The activity of, estrogen or androgen .through the
AR con b Uit Trayd 130, eb o8 Vaehote Do RERAR L iee A AROBokade O o
- steroids bir BROhrdnkaiptioe BRf the DERISIaBE 12MEgRnRS ntibe is' FEHRAGL, direct 4
Devel opnental problens |ike the ones that are nost |ikel conf oundi ng the

“resul ts ofoRfanaticrof the blockehis deteaminedawsing, Wil miderpd: Fat-Eor mivsgadusedunder

-the contr ET t ri.Men. the, achi 0 - d_as .

~ descri bed% né}ggf)éssgg%g lﬁl ?ﬂypﬁﬁ_i‘é{nﬁgg rgﬁ%@?lﬁlﬂogﬁ%‘%}n W@%%{I%?S and
Cosseas, d0addct@hizad micd I8fYr Sepeaycal 268ipt 706 1k76A . willh 6,1 Y @8Sdays at
tetracycline re £es§fr (rTetR or TE;—Q\I) systemt akes advantage of the
hi gh specAPsSs; ?’5 Qm gnE"_ eWR‘«ngeF&_ Vm%then%%ﬂ_éléﬁeéﬁﬁ‘?enfﬂ@nﬁ‘ér% FPnpl-ex
Ve | MWhacriffEhA ahdl 2516 ah® utel b Thinklat P PiafRY Bbikea 1181l BIVA B bafH1 N
. from these tissues and screened for the expression of lactoferrin, a gene that is

transcriptionally regulated by estrogen via classical ERE binding. It is known that in

)
LHS (1<) ® D

20  WT mice, lactoferrin mRNA increases apprdximately 5-fold in the uterus, under
these same experimental conditions. The functional efficacy of the ER peptide
antagonist is established directly by the lack of lactoferrin expression in the Tet-F6

-animals, but not in the overiectomized WT co_ntrdls receiving estradiol.

35 Analysis of the Skeletal Phenotype 7 7
o The transgene is turned on for a peri_od of 4-6 weeks in feniale Tet-F6 mice
* - four month of age treated with either E; (20ng/g body weight) or DHT (20ng/g body
weight) or vehicle. The skél_etal phénotype ﬁf vehicle-or steroid-treated Tet-F6 mice -
is compared to that of wild type animals overiectomized ‘at four months of age and
30  maintained for another 4-6 weeks post-overiectomy without or with E; or DHT
treatment. Tet-F6 and wild type animals are asseésed for bone mass by in vivo
DEXA analysis at weekly i;ltervéls following the turning on of the tansgene or the -
overiectomy. At the end of the 4-6 week period, both groups of animals are

- sacrificed and the following determinations made: a) whole 'body.'and uterine and
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system the Tc-controlled transactivator (tTA, a fusion between TetR and
the activating domain. of the VP 16 protein) stinulated the gene

expr essi P 4B peen shown with reporter assays in HelBCHEP(14895phe
efficiency of stinulation was proven by a 105-fold increase in the
reporter GeABmAXPERAES vRHIES Roglh JDthe dbn@beN&Nind e wWidihvetwiénn@ict 0 t et
operators (tetO upstreamof ‘a mnimal pronmoter, and consequently turns

of f t TA- daseinsteditand epdasies] bene, phawcablastogreesisend ogiqoelpsfogeRegiSHn By a0 rt TA

- transactiv t hat . A ' I | ye :
- Doxycycl i ncgi%f?%loﬁg%%@%fg?]%gr% &)kegigl'eﬁg%gf ?%ﬁ%g&%@%t&s ‘;R’Se 3‘9 cf\c}‘lg}fgél%% the
oper at or . apbptodie Imhdctimst efMveitsleusy Oniate afltbopotfonhitidn abdxesorgtidoedys t hat
may be 10 conferred to eukaryotic cells foll ovm]égrggh%r ol onged exposure to

Blﬁﬁhg‘gf‘e

t et r adycl idynamicyhisteperpheraetsy And neomprgesien isHe f

Dox-1 nduc ' -0 : L des. .- 4 | : C ' .+ the gene
encodi ng &W%neﬁpaﬁ;gg%hg%f) t rB@ﬁ%&%@ﬁ%ﬁ@%@%@%@%@%@?ﬁ@p aced.
. under thehac]ﬁﬁﬁbjlst&i-ed)s ddye ?dﬁ nlaps dﬁﬁird ersaériﬁcémg)itmm"wﬁmtﬁ' s dp tles dyeamic Thi s f
ronot er has been successfu .used to . 15 direc L qul tous ex ssion o
: !to he huran WBstamembemegy @arlysie. 15t dppertant to peirdnat ﬁ{“? &%’ﬁgé@;%t% E,Sg{ Pri no,
S.E. et aly, o anj D - ' rone’ R
(hGH) fi rsltm.bﬁ%irﬁf’%@%gﬁgﬁb&fﬁt Rycline B8 i€ 80l daRYERR, & a??%ﬁ’&k'ﬁ‘ NLS) and’
pol yareny|eatablishedi that dpahigigtiansofcdaxyeytlide (H5 tmglahin fdrinkingawaien) has 1A ‘
construct to confer transcript . stabiljt nd opti.mal. proteLn expression _
ovel 5. | PHREOR bote chAtenE 204 dloes nat e felt yolh Ve 2Rl OF ROPEHIRE. (TRE)

that carrijgsed Werhel & GRCLIBAS SSordNdRé HidHHBR! (sRY) 0FP0S mik SteRhicieRAe,UPSt r eam
of a GAL4DBD2XF6-hGh- poly (a) cassette. Two copies of the 2XF Ei% tide are
used in t Héhegdbr, hirmsnewtenghoubhuotinfleere thsegpiession el theriravegengswhichey are

nmore efficient fhan.i a_single cony i ;25 suppressing both the
transcri ptaitgﬂﬁﬁtaﬁ%ﬁqiﬁf‘}e-bgﬁ%o"(T)?‘f%nga{fleﬁcyk%%?t he ERs. Transgenic nice
carryisng the co-integrated constructs are grown to adulthood and then
treated with Dox in the drinking water. In the absence of Doxycycline (DOX)
the transactivator in the first cERAMEEES] s bl ocked from bi ndi ng to the
tet O sequences. Once age : ansactivator will -
recogni ze its target tE€ %Hdb "é' E%‘ under the control :
of the actin pTeaBgenic widel catityingea totangtineitdueitdd transpehsy abheadingotfwd BR. pept i de

sequences. 63 13 Decenber 2004 .
. peptl%e antagonists, odl + 2}%293 (from here onward referred to as Tet-peptides) can

20 be generated using similar methods. Using ol + 2X293 as the txansgenésr
nongentropic activity through the ERa can be retained but franscriptional -activity
through both ER« and ERS and the nongentropic activity of ERS can be blocked. The
293 peptide blocks the transcripﬁoﬁal and non—u'ansgﬁptionél activity of ERS, but has

‘1o effect on either the transcriptional or non-transcriptional activity of ERcr ‘ |
25 = Two-constructs are built and co-introduced into the same miouse for Dox-induced
o expression of the peptides (Figure_ 8). In the first construct, the gene encoding rtTA
(composed of r7etR and VP16 activation domain) is placed under the control of the
actin promoter for ubiquitous expression. A human Growth Hormone (hGH) first
- intronic region with its nuclear localization signal (NI,S)"é.nd polyadenylaﬁoﬁ site "
30 (poly(A)) is cloned downsfream 6f the actin-rtTA construct to confer transcript
: étability and optimal protein exﬁression levels. In the ‘second-consﬁ'uc't, a tetracycline
response element (TRE) that carries tﬁe tetQ sequences and a minimal promoter, is
placed upstream of a GAIADBDO&]I—IRES—GFPZF(Z%-hGh—poly(A) cassette. In this =
cassette, the GAL4 DNA binding domain-qII peptide fusion will be linked with an
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MO 01/ 96605 PCT/USO 1/ 18950 Generation of DNA constrult?tlgecfe(f)‘?beilzo04
‘m cr6i h"ection: The actin-rtTA -' poly (A and TREGAI ADBD2XF6 ,
-hGH poly(A) DNA constructs are generated foll owi ng standard subcl oni ng

«t echni quewo @agépsone of the two constructs requires rrultil%rﬁu@i(e{)?s of
cloning. Every step of the final constructs is verified w 3] ahce.

anal ysis and their function established in transient transfectants of HelLa

cel | s by- Aamebrbosgmersairy site (TRES,; whichpeswits thectranslation of teb opet teadERs i n
. g oy pinaee h .
moe"vo ot S R0 KRG BuEloRRE I8 mat BB Wl Y e ISR D

constr uct grendluersstar grdicin gehd @hFP) especti ve 'vectors' and are
-mcroinjected into - fertilized nouse eggs. Eggs are allowed to reach the

two-cel | st dlbjes masnrfer nyhigtwcechpidsrifthd 203 meplideiimhaqirelpapludpanRARARE  OSt er
m ce. ;l'he derived Litters are scr%ned by .tail DNA PCR for co-i ntet%ration
.of the acP?YFmﬁP?fﬁd%@f‘(Weame? iepkthan just esinglpeopyHe sunmisssieg Yoth) |
transgene ; | . (P N ' i ave grat ed
L The: sans Il LR ORI ol e B, R S ol S e
with C57Btides exe fasell toredififefeh protgindnsteminefthe came (GADSYBDEt ot dvafiikeSSi oN.
. Transgeni ¢ _| lbtﬂagr é.posi ti.ve.for both constructs, after tail_ DNA screening
with  PCRPESOIYEQTPHmPIBginRevents opaghytyesn thy trrddertinal GATADBR i on.
The DNA s C eFigfhermbrat i fice | r ST B 4 fi-r med
BRI ermbid] @B (RO ise a3l drited %\IA e éﬁ%lﬁgfﬂgé S

by Southern bl ot analysis of tail genotropic n agai nst
pr obed?0 hofbFPEFak-hEh-noky A cassette he pRIviderai @Sy encins tof acegaing for peptide

Char act erj ' o] ene a ressi.on in,mce. 25. Ildentified trausgenic
o s o AR s itle 2ERE AR R o ufirSEA GRstEtRe FroVR D, 8
ability tahfihobd hndihelbrefled WitlEDEX B 8% TridRinis wAieS B ARCatsEnddVFD .
transgenic litter is maintained on normal water or water supplenented with .

0.5 my/ nitansgefivatordy the fisgiscamstvetrie fdecked from biwling tedlat tr@ sehegnced. et

al.. (1997 Is esl. ¢ , 1-2511). for varyjng.periods of tinme. -
This apprégg‘g:%D%ﬁﬁ%%aﬁjﬁnf ‘%tﬁfng%rr%u%%r%(%?%’ﬁ? lﬁftaﬁggt%??egﬁﬁ‘i‘%‘ﬁﬁ Bttt he nice
to bel4 r eEREdndj urtdet Bexconttolosfiae attin piords] Wdﬁ%@&%@%ﬁ%ﬁ@nﬁﬁcﬂ%ﬁbﬁde- Mce
are sacnié#'r-tged fore and at "2,4,6 days after the addition of Dox and :
ti ssues hArVBBTREC SYBICHFSSRNA i s extracted fromcalvaria, fenur,

vertebrae, uterus, mammary gl and, and a nunber of soft tissues such as
liver, 1lung, kidney, spleen, brain and F6 peptide expression are eval uated -
Wit h-Nort&ern 13 O.. . 01/.96605 P%USO, 1/ 18950 - bl ot

anal ysi s. LAON-E spttoudy 0 Migremmieghions n £ {hendqtiait Lae pely4A) 6rd Dox from

A - O WATAY CA O ‘_9 nf
TRE-GAL4DBDolI-IRES-GFP2X293-hGh-poly(A) DNA constructs are generated

20 followihg standard subcloning techniques. The integrity of the final constructs are

~ verified with sequence analysis and function will be established in transient

 transfectants of HeLa colls by monitoring its ability to block the transcriptional
activity of both ERc: and ER and the anti-apoptotic activity of ERB.

7]

oy . -

.25  Generation and Identification of Transgenic Mice: The acfin—-rtT A— pbly(A) and TRE- | |
- GALADBDOII-IRES-GFP2X293-hGh-poly(A) DNA constructs are excised from
their respective vectors and .microinjected into fertilized mouse eggs. Eggs are
-allowed to reach the two-cell stage 'ahd are re-imblan’ééd into the oviducts of

pseudopregnant foster mice. Tail DNA is scre_eﬁed by PCR for éo—igtegraﬁon of the
30 - actinTtTA-poly(A) and the - TRE-GALADBDOII-IRES-GFP2X293-hGh-poly(A)
transgenes. To investigate whether the two DNA cassettes have ‘integ-rated in the same
or a similar location of the host genome, founders are mated with C57BL/6 mice and

. the offspring will be screéned for transgene transmission. Transgenic litter that will
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the drinking water of the double transgenic animals Fe8EFRPe ¥08%ssation
of peptide production. 5 Evaluation of the abili of the pggtides to blrock :
estrogen-induced transcription: - Double transgenic mce are crossed with
ERE- genic mce. Weii the triple transgeni aches
adulthog‘g'otg}c}iﬁﬁgb? added to the drinking water to induce an%*@g “tsgsl%n
pepti de expression for at |east 48 hours. To confirmthat ER nedi ated
transcri provnpdsitivenfor ol cwistructs aafterdsit DBA ngﬂlnglwﬂdl’f@la@\ﬂﬁmbzﬁ hour s

10 treatnment w't / g E d LacZ ac

neasur ed ﬂ ?ﬁﬁesqﬁ?"gﬁg’q fﬁ% eg%gl te‘hﬁi)lgﬂase@‘é‘?”%ﬂ?% ' é“}%ept i de
expr essi Q:ﬂte gaﬁels hfifed bAFoatheR] blob ahﬂgﬁlb%fEﬁEgbﬁ&% pid DMN)§geENi C
mce is con rrred irect confirmation of the bl ocked i's deferm ned using

WI i ce and h}éanﬂ%ahnnc@amtim;@mbs hemologoysr tas $hema>’i ar &t X hewstl of wach at

| east .28 dalngs Ln either sham operated or 15 ovariectom zed mce. After
surgelﬁy ups are treated with E2 for 28 days at doses of 20 ng/g
body wei ght. Follow ng the 28 day treatnent period, mce are sacrificed
and uteria and uteri and mamrmary gl ands isolated. Totall RNA is extracted
fromthe sie " WHR! a gene
that is - ou?éafz ?I?gﬁg? Gl sl ni f&gﬁﬁgﬁam%gégl caI{all:S% bi ndi ng.

It is knwﬂarabﬂ&ﬁiedmﬁﬁnél\}f fheﬂ‘@,bﬂxtyltﬁ@tvﬂélﬁbnloﬂﬁ andRBPS pepsti dzoepsesajoprinxi mat el y
5-fold in the uterus, u@ﬂ under t hese sarrep‘gxperl mental conditions. The
funct i onaPSRERSS K BpxoPueh apigepis ﬁt%afeaﬁ%aaﬁ%‘ﬁ tOHI%O%EEaYB"rP%%H’aEﬁYrectIy a

by t r r | I n
t%e t(}verl eé?om z ch)%[hra S ?g%el?d\;l {rﬁ%ﬁé‘?t?aﬁ% ol . 25 A%sﬁ?% the

Skiel et al ehlmaies fipeninimnin dhxews ofitisgdhd i3 mqwcdl&ctthqmﬁwtoabqamatﬁﬂwuﬁ 4-6
weeks in femal e Tet-E6 mce four nt of with either .F2
(Song( o BT RErBhtg Mt SRprerooRbRg dbagd 245 e dbis i et
- skel et al tphgpahy e 204, Hﬁ‘d‘ﬁcda%%eﬁﬁﬁrﬁdﬂﬁnr@labﬁﬂ arkBlisdtls k¢ Barvbste Onpar ed
.to.that of wld type ani mal's overiectom zed at four nonths of age and 30

mal nt ai néEbtﬂaan&onmxtra@:t@ ﬁemkealvqws tfer@ure Wﬁeebrepeyutewsx AT, Cb E2 or

treat Tet=F s are es.sed mass by
o vito ARt bE et Gt bich o8 K8 Rl Rlapa oB1aRR o RRE S B 283 o1 e
transgen f}ﬁpﬁde bliRessivheis i evaluoRy with Nbﬂﬁelﬁfbioﬁnalﬁ& 406 sﬂﬂﬁl@ppﬁﬁbhﬁ)\dll bot hr
groups of aninmals are sacrificed and the follow ng determ nati ons nade: . a)

whol e body faHewed & pider ¥nheowfzm thet peseqvighef Desdrompdhe drinkipgowvater of the

double transgenic animals will result in cessation of peptide production.

20  Bvaluation of the Ability of the Peptides to Block Hstro gen-Tnduced Transeription: To
determine the selective inhibition of estrogemc franscriptional activity in the Tet

peptlde animals, two approaches are followed. First, double transgenic mice are
crossed with ERE-lacZ fransgenic. When the triple u'ansgemc litter reach adulthood, -
. Dox is added to the dnn]cmg water to induce and mamtam peptxde expression for at
25 least 48 houss, To confirm that ER-mediated transcription has been blocked, anjmals
~are sacn.ﬁced followmg 24 hours n-eahnent w1th 20 ng/g body weight of B,, and lacZ

7 -act1v1ty is measured in the uterus, ‘mammary gland, femur and vertebrae. ' For direct -

' confirmation of the blockade of ER-medlated transcnpnon W‘I‘ mice and’ Tet- |
peptides mice induced to express the peptides in adulthood for at least 28 days are
30 'either_ sham-operated or ovariectomized. After surgery, all groups are treated with E;
| for 28.day:§ at doses of 20 ng/g body Weigh_t. Following the 28-day treatment period,
mice are sacrificed and uteri and mammary glande is isolated. Total RNA is extracted
~from these tissues and screened for the expression of lactdfenin, a gene that is
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_PCTI USOL/ 18950 mammary gl and wei ghts, b) |ength of t he PeRs6rBYt and t he
‘W dt'h' between the periosteal and endosteal bone, c) osteobl astogenesis and
ost eocl ast ogenesis in ex vivo cultures of bone marrow cells, d) preval ence
.of  ost eoRlAFlIvsEst eocyt e and osteocl ast apoptosis in sect] Q

vertebrae, e) rate of bone formation and resorption' by 5%&2@%1&3950

hi st onor phonetry - and f) conpression strength of the vertebrae. An

i nt raper i tegngaiptionglbtregyletadibyIstrggeny virodgssial GRE winding. Lack of lactoferrin
oxytetracygline-hydpochl ori is. admnistered 8 days and lys before

RN TH o eIt R TePiptin iRl H S G R ReRRr A VS 1
| mpor t ant réceivind @strdtibl, tREbEEREs Akttt emitctibAR- oS, ©eliHe IFF6 ?eﬁﬁd{bsi tive

.to tetracycline than it is to doxycycline. In addition, it is 10

est abl i sh&BageEfSadni ni stration of doxycycline (0.5 ng/m in drinking
wat er) has no effect on bone renodeling and does not interfere with

_-visual Pzation of tetracycline labels formed in cancellous. bone after
i'nj ection, tetracycline. Therefore, this naneuver

shoul d no bepafype; nOBge ths det-peplidssapise ayhedablished and s st age

cl S 4, 1he SKELCTa] FIREROTY
wi ||l have 53% QL t ' r ic animals
usi ng 6H'§n ‘% 3 a;h‘% ﬁeg%}é%ggr?gg@%%%{%g%ﬁ' covanlf%o?%%rﬁ H;io?&gga: ﬁpﬁﬂ?ﬂm&‘ ' '
~tetracycl itheeransgereiibhened e Sgyaneried obditngedkaanffe ghkeletdl phemrymowilibd s, d |1
+ 2X293 (from here ogl\{ﬁ‘rd ref.erred t.o as. T t-ﬁepti les) can _ 20, be generated
Usi ng si nePEPRTL RIS P FRimpls ovenseiersized af fahentis of st andiGAEERRIb i C -
acti vigpy. \ehyr igear L BhA e ARECIIBEANEL rAGkVd Y
t hr ough btgﬁ ERa glrﬁwgélg(é }gﬁgot gaﬁgﬁlggﬁﬁeop éﬂ(r'gct | vf@?%{%ﬁ &e_ -
bl ocked. Phthe tR@Bgnepr the ovtrirskeny hbthe rveild type phiconadth aniinals are assessed
non-transgri.ptional.actiyi ER, B, .hut has no ef.fec n either the
transcri p?‘?%%&? Iisps R F’Pﬁﬁi?é%ﬁ?ﬁgﬂ% @Pf%%‘fﬁleo?ac &ﬁ‘?‘{?geﬂlf&%ﬁpéﬁ’ﬁ’gﬁruct s
~are built cﬁeﬂ%e(i@s?:iﬂ_ht BUDGE at & -139£ fHAHB FRMSRohed RAE typdusssh, XPr ession
- of the peptides (F+igure 8). In the first construct, the gene encoding rtTA
( conposed Weeks vduqkegericopmesdingle (Thisadifferanctoiegiings § anipalspat grenteio exkeedont r ol

of the. aghd r [ qui & ession. A _hunan G ow. r mone
(hG&H) q?i rg@%’h n e(ri)'g% g{eréengi 0(%#1{9 g\’/vlg"E(ljr1‘}"?&?&%@"erilluc Iotl;e(grls'l g g"gbasl q%zagfrlﬁ%ﬁ Ry Sﬁ‘ﬁﬂﬁc LS) and
pol yadeny kxd therfolowing3ibtérpinationy hreirfadet apatoRbudytand amerie dndanatiary rt TA
construct fo_ confer ﬂér anscript :stability. and _o&{i mal protein expression

levels. | &epthaveights iy lenathof faq long boues aid theivridth betwisem e rariostenk andrRE)

t hat T L i i d t

of 5 CALADSBSITE Pk RARISRSORRAR BBl B e o BHARRCOHPE' " PR
GAL4 DNA bbnﬂj:m%qﬂmﬁlsnd)apﬂevﬂemnei afeostaobastiostaniclyte el bstedckat whdpbostirb 6

20 . sections of vertebrae, €) rate of bone formation and resorption - by djrnamic

histomorphometry and f) compression strength of the vertebrae. An intraperitoneal
injection of 30 ug/g body weight of oxytetracycliﬁe—HC_l is administered 8 days and 2.
days before sacrificing the animals for the dynamic histomorphometry analysis. It is
. -i.i_:'npo,ftat;t to '_nbtéA that‘the TET ON--system is _100-1-0_00'fold less sensitive to
35 tetracycline than it is to Dox. In addition, administration of Dox (0.5 mg/ml in
drinking water) has no effect on boné remodeling and does mot interfere with
visualization of tetracycline labels formed in cancellous bone after injection (s.c) of
0.5 mg te&aqydline.' ' ' | o

30
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13 Decembel2004 WO 01/ 96605 PCTI US01/ 18950 i nternal '3P# Btry site

(I RES, which pernmits the translation of two open reading franes from one
.MRNA) to two copies of the 293. peptide that will be fused to the green
fluoresc in gene ( GFP). The reason for using two [ the 293,
pepti de ﬁ}gj?]ﬁdgg&%rel i mnary experiments have indicated tﬁ(;f’%#ﬁlz 8 A e nore
efficient than just a single copy in suppressing both the transcrl pti onal
and anti-apoptotic activity of thBXAMRLEBach of the all and 2X293

pepti des are f ed to. a differ .teln |ns ead of .fhe same GAL4DBD to
‘avoi d the possi+PEREEE] g G 1A . dﬁgﬁ?—ﬁeen the two

I denti cal GAL4DBD regl‘ons Furtherm)re t he GFP is incorporated in the

~ GAL4DBDaU- | RES 10 GFP2X293. -hGh poly(A ) cassette to provide an easy neans
of screeni ng fArimsepd uﬁomupe ebof postimengpatisal of pestwtrayﬂmgeqm@s ’

co-integr truct ul t d. and t ent t h Dox
ot he SRR GO BN o, 26 st A Fecspltty, BORCH" B ol SRebE R [ "
first COf(éétéélﬁisté SodidRtdsRdaridr BEth)iaB dkrélD ak QublidiBiouslyO méu@m@ﬁp bikdrge Dox is
added, the transactivator can recognize its target tetQ se uences in the

- 15 THE amecombinriton systeabof hagicriophaged 1oy h%b@?ﬁéh@‘fm tevpflicieyly yaediate

t f DNA
Ly anser | HkPRfk oGt Akbiliafln WEGR LR ERLSIESR 0, (OORPERHSRL
TRE- GAL4MBm99Ltﬂ0§EGu$£P8t>@9@99@C¢ID7MP55 lldﬂl)lén@mﬁgremtxmcal(halg;epm ated 20 -
foll owi ng standard subcl oning techniqu The int egrléﬂ‘it o& ﬁ%fl nal :
constibucies A E952) drot Net- At Hould GuanBEoaiap3AG Orha B 952) Progie

t abl t t ant f HelL s b tori it '
b ity PO S S e B ™ Sotivity of both BRa and ERS-and the

anti-apoptotic activity of ER6 25 Generatian and |dentification of
Transgeni ¢ Mce: The.actin -rt pol. and TRE- GAL4DBDal 1- | RES- GFP2X29.
'3-hGh polé@@-@@ﬂ é‘“"s fructs,t ’;M""' ”X%Eﬁ om their respective vectors and

.M croi nj ect ectdﬁzﬁeoﬁﬁré(g}ésﬁeﬁi iSOBRVEDWith BRORRER teRhbRIRY rbfrdsfAch the
t wo- cel | stage and are re-inplanted.into the oviducts of 'Bgseudopregnant

fost els mM(tEetRTa TETAN)isysteny de thedfinstcaasRudtothe gend encodingtri by veds plaed30

£ ansgendde 5o el ok e arbeoraibi 1R, moactenc B, PRCShETeREYr o e

in the SaFBresdbn.a A hiiaGloRgRoffRoRS (HGTE) HEs inteeRe fexior Mmdey fudeq nat ed
with C57BL/6 mice and the offspri n? w |l be screened for _transgene

transmi sdpemizationpiggel(M-S) iand eelyedenylation sits 1paly (A cesiséemed sl nAledY 96605
PCTI USOljojig 81%0 OG-2-1iTA construct to confer transcript stablhty and optimal protem

20  expression levels. In the second construct, a tetracychne response element (TRE) was

placed upstream of a Cre-hGh-poly(A) cassette. Each one of the two constructs

required multiple steps of cloning (Figure 9A). Every step was checked with

' appro'pﬁaie restrictioﬁ enZyme digestions and PCR reacﬁon:s and the final constructs

, were sequenced Furthermore, the spemﬁmty and efficiency of the Dox-induced Cre

‘--'2'5_ rexpressmn, was confirmed i m an in vitro system using the Ob-6 osteoblastlc cell line..
These cells have been characterized in and were found to express osteocalcin and to

. express both the ERa and the ERS. Ob-6 cells were transiently transfected with either

the OG-2-1tTA-poly(A) and TRE-Cre-hGh-poly(A) constructs or the empty vectors

_ and treated them with 1.5pg/ml Dox or with vehicle for 48 hours. Cells were

.-30  harvested and used to extract total RNA. Semiquantitative RT-PCR. analysis using
| : Cre-specific primers indicated specific expression of Cre only in cell populations that

had been treated with Dox (Figure 9B). -
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- prove positive for both constructs, after tail DNA scteERFHEPSLLR*PCR as
“described above, are selected for further characterization. The DNA
sequerice integrity of each integrated transgene is confirmed by Southern
.bl ot anal 454 tail genotropic DNA and hybridizati on aqgai nst probes
honol ogouﬁﬁ-jt@lg? % 5 or the 3' end of each. t ransgene. Cha‘%'%p%‘ilflg?ﬁi on of
Traansgene Expression in Mce: Ildentified transgenic animals are
char act er Gepetation gt Tdpnificafibe bf TelnkgérioMice: swi t ch on all and 293 pepti de

expression in . fre SEmL O Ay DUl apsgenpi c | jtters are naintai ned on

nornal wat er oﬁﬁ@%”%@& %Dﬁiéh@ﬂ?éﬁi%ﬁ}ﬁ- bﬂ’ﬁ% SN%oﬁ?nﬁlﬁ@Ptﬁ/WFSﬁ ng

© periods OfxdréiB®i frami theif PRPOGHE veSidad With 98 ﬂiﬁ%?a@é FESRCBOR Wliomicida g that
.is required for the mce to be treated wt X 'I'n. order to induce
expr essi omndbwereicsdinjealed io thegmpuideof fertilicel G5 EBidmmoinsd egpd. Bpgh aree and at

2, 4, and 6 d f i he_addit | f . Dox, tj- are h ted.

Toral o€ 3o bl ah fpBiaeliepl A BE crefipbtanlels BES B “ovanes Ofmrmar y

gl and, 15psRdoptepsbd Sostef nEed. t quﬁaetﬁ%réﬁa&tgﬁdlw%amﬂg%?ﬁi @iie¥o. Spl een,
W

brain, and all and 293 peptide expression is eval uated-v Nor thern bl ot
anal ysi s. infagsatiognef the 613 Amand_’ﬂﬁcrwmma Mige deansganic forfhothrthenat

renoval - o iAki.ng. t he -doubl e trans i ¢ .animals
will res uﬁf’?g?%ﬂ?[e%@W%ﬁ%gﬁ%ﬁﬁ&ﬁ(ﬁaﬁ%ﬁffﬁwﬁ rE@&ﬁeﬂgf’i"‘gﬁ%&‘f‘?ﬁe Abi | i
of the PeCtd)des identiBed &y PER tanaigis| Ttuit DINA wRRI%6i selsi ONpridiers &@hess ne t he
selective jnhibition of estrogenic transcriptional activity in the Tet

pepti He afhich Bas bega desisnsdcinezmplify pat|dwibe. OFr3-5:TA deubie Cred34ni ¢ ni ce
it h - ' b [ iclitte
each: addr Ehalbet- " Tiivestde hEARAARP bo DXPE Badstfes il Pl BRTR B el L i

pepti de esiferafstht mmuse geadtme Fotmksd artmbied vaith TH7BUA hiicenahd @e &ﬁs@ at ed
transcription has are sacrificed followi.ng 24 hours

ﬁeen bl ocked, .ani mall,s
"t r eat mentTGAEHRCEE {REFEPISERS TRRSTHON, f rBQ‘ige&’r‘f&IWe’éE‘Zsm‘éf’cfoF\bPWq%‘TH%sur ed in
- the uter Ugier BIIMBRNA Q&I@Q{gn%fvﬁfﬁ’ PCHGs ﬂsé@ﬂﬁ??}é)rfgt ard Qb16bE rﬁ:{:ﬂéﬁ

confirmati on of the blockade of ER nedi at riptron. -V and
Tet - ¥eptdhdestarizaton.ndlbe DNA . ssquerss inthgrifyepf icdels integeded tHansgknkois at .

| east 28 daws a 0 gither, sham oper.ated or, I ect.oni zed., After
sur gery, céﬁnﬁr‘af’%ﬁﬁgo &’8“1%85%"&@5%%@%1%&%@% 8N 3gals ng/ g .
body. wei qhbbesﬁﬁnlnhdmgdiﬁtéhﬁ:s?%rﬁ%’teh%!f%httr&@%én@d, mce are sacrificed

and uteri and mammary glands is isolated. Total RNA is extracted from
these tissues and screened for. the expression of |actoferrin, a gene that

is 68 13 %ﬁgﬁ’?bhgpa%eﬁza‘ g@ 5 _PCT/US01/ 18950 transcriptionally
regul ate . ' bi ndi ng. Lack of lactoferrin

20 Identified transgenic animals are characterized in terms of their ability to

switch on Cre expression in resﬁo::ise to Dox. The dual transgenic litter is maintained
on normal water or water supplemented with 0.5 mg/ml Dox, as it has been reportea
in the literature (Ray, P. et al. (1997) J ClinInvest. 100:2501-2511), for varying
_ periods of time. This approach evaluates the minimum required amount of time that
125 is’ requiféd for the mice to Ee treated with Dox. In order to confirm inducible
| exp;es_sion of Cre, mice are sacrificed before and at 2, 4, 6 days afier the _additioﬁ of
'Dox and tissues are harvested. ‘Total mRNA is exiracted from calvaria, femur,
‘Vertebrae, uterus, mammary .glaﬁd, and a number of soft tissues such as ﬁver, lung, |
kidney, spleen, and brain and Cre expression is evaluated with North_ern bilot analysis.
30. The same approach is_followed in order to confirm that removal of Dox from the
| drmk:lng water of the double transgenic animals results in cessation of Cre
_proc‘lucir:ion.‘ ' |
To monitor Cre-mediated recombination Tet-OG2-Cre m.iée are crossed with
.the ROSA26 reporter mouse (Mao, X. et al. (1999) Proc Natl.Acad.Sci.US.A.
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expression in the Tot -peptides animals, but not in t?@ewg@@%m zed WK
controls receiving estradiol, establi shes directly the functional eff.i:cacy .-
of the ER peptide antagoni sts. Anal ysis of the Skel etal Pheno e: Once the
Tet - pep e are established and characterized as bove,

f emal est‘grsgﬁgggg\% to. 4 nonths of age. At this tine, thgﬁ %@g‘g%@
turned-on for a period of 4-6 weeks and the skel etal phenotype will be
conpar ed9GiS0B7-8042) thepis mWrmhik&lﬂw:frohmd&dasbnd@batatﬂimnimﬂles@ nggE and

i ntai ngd 10 f t her t t kly.int |
ol 1 owi ndoXFEstpRRSH g ai e YeEH ReS R BB e uEha Bos e Gfsithe i
type 1M Cend PBdbof MalB e IiRtcRRSRE 58 thEOROBADS MRES DXALP CtbeedRie®

anal ysi s The animals are sacrificed when the percent change in spi naI BVMD
is at | eestisiogoefi be wonpen fagment, crprassion dfdbgappis @n*«mpby(ﬁxoa 1 wééh% .

xcocn 1B P ok & WSasCHERRE SRR R-TuP PR B RORE o

ani mal s piterbseding th@qzbsmusin&disﬁe fxginl @i fﬂﬁctﬂﬁalerrew@ﬂ@fbsmisﬁeﬂadﬂes a) whole
body and uterine and manmary gl and wei ghts | engt h of e | ong bones

- and t he wisyitiinnEgoleetnsidase epmreisagﬂ dn|ostenblastiel 6 Seall“la@uwesucb)as calvaria,

ar o cBRE 485 \Brad BREA5 R MABNRILR0R Biile A hE aBlont "

apopt 0si Bad bedD us®Ctd evdumé Tedll epécific cRpresdde (Maopohectf &l FEdoyPrand .
resorption by dynam ¢ histonorphometry and f) conpression strength of the
vert rab{aﬂ,a%ch*ﬁcié%%ﬁ ?65@%17‘50&3) ection of 30 gg/g body weight of
oxytetracycline-HCL is adninistered 8 days and 2 ‘days before sacrificing

- the animals for the dynam c hi stonorphonetry analysis. It is inportant to
not e thanmhmnﬂ'ﬁ'ﬁuﬁ\kt&mhmhlcmﬁb@ﬂaelﬂm&eabd 3Icé‘ﬁ{asen5| t1 ve to 25

tetracycllne. han it,is to Dox. in |on adm | (0.5
“ng/m-in drin]i‘lglﬁqﬁ)o%?l@Fﬁe éﬂ?@g{) (9ﬁrr{?6r?§°P ﬁgﬁﬁﬁd"’ﬁ%s not
i nterfergoybig f FRHE DN J, f[[%ﬁrqql i el | ous
bone aftgr I nj e%é;’}:%ﬁ&ﬁ(ﬂhé%%i@‘m mbﬁgn% tetracy (‘P i ne. 30 69 1%0 ?)ecé%gz 2004

WO 019 966%1@011, (650l (19505 0 LBAIBLEne). 1735566 flanied yptves JoinPrsiionciach bl y

i nacti vat X_steroid rece ue and. i,nformati ve e :
post menofal: &é‘f% K aseiesy err%@ﬁ‘f‘ egLrepsaly el pre rycesn %&18%? he sex
-steroid f%ﬁﬂﬁﬁsé Rey DNA raglaﬁlﬂanﬁa&tbyfm TRPN&es ((ﬂakag%ﬁﬁttae s@ggeocl asts -

and bot h) as well as ubi ?UI tously., The Cre/l oxP_bi nar3£[l
onentanon are excised following action of the Cre recombinase activation of ERa

by deletmg the DNA binding sequences and the weak dimerization domain that are
20  contained in.exon 3 abolishes the transcriptional activity of the receptor. Mereovef,
o exon 3 contains several potential acceptor sequences that could result in the
~ generation of an alternative splicing variant in case a region upstream of exon 3 was
chosen for eliminatioﬁ' Finally, Cre-mediated deletion of exon 3 disrupts the reading
frame of downstream ERa DNA sequences and inactivates the anti-apoptotic or-any

<25 _remammg activity of the receptor that requu‘es the dimerization, and/or ligand binding |

domains.

Generatlon of ERO.’ Mutant Mice

, A 86 Kb genotroplc locus contmnmg exons 3 and 4 of the mouse BRa gene
30 (Fig. 10), isolated from C57B1/6 mouse genotropic library and subcloned into a BAC
ZVector, has been kihdly prdvided by Dr. Ken Korach (NIH). This genOiropic locus

has been further characterized in terms of restriction mapping and sequence analysis |
and a HindI[l/BamHI fragment containing exon 3 (0.2 Kb) flanked by a 5 kb left and
. a 3 kb right arm has been subcloned. The targeting construct is constructed in the
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“‘reconbi nati on system of bacteriophage P | hour has beEhPeshe 804
efficiently rredi ate | oxP site-specific reconbination in both ES cells
(Zou, RY (1994) Curr.Biol. 4:1099-1103; Gu, H et al. (1993) Cell
.73:1155-1 85‘?;[ At transgeni c mice (Lakso, M 10 et al. (19@3@”#’6&950

Nat | . Acad. Sci.. U. S. A. 89:6232-6236; Orban, P.C. et al. (1992) Proc

Nat | . AcadpEByiFlok Scotor, 3i@BEdntHas 3)loxSeitey; atdforhioh adNAarlons b musth§cihor

et racycl #ea@%neep&%gﬂ' 2 %ﬁéé@é@xﬁ”ﬁ%&%‘éﬁ;ﬁ%ﬁ?@%\% fpics aud
- tetracycl OHIPYES tam!
~-construct n P4 f _the '
_-ost eocal c?n (0G™2 prgﬁn%tgégr §?'%; ?q?pem i’nt’f‘l{gexpﬁlsE ?% tvﬁq S%Phuman
G owmt h Hﬁ%&gigq:?ﬁerﬁ?gmﬁrt?gem thf m?mmmpiiigs eelIS}mlyagé dlnl tﬁ@iﬁhétz ati 01[1
si gna adenyl ation site was cl gne ownstream o
_the O 2-% o J¥pich ‘W"aﬁﬁ ﬂéﬁ‘ N I- |IE%9 Siskecten magEkerpr ot ei n
20 expr esghspRam Bsh C nse
el enment (‘?prE)a%/\l/as %hgcgnigg)éﬁ%r&ce?%ﬂg E%Gﬁ%%ﬁ @g%iggt@&%ach one,
-of the tm@ﬁsaqtﬁq:sxsrelmmnawuntoe@smﬁv& Eﬁlcells(obpﬂn@i‘ frandiirogerids, BelggumBA) . .
Every ste hec at e tr I on_engz di gesti ons and
' P\C/JR ?/eact%bdlvggtgﬁ f‘?yng\pl%@g%ﬁ%éﬁ Eé:ragb:&g hé‘g&?%ggrﬁ%% t he

speci fi ci ﬁ'amsﬁﬁﬁlcﬁﬂ)fahéhﬁfﬁ‘dﬁc&i irfth ¢he @%ﬁ@ﬂé&&% dO?fSttEee E2g BB Toquéd ne

confirmed in an in vitro systemusing the

Thesel® el thsoughhemedageus regpmbingtiored in and were found to express

osteocalcin a both the ERa _a 6 ceII re
anorantly o RO SR g R ey e
TRE- Cr e- hiféatab g -A9sistam Sthdude embyorid EbRIBRsY YA [SWiss/ EIHBRILARHAD @i&em Wi th
1.59/ m I:)‘% qupth vehicle for 48 hours. Cells were .30 harvested and

used to € Blt%lrrosmec}séi#mﬁﬁﬁpatap@éelmhmf ROSHIVESES clogesyith

- Cre-speci ﬁ%%ﬂ in cell
popul at i O(Eg%t ﬁﬁa(% E%c?cébﬁ.{j trea e}% gfdmg%pésj | -qur e&éﬁ%f‘s?@&!f cémber

2004 M0 omllqam Namitd 323! zmsgmmer}mmalogmlsafadom&mnbﬁu cﬁtm@rtaxg&tear ans

en-g c Mce: rt.TA- (A and TRE-Cre-hGh- poI y(A)

constr uct“son\ﬁg'r‘% &k@gé’é’amﬂao e’rsr ¥ tVijR S@@%e&ls gk ﬁﬁalﬂi% of

B onuel e SBPHATE A, She SRACAY bERNESC aﬂ%*%%@%‘?’% bS8, oo

the two-cedy bstweca hrinl I8 EGu.eHnpletraletl 994} Scishes 365:403196pfnd [Is#1S0pPr egnant

of the COTIARIY o A 4R L roeMet TR BB P B o e
OG- 2-70t TAcoddides. Ny ThBEedond S69)H plusihid cabfyifdTRONRIe INAESHrd1 VSR EIVO as

Tet - - 0&x2-
promoter is elecroporated in the genetically modified ES: cells. Because the

expression of Cre is transient, the recombination event occurs only once between two
of the three loxP sites, generating ﬂ:lxee possible types of deletion. Type I deletién
results in the deletidﬁ of the complete exon 3-loxP - HSV - neo' selection mﬁrker from
25 rthe genome of ES cells and animals derived from the correspondmg ES cells carry the '
o floxed exon 3 in the germ line. Type I deletion is identified w1th Southern blot,' )
_ analys1s This approach has been described and successﬁﬂly used for T -cell-specific
deletion of the DNA polymerase § gene segment (Gu, H., Jet al. (1994) Science
+265:103-106). Targeted ES cells are microinjectioned into BAIB/C. blastocysts
- 30 Male chimeras are mated to C57Bl/6 females. Germ line transmission in the progeny
-is confirmed by Southern blot analysis. Finally, the functional iutegﬁty of the floxed
gene is determined using classical recéptor binding stidies, as well as franscription
assays using cells isolated from classical target tissues such as the ovaries and the

uierus
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Cre) are.identified by PCR analysis of tail DNA with taigecesber g0y i ners
each of 10 which has been designed to anplify part of the OG2-rt-TA and
the Cre DNA sequences. To investigate whether the two DNA cassettées have
i nt egr atW¥@ iA660Re same site of the nouse genone, foundePCTHWIASR with
C57B116 mice and the offspring are screened for transgene transm ssion.
Transgenic |i ' |l s : t | nd RO eeni ng
with PCR as --dZé?rbfagggisgégg%g{ 9‘;?%9&3%55%??%% é?ﬁ%@%e@%%&c%gr-act eri zation.
‘The DNA. miecpre mexted withghe Mpt-OG2eGranaganip miedor with SGUAR-Cre trapsgeficr ned by

Sout hern_ bl ot anal.ysis_.of .tail genojrapj nd..hybri di.zatd ai nst
probes hBH J&&i@f&)‘l'sﬁ pﬁgplgmg gr 9?%“%‘ a%giﬁﬁo%&tq%cgﬁ% %ﬁ%’d%ﬁﬁ% onal
Char act epjezatd 88164 WieDdk 3558 e Enin6® Bire peifbdl than SIIA for AxAlA ar e
characterized in terns of their ability to. " switch on Cre _expression in

r espohs e Cro eXprssioth e Migalare ithemssperificed, iand dissudssinghidingareleatiaon fasgisml wat er

or water_s | emented with 0. /m.Dox,.as it S . ed.n the .
literat uyﬁ%}q&ﬁf ety g?afgé{?ngjs, Hﬁh‘ﬁv&’taﬂﬁ%@ggg%ﬁ%% Tor |

varying oHefloBRSDRIA bktfdiedl NTEe affiRicRaf bf Cyatdediael bl spécificdstetionoefi red - -
-anmount o? tinme that 171 25 is required for the mce to be treated with

Dox. |n exafed iscevebiatsd hyimeansi off Southsp héelspoplyss ofrthe geneteonis DNAcrificed |
bot | | S5t i
o vest ol frort gl oty Bt bifondifioh W SsBboIaiheBRe ofisifeh 2 ©

uterus, GRANREROIsanstonplighal by nhesfecingscdivarid seiledsotated fm Ithey BR | ung;,
ki dney, -spleen, and brain and Cre expression is eval uaﬁg w th.Northern
bl ot anakiyagkeut miceTwEh s aRBlIRIHERECAFIeEase FROTFREANTHICE dOF SPEFRANE O m t hat
- renoval fDox. fr qr L ki - Welct? ani nimal s -
resul ts R BepidS bitho BEE odls I\, Fol padodtfy b

- reconbi nedmestudetsiffindesd of eivaziaesieoblsss bredst br uichiee RABARG thepsanteer nouse

. (Mao, X et . (1999) Prqgc Natl. d.Sci. US A 71 13 Decenblr. 2004 WO =
© 01196605MIf%T @HP@%E‘&S%@B’? W%sﬁﬁﬁﬁ%wsmué@m#%ﬂ%ﬁsa%m Jackson
Labopat OlkRgnstiafe &Ef‘gjréseﬁh& Bf 108 1eb12 68 urRiORA SndbEAHIB MR GsteliBlastic

9- gal act osi dase- neonyci n phosphotransferase fusi on gene ($3geo) have been '

i nt egr at edls (Frost; Mo, ROSAHBrkdrpand G:A ARodan. Ci 821eldioht Badocgireli di1dA%6f the

aITere anbR et Roreoatt fueSREPT o FRERRaRISE tho S PR
| nt er br el ianihied BYoARGing, Btead of 141EL e HRidepdctfialigdtl Prop Pycizdle

transgenic |ines _ : ..
Triol, a synthetic compound developed by Dr. John Katzenellenbogen, University of

20 Bﬁnoié, UrBana—Champaigu. Propyl Pyrazole Triol is a structurally diverse ER ligand

that is related to a group of compounds that have been i'eported by the
: Katzenellenbogen grbup (Sun, J., et al. (1999) Endocrinology 140:800-804). This
compound has pronounced ERa-selective binding affinity (RBAs to 178-E; are 63 for )
ERo versus 0.095 for ERG) and high ER transcriptional potency in transiently -
25 tr’ansfeété:d' human endometrial cancer (HEC-1) cells ‘but '.ﬁo ER@ -mediated
o franscriptional activity even at the highest concentrations of ireatment _(persbna_.l
communication). As an ﬁdditional approach for demonstrating ER«: inactivation in an
osteoblast-specific manner in the -'lcnockout mouse, the knockout mouse is crossed
with a 'ERE-lacZ reporter mouse. The derived litter and wild type amma]s are
30 ovariectormized to remove éndogenous esl_rogens. A week following ovariectomy,
: 'e‘ither type of mice is treated with Propyl Pyrazole Triol for 24 hours. Following the
| '24-1ioui treatmeﬁt period, mice are sacrificed and transcripﬁonal activity qf ERg, or
lack thereof, is assayed with B-galactosidase staining of uteﬁné, breast and bone

sections.
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“result in (3-galactosidas expression in osteoblastic'tepteanber2@@4ies such
*as calvaria, fenur, and vertebrae are stained for 13 gal actosi dase
expression. A simlar approach has been used to evaluate T-cell specific
£expressi owo(dymesosX. et al. (1999) Proc to Natl.Acad. Sci. Lﬂcg“éffsomws
96: 5037-5042). A nmutant nouse strain which carries the f1 oxed eXo%3 of ERa
The second nouse strain (Ind-, aERKO carrjes exaon (653 - 845bp) which
cont ai ns 96 kbibpddifign o z@@rmgrﬁ)glgeseaaawh@mhsuﬂ%nﬂ Hgctvtionds tegetedso bp)

15_(V\h|te 7 two | oxP
si tes, eas 8? %Oﬁ%stgc%ﬁg?g%%%sa serlg{;ﬁé %‘f‘%ﬁﬁ:}zﬁiﬁm d%rgtﬁga s that
are recogll esititybys thatexpress thie gomdis nacenplinyd BP\IArdsaggdfe TnldadBRIIOBick WO

-loxP, sites, (floxed) with the samﬁ)é ori entatlon are exci sed follow ng

action of WiR&ngxstngdzansgenic, mous Eeartigs thenMatC Eﬁaanssyned ‘@Pv ﬁ@t

- bindi ng 5@? SEisn@d6d: 'T@zwgd'lﬁﬁﬁis%%&ntﬂ@@?é? doBHinAb &s %ﬂd‘ir/boﬂ%a' ned in
~.exon 3 abolishes the transcriptional activity o fe recept or reover,
exon 3 coerndiohef ﬁl@\béxhgemrembteal ThlS(gem Brsilsstindeeliisy mive betdtisdumedul t in

t.h t f t t
pet ram o b yret e B Emtll fher B St el Hender 6 Beq
del etion gfmfaxea t@’v&'y%glﬁ)le%f% IB9 aﬁ&%ﬂéﬁ‘ﬁmnfdfqm—&for dm% kAR FRRABbINA

sequences and I nhactivates the anti-apoptotic or -any 425 renmi-ning activity

of the retepded R%pom@mlymdmmd e @ whighdis diselif iag A itducdi,ng

domai ns. Lener at f ERa 86 0 I ¢. l'ocus -cont ai ni ng

exons" 3 aftd#e bflkdfo‘f?e %{J{g@#g %M&fgw %o‘%&f"@ﬁ 2p 183AM8 7R/ 6

nouse genia€eh én ERBUpOH trdfehenSwWE AV 0flp I?CO a BAC vector, has been kindly
. provided by Dr. Ken Korach (NP. This genotropicc |ocus has been further

characterized in terns of restriction mappi ng and sequence analysis and a
“Hindl Il UBanHI  fragnent cont ai ni nw .2 Kb) flanked by a5 kb.left
~and a 3 kb right armhas been subc oned The targetl ng construct is

- constructed i n t Metiéd fo3 Scisesiapifechoné 0 R0 1/ 18950
pEasy- Fl ox vector, which contal ns 3 [oxP S|tes 2 of which are flanki ng a

P?

neomyt¥i n resistance (neol) gene under the control of the cytonegal ovirus
(CW) pronot er 4 ahd, %E&Eﬂﬁ pi cted
in Fig. 10 is “t\'ﬁe tm%%gtﬁéyeh%épéggég% opﬁggi er at ng é;ﬁn& targe H& he '

fl oxed exam:uvﬁyl areESdtmﬁﬂeé wwithv iat high Ithromighputi nsmbﬁlasbnps¢rbmw@rwghm:hng :
7" he ¥ eablieoilh G uERel B e bR eing S SRELTEAL debRb e R, T
(posmve readout) and C3 (complement 3) transcription (negative readout). To this
20  end, Hela cells are stably transfected using retroviruses with the HER and/or hAR,
m SRE-SEAP as well as a C3-Lud plasmid. In another aspect of the invention, stabie
transfectants in which the hERa or hAR gene are bonditidnaﬂy expressed under the
control of the TRT-OFF (tetracycline — OFF) system. ' |
_ | The. SRE-SEAP assay detects- activation of the MAPK/INK mgna]]mg
225 pathways by means of assaymg transcription factor (Elk-1/SRF) — induced activation
of a Serum Response E_Iement (SRE) plgced upstream of the herpes simplex virus
 thymidine kinase (HSV-ik) prombter that drives the expression of secreted alkaline
| 'phosphatase (SEAP). This assay is commerc1ally available. Klts for in v1vo assays for
MEKl or MEKKl kinases are also commerc1a11y available. In general, 24 hrs after
30- - transfection serum - contammg medium is replaced with medium that contains about
2% serum. Cells are culture for 24 hrs in about 0.2% serum and then assayed.
Control samples are treated with vehicle alone. | | |
Generally, HeLa cells are plated in 48-well plates at a concentration of 4-5 x
10° per well and cultured overnight in pheno] red-free MEM medium containing 10%
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cassette, is-electroporated into C57B1/6 ES cells (obt QP%EPFTW@%
Eurogentec, Belgium and tested positive by diploid aggregati'on and .« .
tetraploid aggregation for germine transm ssi on) and i ntroduced into the

f1 anki ng ' of the target genotropic locus "thr ou honpl ogous i
r econbi ng{(?gi#%ﬁsr ansfected ES cells are grown on a 5| ngl € ‘F'g(yﬁ?l”&? 0 |

mtonycin C and LIF-- treated, neo-resistant nouse enbryonic fibroblasts
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3--10xP - HSV - neon selection marker from 25 the genonme of ES cells and

ani mal0s cad ghetamine mGells %@Pﬂ@p@mlw @E‘c[mtgmewmdwnefor 19-‘6>bé‘dfsexon 3in
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- anal ysi s appr oac S been success Iy use for T
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anal ysi s. "Fi nal y, th nctiohal integrity o oxe gene
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- PCT/ US01 tidR. PRAAIE o8 be RS neg@ﬁv&é&ﬂﬂﬁ |o§§Rl§BE&Htioﬁ dnfagkéyati on of
ERo, 'Ind- aERKO mTe are nmated with the Tet- O&2-Cre transgeni - mce or '

with TRARs anegatwemgehoﬁCB hnna;:ephtrméiqn@quuém@mfs@png SREaSEABractivity o
‘adul th treat Dox f
2 eat arhads o AECPRT R, aekfley, SORRSIEro I e BbiEHat! £ o 1

20 selection criteria can include classifying compounds of interest based on the ratio of

J

ERX activation over C3 transcription. Compounds of interest are screened further for
osteoblast/osteocyte ant1~apoptohc activity.
- Additionally, novel hgands using combinatorial chemistry and 3-D modelmg
_ of the bmdmg pocket of the ER can be synthes1zed
<25 ) One skilled in the art will readily appreciate that the present invention is well |
adapted to carry out the objects and obtain the ends and advantages mentioned, as .
~well as those objects, ends and advantages inherent herein. The present exarmples,
~along with the methods, procedures, treatments, molecules, _and specific compounde
‘described herein are piesenﬂj repr‘esentativé of pr'eférred embodiments, are
30 exemplary, and are not intended as limitations on the scope of the invention. Changes
:therein and other nses will occur to those skilled in the art which are encompassed

within the spirit of the invention as defined by the scope of the claims
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5 Cre expression. Mce are then sacrificed, and ti ssubsPeFa iZ%‘1
‘cal vari ae, fenurs, vertebrae, uteri, mammary gl ands, |ungs, livers, -

ki dneys,

and brains are harvested, and genotropic DNA extracted. The

ef fi ci ency, -medi ated cell specific deletion of exon 3 is evaluated
g A

by neans

0 rn blot analysis of the genotropic DNA FPCTASMARIRY from

the different tissues. Denonstration of osteoblast-specific inactivation 10
of the ERWHATABCIIMEDdS: by transfecting calvaria cells isolated fromthe
ERa knockout mce with -a nmultiple ERE-luciferase reporter 'construct. The

. specifici

ty of ERa inactivation in osteoblastic, but not other cells;' is

‘established byjResf ar inisbunlSo indRiEEa Selteiive!Taes of '&Sfe%gﬁjcof?_fcoﬁﬁhgiﬁ | a
.osteobl asts, breast or uterine cells fromthe same mce. This approach has
been succesédafingthe seedptor snthausinpobyd Hah tndugesia nohgenayoris effocti®ithimtonst r at e

,cells

cor 1 51 B Repakpls HaFihR o g ool P Ve B oy
11: 1597- &%

. low ] evels of, funct.lonal, endggenous, ERs in.oskeobl astic
SRS, e

8F) cohdistipe S X PRobd¥RASe RO | @l idoRedRofN B&Btor, a

transcription through the ERI3” are elininated by utilizing, insiead of 17-
'E2, the BRinesgleqificoid ricgpior Prishyoic Pygidziseeptort visdmina Ds yeedpbarj PRARpound
. devel oped .John t zenel | enhogen, Lversity.of 20 11Jinois,. U bana
Chanpai_gn?eg%?t{;)%ﬂ?ewgz Igecﬁfﬁfubﬁb’ﬁs g%{gsﬁe?%é?%r ﬂoéd dF<FEr e gﬁeﬁq@fﬁd t hat
i's rel at efcéoR ligeOX Redtbtos CEANGNE Seckitet, 204 \COURA feedsr €d by the

Kat zenel |

enbogen group (Sun, J., et al. (1999) Endocri nol ogy 140: 800- 804).

Thi s jeconpound has pronounced ERa-selective binding affinity (RBAs to
17(3-E2 are 63 for ERa versus 0.095 for ER/3) and high . ERa

~transcripji ona-g?ﬁf).glggrbqydi‘ﬁ& '1’ ER‘%E% etﬂé!ﬁéng%i&hﬁ)ﬁﬁ %ﬁ%&d &Wﬂugﬂﬁo&gt” al

cancer WC-1) c

at the hi

~but”. no” medi at anscri p(t)l.ona ctivity even,
igteesdtioo @f tlendonagonad svithfthd Hgmti rbbmiing demaimnsflthe woeptuni cati on). As an

addi ti onal approach for denonstrating ERa inactivation in an .
ost eobl ast -speci fic manner in the 'knockout nouse, the knockout . nouse is

crossed

ani mal s ag.e 30TRY Aké Ft ARz Q0 viiRrdi€ HRY SoRBEH

with a ERE-1acZ reporter nouse.- The derived litter and wild type
R HBS SQURN Aue Ao REK

foll owi ng ovariectony, either type of mce is ?reate(_j with Propyl Pyrazole-
Triol 15 fasfivaidom by the qmmoyad d @ megion o Hba rrecenton mibirh jsetheofiinchpead are

~sacrifice Uﬁ}%ﬁfBfﬁg{i%%hi})%%ﬁ&ﬁéiﬁio%ﬁwoésusg%regépt%rl ack thereof, is

assayed w

secti.ons.

galac ase 3tarnrng of U I'ne,” breast and bone
74 13 Decenber 2004 WO 01/96605 PCT/USO i/18950 In.addition to

generati ng a nouse in which the ERa inactivation is targeted only to
ost eobl asis anfjh ost eocl ast s, % di fferent mouse_in_which ERa is._inactivated
in . ' > WIC .

20

e use of claim rein the genotropic effect is mediated by the DNA-

binding domain of the receptor.

5. The use of a compound to induce a selective effect of a receptor comprising

'cgnta;ctin_g the receptor w1th the compound that induces a genotroﬁic effect without

-substantially inducing a nongenotropic effect.

25

6. The use of claim 5, wherein the Teceptor is selected from the group consisting

of a progesterone receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a

retinoic acid receptor, vitamin D receptor, PPAR receptor, pregnane X receptor, bile

-acid receptor, thyrdid'recéptor,- farnesoid X receptor, liver X receptor, ecdysone

30

receptor, and COUP-TF receptor.
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all cell types that express this gene i s acconplished3yPErEEEPRY t he 1 nd-o
RKO mce wth an existing transgenic nouse that carries the M-Cre
transgene (Kuhn, Ret al. 5 (1995) Science 269:1427-1429). In this nouse,
the Cre reconbinase is under the control of the Mkl gene pronoter. This
gene is silent in healthy mce, but it is turned on upon viral infection.
Experinentally, the activity of the WMl pronoter' can be stinulated to
very high levels by adm ni stration of 1FN-a or -,B or a synt heti c doubl e-

stranded RNA pol |n03|n|c t|d||c acid JSIt el.f an
TEN§nducers 10 PR Hrees A S bR St Bl kb o
acquire an inactive nutatlon | n ERa upon treatnent with IFN or PI-pC
EXAMPLE 10 JMet had f reeni ng for non otrolc estro i ke signalling
Ta Activatdrs of MEGETSt SORPate oL fose e OF iR S eaveIncragiotoe
transcri pt |e¢faeﬂofamérotdlré@eptcﬁrrcﬁmpﬁeingi fied with a- high throughput
conbi nati on screeni n V\/nl ch eouslpy (giﬁacts ERK activati o SI ng
Ry oty

the SRE- SEAP detecti & %Sﬁg‘ﬁéﬂ? ?E Jetivalg g ‘E%‘BFQ' y3)
transcri pt itien ngmgahumg doa®ito uf )the Emrélblrscétﬂorewdhodﬂ%sta&hélﬁ @d’u&atﬁ'tgaﬂrley

wer T ae. - ONRHRShELRR 613 b roehin SEE asbVile e (08 mndi Seaotine

t r ansf ect astesoid rreudrptcsrrwmbet Mnﬁallykdbﬂvgmgefumtens odisiteédbatheyigangbiraigd
under the é@ontr » of thg TET- OFF etracycllne - OFF) system The SRE- SEAP
assay dete alkeh 0%1?'1%9’1 BeSPRE ARMEYINK si gnal ling 25 pathways by neans

of assayi ng transcri ptéasoridgiticdiolodica bstivity SRRk testlcndmoemb wslsuﬁ itscabilitpf @

S R El SRE

Chyri di ne B TGuEe £ EGet Ag7opafstcr e Rihaf A Sertall mibibRE% SirthesE sleti o
al kal i ne phoitpahilibs do (iBfHATR) a Tdrgst @es@twpncs eﬁeoﬁmmnoaaatl induaivgi & akibstankalt s
for in vivag assaalﬁs for s_are

e

ovai | anl e, TPROGRNBpicErect bt i trai HIGe 36 BoRe S8rT T i amefisig
mediumi s raepbgeﬁekometrbcemh argludm&tcomioneteptuls aainingtalcditicid sazepmr aDeétInsmar e
culture for, 24 0.2% Sery en assayed r
are treat ec?cél {%e %)ﬁl X' Bl%nrgce%gnerig%\ rec G RERT a?(erepﬁe ﬁoé 'ﬂ% & vveII
pl ates at aecapiwrethyroit iegaptof, fénssoid XJr@denimr Il\lel reagyuto ebdysoeel rapeptonizggidt 1 n
phenol red- j um containing 10% 75 1 3 Decenbrr 2004 WO 01196605

ST

PCT/ USOL11 [ -stri pped FBS (fetal bovine seru ), antibiotics
(penicillin and streptonycin ) and glutam ne. The nediumis renoved, cells

are washed gt Wi cepbn,RB3r a0dBldcPidther than an estrogen or androgen containing a

cyclopentanoperhydrophenanthrene nucleus which binds to the steroid receptor and induces a
desired nongenotropic effect of a steroid receptor while not inducing a steroid-induced genotropic
effect for the manufacture of a medicament to induce a nongenotropic effect of a steroid receptor,
wherein the steroid receptor is selected from the group comprising a progesterone receptor, a
glucacorticoid receptor, a mineralcorticoid receptor, a retinoic acid receptor, vitamin D receptor,
PPAR receptor, pregnane X receptor, bile acid receptor, thyroid receptor, farnesoid X receptor,
liver X receptor, ecdysone receptor, and COUP-TF receptor.

10. A method for screening a compound to select a compound that induces a
selective steroidal response comprising:

contacting a steroid receptor with a test compound;

determining whether a test compound activates the nongenotropic activity of a
receptor;

determining the level of transcriptional activity of the receptor-test compound complex;
and

selecting the compound that activates the nongenotropic activity of the receptor and

induces transcriptional activity of the receptor less than 10% of endogenous steroid receptor
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with serumfree and antibiotic-free mediumthat cont ain2e@mMueaRSt%ecti on mi x
(I'i pofectam ne, Lipofectamine plus and up to 0.6 ng of total anount of DNA
to be 5 transfected). Cells are incubated with the transfection mx for 2-3
hours. The transfection mx is renoved and replaced wth fresh phenol
red-free MEM nedi um containing 10% charcoal -stri pped FBS anti biotics and
glutam ne, and the cells are left to recover for 24 hours. The 10% PBS

- cont ai ni ngganesli winaréis tee pe@iedtcaptdrhis fseestad fiplethel graupdednipgisind/EM rogicrone

cont ai ni ng 0 =St =BS' bl Qf e I'ls
are oultur Sefia 6 Bp @Rk E obhRS eiricrltblaphbiy 8 rdlloR B hdb Bt b2 2
wi th st er oif¢fsPiah FPAB raeesiof d¥eddaifc & MeGeRlor Gile oY resartpfptiweeid rergriasrfamesoid X
activity i Secaptas et rédaptof) etdysée rédeptod) aRCBBB-TaBdenioni Ng cel | cul ture
mediumwith the commercially supplied kit and according to the _
manuf acturer's instructions. In the case of transient transfections, data
are correctied f dhet metiotieot iczimet0,i whenety tiry nobferadwalel adtivity is preventing

Reni || a-1 uci fetrase activity in cell lysates. 179-Estradiol is a positive
conmpound' EBRR'PYP: of ERK activation as well as C3 transcri ption. Pyrazole
can be- used as negative control of ERK activation and estren as a

negative cqnutrol_ of ranscri.ption. ounds wi th.strong. SRE- SEAP.
netivity B0 s o SRR P whdRin PR TR TR At i BarA ot adi ol
are sel ect ednsdintio? Patkebecti on criteria can include classifying conpounds
of interest based on the ratio of ERK activation over C3 transcription.
Conmpounds of interest are screened further for osteobl astl osteocyte

anti - apopt dBi ¢ dtieimethod ofAtkdint i0pwhakiejn the oopgerotrgpicdstivityiisng secorldi nat ori al
chem stry and_3-D nodeling of the binding pocket of the BR can be

synt hesi ze%?es’sé%%gﬁéggrﬁ]i lled in the art will readily appreciate that the
present invention is well. adapted. to carry out the objects and obtain

t he ends ang ad .1 ane t i .and
advant ages r:Ilg‘n he@%ﬁﬁ%ﬁdeﬁﬁl#ﬁ@ ’ g’P %%‘znntthg%@ F’rg‘f iy QB&@F%%h%Eﬁ B a% E‘g‘glpret hods,
pr ocedur es kinase aignelitansdudibe pathresy. and speci fic conpounds descried herein
are presently representative of preferred enbodi nents, are 30 exenpl ary,
and are not intended as Limtations on the scope of the invention. Changes
-t her ei n aré. ot ke netkasd i ddimdds whetein the psaeiskirase dignal tranedagtionwhi ch ar e

enconpasse 1.4 Rl SPIT s |V ion as defined by the scope of
Che b ar e Baily Mg bt bRl BB T 'S oAl WD | &
PCTI CUSO1118950

16. The method of claim 15, wherein the MAP kinase signal transduction

pathway is the Src/Shc/extracellular regulated kinase signal transduction pathways.

17. A method of evaluating a compound comprising the steps of :
growing a tissue culture cell line untit cell growth has reached appropriate confluence;
transfecting the tissue culture with an expression plasmid of a specific
receptor and an expression plasmid for a target gene responsive to the selected
recepior;
contacting the transfected cells with a test compound;
determining whether the compound induces a nongenotropic effect

without substantially inducing a genotropic effect.

18. The method of claim 17, wherein the receptor is not an estrogen or progesterone

receptor.

19. The method of claim 17, wherein the target gene is selected from the group
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1. Use of a conpound to induce a selective effect of 13 Hes€BBELF'%onpri si ng
contacting the receptor with a conpound that induces a nongenotropic
effect. without 5 substantially inducing a genotropic effect, wherein the
receptor is selected fromthe group consisting of a progesterone receptor,
a glucocorticoid receptor, a mneralcorticoid receptor, a retinoi acid
receptor, vitamn D receptor, PPAR receptor, pregnane X receptor, bile
acijd I eceplconsistingy rodi ghlbmﬁmeﬁrco; faetye swarkfefass(Coapnt (ﬂigala‘adw]ﬁdiasﬁ, raz%mteor,
ecdysone receptor, and. P- TE receptor. 10 2. The use_ of almil erein
The” nongenoTpgiakise; fIEec ReldR, dommpes, rrdii (2R pih Birodie PIHBDUnG
with the |igand binding domain of the receptor. 3. The use of claiml1,
wherei n the nongenotropic effect occurs due to the 15 activation by the
conpound of a region of the receptor which is the functional equivalent of
me i ganﬂ 200 ndiThg neinad ?f].ccta:irh mwm&_irrmgamgr @fa?@hgﬁ&oﬁg tTig_etangsggmfe_ is! aic m ﬁ
erein the genotropic effect i.s nedi at t he - hindin mai n .of the
eceptor . SrrmiedrReg s Gengd; sBHRRAD it dceimy onPalia vE EPERTIGY -
recept or cdpresséntgmnamotizarhicalgctidntical @€ eplicvhemidahmeth@ds.onmpound t hat i nduces
a genotropic effect wthout substantially inducing a nongenotropic effect.
25 6. The use of claimb5, wherein the receptor is selected fromthe group
consi sting 210f aA piedigrSbesOaaitEcRPdands fordhatestorhi ofetaoitiecaptarrelated
m neral corticoid regeptor, a .retinoic acid receptor, vitam n D receptor,
PPAR r ecept bﬁﬁf‘s?ﬁ%rgcﬁ SrXPRREPEDr, bile .acid receptor, thyroid receptor,
farnesoi d X recept or cohfiavling Xcelleeppiseing acstbetaheatunaboretifinial stensld cXdeptor TF
receptor. 30,77 13 Decenber 2004 7. The use of claim5, wherein the
genot r opi ¢ "BEP GOIREUBTei n synthesis. 8. A nethod for screening a
conmpound that w || i edsesing vreltiestheseonmnged meativaigs & nogjenetropio tictivitg bethel d
receptor coppr.i.sing, assessing the ability of the conpound to activate a
pat hway me&?gi?‘g(ﬁe Wt he Ii gand- bi ndi ng dormain of the steroid receptor
wi t hout substanti al | yeteeminiaf tha devehef trabbiiption didagedbyrierestfcotpeursd; @endi d
receptor or to acti vat'e ﬁhet DIgA bi ndj n dor(r)ai n @'I’ﬂ ttﬁe testhequo[i}d rese tor
w t hout substanti all )?938 q%&?i R@'pf’% S H‘B‘aﬁ E?f: B@ e ?i%egﬁ °RY nai ng
domai n of tdetvilytafribe diereid epdaptor withdut babstantiathyu activgtind thebgerotrgpic adctivtyt ofvi t y
of the t eSttheC SRy Pe%egt%r,%v%se?éﬁ 'tl|1et sster%l?d #e'c;[-zytor is selected from the group comprising a
progesterone receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a retinoic acid
receptor, vitamin D receptor, PPAR receptor, pregnane X receptor, bile acid receptor, thyroid

receptor, famesoid X receptor, liver X receptor, ecdysone receptor, and COUP-TF receptor.

22. A method for screening compounds for the treatment of steroid receptor related
diseases or disorders comprising:
contacting a cell expressing a natural or artificial progesterone
receptor with a test compound alone or in combination with a pro-apoptotic agent;
assessing whether the compound activates a nongenotropic activity of the
steroid receptor;
determining the level of transcription induced by the test compound;
determining whether the test compound inhibited apoptosis in cells
contacted with a test compound alone or in combination with a pro-apoptotic agent;
selecting the compound or compounds that activate the nongenotropic
activity of the steroid receptor without substantially activating the genotropic activity of

the steroid receptor.
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to induce a target nongenotropic effect without subst!@figgmbgr 2 fuci ng a
genotropic effect or its ability to induce a target genotropic effect

wi t hout inducing a substantial nongenotropic effect, wherein the steroid
receptor is selected fromthe group conprising a progesterone receptor, a
glucorticoid receptor, a mneralcorticoid receptor, a retinoic acid
receptor, vitamn D receptor, PPAR receptor, pregnane X receptor, bile acid
receptor, Byr OiAdnémecmrebreeﬁi@g m@‘mhﬁoﬁndsemepmwulaﬂeitk(@hoﬁ@eheﬁ‘@m& Attivity

ecdysone regeptor T e use nd ot her
Chan an st GausTob SamiPo g R aRTagha SeogENSs SRR GH S ISR eI o ene
nucl eus MhQMpm[n‘gjmetgneﬁshﬁ steroid receptor and induces a desired
terold-1 niuced genofbHERIDe &7 kit 2 ASaRe el sarRerH WRSPNdPedlecsmian: | o

i nduce a nongenot rop| c ef {®otoredéndagstcisMMA bRBRIxPrassesd SleRiid rdcaptost er oi d
recept or el ected qm t he ri SI rogesterone receptor, a

gl ucocorti @Eﬁ% nr%&ﬂé’b‘it'BP QQQWieﬁ%d(ﬂr(’f’Eﬂdf dense g%‘?ﬂ aretinoic acid
receptor, vitam n D recep{srDNARPAR éree@eg@fop@am@nﬁmoﬁe fepedeslembtl e

acid receptor, thyroid receptor, farnesoid X receptor, |liver X receptor,
ecdysone rﬁé%‘ée&%ra?ﬁ’r%{ﬁap?%ﬁﬂg% dndceptor. 10. A nmethod for screening a
conpound to select a conpirdiNARichi endudesa aecdmelre;@ctrievgerséeaserialﬁlghnlfeastaonse
conprising:. contactin ster |d rece tor a Iest co t ni ng
Whetner - PeSRebitasifluctoR Py FHRE0N YR RSP RoBaL cOnTR, PRy s Thal
recept or; dehﬁrmmm Dgthtemecbm edpofter jerenis cictiyted irbtesporiseviotactigdting e signal
recept or - t oun and .sel ect.i und that activates

t he nongen F'P% ¢ Elig atyng'b"fe“{'”ﬁée"? é@@ﬁ‘f@'"ﬁn‘&i tﬂFn‘Eﬁ% r?ﬁ"’ﬁ%o?ﬁ“& Poli
activity ofacti\}mchteptstﬂrozbmambdmn 10% of endogenous steroid recept or 78 13
Decenber 2004 |i gands ﬂgg dthe g eroid 3 tor i,s sel ecttgI @omthe
group conprising a pPoyRSidPoRAdencse ﬁ?’&?‘:{'“‘é B EBPHPLENGS

m ner al cortandoi d recept or, a retl noi c acid receptor, vitamn D recept or,
PPAR receptor, pregnane X r tor rece r0| rec tor,
P e O P AR il B SBh Shordhlh Bl RSP o Lo Sh) SR 2
receptor. 3Yéne dhedoabtinduceftranseiption @f thelfiesteeportdngemangenot ropi ¢ activity is
preventing apoptosis. 12. The nethod of claim 10, wherein the

nongenotropic activity is a signal transduction pathway. 13. The net hod of
cl aim 10, \@er eihdmethed fvsgeeaingdei congounss that insdalatedhe nohgaemessmogetivitgy st em

of a steroid receptor without modulating the genotropic activity of the steroid receptor
comprising the steps of :
contacting cells with at least one test compound wherein the cells contain:

(a) non-endogenous DNA which expresses a steroid receptor
protein, or functional engineered or modified forms thereof,

(b) DNA which encodes a reporter gene operably linked to a
signal transduction pathway responsive transcriptional control unit such that transcription
of the reporter gene is activated in response to activating a signal transduction pathway
and wherein transcription of the second reporter gene is not activated by the steroid
hormone;

assaying for evidence of transcription of the reporter gene in the cells;

quantifying the transcription of steroid receptor responsive genes;

selecting the compounds that induce transcription of the reporter gene
and do not induce transcription of steroid receptor responsive genes.

25. The method of claims 23 or 24, wherein the signal fransduction pathway
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14. The method of claim 12, wherein the signal transddd§6mteatiay is a
protein kinase signal transduction pathway. 15. The nethod of claim 14,
wherein the protein kinase signal transduction pathway is a MAP ki nase
signal transduction pathway. 16. The net hod of claim 15, wherein the MAP
ki nase signal transduction pathway is the Src/ Shc/ extracellul ar regul ated
ki nase signal transduction pathways. 17. A nethod of evaluating a conpound

conpri si ng rédpRnsive PRnedriptiof WohREl @nit ISSﬁl@té‘dJl”rbw BeC@tblp Icongstingt 6 szl
growt h has reached a %éggrl a;e conf I % b transfectl n‘gr?tg h@sge culture
with an expPPosse sl gva OFaPr%fﬁE'c MP| iesRYISG ©'gman b

pl asmi d f okeleindridl g2F DRIAEbinGRPOBIEMEAL, t flutdtertreide edspbnse @@rﬁér@r he@tOBh@bRtl ng

the transfected cells 5{3 t est co ound; determ %u ng h@r t he
conpound |ﬁ%ﬁP€8§ea?‘?{B‘H§n ? B cr é‘F‘I’ BN S{ALFNG: RIGBPENtIAIFed; IRERRISRg a
genot r opi ¢ effniedtt! nucldbr fatter BEbEREtedf T dedd, Mublbar asredbikE kells, gE3piesporise Not
an estrogen, or rF(%)bgesteron receﬁ]g{_ %9 The thod of claim17, wherein
the target L RD esparseiePen? e rBE'?:tenber 2004 consi sting
of chl oranpheni col acetyl transferase(CAT), $-gal actosidase, al kaline
phosphat ase, luci fer ase, e hornones, growh chineric
proteins. 28: THeblRassygiop ?ﬂt'gi"?ﬂ grtest, AIPROYNY, H%CL%IV’Q?I ﬁgnir’]rtﬁﬂtsegivﬁquon of
the target ngagéndidpicd Ricepidr r‘@ﬁtqu iwioat sabstactifig! asivathd hendvttdpie gé@émor
consi sting of .caloripetr orescent; imunochem cal, chem cal

r adi ochemi @&fVi %@nggzthesggp Fhod for screening conpounds for the
treatment of steroidgiaary bq&suee&mnm:lscr@brﬁ:ﬁy@%fen@rn aicmm@tﬂwsjeﬂmultarmg :

contactlnga el | ssi ng a sgel ec] a tificial

r ecept or . pidnafiy Bﬂﬁ@emsgs\@'& iR oHisTeie fhe csitlstingt 18 fotees
nongenot r OQ:UEur@CSEdrNerﬁr)C @9stédnecorﬁéuﬁ§ Qi dteﬁﬁ@&ﬁtép”tér Hedigy it neard drizeideatfild of
transcription i nduced g\y t he test conpound; and selecting the conpound or
conpounds tREEEUCOPTEAY ¥he nongenotropic activity of the steroid receptor
wi t hout substanti al | wdaiegiavtaéticoghpobied getriieg isnaltbitve ingdiai ; the steroid
receptor, wherein the steroi receB ofr S i‘ﬁj ected fromthe group
conprising a progest@GHES €€ OTr S EIRIOBr t i coi d receptor, a

m neral corticoid recemasmm@thé%tmdwtofrmngdnotrc@mmty, vitami n D receptor,

PPAR Teceptor, pr egnagisecg( ing t?lg cB%%Eun haF mguces Jo%ﬁg cgt%rpic actl\\l/lqutgugti does not

induce franscription.

27. The method of claim 26, wherein the cell line is OB-6.

28. A method of screening for ligands of steroid receptors that induce nongenotropic
activity without substantially inducing genotropic activity is provided comprising the steps
of
contacting a cell with a test compound wherein the cell has been
transfected with:
i) a DNA sequence encoding a functional steroid receptor or
genetic variant of a steroid receptor;
i) a response element-reporter gene construct; and iii) serum
response element-reporter gene construct;
determining the effect of the test compound on the transcription of the
response element reporter gene construct;
determining the effect of the test compound on the transcription of the

serum response element-reporter gene construct; and
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receptor, famesoid X receptor, liver X receptor, ecdySdpecerteegbest, and
COUP- TF receptor. 22. A nmethod for screening conpounds for the treatnent of
steroid receptor related diseases or disorders conprising: contacting a
cell expressing a natural or artificial progesterone receptor with a test
conpound al one or in conbination with a pro-apoptotic agent; assessing
whet her the conpound activates a nongenotropic activity of the steroid

receptor; deternini ngelelnd B¥RbmPburid MBSACHV Rl & traldessibnk tHheeridst
conpound; determ ning whether the test conpound i nhibited aré)opt 0sis in

cel I's cont"83RoBEe wilaTeDtyeRarier o 9pBRINGORTIBIE WHhow yRBRRbAlY o PTiRCHMY athe

pr o- apopt otyaps@lioh of Helresionbe elehrntREBA YEnRIcofGtARPUNds that activate the
nongenotropic activity of the steroid receptor wthout substantially

activating the genotropic activity of the steroid receptor. 80 13 Decenber

2004 23. A getAwdinbelof Sere@and Rl lifaHds &P Blepsid escebttnd thaPibilice SorigBRotropic
nongenot r opi ¢ .act.i a steroid receptor w thout, nodul ati &g@teggeps

f
genot r opi c a&B‘f‘W\With\éIU{)g”bﬁ‘-‘%é'ﬁ%'{yéPQHCH‘Qr%96‘859 P achahiht ProViAgd FArEPEY

contactinggtells with at | east one test conmpound wherein the cells contain:
(a) non-endogenous DNA whjch expresses a steroid receptor rotein, or
functi onal engi neere(ToBﬁaCtr‘HﬂﬁﬁriSEEP?lf% tePh%ﬁ"@Qﬂ”,"d("H)er%\lﬁ'evm?trﬂ?hZ‘ﬁﬁbﬁ% an
oper ati ve hgmnsesrdwasponse element |inked to a first reporter gene; and
(c) DNA which encodes. a seco eporter gene operably linked to a signal
{Fhnsduct | on pat by 65 pOngi DA ERREF SRR TG e (CSaERok ot
transcri ptigeRef vdriaat Srecaadid epeitber gene is activated in response to
activating a signal transduction gg&&m_ and wherein transcription of the

second reporter gene is ndt @GRy reAQEeEgRNE S KW tone ; assayi ng

for evi dencrteriringing Gffefitdf @i @5t ddMtHolRR iR trafdRAptidroftthe redpbhss elément
selecting th i nduce transcription of the second reporter

'(F?R{forrﬁounds t hat
gene and ddeRRSE Pt REXS S nscription of the first reporter gene. 24, A
rrfet hod for zcr eeni ng cf:ﬁfacﬁfﬁ@@ewga lcbiﬂ_@.rith frectebiedopnponad meﬁﬁﬂmte_rs@mrﬁif @snth ivity
of a steroid recepior w.thout nodul ating.the genptropic activity of the
Sterord rodBoRen EORPET Y Rooara JemgpuctopoRRRKEY HERDEME AR IO b ast
one test ceoppolnmitwberadiyninké@tcCetdpdricagina; n:
determining the effect of the test compound on the transcription of the
second cell; and
selecting the compound that activates the transcription of the second cell
without substantially effecting the transcription of the first cell.

30. A kit for measuring steroid receptor dependent nongenofropic activity comprising:
a container having a stable transfected cell line wherein the cell line includes a steroid
responsive reporter gene construct, a means for assessing the activation of
nongenotropic steroid activity, and a steroid receptor.
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(a) non-endogenous DNA which expresses a steroid recept BFCEMSE8Ph, or
functional engineered or nodified forns thereof, (b) DNA which encodes a
reporter gene operably linked to a signal transduction pathway responsive
transcriptional control unit such that transcription of the reporter gene
is activated in response tospgUENe@t i NOsPrMd gnal transduction pathway and
wherein transcription of the second reporter gene is not activated by the
steroid hornone; assaying for evidence of transcription of the reporter
gene in the cells; quantifying the transcription of steroid receptor
regpopsi veodenest Teabeetingst ke COAPAINGS. § hat Andice d ranscription of the
reporter gene and do not induce transcriptiion of steroid receptor
.responsi ve genes. 25. The nethod of clainms 23 or 24, wherein the signal
transducti on pathway 81 13 Decenber 2004 responsive transcriptional control

. unigtohs S o] Gﬁﬁﬁ# i ‘ﬁ?ﬁﬁyﬁ%% I
éﬁ&%@%ﬁgﬁggggbggﬁggoﬁiﬁgc?%'g%g(r;]se e %&n%igg)% Efg(d% I'ndi ng %eclﬁgﬁﬁtnm E2F
: bi'ndi ng el enent, gl ucocorticoid response el enent, heat shock response
el enent, interferon 7 activation sequence, interferon stinulated response
el ement, nuclear factor of activated T cells, nuclear factor of KB cells,
'p5§1§§§p06§$72g£8g§?§, Rb response el enment, and STAT3 response el enent. 26.
A bioassay for i1dentifying a test compound or chem cal signal that :
activates nongenotropic receptor activity w thout substantially activating
genotropic receptor activity, conprising the steps of : growing a tissue
- .cul egnl S emin a chemcally defined culture nedium
opf%%%glf§és§g6?g%b%$zd with nutrients, wherein the cell line of the tissue
pu&igig_s§6§§gbggl§ysteﬁ1contaips g steroid receptor having at |east one
i dentTTi ed ~“hohgenotropic activity; adding a test conpound or chem cal
signal to the nedium; neasuring the anount of transcription;: nmeasuring
t he amount of nongenotropic activity; selecting the conpound that induces

no ot ropi b Vi but does not induce transcription. 27. The method .
ofggngn1§%,§%Z%?%1%ﬁ¥he cell Iineis OB-6. 28. A nethod of screening for

| S O eroid. receptors that induce nongenotropic activity wthout
_ sugggg%tiéﬁ¢é é%d@%ing genotropic activity is provided conprising the steps
of

<160> 17

<170> PatentIn version 3.1

<210> 1
<211> 15
<212> PRT

<213> Artificial Sequence

<220>
Page 1



el

contacting a cell with a test conpound wherein the celdDeregntsegR04
transfected with: i) a DNA sequence encoding a functional steroid receptor
or genetic variant of a steroid receptor; ii) a response el enent-reporter
gene construct; and iii) serum response el ement-reporter gene construct;
determning the effect of the test conpound on the transcription of the
re nse € Len onstruct. .determning the effect of the
teE?ﬁ%%hpgﬁﬁgEgﬁﬂ{ﬁgg%%gﬁgggggp%oEioP%P%%dgserun1response el ement -reporter
geng (ganstruct ; and 82 13 Decenber 2004 selecting the conpound that
acti'vates the transcription of the serum response el enent-reporter gene
construyct wthqut bstantial | y,effectin he _trapscription of the
.re%%ﬁhg ré&%ﬁbﬁ#u?éﬁarﬁgﬁ. 3Re%88néﬁyu§52 %§P xyﬁegﬁ%dé%¥ % #eening for
| i gands of steroidTeceptors that indu nongenotropic actrvity wthout
substantially inducing genotropic activity is provided conprising the steps
of . _contacting a first cell with a test conpound wherein the first cel
has298n %transfected with: i) a DNA sequence encoding a functional steroid
regﬁﬁtor gr genetic variant of a steroid receptor; ii) a response

- 1 6brter gene construct; determning the effect of the test
COggaund on the transcription of the response el enent reporter gene
co ﬁﬁbt?Rgbntacting a second cell with the test conpound wherein the
'secand cell _has been transfected with a signal transduction pat hway
r e§pérsi vaTrtidisdAlpteagnrcecontrol ‘unit operably linked to a reporter
gene; determ ning the effect of the test conpound on the transcription of

the second cell; and selecting the conpound that activates the
transcription of the second cell wthout substantially effecting the
tr &840 ption of the first cell. 30. A kit for neasuring steroid receptor -

dependent. nongenotropi c actjvity conprising: a container having a stable
tr&ﬁ@ﬁéctEGtEQQ?anﬁ€eﬁﬁ@Febﬁt€hEeﬁéiﬂeT?ﬂg includes a steroid responsive
reporter gene construct, a neans for assessing the activation of

noff§@RSt répi c steroid activity, and a steroid receptor.

Ser Ser Ile Lys Asp Phe Pro Asn Leu Ile Ser Leu Leu Ser Arg

1 5 10 15

<210> 3

<211> 19 ;
<212> PRT

<21§> Artificial Sequence

<220>

<223> Estrogen-receptor alpha, beta peptide-F6

<400> 3
Gly His Glu Pro Leu Thr Leu Leu Glu Arg Leu Leu Met Asp Asp Lys
1 -5 10 . 15

Page 2



83 13 Decenber 2004 SEQUENCE LI STING <110> Board of THRew@sdesL09he

Uni versity of Arkansas <120> METHODS OF DI SSOCI ATI NG NONGENOTROPI C FROM

GENOTROPI C ACTIMITY OF STERO D RECEPTORS <130>06572- 105017 <150>US

60/ 211, 287 <151>2000- 06- 13 <150>US 60/ 274, 373 <151>2001- 03-08 <160>17

<170>Patentln version 3.1 <210>1-<211>15-<212>PRT <213>Artificial Sequence
2004 <223> Estrogen-receptor al pha |

Leu Thr Ser Arg Asp Phe Gy Ser Trp Tyr Ala Ser Arg .1 5 10
Sequence <220>

b

REveg,

<211> 15 <212> PRT <213> Artificial

15 I+ 210> 2

Estrogen-receptor beta peptide-293
Sﬁr Leu Leu Ser Arg 1 5 10 15'<210> 3 <211> 19

Leyslbe
<211> 133
<212> PRT

<213> Arti

. <220>

<223> GRIP

<400> 4

13 Decenber

ficial Seqguence

protein

“ His Ser Arg Leu His Asp Ser

1

Leu

Leu

Ser

"Leu
" 65

Glu

Thr Thr

Ser Asp
' 35

Thr His
50

Leu Gln

‘Ala Thr

Ser Glu

5

Lys Ser Asp'Gln
20

Thr Asn Lys Asp

Gly Thr Ser lLeuy
55

Asp Ser Ser Ser
70

Gly Lys Glu Leu
- 85

Val Thr val Lys
-100

Lys
Met
Ser
40

Lys
Pro

Ser

Gln

Gly Gln Thr
10

Glu Pro Ser
25

Thr Gly Ser

Glu Lys His

Val Asp Leu
75

Giln Glu Ser
90

Glu Pro Ala
105

Page 3

<400> 2 Ser

Lys

Pro

Leu

Lys

60

Ala

Ser

Ser

Ser

Leu
Leu
Pro
45

Ile
Lys

Ser

Pro

Leu
Pro
30

Gly
Leu
Leu
Thr

Lys
110

Gln
15

Ser

Pro (

His

Thr

Ala
a5

Lys

pepti de

Leu

Ser

Arg
Ala

80

Pro

Lys

<223>

Ile Lys Asp Phe Pro Asn



<212> PRT <213> Artificial Sequence <220> <223> EstrobelAcqedteheBP4 al pha,
beta peptide-F6 <400> 3 Ay H's Gu Pro Leu Thr Leu Leu Gu Arg Leu Leu
Met Asp Asp Lys 1 5 10 15 Page 2 13 Decenber 2004 G n Ala Val <210> 4
. <211> 133 <212> PRT <213> Artificial Sequence <220> <223> GRIP protein
<400> 4 His Ser Arg Leu His Asp-Ser Lys @yGn Thr Lys Leu Leu G n Leu 1
&2 13 .U Thr Thr L xs Ser Asp G n Met.Gu Pro Ser Pro Leu Pro Ser Ser
2028 387 &as%?upéﬁurr rgAganysuAspums;)Tmysqspseg Lo Rtyps Pro Gy
35 40 45 SiL Thr His Ay Thr SkZ0Leu Lys G u, Lys I-1285Lys I I'e Le%PHis Arg
50 55 60 Leu Leu G n Asp Ser Ser Ser Pro Val Asp Leu Ala Lys Leu Thr Al a
_65 70 75 80 Gu Ala Thr Ay Lys Qu Leu Ser An GQu Ser Ser Ser Thr Ala Pro
85159 GbvdguRFo$luval Thr Val Lys Gn Gu Pro Ala Ser Pro Lys Lys Lys
100 1053410 Page 3 13 Decenmber 2004 G u Asn Ala Leu LeutArg Tyr Leu Leu Asp
Lys Asp Asp Thr Lys Asp' 115 120 125 Ile Ay Leu Pro GQu

<210> 5

<211> 30

| <212> DNA

l<213> Artificial Sequence
<220> - ..'

7 <223> primer "
<400> 5 |
ggcgctagca ccatgaccat gaccctccac
<210> 6
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
<223> primer
<400> 6

ggcaccggtc tgactgggca dggaaacc

<210> 7
Page.4



130 <210> 5 <211> 30 <212> DNA <213> Artificial Seqliedeemeesglos <223
primer <400> 5 gccgctagca ccatgaccat gaccctccac 30 <210> 6 <211> 28
<212> DNA <213> Artificial Sequence <220> <223> prinmer <400> 6 gccaccggtc
t gact gggca gggaaacc 28 <210> Page 4 13 Decenber 2004 <211> 33 <212> DNA
<213> Artificial Sequence <220> <223> primer <400> 7 gccgctagca ccat gaagaa

cagcctggceg .ttg 33 <210> 8 <211> 29 <212> DNA <213> Artificial sequence
<22@;1322§§ pri mer ,

<212> DNA

<213> Artificial Sequence

<220>

.<223> primer

<400> 7

gccgctagca ccatgaagaa cagectggec tig
33 ’

<210> 8

$<211> 29

<212> DNA

<213$ Artificial Sequence

- <220>
<223> primer
<400> 8 _
gccaccggte tagtaggcge atgtaggceg
29 :

<210> 9

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
Page 5



<400> 8 gccaccggt ¢ tagtgggcge atgtaggeg 29 <210> <21Penembes2984 pna <213>
Artificial Sequence <220> Page 5 13 Decenber 2004 <223> Estrogen receptor

al pha-primer <400> 9 tctgccaagg agactcgcta ctgt 24 | <210> 10 <211> 20
<212> DNA <213> Artificial Sequence <220> <223>-Estrogen receptor
alpha--priner <400> 10 cttggccaaa ggttggcagc 20 <210> 11 <211> 20 <212>

DNA <213> tificial Se < 3> Estrogen receptor beta--priner

<4‘f)%%311 %%A‘él@?%%%a@e gcaggjt hazgg? §§0> 12 Page 6 13 Decenber 2004

<400> 9

tctgecaagg agactcgcta ctgt

24 '

<210> 10

<211> 20
' <212> DNA

<213> ArtificialVSequence

<220>

<223> Estrogén receptor alpha--primer

<400> 10
- cttggccaaa ggttggcagc
20 |
- .<210> 11
<211> 20
<212> DNA : | .
<213> Artificial Sequence
<220>

<223> Estrogen receptdr beta--primer

<4bo> 11
gaagtgccag cgagcaggtg
- 20

<210> 12

Page 6



<211> 24 <212> DNA <213> Artificial Sequence <220> <pRscasherg084 recept or
beta--prinmer <400> 12 tgctgggacg gctcactagc acat 24 <210> 13 <211> 18
<212> DNA <213> Artificial Sequence <220> <223> Androgen receptor--priner
<400> 13 tgtgtggaaa tagatggg 18 <210> .14 <211> 18 <212> DNA <213>
/¥£é{'§iq548equence <220> Page 7 13 Decenber- 2004 <223> Androgen
receptor-~=-prinmer <400> 14 tacatgtggt caagtggg 18 <210> 15 <211> 24

<2 <213> Artificial Sequence <220> <223> Beta actin--priner <400>

_15< gyag g ctatgagctg cctg
<213> Artificial Sequence

<220>

7<223> Estrogen receptor beta--primer
<400> 12

tgctgggacg gctcactage acat

24

<210> 13

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Androgen receptor—-primer
<400> 13
tgtgtggaaa tagatggg
i8
<210> 14
C<211> 18_
<212> DNA

<213> Artificial Sequence

<220>

Page 7



24 <210> 16 <211> 26 <212> DNA <213> Artificial Seqlideemeesef0d223> Beta
actin--prinmer <400> 16 gtgccaccag.acagcactgt gtgttg 26 <210> 17 <211> 399
| Page 8 13 Decenber 2004 <212> DNA <213> Artificial Sequence <220> <223>
GRIP <400> 17 cacagccggc tgcatgacag caaagggcag' accaaactcc tgcagctgct
caa C tc acccttgcccragetccttgt cggacacaaa
gggi%tcgndigﬁéécggééﬁgﬁf ?ggg@%%gcc t gggt ccacg cat ggcacct cgct caagga
gaa gataa 180 attttgcaca gactcttaca ggacagcagt tcccctgtgg acttggccaa -

gggggt240 a@ggccacag gcaaagagct gagccaggag tccagcagca cagctcctgg

gtE CE! 3682 Pcaaac aggagccagc gagccccaag aagaaagaga atgcact act
_gc tatttg 360 ctcgacaaag at gat act aa agatattggt ttaccggaa 399 Page 9
<210> 15 .
<211> 24
<212> DNA

<213> Artificial Sequence

<220>

<223> Beta actin--primer

<400> 15 -

tggagaagag ctatgagctg cctg
- 24

<210> 16
<211> 26
<212> DNA

<213> Artificial Seguence

<220>

<223> .Beta actin--primer
<400> 16

gtgccaccag acagcactgt gtgttg
26

<210> 17

<211> 39¢
- Page 8



<212> DNA
<213>
<220>
<223> - GRIP
<400> 17
cacagcecgge
60
tccgaccagce
120
acagggagct
180
attttgcaca
240
gaagccacag
300
actgtcaaac
360
ctcgacaaag
398

tgcatgacag
tggagececttc
tgcctgggec
gactcttaca
gcaaagagct
aggagccagc

atgatactaa

Artificial Sequence

caaagggcag’

acccttgece

tgggtccacyg

ggacagcadgt

gagccaggad

gagccccaag

agatattggt

accaaactcc

agctccttgt

catggcacct

tceceetgtgg

tccagcagca

aagaaagaga

ttaccggaa

Page 9
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tgcagctgct
cggacacaaa
cgctcaagga
acttggccaa
cagctcctgg

atgcactact

gaccaccaag
caaggactca
gaagcataag
gctgacagca
gtcggaagtg

gcgctatttg



