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from Transcnptlona] Actmty of Steroid Receptors” ﬂled on March 8 2001.

Field of the Invention - |
This invention is in the field of steroid signalling, and in i)arﬁcular describes a

15  method of dissociating a steroidal nongenotroplc effect from the steroidal genotropic
effect, and 2 method for screening compounds that are capable of mduemg a steroidal |
nongenotroplc effect without substantially inducing a steroidal genotropic effect or
are capable of inducing a steroidal genotropic effect without substantially inducing a
steroidal nongenotroprc effect. This invention also descnbes for the first time, that

20 cerfain steroids are capable of inducing a nongenotroplc eﬁect via bmdmg to an

unrelated steroid receptor.

BACKGROUND OF THE INVENTION
* Due to similarities in niolecular structure and hoﬁ:rologies in protein sequence,
25 2 number of proteins have been classified into a superfamily of steroid nuclear
receptoss. The steroid protein receptor family includes at least sixty four known
 receptors (Cell, Vol 97, 161-163, April 16, 1999), including the ¢ and B form of the
estrogen receptors (ERa and ERB) the estrogen receptor related receptor-1 and
- receptor-z (ERR-1 and ERR-2), the androgen receptor (AR) the progesterone _.
30- receptor (PR), the retinoic acid receptor {and related orphan receptors RORa, RORB,
-and RORY); the glucocorticoid receptor (GR), the mineralcorticoid reoeptor (MR), the
Vitamin D receptor, the nenroactive receptor, the farnesoid X receptor (FXR), the
Tiver X receptor (LXRoc and LXRB) the thyrmd hormone receptors A and B (whrch
bind truodothyromne CI‘B) and thyroxine (T4)) the COUP-TF receptor, the ecdysone
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classical receptors is completely un]mown For example, Fa]kenstem et al. made the

following observations in then.' 2000 review article.

@ Ewdence for‘nongenotroplc steroid effects and distinct receptors involved is

- presented for all steroid groups including related compounds like vitamin D, and

25
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_thyroid hormones. The physiological and clinical relevance of these rapid effects is

still largely unclear.... Falkenstein, et al., page 514, abstract.
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y via a
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(ii)In contrast to geﬁotropic 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
rapid onset of action (within seconds to minutes). These rapid effects are likely to be

" mediated throngh receptors with pharmacological properties distinct from those of the
intracellular steroid receptors. .. Discrepancies in pharmaéologmal properties alone are -
-mot sufficient to support the hypothesis of separate  Teceptor proteins for
' nongenotroplc action; however, this important issue is addressed in Section ILB., and . -
various evidence for the involvement of both classic and nonclassic receptor protems '

35

111 nongenotroplc 31g11a11ng is given. Falkenstem, et al., page 516.

~



'_very rapid (e.g., seconds to approximately fifteen m f s of
steral ds have been identified that are inconsistent wpgégamtg%ggtﬁéopl C

effect by virtue of the rapidity 10 of action. These observed nongenotropi c

9ffects of steroid hornones were recently reviewed by Fal kenstein, et al.
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Decenber 2004 5 WO 01/ 96605 US01/18950 (iii) A wi de array of
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clearly dis t fromthose of thé classic intrac ar steroid receptors.
Fal ket elmparptagec@msmcd(amgthemosgmmomc atisulofstamidal  body of evi dence
now exists to indicate that at |east -
(i) the existence of nongenotroplc 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
o (ii) the observation that RU-28318 blocks rapid signaﬁng 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 st111
: nongenotmpmally active (F a]kenstem, etal , page 535)

35 : : .
| ‘Asa nonli]ﬁiﬁhg'e)tample of this, séx steroids have been used to treat bone.
loss but the underlying meehanism of action is .m_aclear_. The genotropic effects of sex
steroids are médiated through- nuclear receptor proteins, which by ai:tc_l large,
| discriminate between estrogen and androgen signaling and are distributed in a sex
40 ‘_spectﬁc pattern among female and male target organs, respectively. Besides the

classical estrogen receptor (ERo:), many ttssues express a second form of the estrogen



some of the rapid Ia, 25-(0OH).2D3-induced effects are tﬁ@Bé@érﬁEiﬁ‘éO@X a
menbrane receptor distinct fromthe intracellular receptors bbel onging 4 o R
the steroid and thyroid hornone superfanily. Fal kenstein et al, page 521.
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whi ch by 'and | arge, discrim nat e between estrogen and androgen mﬁgal i ng
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(B efBBRrrb 050 bisEh ROBIIRRA Ba0cl o) Mgl EoE N RAREST 0,
WO 0 1/ 9666kl Rﬁiéﬂiﬁ&‘ﬂb&%ﬁon of this site, including whether it is the classical receptor or '

_ whether it is localized in the membrane bilayer, or the membrane structures called

20  caveolae (Okamoto, T., A. et al. (1998) J .Blol.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 Homeostas1s
Receptors for ERo. and ERB or AR (androgen reeeptor) have been

25 é&nvmcmgly demonstrated in prohferatmg chondrocytes, osteebl_ast_s, bone marrow i ‘
- stromal cells (Briksen, EF. et al. (1988) Science 241-84-86; Komm, B.S. ot al. |
(1988) VScierrlce. 241-81-84; Emst, M. et al. (1991) Mol.EndoerinoL 5':1597-16(}6;
| Benz, D.J. et al. (1991) JBoneMmerRes 6531;541 Benz, D.J., et al. (1991)
: Endocrmology 128:2723-2730; Monaghan B A etal, (1992) Clin. Orthop 277-280;
-, 30 Belhdo T., G. et al. (1993) Endocnnology 133: 553-562 Ben-I-Iur H.,G. et al. (1993)
Calcif Tissue Int. 53:91-96; Kusec, V et al (1998) 7 Clin.Endocrinol. Metzb.
83:2421-2428; Kennedy, J. et al. (1999) Bone 24:9-16; Nilsson, L.O. et al. (1999)
I Chn,Endocnnol Metab. 84: 370-373), as well as 111 osteoclasts and their progenitors
} (Our_sler, MJ. et al (1993) AJ_m.Mec_L .25.361-371). Remarkably, the level of

4
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bone mass because of defective skeletal growth during development as well as the :
‘fact that these individuals never underwent pubefty -- not to loss of bone mass, as it is
-the case. w1th the common forms of osteoporosis. In support of this contention,-
5.:;2_5 humans with complete androgen insensitivity, due to mutations m the androgen
receptor gene on the X-chromosome have decreased bone mass, in spite of the
" elevated estrogen Ie_vels Schwartz, B.D. et al. (1999) Endrocrine Society 81* Annual
Meeting 93(Abstr)). Moreover, androgens, including non-aromatizable ones, like
| DHT, have identical effects to those of estrogen on the biosynthetic activity and the
30 birth as well as the death of bone cells in vitro and in vivo, at least in rodents (Bellido,
- T. et al (1995) J. Clin. Invest. 95:2886-2895; Weinstein, R.S. et al (1997)'
Endocnnology 138:4013-4021; Wemstem, R.S and S.C. Manolagas (2000) Am
J.Med. 108:153-164; Weinstein, R.S. et al. (1997) Endocnnologyl 138:4013- 4021;
. Weinstein, R.S., et al. (1999) J.Bone.Miner.Res. 14:S451(ABSII)); and even more
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conpared to fenmale and mal e reproductive organs, have been fpund in- ceI ls |
frommles and 5. females (Benz, D.J. et al. (1991) J.BbneMner.Res.  °° e
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.in men as Qﬁepxstewbg%fcnwlesmmelps (1998) J:Bone M ner.Res. 13:763-776).
- However, in al 'Th&é‘[gﬁf‘e 8?%%§unée?£ar9c§ﬁ$ ?%%?ﬁn@%{f@ s@?%ﬁn%@eﬁggeént@&d ”ﬁf eased .

level's of bone TarRers in _ rogen-, t he
face ab ardthegdasssiifsés etletbl‘ildsym ﬁmallei anflIhaléxeanidrthe rcﬁs olf sex0btefaid |r&tfeptoi's) '
achi eve peak b\%‘gﬁepts Ss _because of fe tive skeletal %ovvth duril ng

devel opmerd® these sth?en tc e ambagupus sk taﬂa@hemotmrdef vvent o
" puberty l;ggge , ‘
forns of g%ltﬂél%oggsf%flst?gﬁ suppor ?ﬂ%‘gﬁcdoﬁ%%%tb’?on m;ilesrp corrpl ete
-andr ogen i(feesesi.Fi andtK.S. Kmmehc(lﬁ@&)aﬁndonsRe\n 201368a41G). ogERKO eckgth®@Rogene on
the X-chro eased bone i.n |te of the elevated -
estrogen IaB Zﬁglggépﬂa}%lﬁ@g&f’ KOyt mige, I{%@ Ewgtoﬁr 5383‘? PhenalyRs  Annual
Meeti Ry 9%(1&‘3&661‘:}% by MR USGUSE: m%ﬁé‘ﬂ&%ﬁ{'&d diaPEter SF Rk AR O%%EI osynlt hones,

| i ke DHT, have identical effects to those. of estrogen on etic
activity andmalgs, B6 oply 2 hurportesd minersandiecalised dﬁcwaseoﬁbomatdmeralrdemty 0. and

o0 Sume: o8 e iR PR A6 e (BERKI Sniod o B o MR b e T S 21,
Vi nst ei nan®Riserea8d c&ti@ﬂ Phairtcan 3R e ANferdaldd thut 1RBcHdnde 18 4nales :
Wei nstein, R S et al-. 199 Endocri nol @ﬁéaq 138:4013- 4021; : Weinstein,.

RS., et 4Win H. st an@9RlP érCIReBlveml -39k rYonethalesse vehmetric 13

Decenf! B4 é‘%‘%ﬁ%ﬁ%ﬁéﬁﬁ?? Rt Bk g B aRp GG piceR® | 0
Endocr i nokogparkd€s ﬁ’zﬂ@‘ﬁyg%&bﬁtroiﬁphi&éaﬁn@ it tied purp@ited dh?hﬁ@éb)m bone mmeral

Am J. Physi ol . Endocrinol . Met ab. 267: E853 E859 Coxam V. et al. (1996) Bone
_ density. (by DEXA) are most hkely the result of smaller bones. Importantly, the

decreased length of the femur in the oERKO and DERKO mice is d1ametr1cally
_ | . opp051te to the increased length of 10ng bones of patlents with hypogonadlsm
e 35 (mcludmg the aforementloned cases (Smith, EP., et al. (1994) NEngIJ Med.
. 331:1056-1061; Carani, C. et al, (1997) N.Engl.J Med. 337,._91“-9.‘_5, Bilezikian, J.P. et -
al. (1998) N.EnglJ Med. 339-599—603) which. fesults from delayed epiphyseal - |
 closure. Therefore, the minor phenotypw changes in the ERKO mice, if any, may be
' . relevant to Joss of estrogenic effects on skeletal growth, but they are not informative
30 in respect to the effects of estrogen on pubertal or adult bone remodehng An
: ‘equ.wocal bone phenotype has. been also observed in a.romaiase—deﬁclent (AIKO)
mice (Oz, O.K. et-al. (2000) J Bone Mmer Res 15: 507—514) ArKO males, but not
-females, have decreased long bone growth. On ﬂle other hand, there is increased
| . turnover m the females, but decreased turnover in the males. This result_:strongly B |



- 19:107-114, Lea, C.K and A°M Flanagan. (1999) J. End ‘
-160: 111=117). To 5 date, there is no explanation for s\g?elt:)%ﬂ!éerczgloﬁs express
only small levels of the ER and AR conpared to reproductive tissues, or

%or the | ack of ggnder distribution of ER and AR between male and. fenal e

one cel |- VO /966 puzzling efficacy of either class of sPEI/Es@ENEHIWS in

femal es and males. This state of m sunderstanding regarding the sex:

“non- speci f ingués doaBREthe tbntention aféstldBén & tBSBorf ach®¥ s&t ShRkdh éiﬁ; | es and

~mal es and the role of sex steroid reCeptors in these effects . een

further cobmpeseatinywelhickmsssywomerogiteifer esteqbiash atmber opsurvival dk oug of of the

Erl?g &r SER(orachr%%Q@)%ﬁiﬁ% a&%a% gps%ggas% ‘%’RQEIQE ?}kvegﬁu%fgg}lj and ER
" ( Doubl e- E%mmmwimc:eommzﬁ@eﬂaybs bstibgeRadepbnitat BhE ek }SQ%PL]récted

,characterl ﬁ by a decrease in the |length and d| aneter of the femur in both
“femal e OWHigcReatment withyestrogaw Pénderachvicreny Dinet aloélaﬂ%) @dneiéﬁt’.’@ase of

"~ bone m ner out K ce ,on

ot her hand?d4>)<h| S‘#‘E?é%‘}—n%g‘ﬁ'ﬁ‘?qﬁ%‘r%g& 3%‘6?&45%8@88 Aiges ng’q)ﬂ'ﬂﬁ’ge&gil%é‘ll
ci r cunf er esstsblastofemmisesnd tidteby Cellamarr,i dte Rir8ger- Wﬁ'&ﬁﬁéﬁt, mﬁhé"ferﬁﬁl al
(1999) J %I n, J nvest. 104:895-901). Nonethel ess, volunetric . or

hi st onor p itpe riae [ogReqtes movass senwdeMéﬁﬁeogw ﬂhﬁ@endyﬂoblnmﬁdmgene as
- conpared t ur hanges i n.
bogg i nerda}P E\ﬁdggt ng%/?% ﬁl?% (e%@}%d ar e c?% E‘B’%&estsfoﬁie%lpgg% ?%Fn‘grﬁﬁ?lg
bones. 10| npzacesaht hikewise, antfrogepassistahtenglehrand ahhemic%n(ar mddlel BE tesHERKO and
DERKO m c%. is.di.a al ﬁ&eail te to the increased | ength of | .ong bones
~ of patient W@ﬂ%ﬁ@%’ opg leagth puhgompal ﬁ@ﬁ@ﬂmlvghm tmses
“(Smth, ER 0 et al.
E1997) N. En giq%]f %/Edfa%g% %Eﬁwesﬂﬂg]ﬁj F%’%r]%e& efickiations (kg r? frﬂmEngI
- Med. 339: ag@neeayqnmﬁ dheir esmﬂihmtifonaimaddajogym ﬂz}omliggsan &l g{sua@gg) e
- Therefore, nor changes in . the ERKO m—ce, if an )
rel evant E(S]d %ﬁy é@??ﬂggﬁﬁc&me -di @k@lf;@tlalha?wlh%aéfﬁﬁl M are not

i nf or @t i \88: 86@648610 EBREFRy, L0, ifepgf b%Ha gféiﬁg Hﬁaf 43}.495_ adult
bone renodel|n An eqU|vocaI bone heno ype h een a so obServed in
ar onat ase44 Y it ) (1%2&@41(@%60 OH:544-548;. ViepaashudreBoe oYl aler . Res

15: 507-51 b femal es, have. decreased | ong bone :
gr ow h. Oﬁ 9%%5\%:(% Rﬁh&%es ?#8?%19)5 |ncreased turnover in the females, but
decreased tur nGW@IO0/20007 168 b the Bokd dfeﬁ%t%essréxot@B'Um@ers&foP%?Eelﬁg 2004
WO 01/ 966Q5 PCT/ US01/ 18950 argues agai nst the. contention that estrogen is

the bone Stelogs %Wtf@@efpbmrwme.homem@em a hostply aémmlgtpnnm compowidhess; a
- SUrT ogat €108 4§ AR A8ko b RY: ] Teceptor I( V3 i b %Qfec? of that embodiment,

' Wherem the compound is not an estrogen) or the andro gen receptor (and in onte aspect
of that embodiment, wherein the compound is not an androgen) with an association
‘constant of at least 10° M and induces gene transcnptaonal activity at a level of no
greater than 5% that of 17B-estradiol while mducmg an increase in extracellular signal :
_ ;;;2_5 regulated kmase (ERK) activity. WO 00/20007 emphasmes that one method to
' preserve the ability of an estrogen or androgen to increase BERX activity ‘without
' increasing transcnptlonal act1v1ty of the estrogen or androgen is to attach a substituent
“or mmety to the estrogen or androgen to prevent it from penetratmg the cell, and thus
) i:ravehng to the nucleus to activate gene activity. _ |
300 McDonnell and co-workers have isolated several classes of small | (11-19
 amino _acid_s) peptides that bind distinet sites of the ER, and can selecti.vely,bloek ERa |
“but not ERB-mediate_d transcription, and vice versa, when tested on a cdnsensus ERE



the two male patients. (that a bone biopsy was perfornﬁgbe@émy%@ ogs in nale
and fermal'e mce with aromatase deficiency is estrogen dependent and’ can be ,
corrected 5, following treatnent with estrogen (Vanderschueren, D. et ‘al. '
(1998) Bone 23:391- 394). On the other hand, turnover, as reflected by
changes iWOW®sP&08| ast ogenesi s and  ost eobl ast ogenesi s andPchamsebysse! |
nunber, are estrogen-dependent in the ' fenales (exh| biting the expected
increase )Y o OeRerdeRt in the
mal e (exhl g%gk%éﬁ;e%gggiect eg@gﬁéfg?;?g% ggb%ts ary to andr ogég’%%%é’
excess). U kﬁh(&GQQ)dv[dIGgEBwleFQ 8226a8236R| e rats and mice (a nodel of -
testicular femnization, Tfm. have decreased bone | ength but nornal
_trabecul ar bone vol une, in spite of the fact that they have higher -
estrogen C (resulting from aronmatization of their -
nonfunctlggfésﬁﬁ 11‘S&S) (Young, C. Y. et -al.  (1989) Endocrinol ogy

124: 774-775; Glsymasl, thhndseforadcreeﬁmQQﬁ))' #rentsNitat . okt g, Seithrough A:terdiﬁ

e ey
* Vander SCNiRERRs oy Fhinlmethbdk I8P NordrBARR WAIR:- 4355 ta@/igsgac@@afbemgaow 20007,

filed by the Boar of Trustees for the University of ansas . I scl oses
~a net hod homnqnncrmpﬂongstbmdetes rte@scmpnoa o talsy fatl rdeterminng nwhethenm@pound

20 that binds t en or-J3. rec tor (and in one aspect of that
embodi menf? mW*’é'ﬁé @ﬂ%ﬁtﬂgorrgcenar ’éﬁ B&trogen) or the androgen . °
recepypr (and iy opg:. aBEE298200t HRS BTBYMITRALl. \WRIGRE o RooSR glpwnd I's

not an androgen) w th an aSsociation- constant. of at |east 108 M1 and
i nduces géwtetmmmgsehatmru amptounds drgifinyctignaldigaade pf bermane rgiamrmmtermn 5% -

~that of 17 0O-estr ndu l_ner.eas ell [ Si gnal

_ 25 regqul éft’élﬁs . 8 ei@%l?lfgccto ﬁ'ﬁ@% El %ﬂ%ﬁ%‘*s?% e)fpﬁ%ﬂ?
et hod t opomERRgENSstIDF Aabidoiting mﬁorﬁi%neirédepﬂﬁlpr@ﬂémaﬁm emuthbreaﬂwfdease ERK
activity without increasing.transcriptional-activity of the estrogen or

andr ogen D4 encadingem @%W§$PWTCSR9PSWF’@§V lf-‘%(eﬁiﬁ‘éaé%of@géﬁﬂ%r andr ogen
to prevent it | '
" nucl eggs/ to ac{};"&&%e gg‘%]é%a%l?@\c}%?ﬁsc% I?\%?%nné %B%\(é?vﬁl)}? ersc%ave _
i sol ated adivasay fol asmpoumis thatedctiv4td b- pt&telmaxpressad il s¥llspstpd higher Ieelt - bi nd
distinct sites of the ER,  and:can sel ectively_ block E but. not . -
'ERJ3- nedi Hewfonkaheells pichofat ffcompungaackiye atbh uAieits gt BHCBBRBInsus ERE
13 Decenb / 96605 PCT/ USOL/ 18950 (Estrogen Response Elenent) :
(Norris, ?5"5&99‘%%/\?6@%1999) Sci ence 285:744-746; Chang, C. et al. (1999)
Mol . Cel | B1401WQ NBILRI8EBH)e nﬁucad‘nAng:tm_&wBe Producds élorp:eﬁisobsesf or -

screeni ng, for ag

: ' act s or .t.hrou L eroi d, receptars,are-known ‘i n
The ot | pifesafiofpideniise Ttsston goatialofs esihs T Ehah EREFODERS. The "
~ disclosed assays use two sets of cells in which the first set cdntains DNA encoding a

functional ERo and a responsive reporter gene construct, and the second set of cells
- contains and ERE reporter construct and ERB. Compounds can be screened for
-select:ve actlvatlon or mh1b1t10n of transcnpuon in cells expressmg ERa or ERB. - )
-‘.;25 _ A U S. Pat. No. 5,643, 720 discloses methods for screenmg for ligands that bind
‘to the retinoid receptor to form a complex thh_ binds AP-1 and’ prevents DNA
binding. US Pat. No. 5,702,914 discloses bioassays for detérmining whether 2
- compound is a functional hgand ofa retmmd receptor by assaymg for transcnpnon of
.. areporter gene construct in genetlcally modified cells. '
.30 ~ U.S. Pat. No. 5,863,733 discloses methods for determining whether a chemical
- specifically modulates the transcriptional activity of 2 gene of interest using a reporter
gene construct in genetically altered cells. ‘ | '
U.S. Pat. No. 5, 563,036 dlscloses methods for screening for compounds that

| , inhibit the binding of transcription factors to nucleic acids by detectmg the presenoe



~discloses and clains nethods for determ ning whether @gg{aggr%é?z@g@pect ed of
~,being a hornone receptor stinulates. transcri ption and also for :

Heteri ning whether a conpound is a functional |igand for receptor :
proteins. 10 U. S Pat. No. 5,298,429 also to Evans et al.. discloses a
bi oassay W o1/ebgber m ni ng whet her conpounds are functional pgy 9&f

hor none receptor proteins by assaying the effect of a conpoun

hor mone. 1+ TaRPBRe i IabEle hecriaR FAR ph &RelY SHhFiesR Ao W e“C‘?d' "0 8

- - operative depHRne. response el ement linked to a reporter gene. 15 General

.. gene construct

- bi oassays include U S. Pat. 'No. 5,877,007 to Housey which discloses a
bi oassay for cddSeRatidNa. Ha854604i disalesea mptiadsi for smpemsgé«zt tompeints ek a
.higher level. .than control celLls suc hat, the co actiyated rote| n

" induces a Hedulalr 3 o RIRLAgRETiet 804 ohrusduchgi fp 1gynn%oﬁg

- Areri can M@crﬁftmltﬁta&eﬁ&{d% geﬁ'é delis %&euaalﬁh@maw c&ﬂam' £Rpbitdrydend
~receptor m)dul ators Pem for eit ERa or ER 3 di scl osed assays

use two sed agpNder atqry\mim@ncq tespausivstto shangss in ammnﬁworeqﬁmdslt@ |
functlonal §E§§ S rter gene construct; and the second set
of cells "¢on rgélg Q??%%Bdé%gﬂrgﬁic% onstruct and ER(3. Conpounds can be
screened for a&BeMVNoacsgﬁweﬂwoprLauﬁéil &i 4ll Aisclised raRENHRt 4s9ay th cells

expressing ERa or ERR U S Pat. No. 5,643,720 discloses nethods for ‘ :
screeni ng @immeg’ahﬁihertar@mmun@usql@g@ﬁ@fﬂé@qen@rd receptor to forma complex

whi ch d
di Isgl olsaleg EI é\z}ia;ggﬁ‘ e ef' m n| g“g1 e%cﬂ&es 3g§et€%)gﬁn§r?e§in§0%5r%é?’?t%nal

| i gand of tmtﬁxﬂhbmap@tbﬁ@m@ﬁp@dﬁﬁbmé}%]ﬂhéﬁ!@ﬁ@ﬁdeﬁﬁdxﬁﬂewk a reporter -
eneti cal ’ﬁx{l)ﬁrmdl ied cells. Pat. No. 5, 86% 733

O el oone et haus. Palentdoa 06 03 Gles DyQvcRowRaheica, despebes metP
~-modul at es uﬁﬁg th&qﬂ['%ﬁhmf'tﬂg'% e@ﬁt‘éfo\ﬁbtr)écéﬂft raltog:fx":?c@enoﬂs 'a%rt%ogﬁrtspbfﬁféﬁoé

reporter e construct 1 n-géeneticall tered ce
-5, 563, 036nntra$ell1daemedmt¢d:tcmasénqmoacreem ng for compounds that inhibit the .

o 13 Bconber - b6u PSR 6bB5 T AselRErs oktop ol %S%%H%s%?ﬁ@frese“e

transcri phidaof CkRSriBRofl HseSHRRED wh gd
conpound. U. So Pat . n? 5, 8%804 di scl oSes rrgl?lr%%‘é%?orlﬁg%ltrae I ng f%r
conmpounds plasmie mmhmlnatrecegtqredﬁptlemmmmmemggmtem nagludesct calhlipat hway -
by nmonitor]i transcription o rte ene | enetically
ot 11 el FRREBHER ARpiraRbFoaBhanBre gy B PG ey afeRe SOR
responsi v&let@o@ﬂwmmgr@f aGRIAGIA RédeBidr, Qi vilimih E'éb%pfdi’ landl an orphan receptor.

20 WO 99/54728 filed by Novalon Phannaceutlcal Cmporatlon descnbes a

- method to predict whether a test compound will modulate the b;olqglcal activity of a
receptor in a multicelular brganism on the bésis of its interaction with peptide or
nucleic acid ligands that modify the conformation of the receptor. The data is

"'compa:ced to - the ﬁngerpnnts for reference compounds with known blologmal'

‘§=:2_5" achvmes '

" Othlerl references of intefést |
U.S. Pat. Nos. 5,362;720; 5,545,634; 3,846,960 and 5,5767,6'95“1:0 Labrie
B disclose 2 method for the ﬁeahﬁent or prevention of breast and endometrial cancer,
30 '_dsteoporbsis hnd endometriosis in suséeptiblé warm-blooded animals comi)ﬂsing
- adh]iﬁisteﬁng a 10w dose of a progestin or other steroid derivative having androgenic |
_actiﬁty and low masculinizing actiﬁty. In a primary embodiment, the method
‘involves activating the androgen receptor by administering at feast one éndrogenic

; steroid having a Ki value of less than 2x1 0‘8 for the androgen receptor, an androgen



-4,5-triphosphate (I1P3) and diacylglycerol. US. Pat. Ngocem@p20897 top

Lauffer et al. discloses a cell-free assay to . determne ther a' , .
-conpound is a ligand of a receptor. 10 U.S. Pat. No. 6,060,238 to Dixit

- discloses a nethod for screening for agents that inhibit apoptosis as

conpar ed WPOH*®8Wpox cyt okine response Mdified A U S. PRCIMSONGSISO +

5,506,102 filed by MDonnell et al., describes nethods of using the A form

of the preggabemelRtddcmRibefy &fect Onc@B JrowtAbt BERRh Préast hncet FHRTSL1

intracellul ar-nmedi ated transcription. U.S. Patent No. 5,834,213

di scl osescdlsiwhigh zeashés hﬁlémglﬂmg vahyg a pstoagentmationdielavo B.Gnanamales et i onal

"response freated by.a.chem cal .signal.. interacting with a. pl.a mbrane-
 recept or . Miph R iy AR A o BT St sdieetig R ST
cont'ai ni ngivia wierdih aRery’ KGR Rh@ogeric sBraiglis @8ALHINEFdat S 86dalsk GuffRh@Rlyor

sel ected from the_ group consisting of a _steroid receptor, a vitamn

receptior 9MdtoARAINISIEH sEmplateptesrn conconinide) eliriey 50 neromglenpoliisn .
Phar maceuti cal reqrat hon Jdescdab t r edi whet a test
conmpound wi | I Ir%b%u?%‘?@ Nb %g%%jéi g%lsa‘élé’ Vi F@E%% ot ?‘gc‘%’ ng‘?iﬂr%‘%g“g |

~mul ti cel uingdibseimgiahsexricied 6 vippedrsboidohinstdrdd &F 8 patiedid tovdtrdaRPhdvbeseor .
nucleic acid ligands that nodify the conformation of the receptor. The data

is conpafiists @f esheorprasiicin i pple o femalecThe dideratontploannet addresshesinte '

3. 960 7o0leerEutBhiid b SR AL ISRt L BOFT R bRl O2: -
for tie toftuneBeds. I a prefuteddl dnfibdihell| B ebtrofch ©ad aeYdeiradiaN TRE /930
ost eoporosi s and endonetriosis in susceptible warm bl ooded ani nal s

conpr i si rigpterd giatasitbatdhs mxyertorsely npd yadestand theggeahanismoof howh &7 orssizadiold .
"~ derivative having andrageni cfivit d lLow mascylinizi .activify. In a
or | rary. CSHSER e BRI Hike B6 neselis I8 1 ekl v durd SBREE R 2ot o
by adni ni @ksiniabl & opResd to BRARKEAANOERG LetiDhR! Ond eRavibRIpiterKof a \dilebe Of -
| ess than@glec_)- fo_rﬂ_th_e andr ogggn receptor, gn- andr ogg.n 13 Decenber 2004
WO 01/ 96austeritn effert is hespodugmpt ofrtharegiation ofrgivnesise ¢sep eoflwraes 7gndithe
growth Ofoﬂﬁé@%%rt% st cancer ZR 75-1 cells which reaches hal f maxi mal
val ueat 4 CoRCERETA ion below 3.0 nanonoles per liter, and no visible
mascul i ni zi ng W 98/ 1R tfilkd b dhes TniverdonN6E Florithi Reswaleh| BourfdtiomMncwher ein =
every such androgenic sterQid is admnistered at a dosage sufficiently |ow’
to mai nt Zeleses apethods troutilize an e Brtomar ofnat esieges v aRPaEoiPorEdeher

ter o GSiofralbBiiin P popditm it beliOash eh%ﬁthcéﬂs%ﬁg%eﬂ‘ estrogen having )

I nsubst ant sex-r activity can adm nistered to a patient to
retard the advidiSsePatent No. 5,859,001 discloses the use of non-estrogen compounds

20  having a terminal phenol group in a four-ring cyclopentanophenanthrene compound-‘
| structure to confer heuroprotebtion'to cells. - | '

WO 98/31381 filed by the University of Florida Research Foundaﬁon, Inc.
discloses a mefhod for enhancing fhe’ cy“tqprotebtivé effecf of polycyclic phend]ic
c':?mp,o_linds on a 'pbpulation of cells that involves. the steps of administering a

.25 _cgmbi'ilé.ﬁbn of pdlycyc]ic . pﬁenolic ‘compounds . and anti-oxidants to achjevé an '
| enhanced effect. One disclosed combination is glﬁtat_hione and eétroécﬂ. :
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 ostéociastdgenesis_ to ébntrol bone.remodéling. '
30 WO'22/20625 also to the Board of | Tfustces of the University of Arkansas discloses
~that glucocorticoid-induced bone disease is due to changes in the birth and death .ra_te

- of bone cells and that glucocorticoid administration increases apoptosis of mature

10



effects. of osteoporosis in a male or female. The ‘93{13) BalEMe, 9866 Not
" address how to select a. conmpound to. increase bone nmass, but T nstead
teaches howto retard the effect.. .10 of bone loss. In a preferred
enbodi ment, the estrogen used is 17a-estradiol. The '934 patent states
that the inventors do not understand the nmechani smof how 17a estradi ol
exerts a cytoprotective effect, .but suggests that it exerts a direct
protective effect, &assumably as opgrosed to through a receptor acti on%.
One exanpl @SHOPETSOANG QRGACHES FibOBEERIRS BPFR JPTRAION RS EHH] BANCoARRTak he
regul ati on gehsigl ucose (see colums 7 and 8 . 15 of the 934 patent). WO

98/ 22113 filed by the Universi t¥ of Florida Rssea ch Foundat i %5 I nc.
di scl oses met hoddrsmparey W 9019875 o dhe Rpaed o %ﬁte@&?fog'@n YRERNG t o

confer cyt gukaHsastdisdlosel thaPRiHAR pafithy@bidCitdrmdnassesifabaY (184)D erertd apfiem ¢
event. U S. Patent No. 5,8 001 di scloses the use of non-estrogen

_ 59 : . o
conpounds a?thiQQ‘&Pﬁ%Ctﬁoﬂé’isFﬁoh@ﬁtSM@ﬁb?dr@F@ ed ip an intrIputienh gpshion to mice in

cycl opent aRgRNFANUIME BEPICAITIIOHES pFovides teidenéd tHz@ BbARe PTHIRBRLPHLETH(ICI)E O
cells. WD 98/31381 fil e bc%i,nt he University of Florida Research Foundati on,

Inc. di sclPReats;gleedstiroihindeiadafRAPIRSS AOGERIBT!S Ak Pefercyti &ells iy vitro.

pol ycyclic phenaypcoooosm dikdstoOthe2 BBSRUbR TRl of Hd Sinfvedity | sTVAI¥RSad he
steps of adm nistering a :.25 conmhi nation of polycyclic phenolic, conpounds
and. ant i - odiRHARES thel dutcatiEod Psmpiakion lnreatss Jesriosit ok Makie SSISABIANR | on
i s gl utat higpge oaiedcResd r ML HecHBs89/ KoHad dortidtiod Rite t ARt Bmed niMerdlr Wehsigs for

the University of Arkansas . -discloses the use of n%%%ifn or .ant agoni sts of
noggi n as tAFEYTAPRIIEY PYageleeive pstepllastogensgisa AN POt Siqasnesis ip gBReGe and
ost eocl ast gggRRei S to control bone renodeling. 30 WD 22/20625 al so to the

Board of Trustees of the Universjty of Arkansas discl o?es .t hat
gl ucocor ti coi d- irieMdes aBeYrediseissions i 14 aPraTentiBalif ke o canidrsane Pregrettd

- deat h rat e towdrdReNchderith i théalerdid YigRAIMG! tHees | Aot B SHderhtdriihg sTHoRases
apoptosis of mature 10 13 cenber 2004 ostepobl asts and osteocytes and

decr eases [SH{RIdP FieHale BANGEROEORIR ANH BRRPIAPISSCS. density. Furthermore, WO

00/19823 to the IlB%aéﬁ dﬂlj]ecl'rdisthé%eégnt tignkibh UeTidlce %Iectﬁékﬁ_&%ﬂﬁal ‘éi‘fé@tbpses :
t hat human parat hyroid hornone 1-34 [ hPTH | 15&3?4{ exerts antij - %Feg&t otic

effects on ost edbf seanghigct obithe preseat ipyentign jdeanethed fo reat dt o mice

in vivo. Hadlor sREd dedblc? 2éihied dioRRrPbodibétassevi dence that bovine
PTH(1-34) [bPTH(I-34)]  prevents rg1gl ucocorticaoi d-i nduced apopt osi s of

ost eobl astic andti®¥e : qr_@bi?é?t ¢fd ?H‘"%?‘Btr”b‘{ew WrﬁﬂdQQt@P&Pfﬂ%affiWé! tBofard
of Trust eeschientftrecddiiouRas thay caH indlideddsalectiveisttbiaaaespdmae, gl ucocorti coi d
adm ni stration increases _apoptosis _of mature osteogbl ast and 83t eocyt es

and decreases bdhig ¥&iamathehebjest af Hisdresel fysidpa to § § method to sefect

compounds that are useful to induce a selective steroidal 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
genotropic effect, wherein the receptor 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, thyroid receptor, farnesoid X receptor, liver X receptor, ecdysone receptor, and

COUP-TF recepior. '
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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acconpani ed by defective osteobl ast ogenesis and osteaq stﬁﬁengag in the
bone marrow. Fromthe above discussion, it is appare t %lte of
consi derabl e progress toward an understandlng of the steroid signaling,
there is a lack of understanding of how steroids nedi ate nongenotropic and
genotropic effects. It is an object of the present invention to induce

sel ective steroidal effects. It is also an object of the present invention
to provide a nmethod to treat steroid and or steroid receptor related

di sorders &PMprdeGsi@t jnduces \at JaRRIERIG Sffickcivittputt sEPHREEENt INAYGIBAL i%on to
provi de a tiopgstidpf el to screen for conpounds that can induce a

sel ective steroidal response is yet another object of the present

i nvention to prd¥iddhigd r?éP%cPft@es%ﬂeé%rt‘t invenishu ioRret isaproped (& dpeihod dor

i nduce a sejcREhingea &bﬁfp‘éhﬁ@'thét%lp%tﬁﬁ:e PINBRE FbngdibtrbpYENELCD a steroid

Accordingly, in a first aspect of the present invention, there is provided
use of corfPeRARN ®AiEREce a sel ective effect of a receptor conprising

contacting the rReeiy theV\éﬁlihy %f m&%a&ﬁd@ aét%@@%aﬁum%eaaferdow the
effect w thout substantiall K I nduci ng genotropic effect, wherein the

recept or i dig3eq-Bipdieg daniHe ohihegitergis @9ﬁ§'i°§W'tHQUto?Ubéta”Bﬁ‘|Bg%?§'tf%tmn@erDsWé‘pt or,

a gl ucocor tyigdid! dbRERPSOhe sfiermdnn%béﬂ)tﬁpbfr h& Qlchldie GR/P DNA-biIAdIAG (doRRif of & d
receptor, Vitamn D receptor, PPAR receptor, pregnane X receptor, bile acid

 ocopt or | (R/PIITECIRLMINGHT Subsianially aFlvetnsupeians maciated kY fhedliggnbinding

ecdysone r%ﬁ@rpéﬂth@ggm,g:gg@pf&: ARF@RBHROr. I n a second aspect of the present
i nvention, there is provid use of a co nEound to i nduce a selective

effect of a recdPRaskripdihs P@i%&abéﬁtf"éﬁftqfﬁ e ifE GARRONDE o \FseRss e abilityrty
Decenber 2GRfhice tNBRIER Hohdtotrbpld Bfes vﬁthgﬁlrwb%%hﬁllyqﬁ&&ﬁg EmAtdpic effect or

substantial ]y inducing a nongeno troplc effect. I'n a third aspect of the
present i nVEnfPBR, ®nEYdEcE sa plasaRt dganarap HRSteCt owithout r isdvging %1 s gRstial

that will ijedgsmotRpradiRet, umererwmﬁ%wordqeb@pt@ff |§%6fecféﬁ fRNSTHRIgRbEh oSBT
conprising: assessing the ability of the conpound to actjvate a pathway

medi at ed by RIRESSIPTPHE FRESHIRA QJBCQF@FFEPN "§FeRifle AJDIBPGIAItiCRIEBE/RIOA T HIEIRIC
subst ant i aldcly ?&%ﬁtg@t Litdnih B fdéptop! PF‘ARQré&@?i%r NprREnAree XS reeBidd, bRE @RIdOr Or
e

to activate th bi ndi ng domai n of the roid receptor W thout

subst ant i alBSeP&Rt hyerid FﬁjeP‘%ﬁJ@mS%d Aegceartet ivsr X F@epioljaﬁf?éyfrﬁﬁ?dieﬁ@toroﬁﬂ%l n
of the stergqndpIgcesénér.; and then rreasurl ng the biological activity of the
test conpound to assess its abil i nduce a target nongenotropic
effect without JuBSPYH REASC Of tﬁﬂ@ﬁﬁ@@t vertion: Hepe & REPYideq ugg of a compound

other 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 a group comprising a progesterone
receptor, a glucocorticoid receptor, a mineralcorticoid receptor, a retinoic feceptor,
- 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

receptor;
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its ability to induce a target genotropic effect wt beldiiisbongs @
substantial nongenotropic effect, wherein the steroid receptor s selected
fromthe group conprising a progesterone receptor, a glucocorticoid
receptor, a mneralcorticoid receptor, a retinoic acid receptor, vitamn D
receptor, PPAR receptor, pregnane X receptor, bile acid receptor, thyroid
receptor, farnesoi d X receptor, liver X receptor, ecdysone receptor and
COUP- TF recept or fourth aspect of the present invention, there is
provi ded use of d&“%f&'ﬁi‘?ﬁlmf eﬂ?h@f“@ﬁ%ﬁﬁ‘pﬁ‘i’f‘%@t@%@eﬁ’f e @ﬁﬁ?teb@ﬁt EOMPA ng a
cycl opent angaidyy-dinaphenant hrene nucl eus which binds to the steroid
receptor and induces a _desired gdla%enotropl c effect of a steroid receptor

whi | e not i nduciS$FCENS ther mpauR FCEHeR HGdepeterpic agivity RbthergreRtalct ur e

~of a nedi caamnhdddésltﬂadstﬁ@t@wamamowEme@e;ﬂbif 1es4 trdh @%bﬁéﬂudéeﬁ@gesaé@rd,
wherein the steroid receptaor is selected froma group conpriSing

pr ogest er orfECCRI¥CBRdS Wheren jbe shireidisreptP Sepriented érom ﬁeerawwpmpeam a

receptor, ro@istdtons réc%ﬁi%ptéJQMGobﬁrﬁc'ﬁ'ﬂ Fbc@pfo?%ﬁﬁﬁralc&ﬁ&ﬁﬂ rEERIr Ok retifoRgnane
X receptor byl e acid receptor, yroid receptor, farnesoid X receptor,

liver X redSst 60ePi¥dydana Pe@@swer BﬁeRc@gppf@F Pregbaiift o reqeptos. pile tewld

aspect of trBeedibrCaHRid F<e¥EF, ifaMNesdiB X Redtol it ARG o REARBNE PEceptdr oY NY
a conpound é@d%ell ect a conpound that induces a selective steroidal response
T

conpri si ng: ACRPRR% steroid receptor with a test conpound; determ ning

whet her a test Qﬁr@%ﬁdﬂd aBpedtVEt B2 plRSeMONUSTHRDhI @Rré idCtirsbided @f nthod of
receptor; lla Decenber 2004 determ ning the | evel of transcriptional

activity ofeVFWQt"P%ﬁéﬂ'PB?”Wd@“RE@WSG’Eﬁlﬂep%e?'rpl ex ; and selecting the

conpound that agréwiages tikhe ROMELNEI MRl anﬁlcbéll“g?d(nrtﬁfhésh?eafcﬂé@FHp?Popnaféd
i nduces tranS@l pt| onal activity of the receptor |ess than 10% o

endogenous “f receptor glands, wherein the steroid receptor is

sel ected from a teinefeptirPMRtisSid Guifure RVICAS bRYreafor ﬁagﬂrd%f,a 3pdHifiecragptéd coi d
receptor, a m neral corticoid recegtor aretinoic acid receptor, vi tamn D

receptor, MPARTEPESEIOP Pl isadarget %%WFBPO"SHPI"%J"'@C?G‘(S&“W@%R 8%, thyroid

receptor, far ne?déhiéc%g’tﬂé%h@fécteblcé%w% 5 e BbRpourRedysone receptor, and
COUP- TF receptor, 1 sixth asgect of the present invention, there is

provi ded a met hékt saFining, afeihe € aCBRRGN HOEERF A BPRRPNOHEPIGt effeet gyithout
grow ng a tsusstaatisly iidetmg @denotrbpig efgdti | cel | growth has reached

appropri ate Coqifllauggv%%ih 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 {est compound; and

selecting the compound or compounds that activate the nongenotropic activity of
the steroid 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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transfecting the tissue culture with an expression plﬁ§ 308 ecific
receptor and an expression plasmd for a target gene responsrve o the

- sel ected receptor; contacting the transfected cells with a test conpound;
det erm ni ng whet her the conpound i nduces a nongenotropic effect w thout
substantially inducing a genotropic effect. In a seventh aspect of the
present invention, there is provided a nethod for screening conpounds for
the treatment of sterojd receptor rel ated di seases or disorde

conprising: conta@ $ighta 2Pert ek ficersrery BvadiPacinge r'r"atp[ﬁvéqedo? néﬁ’tF‘PCf fei al

steroi d r egemlefing Wolrpodndd P theQRIERALINGT sRFGE F&dcpibrEIaicaalisdRes BPaBERHEE
-activates a nongenotropic activity of the steroid receptor; determning

the level SPTPHER%cription induced by the test conpound:; and sel ecti ng the

conpound or conpexBeing Akl dxple¥dihg o H&ur@pegeﬂﬁb@p?m@eﬁemn\éi feYelbr wittg
steroid receptor without substantially activatin ?enot ropic activity.

of the stel®itgOMpeEERIeNe ORAEPBPIAliARWER 8 PBr-BPIRISIGAISIT i s sel ected fromthe

group conpri si N@sgessMgURRMS RN SorhSS MR Rivatds & hosrRirbbie ALlity OF fRlsRroigd
m neral corti cor d receptor, aretinoic receptor, vitamn D receptor, PPAR

receptor, peEiine X receptor bile acid receptor tyroid receptor,

farnesoi d X receqgichhinidg tr»rsrevér deQFa‘hBéﬁHtron ﬁradrféd)metrreqeﬁ%ﬁrpow COoUP- TF
receptor. 11b 13 December 2004 1n an eighth aspect of the present

i nvention, ther @'ereémbrrtswwae@ebth?et%&ome?un% E\h@é‘ﬁ‘rj r?@OE@ﬁﬁo'ﬁn‘Eﬁ'Sf“@FtaPWé

treatment giths @EQUoFhpoBRRICAE of A nfsindliod %ﬁ%sprerapaFeﬂé gdgért; conpri sing;
contacting a cell expressing a natural or artificia progesterone receptor

with a test coRpaHE BPGRRPEHNG A CARRAUALS Hst aGHvate HeToRIBRRIFPIR FLViliint ;

assessi ng \Westerid Fé&@p@)@Wﬂﬁbbrt%u%tbhﬁélﬁr%%tr@at:ﬁ?ﬁﬂ@@@ﬁdtf&bﬁ&aéﬁw ¥ th s‘&frothe
steroid receptor determ ning the |evel ranscription induced by the

test conpolifPt et er ni ni ng whet her the test conpound inhibited apoptosis in

celI's contactedin W hint dsp8dt SOMRROPRERY FPrU@hthrn ither6 OBDpAAHES T Whdthod for
pro- apoptoti c agent; selecting the conPoun or conpounds that activate the

nongenot r of§FECARY %A qaRAUNdE fat sncaiultel heelms?mtr%'q AEY ot ataraic raFqRjor

activati ng witheutgRaRN4tRAR itiSe Q@ﬁdtr‘ébic)écﬂ\fntytdi%e?étéfoiﬁ r‘écerﬁt@ﬁ@cﬂﬁ&fsmg' tHe 8tepb BE:D
aspect of the present I nvention provid a nmethod fo sCreeni ng

for conpounds t RaftasingAels with ﬁéreﬁ%ﬁf@'@ﬁ@%t@mpeu%\f”h?eﬂythﬁﬁe&s %Qr\iﬁ"%

receptor {(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
signal transduction pathway responsive transcriptional control unit such that transcription
of the second reporter gene is activated in response to activating é 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 éctivity 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,
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wi t hout nodul ating the genotropic activity of the stef®pdcdfssRbos
conprising the steps of: contacting cells with at |east one test conpound
wherein the cells contain: (a) non-endogenous DNA whi ch expresses a steroid
receptor protein, or functional engineered or nodified fornms thereof, (b)
DNA whi ch encodes an operative hornone response elenent linked to a first
reporter gene; and (c) DNA which encodes a second reporter gene operably
linked to a signal tra uct.i on t hway responsive transcriptional control
uni't such that transdPl BRAKHCRENGoEs 8 ERRFET PEMDPRRIADNINY ' S9N at ed i n

response t aradgdudtioh ipathway Tegsttlivet trmREMBIOh&IGdNtroRGMIVEUChaRst teEitibn of the
transcription of the secon eporter gene . is not activated by the steroid
hor none; adERY/ISA@eNGS BGHNALaTCE EPPANsE e ARliYAting 2 Sﬂnﬁ'ﬁ@ﬁsgwpgé’@n@(ﬂﬂe@q n

the cells; vtfeinSearRetiptith bhene @EPSHINHsporBAtgenB digCRott hathadi By It Séroldne
second repqﬁ}er ene and do not induce transcription of the first reporter
gene. In a¥RPPMaspect of the present invention, there is provided a

net hod for scregeayity foreviaenmosiMdasdripabn BB réddtet BendPNBEBALT OPi ¢
activity of a steroid rece wi t hout nodul ati ng the genotropic activity

i d. tor =\ :
of the steroid ri@BHYBs ﬂleo‘giiﬁc@,li’tf?@ qfﬁprggé%ggepgnfrfes%egﬁy% €799y cells with at

| east one tsefctifPRURHOVAGS Biatindih® tFefisbifptiol tF B Tepdrdar gaR8 aRM €O a8NAdEceDNA
whi ch expresses I Oi receptor protein, or functional engineered or

.a st d
modi fi ed fJFARECHRNER Qpterald [ecepiopssapiiife 363 (b) DNA whi ch encodes a

reporter gene opghAidventESsbct 6f e Jredemt invbﬁlﬁ’d’tﬁ%&bﬁ@?rd@@bb%oé@&?ﬁéﬂ ve
transcriptional .control unit such that transcription of the reporter gene

i s activat dPUHIN%8JEHsEPRPURE: GrValtemicR! Sl gt adaies MOreRIRpRIF HRBEPtad

wher ei n tr eeatyl Witioul sobstaftrilg @efling @BAGE®ic BRRstor Sciialy asidrvingafe Riepgshe
steroid hornone; assaying for evidence of transcription of the reporter

gene in t hé'cel | s; quantifying the transcription of steroid receptor
responsi ve genesgyrowify €4 ttisB0e tARuROBHIRLAIAS dydRIm iR dal Cehehli@iNg CdefiRbd Quitofe t he
reporter gene. and do not induce . trapnscription of steroid receptor .
responsi ve GRHEE, oplipnafly SuBRleReRted Wi nuiientsy vhsraigetie seilvine: phihe tisdee i s

provi ded a dpitGrassaeding sysidrntbitiindh atdr@iat reeOFBO HAANG atClBST Gl idehamad
that activates nongenotropic receptor activity wi thout substantially

acti vati ng gBBRAAGRIC@G WHept or activity conprising the steps of: grow ng a

tissue culture samgr tast rsdoRAY bPcientiba Bighal fothélffedngd cul ture medi um

optionally supplrﬁer;esrdhggthvge}nrl]ou%g .tlre(langE:gétiow;nerel n the cell line of the tissue
measuring the amount of nongenotropic activity;

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

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 |

ii) aresponse element-reporter gene construct; and

iif) 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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culture screening systemcontains a steroid receptor hayilg sk 2bgast one
identified nongenotropic activity; adding a test conpound or cheni cal
signal to the nedium neasuring the anount of transcription; nmeasuring the
anount of nongenotropic activity; selecting the conpound that induces
nongenotropi c activity but does not induce transcription. In a twelfth
aspect of the present invention, there is provided a nethod of screening

for ligands of st recept or hat .1 nduc tropi.c activity w thout
Sobstanci i1y i e S RERRaR haCbelyls Fe TRSGTHEn R ok, SFLih i sPAEES { ops
of : cont actdlergert-repdrierwienb ca:nt;m vnmnptostruitandnenseemdnhg tee tranfaptioe on the

transfected wt ence enc oding a functional steroid receptor

u
or genetic rewgﬁie)nbe}ntéepgftgt@er@ ‘%088%‘% ii) a response el ement-reporter
gene c_onetructh la][tzdthmtee)t]tisespw tbesﬁwpfeee&tl mﬂ@rtttonatrm i€ proyiied a:m&r?dwet
eterm nin tee t of the test co ntetranscrlptlono t he
response &éﬁ'@??‘éﬁ géF?éO'adﬁE?q% ahétdé'Pﬁmﬂnﬁaant?e ePFEY Wihorhe
t est CorrpoualtidstantlélIlyéincttrcﬁhlg?gehbmpl@ﬁlctmfty tstreoﬁ@émmmpsm@m@@ ¢ enent -reporter
gene construct; an 004 sel ect| n t hat
activates the tr&h n%tal ﬁrﬁP%Fﬁt"ﬂtg' gé?ﬁ‘n??'@@%ﬂs er@l"bﬁ%en%? gr'faér beRhe
construct Wanbfedgtedsutphst antially effecting the transcrl ption of t he
response el enment repﬁ)relagé ene constru ect of the

%gc hﬁﬁ I é nth as
present invention SEIURNCE ERCHINE: R al SRV PR Po9eNSIGands of
steroid rewepamrrﬁatdtabrdlrechm nongenot rop| c activity wthout substantially

I nduci ng genotropic a t| vi t VI d C risin eps of: , contacting

a first cell with a t" e\ﬁﬁ'e‘? —repqrﬂeggene ‘g‘ i’t‘?tt has been

transf ect edfetdrtining uweaeﬁabt%fsmwenmmadmge &ahsbniptiorosiahe fdspbRsdleleReRPt OF

or genetic va I_ant of sﬁ-u steroid receptor; ii) a response el enent-reporter
Hfi

gene const FER ergg?%pgn the effect of the test conpound on the
transcripti on ofcohtaetinga pebom edlewRithe tespesinpouriicWRerePNBkIdéebnd eOIRt IR | Ng

a second c th t st co und ere| t he second cells has been
Cr anst oct oG anareciea s o, ek Tanriibah afhupy TeSHEREP VT Er NGRS SEBhal
control unit operably linked to a reporter gene;

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 steroidal 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; (i} both effects are
ligand-induced; (i) 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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unit operably linked to a reporter gene; determning f;nge@é‘nﬁ@é;tzogj, t he test

conpound on the transcription of the second cell; and selecting the
conpound that activates the transcription of the second cel | without
substantially effecting the transcription of the first cell. In a

fourteenth aspect of the present invention, there is provided a kit for
nmeasuring steroid receptor dependent nongenotropic activity conprising: a
cont ai ner | i ne wherein the cell |ine

bl f [
o atoe o A RAE Rt e bE ARG ToTrbe donBiians GEect O Jgars miespcton

assessing t;heumémhem@@cmm@ﬁ%f besgteroid activity, and a steroid
receptor. This | atlon concerns tEe Vundament al, discovery o

under st andi ng of N IR HPNSRTY o & ”?EWO!Sd@PV'H%gérRﬁ%ﬁﬂeg a

ef f ect s andstérbriar norejenbireic bﬂe@ tfrRfPindadterofan Qérﬁcﬂﬁipﬁ: eﬁ‘feﬁ:?@ﬁ & sterdid Ragephgen
- nongenotropi c effects and genotropic effects

di scovered t hat st ero
can be nedi'38§ e&ﬂﬁqdﬂ'@e@a% R{EaHY] @cwge%atrggthog r)sef?GE'Y?hé'f“F’B@f‘% agteroidal

| i gand-i ndumgendtrdpic) effbe, nmgmalgaésamoﬁta@ﬁﬁfqhe aesetisr MR & Ccatnddudiad hat
i nteraction the steroid receptor, which

|B,n t] a%? bi nding domaj n

can be fastSUicient Y)d'%t@r § Yitth ghe t'g"%)d biRding flamwain ohithe oertor "b@cﬁ\@”%[u@a’t 0 a
| i gand i nt ejaasés @ Mickptor ke mddmed- zkan@dhdstg)w@eﬂw While nét%ﬁbélﬁ@ fhBeDNA-
DNAblndlnglg maln of tghg_e%erm recept or w& is typically a result of
a sl ower rf derpaip sy B §lgninigant Qeg?tr?ﬂ‘i% %(ﬁ%‘?ﬂﬁﬂ%@'%d dreaditemptivg ¢ 13
Decenber chﬁlmemaa%etmcﬁmﬁéwm @ase@@uv@tysmm:@ @@tefr@@éngéhstr&ﬁa%rféapl c

ef fect of lga]Hg interacti a manner to effect a sel ective

response. es FPatapingn rreﬁ@"tﬁ" §"('§Bv%meau%ttﬂ?écFufﬁg'eBF%\ﬁCH@ieﬁ)ﬁhe

di ssoci at i rmwa,blr@tr@raurﬁ@h onmég@eéﬁtérqnlepmgﬁﬁ@qhatféanaéé th@ rééémént dahediate 8.
e 1 npventi on

genotropic effect receptor In one enb

i ncl udes a REPHRRIC ﬁh?gtsg’%g%f‘m/%@?'"ﬂrﬂiﬁ@m‘ﬁa@ W’&FB@H’&’I‘C %ﬁdé!ﬁﬁ?rﬁ Fed
effect, thahati digandesossaivi aﬁiub@9"§"¢rﬁf[dfaﬂﬁ'@ﬂ§wstéﬁtﬂal'\efﬁbcﬁ@@ﬁ@éﬁéﬁtﬁé‘ﬂiss than
suff|C|entI136)%&@§8€t%ts with the |i and BI ndln domain of the receptor in a

manner t hat pRErl SleIPeR! §BCchanr dh @ Py ﬁ@ﬁ‘b@ﬁ'@?ﬁ"ﬁﬁﬂ% '%Sft%‘l 5, Twfli | e

not act i vatg. ngericbet t%ﬂm melirapsteimrl Bifsgich that a signifi cant genot rop| c
effect is not produc 1jn an alternative enbodjnent, a net i s provided

for selectively TR %gow’létcgr BenReNtrgRiR oaFiiies ibpiude ¢but @rnatnor Hentgdeto

cont act i ng dctieatiol CEPinGracatulah @c@mg&géaaéys@ﬁé | sidrRantlaMsdietibly Halfvdy8 e
a manner that causes the receptor to

DNA- bi ndi n% |n of M recept or H

nedi ate a é&ﬁ B fRgseciane bapsduginn RAtRweys: AR kipase siogali tranedvrtion aaerysr opi ¢
EffECt |t SrS/SﬁQﬂEﬂldeézgﬂal ttﬂ‘&@hdtﬁ:tlbm g@@fﬂmﬁé@@s H&@hlatldﬂﬂuéﬁ mtracellular calcium
a"significant” orr@?ubstantlal %ffect he effect is han 10% t hat of

t he nat ur alCBFRWEHCR SeAPUQE Canges fp ac yla¥ é?‘i’réao'@gﬁbo‘éﬁ"nﬁ'f%‘“tyil &xloskelelal 5, 1
or 0.1 perreamngteh@hts@fandhﬁom@éwal steroi dal effect.

In another embodiment, a selectivity inducing compound (inciuding but not
limited to a peptide or prdtein 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
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Exemplary forns of nongentropic activities include but are not |limted to
activation of intracellular second nessenger systens, signal transduction
pat hways, protein kinase signal transduction pathways, MAP ki nase signal
transducti on pat hways, Src/ Shcl ERK signal transduction pat hgapssember 2004
regul ation of intracellular calcium concentration; secretion; changes in
cel l ul ar norphol ogy; cell nmotility; cytoskeletal rearrangenents; and
apoptosis. |In another enbodinent, a selectivity inducin conpound

(i ncl udi ng Bom faming aiprateiswretainintgeastion wit pther tarscriptianabraguigiane ant agoni st )
may be admm ALGHEAY, thE 3b1BRATP FHEing EbiBodl SRS ACUCoRpISRARRAHS | T gand
of a steroid receptor for a Inding site on the receptor as a neans to
mask the aclepgttivg qsrmppnmts BHebiat wﬁwmheg:ompee@teppmhmeA%xecm@plwamwétesa
pept i de or Hegéét%ta%ﬂfca&ﬁmtystanH%’chbﬁ’ce@Qﬂé moﬁbgﬁtﬁglr} Qéﬁwtp'd?dé s‘ﬂérBlla fdBptbt gand

bi nding domain™in a way t prevents a rom i nduci ng
nongenot ropi ¢ ef ez gt aﬁ?theéﬁmﬁpﬂ'éﬁfi'btﬂ ’Véthé dndveing a selerdive Bﬁ@t(ﬂf a|stegjeird

antagoni st pgy éaelsa&m.aéoﬁh%f ﬁaeuuhbétadmm.mgmﬁ gﬁéchﬁ'e LingaRdr i Qsthguind | N
of the receptor in prevents a ligand from inducin ?enotro pi c
qng:ﬂg»@

ef fect. Thelnggivatas thet Pglﬁn@ﬂ@'ﬂﬂde@@ﬁp@utﬁa fl‘?ﬁ%tprnhl’ Bqucingea ¢ ional j%¥nal
activity of chliBuiki6rdl thahge ! B HWcbBGk! iy hit IRbRET Stk ONericogpt or

interactions or indirectl r reventing the receptor Decenber 2004

from f or mi n§fdEcipg 6t38|eﬁUV@rQﬁe§ 3 sieroichieceriar WPFCPV'QﬁdHB?t ‘ﬂ?'%\%scﬁqnﬁﬂistﬁﬁ'ag an

regul ators. effdol Al biYa cbMBodRl ffat indcivatds HEAINE HEIRRH HAICH tHiRXigdhdas a
conpl ex havi ng at | east two conponents such that when the conponents

conbi ne, t heingdiggpedan phietrecaptardy 'ﬂﬁ@'%ﬁ@?'ﬁ@ﬂ?@“%@‘t‘Pr\ﬁqﬂflglé[ﬁﬂo%t‘?h%'&eéé t he
nongent r opi ghedfrdtein ty of a steroid receptor. In a still another

enbodi ment, a nethod for inducing a selective effect of a steroid receptor
i s provided t hat In #RlieregtvepMAPdment. Ry MEN0SK I8 A OYIYRd HTORATRENHTY BOBRRKHAYEN

that inactinflps dap8olPNG RldlEihiY%a R8I PbnddiRdrbBiceRfidt \mhduﬂ%ﬁbtaﬁttéliH
conformational or confi Pur ational change in the receptor. In yet another

enbodi ment , NUHRd AGdeTPla genetepicrrffest %a@c@ambleeqfflwcmﬂfaétegﬁléalowotree'épt or
I's provi dedeﬁé@%nthé\ﬁ's&!gﬁﬁntﬁaﬂmﬁ%%grd éi&ro%‘él ncﬁ'fgfeﬁﬁﬁ'édf@eﬁéﬂfume Abthdd canpeund

that inactivates functions nediated only by the |i1gand binding region of
the recept ofarB§d Pridbi@inygbar eomaws: ietudidal or confl gurational change in the

protein. | ng@n ahdREHAY l%%tﬁl@@ﬂh@’%ﬂhpo@nd‘@téﬁﬁﬂ)p'r@tewkSini ﬂﬂﬂeﬁ:@éncﬁﬁ:ﬁ@’ﬁ@' ng
conmpounds hat are capable of inducing a steroid nongenot r opi ¢ effect

wi t hout subdeMBAD;cAIths, steraid iraeRtpr avithouk wh&ﬁntlglbrn@ﬁﬂwatmgcthéf@léétblwngaﬂ@ﬂam
capabl e of bﬂﬂelsieﬂgd fechbfr o Qﬁépp@@ﬂﬁkélpabt&at&émé@NA-wnHmat&on%&bématste% by

i nducing a steroid nongenot r opi can carried out
in a nunberreéﬁptﬂléy"ﬁhoqt ﬁe‘gﬂéi’ﬁ'ﬁj}y a@lyatlags‘mlpn@thaﬁér%meﬂlaﬁgﬂ B'FWthéh%diQ@HﬁJnd
to approprigh&hy dbmdmh drdnd fi8rdid RRBSrOP IR ithkh
(2) measuring the biological activity of the test 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
éid 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 fest 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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. fornms of

. donmain of the steroid receptor . wthout substantially @@bb&é\%bf}@obhle
DNA- bi ndi ng domain of the steroid receptor or to appropriately activatge

t he .DNA- bi ndi ng domai n of the steroid receptor without substantially

- activat |%f unct ions that are mediated only by the ligand- binding donain
of the s Peceptor; and then (2) neasuring the biol oBFEAISIHEOPity of *-

t he test corrpound to assess its ability to induce a target nongenotropic -

ef fect wikdoowmt teshhigtesisich £ mpghucinggthe aeowtir aitatab thRNA @enerated iabi [ ity

to i nduce a target enotro ic effe t hout i nducin asub ant al
nongenot r'GH CEJS%%T t CoppRoynd ary %Pﬁ%‘l‘yﬁ cé??c?ﬂﬁ)‘?rl H@OF?FP wewated ar

| ~nodel i ng, %@nggrggﬁ%%w& &Jﬁ%m@iv@nq?fln@iﬁ%orm“t er. Alternatively, nodifi ed

_ he recept consi sting o of. the Iigand-binding domain and -
| acki ng a funcA]tmatﬁveﬂy;lAsﬂepmdl mgddﬁmnnbeamrbhna&duytmplyetaesamngefmfnet her

t he test conpound,activate Lgand bi ndi.n dOITB.I n or, L.ndi ng :
domai % rg ‘%f ek g’éﬂ étg r"’e‘é‘?gﬂn"tf ic QI ZFRALOPIG Ef?if\@lcgt""it‘z“é‘?‘l:sformed '

cell. Cel éu%sﬁhﬁawlﬁ&hdlﬁg metdt&r%ﬁec@ﬁ 2l B0 GitvoC Blll-YaselilaSid 1O express a
steroid receptor or a genetic variant thereof. Genotropic activity can be.

. quantified u5|'HgS mm@ombﬁjaedmwemb'ﬂf&%%e$ﬁmdiﬁwmmm S

ﬁ:ggglngg S‘tﬁ{o{ ]éef asg{ﬁ@gﬁgk\% %é ngm nera}[ﬁﬁﬁ‘é aderoid

: | | ,
Stops 1 egﬁ%g?&%?ﬁ“ﬁ@"?%@n%“ i s.%ﬁq il 3tbliloRd (ERRAL WACERR AR L Vel Y

steps 1 y assayli'ng, ds t'hat -

sel ectoi vedndroged weepeirt (AR), harprogenaone piceptor (BR}JQ*eﬁﬂ@bCacﬁf f‘déelitoﬂ\(ztnﬂou'[
substantlally i nducing the other_effect in an in vitro cell-based assay.

Thi s i nveislateshophen peeeptass ROR®GRORB, wad mm@lu@cmp@qwm &®.0f the

- f | 0 f_th {.
oo or iRl LSRR (R ORbUHL A%edfor? sbbredel Rl EpRe 005"
‘receptor R ré&ebRr (FXERY, IRRR R eceftbe (LR, A0d TOMRE), HeEeid ﬁinxﬁﬁ@):ecef)ﬂ%& A

progesterone receptor (PR), retinoic acid receptor (and  related orphan

r ecept or sARARAW ind teitedotoryine G cod dhyroxied T4g)k K20P 'RTGBFdYSOHE |
m ner gl cogti ecept.or imn D ecetor neur eptor,
f ar ne¥oi ﬁ‘é@ %ﬂﬂf ﬁ%ﬂ ﬂ)nF %‘Pﬁl tBE@ﬁ C‘ELB@E?H&nHE ;é%ﬁ%roi d
hor mone r Agﬁfi t t 'ﬂﬁul@rT yr oxi ne’
(T4)), CC;JMEI5 ff ecdyso p%éimé%lgg?\ggf) Bﬂ?%g‘?pﬁel%ioxgsorre pri%?afmﬂre?teor ,
~activat edamlrarplmurrﬁcapmrbﬂtbre[g‘ PPARa, PPARy, and PPARS), pregnane X ( PXR ),
bile acid bin m | and c tic .and ce t her epof . -
.anot her . enbog‘:“réﬂﬁ‘eﬁf’“i&‘?g é’II%tLHEFP"eWimeé%ﬁ%’gQ ”o‘%léwgﬁﬁe@att‘ﬁﬁrfn ter 0| ds
fggel tng UCEnAndiRg %2%%6%@1@@&&@ Via/drAinfPactiBh SFi8FA sRPiMEdipRr SHRE fad
pzo‘ its typical binding receptor. In one_nonlnmhng illustration of this -aspect of the

invention, it has been discovered that the.es'trogen receptors (ERa and ERB) and the

- androgen receptor (AR) can transmit antifapoptotic signals to osteoblasts and
- osteocytes with similar efficiency i:réspective of whether the binding ligand is an
‘estrogen or an androgen Further, it has been discovered that the nongentropic
‘-'és, ,receptor—dependent anu—apoptotlc mechanism of acuon of estrogens and androgens, -
| . which in the case of osteoblasts/osteocytes involves activation of extracellular signal :
. regulated kinases (ERKs) are mechamshcally dissociable from the transcnptlonal
' act1v1ty of the receptors _ -
The fact that a ster01d can use a prewously con51dered unrelated stermd -
30 E _receptor to induce a nongenotropm effect now explains the anomaly descnbed in the |
'Background of the Invention that nonfrenotroplc steroid effects occur in cells or .-
- tissues devoid of the respectwe classic receptor In such a case, the steroui is usmg an |

unrelated steroid receptor to mediate that nongenotropw effect.
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20 its. typical binding receptor. In one nonlimting H%bgéérﬁ@érizgmof this
~,aspect of the invention, it has been discovered that the estrogen receptors
{ERa ‘and ER(3) and the androgen receptor (AR) can transmt anti-apoptotic .
signals to osteoblasts and osteocytes with sinilar efficiency irrespective
of whet hewattimebisndi ng |igand is an _estrogen or an andr qgepygsoTigddger, it
has been di'scovered that the nongentropic 25 receptor-dependent

~anti-apoptotic C ' f action.of,estrogens and dr ggens ich in the
case of osteobl astogggks]?ge%agﬂ?% Y| gvg'émg%telg%%g noﬁecﬁat%ﬁﬁ&‘%{aée@?%%e si gnal
regul at ed nfitABdGRSn (ValbaY demeinERE i protei dhé YrellicTIBE t@@i{@r frés.?aﬁs‘ilble for

- transcriptional -activity of the receptors. 30 The fact thaf a steroid can
use a pr evicBgEofopisrifasts dar grarenle adanii-apapitetic effecshhas bean lonaiedeThe

-nongenot r qpi i ; pl ai he. anenal cribed in the . Background.
of the | n&%?@ﬁﬁﬁ%‘?@%@éﬁo rl%%‘lj %;erg%neir%g%g %Pgﬂgé?ésaﬁ%coﬁ‘r&:ﬂer#’r‘&tgﬁ alér 7
- tissues denalfislesdn drteagopsqRcdfecEorCostdblasisiaed @plcdtyted WhenBSurd t6 af Qntit he
~steroid is using.ap . urﬁgel ated steroid receptor_ to nmediate that
nongenot r GPRioBFtRpcingligand, sush anieesitogem ong anfregsnodt mstheemdiscasssd As one
i.llustrati g | r r . e .
it at 1 ons ¥t GG (AR of e ABGR BCHRIS if pRl ke K hion,
r esponsi bl(éothain E)nb hgespecifially bedif foahd that aher x apmthetic peptilet(bHpbiagt i ¢
ef frect) h?ﬁ iieen Ioca{i}ed. _The term anti -,ap%pt ot.i.c .domai n as used herein :
refers tohagahbarndastigen ecote: & Aomam: Hp Whighis dagwanto gifectinsbpt ot i ¢
ef f ectygon g&bﬂh%&- Sit.£.01 : - £l - ' ‘
apopt olgi s})?%guci ng .lrga ?@u%ﬁ%Sgﬁ%gﬁ?%gggg?&&éﬁ{éﬁr%og%ﬁnéd PE F‘_ﬁ%s been
di scover edubsequent tfte-apepitotiaeiliat of that lifand ibound edtiv@er séceppen receptor is in
-the ligand bindjng regioqn (domain E), It has specifically been found that
when a synt het ﬁ?“%e igéa(%ﬂ B PIBioREpS; tlowas mggt Ivgstigptebuigthes dhogait-
~receptor Iy ks [ ' . tive adget he.
ranbor perghoie sty BIIArEpbRONR 8 GoRE Ui MG MRS,
“the subsdomems that thospogurived dorefdmsariptivhal divitl | @agude B0 Toadt thixyg eke
receptor. ing the ERa as a grot Qtype, it was next investigated whether

the anlti - SHpdHOESFYeral mudants 0 Fhetﬁ%af%emvsmionf ot apentosis e gempadi res the

same or  di r i t ' ' r Lt ctivit

(R gure SAnee s tin choPn 10 BRG1IcE Ul EBclel piof o bR g ot 11 1Y

. t i ofrandf nito humanesets diveet. al., TO8S;eKrans asttad., 1 Been esadyn to -

_ B;g\éﬁgelg ecaq}etg?tem r ot ei s((mn transiently. transf Slwegd in'?p h )rl\rnan °
cells (Scﬂg%ﬁ%ﬁ%@fasé ?‘QH%SQEW%ES CQPJP&SP%g% ICTEAAAR ﬁﬂﬁq‘ﬂ}ﬂh&@y ). It

was shownbinifiy ddiaif(1:7 8+ Su§CHRE Bbrifin! 18 HlodBEdcE e QBB e@fg@kiﬁéﬂ d ' gand-

bi ndi ng donmain (E) or only the E domain al$o produced the ected proteins
and 20 lacked transcriptional activity. o

Like EROL; mutant AA/B which lacks the entire N-terminal n‘anséription activation

- fimetion (AF-1) domain, or a mutant in which serines were substituted with alaniﬁe_

(S104,106,118A), or mutant AF, which lacks the F domain, or mutant ADBD which

o Igcks most of the DNA binding domain (amino acids 185-251), were able to convey

“‘52_5 the apti—_apoptdtic signal of the F;-bound ER. Yet, all these mutants exhibit reduced or

- mo ERE-mediated -gene ,tfan'sciiptidnal activity. Le Goff, et al, J. Biol. Chem. 269,

4-'458-4466;'mclnemey, et al., J. Biol. Chem_, 271, 24172-24178; Katzenellebogen..
More striking, the . ability of t,_he' ligand to -convey the anti-apoptotic. mgnal was

_ Iﬁréserved in a deletion mutant which is missing the entife AF-1 and DNA binding
30 .cidmain (DE); as well as in a deletion mutant' cdnsisting solely. of the AF-2/ligand .

" binding domain (E). In contrast, the ER mutant L525A which lacks hormone binding
ability and S554fs which s deficient in the C-terminal transcription activation
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20 | acked transcriptional activity. Like ERa, nutant J,ﬁég A{WB hghacks the -
entire Ntermnal transcription activation function (Al ?[ d%mai n, or a.
‘mutant in which serines were substituted with al anine (S 104, 106, 11 -SA), or"
~putant , &, which | acks the F domain, or nmutant dDBD which |acks nost of
the DNA BV@@L/Pg0somai n (am no acids 185-251), were abl e teCcrasenysdb t he ¢
anti-apoptotic signal of the E2-bound ER Yet, all these nutants exhibit -
reduced Ofunchién - hat 2 1d cavey borhl tﬁ&ﬂob' ticY e £ et al,
J. Biol. Chem. gggm%SBﬁﬂﬁgﬁew ncl ner-%g?/l, ﬁig,?énal o Bqt&B?lgﬁlﬂ? @e{rlﬁe, 271,
24172- 241F#nscrptionsh attivityofdise profebr.e striking, .the ability of the ligand to-

TS Gsi ng. theeg ABRF atumined n e M8 iR R St B B AR a1 n
~a_del et i ofep#tlicH tonCh $dcalikdlin 36 aShatticwlhr t dciiulzY bdiipittnedi (PyRI3APMRI N~

(E). In contrast, the ER nutant L525A which lacks hornmone binding “ability
and S554f Shigiforaln wagiergeisddathe plasremembeing ordp the mnsays iofHeba cebs tiyvat i on

15 13 De .. 20 . P 115950 function {AF-2). lost th
ability t @ﬁg’gﬁ@y&g‘%ﬂ% ’2‘2‘8?3-“8%6&%%}1 éc"?‘s'"‘u’"g n&lplf%ﬁ‘ﬁ‘l ‘?‘ﬁ"é‘{’r“PF 8%9%‘?1?%  onal
~activity ptaliafopsediRntes, tdspattivelpeAl reviatidnby esiflnbeideate ifigrodddply; Roptotic

activity. of the E domain was dependent on its |ocalization to a

parti cul aron-tagsiesl [BRoarand oihp nonriengetedFEgenhibite) singlarndistrivutien mfuessmt ar get ed

to the plasna nenbrape or,to the nucleus 0f He cell.s,,.by .fusi it to .
enhanced BUsReoPRirorolE afteiehs bt Fribimpnmdiaye e dmibinot b ol el bar © -
| ocal i@z at i@Md Yies @6main FIREERId0eS Yot Atr Hey adjceutibydiopbilisR HRSFRREe -

m croscopy, the. non-targeted ERa and the non-targeted E exhibit ed sinilar ‘
di'st i butineerperatiegaef the apprepdsn dergehing eqnerdes Laccammlished ofieaernecieddi cat ing.
“that elim ' : J: bu e. ] i ndi LN, of -t he ER does not
al ter th_gg ug g‘%)l%:ugé}l lfﬁcg‘rﬁ£ 4 |°gl t Er)t; ttt)ﬂl}:t F%e%lﬂrfi%\?ve%\g/e@e g';l&n%%(rj%@?gt PS%?%P“F‘?P&S’ o
appropr i alegpectivalgt Ay @R o the Gantabutidres! &a8 0¥ Ret Hacresseubes 8] thel ar

| ocal i zation of the nenbrane or the nuclear ECFP . fusion proteins, :

r espect i Vi8I cell).c diargeang dha demainmyedominapily in theplasmagpembranel didgrpt

fl uorasc ¥ (8)ag: 1] i0e : § n,.PL ' tly to-
the plasrich ebig SRR GP b b b UREN - drbprfic ML hCRIGRIBY 1V 1O
| i gand- i ndentizd] anti-apayotic adtivity sif ghial fusias pecticiletcibet bf/thed® dbingal or the - "
anti-apoptotic activity of this fusion protein to that of the E domain or
‘the fullft éﬁ@&%%B%&% shaapgﬁ%até%ﬁg%fhe E dogain axplusively-t

excl usi vl ¥ieuk: ' ) 511L 54 - mml ete | oss of its

anti-apopt‘%ﬁ"%%%?ﬁ%%&mpﬂ%‘ggﬁs HHES ﬁ%’%‘“@ B E DRAWNGS The Fi gur es

provided herein illustrate enbodi nents of the invention and are ‘-
20 BRIEF DESCRIPTION OF THE DRAWINGS |

The Figures provided herein illustrate embodiments of the invention and are

~ not intended to limit the scope of ﬂ_le.invenﬁon.
| Figure 1 is a series of graphs demonstrating the control of osteoblast
and -c,)-stéocyte apdpfosis’ by sex steroids in vivo and m vitro. A. Prevalence of
<25 _' osteoblast and osteocyte apoptosis fbllowiﬁg ovariectomy ror' 6rchidectomy in mice. }
| Bars arc means + SD of 4-5 animals per group. *p<0.05. B.. Calvarial osteoblasts ~
were treated for 1 hour with 10" M to 10-° M of E; or DHT followed by 6 hours |
‘tteatment with the pro-apoptotic agent etoposide (50 pM). ‘The 'percentage of dead | | .
cells was q_uantiﬁed by ﬁ-ypan ,Blue staining. | _'Etopdside-'i-nduced .apoptosis in the o
.30 abseﬁpe of steroids was set at 1(-)0%1 Bars. indicate means + SD of trplicate |
| ﬁet_eﬂinations, *p<_0.05 for E,- or DHT-treated cultures versus vehiqlé'uSing separate
- one-way ANOVAs for each treatment. .C and D. Calvaria-derived osteoblasts or
MLO-Y4 osteocytic ‘clells_ were treated_with'lb‘_a ME, _br DHT, and apoptosis was
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. not intended to limt the scope of the invention. FigpBalahiSordosgries of
. +graphs, denonstrating the control of osteoblast and osteocyte apoptosis by
sex steroids in vivo and in. vitro. A Prevalence. of ,:.25 osteoblast and
~.osteocyte 8opt osis following ovariectony or orchi dectorry in mce.. Bars.
‘are nmeans WOSHP5 4-5 ani nal s per group. *p<0.05. B.. Cal vecimkopgbaobl asts
vere treated for 1 hour with 10-;1 Mto 10-6 Mgf E2 or DHT followed by 6
hours tre it Wag{ﬁ] p éai;ahfe 61’1‘@15 T
per cent ageﬁo e%d hf) %fgf Oglﬁgn{i I e %%b‘ﬂue s?épmg l}%e
Et oposi de- perchntast cﬁf‘phpdoalﬂ$wamqumm®ﬂ aabnﬂﬂcRemlts s @mﬂy‘&zdd&gr sRi-wayy 100%
I p<

" Bars indic ans D.of triplicate determ pations, 05for B2- or
DHT- t r eat e‘gﬁﬁ}ﬁu %8561'\93 iR compAting PiRtTeRmeani withineack upNOdseachf or
~each treat G 0 M.O- Y4 -
ost eocyt i cdgégﬁesr wer e %%&?ﬁ@éﬂﬁﬁgﬁ%\e&%@)ﬁ 8%?—#?8&%%%? éegﬁbﬁ%@"%a%s 16 13
Decenbér mMcmgen/geew&emecsoiﬂnﬁ%em cmnemd@m @@ bi DHDPfoebApOSi de,
- dexamet hasone ( 0] nt age of dead cells was
quantifi e} @l&lﬁggﬂ{)t%ﬁ & Q%lf"ﬁ"fgdn 5?“ weiyotedfolds: Ipeahide when
conpar i ng. dehebrseaiz BRNDS 9 $ivhe c@ﬁ&ﬁzeﬁg tcﬁ{cw@@ro% 1%?%“ fﬁ%ﬂ‘ %Etsg -
e ¢ef rated 5

vehicle for a g| ven pretreatnent. E -6 ostedblastic s 1'ncor
into-coll a@@}étnrfge’wwlecleﬂsageqaamtbhndwfaye‘dﬁ@VAedmhmamms of B2.or DHT
for 24 hours ated in rand sel ected

f 200 | |
el ds. 1 vei BB 2158 pests of gpopts Sk g it (4 55 apiofi plociyof Forr c.
*p<0. 0% f QPHEZre gﬂnﬁ&aaﬂyrmnekopm k8] SHBcHAUY & %@iatéa'ﬁg apgte one

way ANOVAs for each treatnent. ure I's a series of graphs show ng that
the anti - &FofeciB) ef fha AR oA. E£ iall @stephilasts avere hjirbieatdd byithdhd BIR or AR

- antagoni sts: and Cﬁ bg nedi ayed via _either the ER (a or 03); or the AR A
Cal vari al 2B&gewsi Kdi1$ v@pélQer?lé‘a%th@Wﬂ:&? flutgmidey Ol M) F@T30.82, 780

(10" M or_ Wi

| R f '
fol I owed ‘EiEPa’éer%'u @ an %gl‘isdt%zl o %&&T %enrlohroeab%bﬁ%‘mntgy, | \
- etoposide e’ﬂ@%sﬂﬁ%g aédﬂé?l ﬁaﬂ%bﬁfoh@ cERd %ére LBt fPdHer b6 sazfst fﬁj@g G@rs as in

‘Figure 113. ° 15 Results are expressed as percentage o et opoSsi I'nduced
apopt 88i s Regulisre skpressed aspemeatageMetopoﬂdeﬂmklc&hapqﬁosid)ﬁ%e Bbs'eﬁce pfli cat e

‘means SD r| plicate determ.nation 05 versus v hy_ANOVA.

B. HelLa cg{ef‘ssl fé‘ r A% E t’l’tyl'a? “ans%@fﬁ é’&‘g&??hm@?%é‘? EW@C@?AR VDR,
or RXR exgeaminalionseehal.6s 9k bihice by MO AY 5 R A & wab 2agsith e;F

Nuc- EGFP expression vector. Sixteen hours after 20 transfection, I's were

treat ed wighsfesied withi %@P@ER@oﬁgﬁnﬁﬁamoroRXEzemewonectb;cQa with the

- empty vector (ev), along with a Nuc-EGFP expression vector. Sixteen hours after
20 tfansfection; cells were treated Wit_h the indicated concentrations of Bz, DHT, or 1,25~
dikydroxy-Vitamin Ds (1,25Ds) for 1 hour followed by 6 hours treatment with

' etopos1de Apoptotic cells were identified by examlmng the nuclear morphology of

~ 200-500 transfected (ﬂuorescent) cells. Ftoposide-induced apoptosis in cells cultured
o 'm the absence of stero1ds (-) was set at 100%. Results are expressed as percentage of | B
‘3=25 etopo.sude—mduced apoptos1s (mean + SD). * p<0.05 versus cells treated with
. etoposxle in the absence of ster01ds by AN OVA. :
| Flgure 3 shows the localization of the antl-apoptouc activity of the ERo to the
. E (ligand bmdmg) domaln and elimination by nuclear targeting. A. HeLa cells were _-
co-transfected with expression vectors for Nuc-EGFP and various ERa mutants, and

" 30 -then treated for 1 hour Wlth 10 M E; followed by 6 hours treatment with etoposide. -

B The full length ERo, was fused to the non-targeted ECFP (ERa-ECFFP). The E
7 _doma:ln of the ERqg, was fused to elther non-targeted ECFP (E-ECFP), membrane
o targeted ECFP (E-Mem-ECFP) or nuclear targeted ECFP (B-Nuc-ECFP). Each of
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di hydroxy-Vitamn D3 (1,25D3) for 1 hour followed by %BQE@rﬁbe{J%@ﬁmm W t h
et oposi de. Apoptotic cells were identified by exam ning the njclear . .
-mor phol ogy of 200-500 transfected (fluorescent) cells. Etoposide- |nduced

- apoptosis in cells cultured in the absence of steroids () was set at 100%
Resul'ts aWé"Eé?éfr"éssed as percentage of 11.25 etoposide-i nduxuswegsoosis — °*
(mean. . SD). * p<0.05 versus cells treated with etoposide in the absence.

f st t ot §
of steroi %Sgﬁmf%ﬁtmﬁé%%@efs@gﬁ%? rfé?ﬁgiohg%'ﬂﬁ)ﬁ mklchh @8t r@popt oti c

activity of the ERa to the omal n and ell nation by .
nucl ear t dhgeesteny proteinHEuc-ERFP) anb their. subcelhlamdistribution wast inadygeddysi on

vect f EGEP _and t nd 30 then t f -
our Cw ¢ e e bty Yk AR R B iy B R T e e
full | englshmERall(WRSblait@dvitp it d}@ﬂn&@é@ﬁltads&ﬁesﬂeéﬁaa%cﬁ&)m 15hemE
domai n ‘of the ERA was fused to eifher non-targeted ECFP (-ECFP), nenbrane

target&d NOCFERER wesnsdrr)his expruimestto quantift aimpti@slfnepmut&@ﬁﬁﬁqm cdach of .

17 13 Decegnber...2 USOl/ 8950 these.f tei ns was
i osseq o sk ashmEiehed 58 e ot e G S Preb ER A HHIRA @W&%nt
“protein ( "

epi fl uoreggengggmhc%c&oﬂﬁ lb S‘?t ngly%ﬁalgl é’ﬁ’g"'ﬁgf@ﬁ Vﬁ?%n%ﬁ@r% cr graphs
' of. theetoeandecApblﬁtehsmbbethrsadandmmsqﬁmtxﬁedeyami‘igureed Barbinaﬁca&ets
-respectively; Nuc- BRFP was _ used in this_experinent to

“quantify H¥8pt &sﬁ? Béc’,‘%lﬂ]é@tq fglenpinaionsn ERTO-Opeerwadially mptstreatedivaed from ..~

that of tRhe GMaM m@q proteins. Transfected cells were treated for 1°
hour véth 8 %2 or vehlcle foll owed by -6 hours treatnment with

et 8p03|t de. . Apoﬁ‘iglmesi sl?“tsdhdtltﬂd\alftnd%@ﬁ)nmmuymﬂt]ﬁe EE.:gElARzEIngﬂd[@ech I Bar st .
i ndi cate icate R us cells no
treated V\A"’lal‘l"1 g"f&@?@%@sﬁ ﬂ@hgﬁ PA XF% Sﬁ‘fdcéﬁowet‘ﬁ‘a% a%@ﬁ’ef%a%as = 8hopt ot i c
activity ef mfiewhR Bne: ARt %rrfadnet:ﬁﬂl yith 215059/ Goc %ﬁﬁ%ﬁrﬁmio papat may;

A. MO Y4 ce wer e 1 ncubat-ed for or or DHT “or for

25 mn w fdﬂomaﬂé@»sa omOwil Faror APHT( 1©eMysa1fem|Wewwebtan;ed5and prodéinh wER or DHT.

Cel | sate and r ot ei ns anal yzed r.n- bl ot
anaI'yi i?!?\éﬁ o %ﬁ%&‘/ fsi %éﬁ%@ a(“ﬁ’yéﬁﬂ’ﬁ%fyﬁﬁ{ﬁ&dl es.
-For the der&nhnaiibedics! mqm eabﬁmaﬁd &f ¥Rpfosis) GehavRele Mdubatcl SAEC! €,
PDO8059 or PPl 30 mn prior to the. ~addition of E2 or. DHT. After 30

“et 0posi devﬁlﬁgleaﬁﬂgﬁp@n'ér Bbpe auin prignse thesiteneo e ersDEEL e Afigs 30 mip; gljr e

t Por ot acferfiicihs RodTod it baf BRERS RotRIn ORI RE I IR o
RT- PCR wasffgs of 85 6EDIEE ofl 85cptosieetas ¢ ésdaai ﬁ)@iﬂﬂyﬁﬁﬂt&ko‘tﬂﬁﬂ@ ﬁdﬂf &@+/4C - E

- HeLa cells were transfected with Nuc-
20 versus Src~/- mice, as described in Figure IB, RT—PCR was performed as descnbed

in the experimental procedures. C - E. HeLa cells were transfected with Nuc-EGFP
. and with expressmn vectors encodmg the full length ERa or its E domain, or the AR
alone (C, left panel) or together with a dn MEK (C, noht panel); 2 Src mutant |

‘ .'lacklng the kmase actmty (Src K), a Src mutant lackmg the SH2 domam Src |
| .‘-'=2"5_ ‘ASH?.) or a Src mutant lack:mg the SH3 domain’ (Sre ASHB) (D); or with ERa.
| together with wt She, or the dn She mutants Y239F/Y240F/Y317F (She FFF), Y317F :
_ (Shc YYF) or Y239F/Y240F (Shc FFY) (E). Bars represent means + SD of triplicate
determmahons *p<0.05 versus cells cultured without steroids, by ANOVA.
Figure 5 demonstrates the dissociation of ERo-mediated transcnptmnal versus -
130 ' . anti-apoptotic actlons and ERa«med1ated versis ERB-medlated effects using peptides.
"A. HelLa cells were tanswnﬂy transfected vnth the ERa expression vector alone or
together w1th a vector carrying a fusion of the’ a—II pephde with the GAL4 DNA |
binding domain dnven by the SV40 promoter. ‘In addition, cells were transfected with
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~and with expression vectors encoding the full length ERg %.E?(érsmg‘;dorml n,

or the AR alone: (C left panel) or together with a do f right
“panel );-a Src nutant |acking the kinase activity (Src K-), a Src mut ant
~Jacking the SH2 domain (Src 25. ASH2), or a Src mutant |acking the SH3
dOITB.I n (SWOABMEPS (D); or with ERa. together with w She, potyisbgighes She
mut ant s Y239F/ Y240F1Y3l 7F (Shc FFF), Y317F (She YYF) or Y239PI Y240F ( Shc

v s vel PROEERAIESP e AEB0 el bl o LERE rAtE RRAT Bl 20 O

di ssoci at i mlm‘fm&f@. Berdirgfresknt fi@nAedm :BtSiIDBﬁinp‘iieﬂt&ld‘étermﬁﬁuaﬂﬁ hn@ﬁﬁﬁ)éa@é ic
“actions an QJER& di ated versus ERJ]-nedi ated effects usi ng tides. A

HeLa cel I's SR8 Fr S vey g Eplednibitign of et luamer e pf ted selor o

The GaLa DR SRRt o YRS ey e MHD OB b pe) 05 hirh aiekicdm,
cells \A@reu’feét@ﬂ%émé:%?mm 32 HeL o RS 2RO BSOS FRETLNERL 16950

“ERE-l uc or luc for the transcription studies; nuc for the
apopt osi's tagefwr withhexpressian sveciopy mug K29 Rrea 23310 péptlﬁm pIBarsat@resent

Fol a- i nhi bitba op {ERTRLE desmnbplpl VL e vy ERELE TSy on amiop ot i ¢
{rabt e cePr RN i ok 8 0" o7 i B oot B A B o,

al one or todptpikte Wil eipuasdiaad vt He TeEdidryilae. 2K283eEd aéﬁ!ﬁﬁt;pﬁpt i des.
Bars repres “nmean _d SD of triplicate determnations of the activity

( ERE- | %P-'fecqfﬂ’éng B werptor. Apfoptolereptide, reaspdesianated 45219006, § mvi0- Gﬁn cell's

transfecte al gl r ggﬁj r

~cel I's. trangf ect edjshﬁmkmhg recgfé gr f%naéO&n%yl n uce’§ ggtflﬂ\:/tl' f/el%anfBe cells
carrying. trhsfedabpithe,vebat ca:rgnng ﬁm @R peimde\mma(i&&bmbéramthﬁm Brs *
p<0.05 versus ce Is tra&ﬂ3 ? t he recepﬁg or_al one, ANOVA. . C.
HeLa cel | sTRRESEAt R gt 315; QFryPﬁ%%Wé’“@WFhlﬁ@ﬂﬁaé@ al one

~or toget hegenyug}hAW/ABars represent the mean :E SD of triplicate '
determ nations.” * p<0.05 versus vehicle treated cells, by ANOVA. 15 Figure
6 denoifstrat es FigarediG denonstiatn the dmsngmﬂohrmﬁmangenom;gerﬁbmogenmr@m ivity

of the BR' w,th s h r I-at ranscr,i HelLa
cel I's wer ¢4 k}r‘{ ‘%ﬂ%"fgéi\mmlphg@&e%ﬁcﬁ Eﬁgﬁ ’gﬁ &@tebrtéaélsﬁ’ap e

i ndi cat ed callgneesttimkiend Wih T3-A kAD Fe, holYHarkOksated¥ith "t]fe%ﬁﬁ@a‘ﬂéd the
~mean f SD of the _relative luciferase units (RLTJ) nornalized for :

(i - gal act o¥Ingenfealigs iofjanyestre@r G5 Pyeazeles Bors raprassntt tharmyparr te§Dwof Hheerrpt y

vector ( evl)elaut% Iﬁ\igl‘/zée u&&e(lﬁ.'ﬁ)' no%g& fof Bagcaﬁac\fostiﬁﬁsg activity. p<0.05 versus

20 cells (ransfected with empty vector (ev} by ANOVA. The anti-apoptotic activity of - -

the estren and the pyrazole was evaluated in calvaria-derived osteoblasts as descnbed_
i Figure IB * p<0.05 versus cells not treated with etopos1de by ANOVA. B. MLO-
Y4 cells were incubated for 5, min with the mdlcated concentrations of the different
o :,hgands and ERK phosphorylatmn was assessed as m Flgure 4A
“ _25‘ —_— Flgl_xre ‘7 shows a proposed model for hgand—mduced dissociation of anti-
apoptotic from cléssicai genotropic activity of sex steroid receptors. The three
cartoons deplct conformauonal states of the receptor protein prior to ‘and following
:_mteractlon with the hgands, that are required to effect either the genotropm or the
anti-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 tlfaBSGIipticinal -activity (e.g., the pyrazole of Figuie 6) is
- depicted in the right in blue. The change in confqrination induced by interaction with

a ligand that preferentially triggers the anti-apoptotic activity of the receptor (e.g., the
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the estren and the pyrazole was eval uated in cal vari 5\{_9% obl ast s
.as described in Figure 1B. * p<0.05 versus cells no??rﬁégte r\%ﬁ?ﬁ T,
~etoposi de by ANOVA. B. MLO- Y4 cells were incubated for 5, min with the

- i.ndi cated concentrations of the different |igands and ERK.phosphoryl ation
‘was assedv@dry®iin Figure 4A. 25 Figure .7 shows a propos@GTHsdsNssor :
| i gand- i nduced di ssoci ati-on of. anti- apoptotic from classical genotropic
Cactivity edren®f Fihifte®) ik AR B the Ickin rhdfeaR. (et Cigls afleFréda diamond
conformational states of the receptor protein prior to and foll ow ng

i nt er act.i sepresentithe meo ligardsiipleasennte thegerfoefianddmperfodts fitewithis the bindinge

-genotropi¢c qr.the anti-apoptotic,ReSROAS: . ' ' | gad ' L
_ receptor ch _Eﬁ?scptﬁgﬂv P’hﬁ ?’ﬁ%d%m &1 (g“)i H%sg&%e&%zf%%%%%ﬁeﬁwoc%ﬁr§%t i on
i nduced bWpeloeligtidsaBr \thd Fecaptbi SR EEpidial by Wifedrentewidiinlabyl 1bhdth Geloks.

transcriptional activi t%lrﬂge'g" the pyrazole of Figure 6) is  depicted in:
t he right Ligands such a5z wihofjeourse inshure bat ¢apdormptigae dAlhought iarthe antin with -

recepcor MORot BBl gt oaneddi bR she ey RESR RRhSRRC bR n o
- Figure 6) tap deptec ipeslein(s)t hRy| biigd thamigienicton GeteterCithe | roantblguken = . -
di anond - represent the two |1 gands; please note the perfect_ and_ inperfect

fit withi FormEpondingmgreyplevristof thedpepiarapiem 1 dscingetive unliggted gite ,
di i ati p S ) wa - di . i .t he. - ) .
r'gizgtmo? gﬁ%@ﬁ%%@ﬁ%?cﬁ%@%ﬁeon e%%é@%%@#%%%ﬁn rlrugl/\lgi.wglsﬁe%{étrl\—déesuch o

as Eziov-| bpaphotizaionf@miation ¢mapaith limenirershewndnshe Bbtidraudhhé distdtinaots - -
apoptotic nmodel a direct contact bhetween the r,ecel-ptor and S c(g-i#s- shown, it
i s possi braticaliggis 1gdag ererey AHEEm (s el o Brdigye adlager Fha@r%?e{ﬁ' ferg8¢Sveen the

- two nol ec : el Qerfﬂ h of the receptor protein in the
i nactive il#nﬁ%aggtre 'se?lge.ﬁe {@ro e%t?lxr?{:a. ,E%)sr?og-r essing-either to the -
~genot ropi ¢ conFiguresi Bra dibgram 6f twe) transgerdeecastricts tHab aspopiwtadocamicor mat i on
(magent a Iingéaare sho in.the bottam eéﬁhsc | nuQu vertical axis in
{ e ener gipedrbg et B juchesd raression of e AL SR BAREREBre G 11 or ence i
ener gys requi r efpaire 9Lt Wegn ot Agagkik ﬁﬁistrﬂthﬁdg ofhe DbAHiGorS AR AudbtgeRm of
‘two transgene constructs that are co-introduced into the sane nouse for
Dox- i nducedrastgpizegei ofithefDaxnindutiblesyste@odr psigohldsispedific Exgrasgonaf Cee a

01201 30 b5k okt e P B RAR o bR e R R B 050 o e
-Dox-1i nduc , - fi’cex 0 -

r econbi nag@mofie! 9/t indibah atsbﬁc%é?@r kiecothb Yrighe] ROSA26 hecueomigned of the

OG 2 —pronpbter. "SA" indicates a splice acceptor site of the original

ROSA26 | o¥Bisis gFl shawing Dpxiirduged aefivglion §f Oox exnretsi@unadtrpyBbitorels wery e

X0 551yl B M IO A T B L e
for 24 hodismg/ilDbs oneeldiclaor 24 hetrsaQdllCverehpvestad and @as expression was
- assessed by RT-PCR ahalysis_. Lane 1 contains size markers. Lane Zrtepresents cells -
} treated with Empty Vehicle plus Dox. Lane 3 represents cells containing OG-21tA- -
. | .Cre'x.ﬁ}ithout Dox. Lane 4 repreéents cells c:'dntainjng 0G-2-1tA-Cre with Dox. Lane 4
.25 . chntains the OG-2rtA-Cre plasmid induced with Dox. S
o _ Figﬁre 10 isa diﬁgrain iltustrating the targeting of floxed exon 3 into a 86 Kb

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

: 'DETAILED DESCRIPTION OF THE INVENTION -
30 . This invention concerns the ﬁ]ﬁdamental. discovery of the understanding of the
- mechanism of action_df stéroidal'nbngcnotropic effects and their relaﬁon to steroidal
. genotropic effects. It has been discovered that (i) steroidal nongenotropic effects and

~ genotropic effects can be mediated by the same steroid réceptor; (ii) both effects are
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. assessed by RT-PCR analysis. Lane 1 contains size nmarkepscehedi©ods '
represents cells treated with Enpty Vehicle plus Dox.. Lane 3 represents
cells containing OG 2-rtA- Cre without Dox. Lane 4 represents cells :
cont ai ni nﬁﬁgglzérLA-Cre with Dox. Lane 4 ,- .25 . contains the OG2rtA-Cre
plasmd i &d%®Pth Dox. Fi gure 10 is a diagramillustrat PEFUSAEIH8 get i ng
of Boxed exon 3 into a 86 Kb genotropic |ocus containing exons 3 and 4 of
the mouse EgadjintacedpETAL) B BOBEORDHINefEut Tokout N0 Hgalinfudaivent i on
concerns the, fundanental discovery of the understandi nlg of The. nechani sm
00

~of ‘action 8etiwfien of tha lignsddundng domeine pihich eancrofashand Ioost fittingn(iviothe
oot OB PSRRI SR oo 4 L A3DERRCSONRREH dRb BRM-5HEEE. 2

_nongenotroglc e S an genotropit e e sane
steroi d redembiorof (el gteroiil becplogCivhichrs Fpically Daaestief 2094wH0 34486505
/PCT/USQ1/ 18950 i gand-induced; (iii,) the nongenotropic effect occurs due to
“a |'i gand- i HiEreekn, a4 (%) dks Bepgsnotrepic piige ed 2dizaed Hicrastien ean bardissncisted be
~fast and | SN S t tyopi . ef curs dye t

| gand- | ndom e gerbRfpicleffet b7 o JERRL EttudioR W tholf SrHbRadtdF oBefla
receptor, sdleaiverespongei cally a result of a slower, stronger interaction;
and (v) the nongen tropic effect of a ligand jinteraction can be dissociated
from the genot r BHcE Q& P plogeerpg digeayary: ng dnetbed nprovided pfifligopiatinge t o

effect , asteroRf SohbMRulohiP YHee: #8354 %&r&iﬁ%ls ngﬁ L1 dgcH !&caovgg%g a. -
met hod is provided of diSsociating a steroidaP nongenotropic of " from .
t he st¥roi msptglendnrrmﬁ embbtlgnentothen inteation dndlddese aepiethiod fon eltively

enbodi nent, .the inventi.on includes met had for sel ectivel i nducij ng .a
st er oi dal #?SH@‘B%BFPB?}%‘%‘ Déﬂﬂﬁ%%‘lf?‘)l’f%%@eqt ﬁ@&dﬂ‘é&gﬁd‘ﬁ%mﬁéi@c lf%eent@cw 80 with

a_ cOMOUNshifihd Btk bhioRAintobRNERL etighik biiidd aafen el BspdlqE™ n of
the receptor in a manner -that causes the recept to nediate : :
-nongenot r opineanafs it  cawses| thenreceptar to vaediaty 4 men@iistiopicd effectdodite matn a
“manner that_. nduces not.ropic effect. In. 15 an alternative_enbqdi nent,
amethod etivPiEE PYABI e oRef 1Y anne fuatdnGitef g deapioRie fisttogRC.

ef fectis t hat altohetive @mboaa&] 4 MbidHCisREAMD for WeleBiiPel§ GRRRMAC skedddal
sufficiently activates the DNA bi ndi rﬁgﬁ?donai no-r of ?ﬁg9recept orStiEn a manner
that cause¥notrppc reffeeht Biat tincldes montagting: bt rispintorefwidtts compbwndn diat

activati ng lfh8e i = i R L Ln.a dsmnner that induces a

nongenot r opi c %4tpecpqatpénﬂ%r%ﬁ‘g‘s%gc g@fhgﬂ'ofﬁefﬁgp‘%ﬁqﬁ%m‘?@ﬁ? C8PEE| osed

- herein, thhe reepipt 0o medlidtota gehoadpicogstt, IEEPhOY activatiag YRS Agindhding 1S not
a progesteyone receptor. |. Definitions An estrogen conpound, as used -
herein, r&oBEn 2 angery that Hﬁlupgst %p@m@gpﬁqu effect. In one aspect of all of the

20 - inventions disclosed herein, the receptor is not an estrogen receptor, or alternatively,

is not a progesterone receptor.

'I. - Definitions
o An estrogen compound, as used herein, refers to a four ring steroidal
25 @ompdﬁid which possesses the biological activity of an eéu'us;producing hormone, or
' its 6oqjugatéd énd‘esteriﬁcd derivatife, or a derivative thereof of same chemical
" composition and stf_uchire but which does not possess the biological acﬁvity 6f the
~active _fprm because it exhibits a diﬂ'erent_stéreochemisny from the active form.
- Nonlimiting examples of estrogéns irichade broparestrol, chiorotrianisene, dienoeStrdl,
30 Vepimesh'ol, ‘equilin, estrapronicate, estropipate, ethinylestrédiol, fosfestrol,
y hjzdrqueset;one, mestranol, estradiol, estriol, conjugated and esteriﬁed_ estro’geﬁs,'
.esti'oné, pdlyestradiol, promestriene, qliinestradol, quinesirol, stilbestrol, and zéran,ol’.-
An androgen compound, as used herein, refers to a 'fc')ur rmg stéroidal

compound which can be produced in the testis or adrenal cortex, or is a synthetic
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- .25 conpound whi ch possesses the biol ogical activity;Dheanper 2004
-estrus-produci ng hornone, or its conjugated and esterified derivative, or. .
~a derivative thereof of same chemical conposition and structure but which
does not possess the biological activity of the active form because it
exhi bit s‘ﬁ)ﬁﬂf?qﬁﬁi ent. stereochem stry fromthe active forRCTUSIMSPHiting
exanpl es of estrogens include broparestrol, chlorotrianisene, dienoestrol,
30 epi meshb@honeS Gikibh Mictsefel Rl imasiufine @8édndai abdual ehivatigfiiss,r adiaol , g
- fosfestrol,  hydroxyesetrone, nestranol, estradiol, estriol, conjugated and
esterifi edesvativedbersof of same shemisal gaseposiignomd pruvrstbiut avhich dogsnealt r adol |

- ~-quinestrol_, stil.bestrol., .a r - - 07 PQM .dsed. -
~ herein, r@?@?is_ h{? 1011%?a1ra%%§1zt§toz’p§% (fgﬁ% g@?f‘bﬁ%ﬁ%“s%hﬂ m:ghrgl %glﬂbbr?%guced in
the testi ‘meﬁocﬁﬁﬁﬂﬂg fr6M theXactive Fbrnh.S Womifitiagt éxmibles] hchrieeivddsnod€)04 WO - -

01/-96605 PCT/ USOL1/ 18950 hornone, which acts to_ regul ate mascul i ne secondary

sexual Schalosicbek | danazel, ¢rosstanelens,y spitigeiandle  etbylestrenohndopymegdaone,
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~ from this library, which are all commercially available and thus easy to obtain and
evaluate, for use in this invention. | | o
- The term "steroid" as used herein refers to any ligand that will bind toroné of
the 't;raditionally referred to "nuclear hormone receﬁto_r famﬂy of proteins;*‘ Based on’
_ ;:; 25 the discSVexy hérein, it is now k:nQWn that these ;cccep’tbrs are not necessan'ly nut:lea:r,l
and in fact can induce néngenotrqpic effects when located outside the mucleus oron
the mémbrané,_ and perhaps in the nucleus as_ well. The nameés of the individual
' members of the family of the nuclear receptor family is published in Cell, 97:161-163,
- 1999, and reproduced in the Table below. This article was authored by the Nuclear
‘_ -30- Receptors Nomenclature Committee. It is now known that there .are ﬁt least sixty
j ‘members of the protein family in hﬁmahs as shown By analysis of the human genome
and proteome, and published in Nature 409.:860-9.21,';2001 . 'This article was authored |
by the International Human Genome Sequencing _Consortium; In one emﬁodiment, o
 the receptor has a zinc finger and a ligand-binding domai_n., as mientioned in the =
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..5 the discovery herein, it is now known that these regeptlsh&BoRot
-necess,ari l'y nucl ear, and I n fact can induce nongenotropic effects when
located: outside the nucleus or on the nenbrane, and perhaps in the :
nucleus as well. The names of the individual nenmbers of the famly of the-
hucl ear r@EUHOF ami |y is published in Cell, 97:161-163, rdPBS01/BYSH
reproduced in the Table below. This article was authored by the Nuclear 30
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Consorlium.ln one entmmmant &2 EBBor has a zinc finger a .
| i gandt bi ndmng donmai n,nr@s . NMENt | om@mﬂ the 22 13 -Decenber 2004 101/ 96605 .
- Table [I. A Proposed Ng##hcl at ur eriraratiucl ear Receptors PCT/ USOMsTB950 ‘
“Subfan]ly afd Trivial sAcces W\J Gene Group ] AN Ra6
“c-erbArl, THRAMR4748 NECAZTRI I X04707 | BNRI Bl RA 653
NRI B2RARt i ,'PHAPY00291 NRIRI BBRAR Rmmmmmm Cl-PPARaL02932 NRREZEPPARO, -
NUCI, PEARS, FAARLO75%ginNR1C3FPARERBGH> Ak REVERBa, EARI , EARTRVR4898 NR
I D2REVEERBO, IEEARL, BD73RERVR, HZFEE@E?BS NRI D3E7SX51548 | ENRI EI EéBsz DR ,
78001087 | FRRI FI . RORAXBZRa 0489 ; RIREE2RORP, RZR(i Y08639 -NRI F3RPERY,
. TORU16P97 NR1F4HR3, Dii3; - MVHR3, &dligdor CNR3, MD0806 CRR3U13075 - yioe7
| GNRI GLCNRI 4U13074 NRIF4 HR3, DHR3, MHR3, GHIB,CNR.S, _ MO90206
. - CHR3 U13075
1G . NRiG1 CNR14 U13074
1Hq ‘ . NRIH1 . - ECR : M740TE -
NRIHZ . UR, OR-1, NER], RIP15, LXRp ‘ 07132
NRIH3. RLDI, LXR, LXRot ‘ . U22662
. NRI1H4 T FXR, RiP14, HRR1 o ’ - u09416
11 NR1I VDR . JO3258
NRIZ ONR], PXR, SXR, BXR ) ) X75163
NR1D3 ) » MB67, CARI1, CARx : . : . ' Z30425
NR14 CAR2, CARB . . AF00932
iF - NRU1 | ‘ DHRYS o 36792
1K . NRIX1 : NHRI ' . ' U19360
2A NR2A1 HNF4 ) . X76930
NR2AZ - . HNF4G ) L . 749826
NR2A3 " HNF4B ) ’ . ) : v ZA9B27
NRZA4 DHNF4, HINF4D ) ‘ ’ ’ U70874
2B NRZB1 " RXRA - o ' X527173
NR2ZB2 | - RXRB, H-2REBF, RCoR 1 . ‘ MB4820
NR2B3 " RXRG — X66225
NR2B4 USP, Ulu'aspu'acla, 2C1,CF1 . X52591
2C NR2C1 TR2Z, TR2-11. M29960
_ NR2C2 TR, TAX1 : . 127586
2D NR2D1 DHR78 ) ' - T 036791
2E ) NR2EI ) TLL, TLX, XTLL . ' ‘ §72373
. . NR2E2 . “TLL, Tailless ‘ M34639
2F ) NRZF1 - COUP-TFL, COUFPTFA, EAR3, SVP44 : - X12795
NR2F2 - - COUP-TFL, COUPTEB, ARP1, SVP4D . ' - M6e4497
NR2F3 SVF, COUP-TF ’ - M28863
NR2F4 COUP-TFIL, COUPTFG : X63092 .
NR2F5 ' SVP4s ) - . X70360 -
‘ NR2F§ EAR2 ) : X12794
_3A . Nm3Al .. FRa : . X03635
NR3A2 ERp ¢ - : U57439
3B NR3BI - ERRI, ERRa . X51416
NR3B2 ERR2, ERRB - T XS1417
3T " NR3CI - . GR Y C L X032s
: NR3C2 . MR . : MI16801
- NR3C3 PR ’ ’ . MI5716
: ‘ ) : NR3C4 . AR : M20132
4A " NR4Al © -7 NGFIB, TR3,N10,NUR77,NAKI o L13746
: . NR4AZ - NURR1, NOT, RNR], HZE-3, TINOR. ) - X75918-
NR4A3 - NORI, MINOR : i D38530
NR4AL DHR38, NGFIB - - 36762
. . o . CNRS, C48D5 : ] ) © . U13076
SA i NRSAI . SF1, ELP, FTZ-F1, AD4BFP . D88155
NR5A2 . LRHI, xFFIrA, xFFIrB, FFLR,FHR,I-TF - U93553°
NRSA3 : FIZFi , S M63711
5B - NRSBI DHR39, FTZF1B ' , 106423
. - 6A © . NR6Al _GCNF1, RIR . ' T U14666
- 0A NROA1 KNI, Knirps . - X13331
o NROA2 KNRL, Knirps related " X14153
NROA3 : EGON, Embryonic gonad, EAGLE ) X16631
NROA4 ODR7 . ' Ul6708 -
: NROAS Trithorax - ’ : M31617
0B . NROB1 DAX1, AHCH : o . ST
NROB2 SHP L76571

. Note: . 'I‘he groups conmn }ugh]y related genes with often paralogﬂlls l‘elahonslnp in vertebrates (e.g. RARA, RARB, and
RARG). The term isoferm is Teserved for different gene products ongmatmg from thc same gene duc to alternative
promoter usage er spiicing, or aItsemat:ve initiation of u'anslahnn
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5 mapped for a target steroid receptor or are easily mapped using k:nown techmques

_The term “bone mass” refers to the mass of bone mmeral and is typlcally
determined by Dual-Energy X- Ray Absorptlometry (DEXA).
, 'I‘he term “bone strength” refers to resistance to mechanical forces and can be
| measured by any known method, ihcluding vertebrae compression sirength or three -
10 point-bending of long bones. | _ |
The term “bone quahw’ refers to normal co}lagen orientation W]thout :
excessive accumulation of unmmerahzed bone mafrix, and can be measured by any
known method, inctuding undecalcified bone hlstomorphomeh'y
The term “bone antl-re_sorptlon agent” refers to a compound that blo_eks bone
15 resorption by suppressing remodeling or ﬂle aetivity andfor ]J'féSpau of esteoclasts |
The term “osteopenia” refers to decreased bone mass below a threshold Whlch
,comprormses structural integrity. | '
" The term chimera as used herem means a strand of DNA formed by fuszon of
the genetic sequence of two chfferent receptors. Steroid receptors are composed of |
20  both a DNA binding domain and a ligand binding domain. Tn the chimeric receptor
* the DNA binding domain is composed ef the genetic code from one receptor and the
. ligand binding domain of another receptor 'AT.hese two domains are fused to form a
r_chimetic recepter The domains can be :&om dlﬁ'erent spec1es or ﬁ'om dlfferent

receptors within the same species.

o

Y

25; " The term orphan receptor as used herein refers to a famﬂy of approx:lmately 69 -

| i‘eceptors_ which have been’ 1dent1ﬁ_ed by ‘amino acid sequence homologl,es. The
orphan receptor has an amino acid sequence that is highly conserved in the DNA

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

~ the receptor. Thejr are called orphan reCejJtors because uo ]i'gand has been identified

. 30 that directly activates any of the members of the fannly An example of an orphan -
receptor is the chicken ovalbumin upstream promoter transcnptlon factor (COUP—TF)

" Asused herem, the terms ‘ﬁnetabohc bone disease” “orthopemc bone disease”

or: “dental disease” are defined as condltions charactenzed by decreased bone mass

and/or structural detenorahon of the skeleton and/or teeth.
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- NR3C3PI t ML5716 NR3C4AARMR20132 4ANRAAI NGFI B, TR3, NI O %Mg%ﬁg L13740
‘NRAAZN[ 3RR1, NOT, RNIR1, HZF-3, TNORX75918 NR4AA3NCRI, ,
‘NRAAADHR38, NGFI BU36762 CNRS, C48DSU13076 5ANRSALSF 1, ELP, FTZ F1,
AD4BPD88155 NRSA2LRHI, kFFIrA, xFFITB,  PF'1 R PER FTFU93553 NRSA3FrZ

Fl M63711 BOBMR8MIDI1R39, FTZL | BL06423 6ANRGALGCNFI , RTRUIPIGHEES01/18950
OANROALI G+l I, Kni rpsX13331 NROA2KNRL, Knirps rel at edX14153 NROASEGO\I

Enbr yoni ¢ gonag ERELRX80 3o NERMOBRT 0k 6L NFORSTEmbtiar LB
- NROBI DAX1, AHCHS74720 2SHPL7657 te: The groups contain hig
rel ated géla@e‘tmzc& byt enclpar &@m@tloel anflooshi phrinka geraebdae@ed(byg ,
" RARA, RARE .The erml s re erve for.di fferent .gene -
product s %Pli-@l f?ﬂ éﬁﬁﬁtﬁlﬁﬁw P@‘?’B@H&%@T i dﬁ’ﬂ‘ ‘p‘ﬁ%‘f‘rﬁpg usage
“or splicimghe @mﬁ?%inﬁ% initiation of transl ation. 23 13 Decenber 2004 .
WO 01/ 96605 chr US01/ 18950 ture article. Generally, steroid receptors
“have & hi ghly Tk ferBl"6os{’,- sccused hatein, mafess tocanyi stervidorcapdoraéontafiig TolD) ,
-~ foll owed hy Q ghly conserved DNA-bi ndi ng domain (DBD). consisting of two
.zinc fin agﬁn “hinge region, and a noderately conserved C term nal

l-i gand- bi ndi i Mphedexmm@i "IrahEEEnb‘Bﬁ)useﬁhﬁﬁnrtﬁgie@ﬁ%eegéﬂ%ﬁE havgalaviigR s been 5
mapped for a target steroid receptor, are easily mapped using known -

t echni quésen orjfe E?%bemlﬂbé@'seﬁ@f@whﬁﬁmw pbe magmal oprstionilemdy al. and i s
typically d rgy X-Ray Absorptiometry (DEXA). The term
“bone 'st?‘gﬁr{ fﬁhm%rs ]fd%f?em st'ance to nechani cal forces and.can be

measuped by ar(Trimguic it médns |4 dondumen thnalk BERAIRY e&ﬁérﬁﬂlaﬁ'{égngt h or
“three 10 point -bending of |ong bones. The term "bone quality" ref'ers to
nor mal Cdpqng@e Aate plhit, agqn@,s,ﬁerw aihb yhaving a non-endogenous (i.c., heterologous)

nucleic acid sequence present as an extrachromosomal element mma portron of its cells

Q=D

or stably mtegraied_ into rts germ line DNA (i.e., in the genotropic sequence of most or
all of its cells). Heterologous nucleic acid is introdilced into the germ line of such
15 transgenic animals by genetic manipulation of, for example, embryos or embryonic
stom colls of the host animal. o | R
"Construct" means a recombinant nucleic acid, generally recombinant DNA, .
that has been generated for the purpose .of the expression of a specific nucleotide
sequenee(s), or is to be used in the constructlon of other recombinant nucleotide
20 sequences ' |
"Operably hnked" 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 to the régulatory sequence(s).
,"Operaﬁvely inserted" means a nucleotide sequence of interest is positioned -
25 | a&j‘acenf "?':i" nucleotide sequence that 'directs transcription aﬁd transl:ﬁion of the
o , miroduced nucleotlde sequence of mterest (i.e., facilitates the productlon of, e. g v
' polypeptrde encoded by an APP sequence) | |
"Signal transductlon pathway responswe transcriptional control unit" means a |
regulatory DNA sequence that permrts gene. expressmn when h'anscnptlonal activator
30 R proteins are bound to the regulatory sequences in response to the activation of a 31gnal
: _transdirction pathway including but not limited to MAPK, nuclear factor of kB cells :
(NFkB), INK, AP-1, p38K, PKA, PKC, PB3K, or NFAT signal t:ansducuon'
pathways. The transcnpﬁonal activator proteins of signal transductlon pathway _

;

rcsrponsrve u'anscrrpuonal control units can I_Je phosphorylated by a protein kinase in
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excessive accunmul ati on of unm neralized bone matrix, apecafn&SorBasuUred by
Tany known net hod, i ncl udi ng undecal ci fi ed bone hi stom)rphorre ry. The term .

"bone anti-resorption agent” refers to a conpound that bl ocks bone 15 '
- resorption. b}/ su pressr ng renodeling or the activity and/or I|fespan of

ost eocl adYQ 0136685 t er m "ost eopenj a" refers to decreased boRETMS8KEIH ow a  *-
t hreshol d whi ch corrprom' ses structural integrity. The termchinera as used
herei n NRROS BR hdDind Hthaior ProteihS call8RGE bd s quence of
two differen ecept ors St er receptors are conposed of 20 both a DNA
bi ndi.ng d¥NAi megumbtory Iseqmnct. bEminplgrydtﬂtglah trimsdudtionc patherayc resporgiveor t he

" DNA-bi nding d i s ft t de f t d
“Che U1 gaRas SR SRR TR orudh b e St itnd S8 Rertts oS Other P RB ey o T used
t 0. f or m aActRBIdFBFdtSin' 1 EAMPespohBs cRATRE EShSADNAEHhAR gewﬁé 1 DARECi es or -

fromdifferent "recepfors Wlthl n the same species. The t'erm or phan ,
recepfor bmdmg @rlbm@:me lghlcpem'mcsd tresponke m1¢1:;!em;‘ hazptpslmck rmspcmpe 6€lememic ept or s

whi ch ha\let ntified b aci ence |es ‘The :
orphan, i B0 Y AL S g O C BT LB PR, TSROTE GHP R mUEIPEd | n ¢ he

{ - bi ndidier 6P ABtivhteMUcARS nEABEERBIT JEHB QAdls desaa&e orme &taﬁleht, gpd
b| ndi ng domai n of the receptor. Th;i/ are calle rphan receptors because

no i gandeﬂmeselﬁenemtdmﬁ'm regpousgleretint.ect | y acti vates any of the nembers

of the famly. X & an_ oval bumn .
pst r eam pr oS affBefimogenghef R EERR & arof HF BRCRITRRE po™ "
terngo" rrestlﬂﬂpg;wduberte petitsiaaghen tradsdripape dis Caciosted Hys gasst’ cOp ousiemmal :
di sease" are_ defined as conditions characterlzed by decreased ‘bone nmass

and/ or stchermcalr argn@leﬂ@ra PROtRInR dhmspsurpe ta dstesnig tha pifset %émscnmwnu

| nggg?ggr S ref GPES %Ig ?Q 915/]”%?3(2?0 ES{JW%M a@ﬁerl Zed Qﬁf;%##l}%;.ﬁ%g? verm

fragnent. elemmamuasehéemgenﬁk}mee&menﬁeﬁmemel by norphol ogi-cal- criteria -
and Term nal Uridine Deoxynucleotidal Transferase Nick End  Labeling -
(TUNEL) st ai ni Wgngemmemt@rlrﬁw gb sterold yecepiery” HsARS FApIG astsvation puin ot st er oi d

r ecept or I!HFm %rﬂﬁ SE6 isherein to -
desc?% be ge t| C mat%rﬂjl)a frﬂ?ér}] Egitor e%&tgﬁé%esehafg{;ut tQ%o ng#tilﬁrgl cially
i nsert edbmdmg tdom@noﬁmheofre@ppmmmi mteaachonu‘wethl yccmssonganﬁmlsoapumll of a
l'iving amoq;jlators ,
- "Genotropm act:mty of steroid receptors” means ligand dependent modulatlon

of transcription which is sensitive to inhibitors of transcription and h:anslatlon

20 A "steroid receptor related disorder" is meant to mean a:ny human or anjmal- "
: disorder, condition, or disease caused by or characterized by aboormaﬂy high or low
| concentrations, availability, mutations or other imbalance of a steroid or steroid
3 receptor By "abnon:nally high" is meant any dxﬁ'erence above normal sufficient to be
mamfested by physiological, blochelmcal physmal mental, or psychologxcal effects.
25. By- “abnormaily low" is meant any difference below normal sufficient to be "
| manifested by physmlogmal, hl_ochemcal, physical, mental, or psychological effects.
In a preferred embodiment, the steroid receftor ~Jrelated disorder is ooe_ wherein
additional steroid transcriptional acﬁ\rity is not desired such as with disorders in
.pqsﬁnenopausel women. Steroid _receptor-related'dieorders can be associated with any

30 cell, tissue; organ, or system that expreéses'steroid hormone receptors.

I Method for Selectwely Inducmg a Steroidal Response
Based on ﬂns pzoneermg dlscovery, a method 1s prowded of dlssoc1atmg a
,steroidal noogenotropio ‘effect from the steroidal genotropic effect of a steroid

26



nouse, rat, rabbit, hanster, etc.), having a non endogepols,kdr-Bo4

het er ol ogous). nucl ei c acid sequence present as an extrachronosomal el enent

in a portion of its cells or stably integrated into its germline DNA

(i.e., in the genotropic sequence of nost or all of its cells).

Het er ol ogous nucleic acid is introduced into the germline of such ‘

"Transgeni ¢ ani mal " neans a non-human ani mal, usually a manmal (e.g., 15

~.transgenic animals by genetic mani pul ati on of, for exanple, enbryos or
enbryonic stemcells of the host animal. "Construct" pe g§. reconbi nant

nucl eic aci dyecggtoer dl gner aubmhﬂﬁnwwﬂ@hﬁiﬁ’l“ﬁ%ab‘%ﬁ?g RergteyYor t he

pur pose of the, expressi. of. L el 0 ' fokwiBfa 1S to

gtk ece sfveodfifimeE At el HncnRguerach

be used int e nant nucl edtide 20 sequences.

"Operably |i ghggsundebnsufficohily mttactswith e tigend tinlingdamain GEHGEPRERIOLID ar e

connected in such a way as to permt .gene. r | e ewliidmepri ate -
nol ecul es (& Fammef r‘%s‘@?ﬁeﬁttﬁ%ﬁﬁﬁ@%&tﬁ%{‘dgﬁé%r'g%g#‘%gr)‘}}g%r gﬁ%g’und to the
regul atory s%%nﬁgﬁﬁ)pwﬁ_mﬂé@dmeﬁyid asamnieethit imbeees a significhetgenefioriequence
of interest is positioned . 2 dj.,acent a._nuycl eot.i : oAl rects
transcripti oﬁffﬁﬁdl’?%ﬂéq%qvﬁﬁmg?é‘?’ﬁﬁt’aﬂ?ﬁpgmg d%ﬁ%f%%% | Qeﬂs%gkgﬁenrggde of

i nterest (i . eroififlGhidiopic@tett atinaddesicomacting theeregeptoravitipotguepnd thet encoded
by an APP sequence). "Signal trans uctd’ on, a\ft way responsive t causes
transcri pti osafficieatly pasivaign the DN "F’@Bﬁ‘l %ﬁeéﬁpﬁﬁ,& 8 BB P RS hernit s
gene expressigon. . P th! ABSiGl Rt sABRbpie ek ivitiile 36t Midubipgna sigwfitamtind t o

t he regul atory sequences I n response to the activation of ,@@g&n

t.F ansductioon noagdwaagpic alftchditrigeansidered that p disanddacs ngliptiuce aﬁge{ or of
xBcel I's N'-:'Lug)g{aﬁé%“;gfréﬁ%ﬂae RABE is T8\ thak *i@l% BiBofhe WatuMT Arsilignffect,

transduction .transcriptional activator proteipns of signal
transduct i on apatihwepreforred potbsilinent, rlegssthan i ioﬁaﬂildlﬁfﬁeﬂbﬂmﬁm?t ¢ e
phosphoryl ated hy .a_.protein kinase in 25 13 Decenb r 2004 WO 01/ 96605
PCT/ US01/ 159%5’“?‘%@ °§%j‘nal transduction pathway such that the actiyator
protei ns can t hen Brimplatyofdrne ofDhvhgemypicasdivity sinejudnbut apxaekplimityd & gnal

t ransducti on pat respagnsi ve transcripti.o r Lt 4 e but
are not |¥ni t“@@%&e?ﬁﬂﬁ&&eﬁﬁeﬁgﬁr @'sge 5h gné lAgﬁselgat%g]tfl pr ot i’np*f?&%:%
response el efpabin EmbeXsEhA himdiotgnepaimenys, MAPDNApashi sighah glratisdyriag

gl ucocorticoid response. el nt, heat .shock r.esponse el.ement. . .| feron
ry activati omaﬂ\éﬂﬂén%‘é%hﬁgﬁmuﬂﬁd o8¢ %ﬁv?%gbgﬁ%gaugpe%eﬁmééﬁgﬁ ear
factor of actdiaietolcenfbtidh; el cafiges Oin efllulac Bnorpbblbgy; 3B masiionse

el enent, Rb response el enent, and. STAT3, response el enent.
cytoskeletal rearrangements; and apopiosis. :

20 In another aspeot of the invention, a selectivity inducing compound (including

but not limited to & 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 a 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 wﬁy that prevents a ligand from inducing a
l' nongenotropic effect. In an alternative embodiment, a peptide or ligand 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 transcriptional activity of the steroid receptor directly by interfering with
10  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
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The term "reporter gene" as used herein refers to any 19pstdigoaadppety of
‘genes . . ' .10 which produce a protein when transcription is activated, by a.
t est. conpound or chemcal signal. This protein is neasured to determne
~the effect on transcription. Reporter genes are operably linked to a
‘pronot er WAEEP66Phe control . of steroid response el enent sBRER/USB1/I8HE "
estrogen response el ement or the like. "Nongenotropic activity of steroid -
receptors’ m ' | a0 fonts | Atk e omai n of
tho. T eceor PR sl (AL b RbHE ot actibtc) B AdRBEOmL A K omai n of
t he recepptesidoecepturer acti on. with. accessory-transcriptional regul ators.

B e
Lranscr! Ridefidr g{g@@i&ﬁ%&t inPRides’RrdinisBtiRf Gh bR #P klounCoRE REmPos der” s

meant to ne human or ani nal . di-sorder, condition, or disease caused:

- by or 5 chélat astivatesithb DN handieg tegioni of thexecdpdoy byt dndusmg & cénfognational

availability, nutati or .other inbalance of ,a, steroi.d,or steroid

© Tecept or O BYRERHAL FRRE TRC FeoRghn D St ANREF SRR ST DS PRER e
suffici epfefidy RS itllcﬂﬁﬂigf ai€§é1sé{ivle>efﬁbz§ﬂ @hBte&i@féceptbt 'Q:f?fiﬁiﬁd‘eiﬂ thaPhymieal ,

mental , or psychol ogical effects. 25- By "abnormally low' is neant any
di f f er enedmitigbring amweffedtiveaniqunt efa cempayad thatrindcdivetey fayctiomy shediasest cal |

" bi ocheni ¢ si.cal , ntal,.or chol.ogical effects.. eferred
oo ety iR EER BEAeieioR oA FRSPEP LS ipBohE Y fontorphdliontt B < 1

- addizg i OpghfigirRiddal chimids & it t&¥Bplor, akS iukéd Yhetdin,NfHe ¢efi coloftistbnab W th

di sorders in” postnenopausal wonmen. Steroid receptor related di sorders can

be associchangs refershosnghange il three dimansionyrsimsture of esiceonton Jhe dstpr esses

" steroid horpone. r tors. o hod | Lyve . ,Ng. a Steroidal
Response® aﬂ, “‘*-"(5?11%{[:' bf)?%ﬁrggé? e%ﬁ%éiccg\g/ﬁeﬁ%%t%e%ﬁ%gﬁéﬁ%f ovi ded -of -

~di ssoci ati ng FThitiav&itidalcan 06 asaiorselRtvelf £ffedt afresponkdin anysdfthe fahsily

genotropic effect of a steroid 26 1 3 Decenber- 2004 receptqr. In one

enbodi meRf steraid recapiont ianiuding fhege setouhin Fidde 4 derde, ad inparheulan,the ¥ ng a

st er gj dal en o) o NGk b acti or with
2 Cotmothd TRE St B efofel Firioly Bl A5 HAGH, FRIERRAH Rl BRI T o
the recepéceptorn ail FeRPR-2 (BRRCIAUSE ERIL), M #eepidiogdn rempiart AR), the . -
nongenotropi c effect, while not 5 activating the DNA-bindjing domain in a

manner  t REAgCHAEe eiscepter GRR).| wetineic graibrpespir (avds elated | orphan gPdepiott i ve

enbodi e a od_i Qi for . ' i i ng. a. i dal
o e Bond, Bt Y Bl R YOI, LOBHELOR g RSt Y
that  sufisrRg] ¢hithih Beédepttire seiirbfetivbifedaptof ffndloitPKreedptt TNRICBRIO in a
- manner that "causes the receptor to nediate a genotropic_effect, while not
i ndu@é ngresepiog LR randt bXRdngénweidopermons fregeptors| A jasd cBnéwvieh dind hat a
i gand does s ARl oh8YE3) Bna> b)), COUP-TF, ecdysone, the PPAR family

(peroxisome proliferator activated protein, including PPARc:, PPARY, and PPARS),

g pregnm X (‘_‘PXR”),’ bile acid binding family, and chimeric and orphan receptors |
25

—

I  Induction of Nongenotropic Effg'cf by Steroid throu’gh _an-rélated '
Receptor = - I
In another embodiment of the invention, it has been discovered that SthI'OidS‘
30 ‘can induce 2 nongenotropic effe'ctrvia an interactibn with a steroid receptor other than
~ its typical binding receptor. As used hér_ein, the term "non related receptor” refers to
| ‘bne through which the Steréid does not induce a genotropic effect. ,.It was heretofor
unknown ﬂiat a steroid can act through an unrelated receptor, because it by definition

does not induce a 'génotropic effect through an unrelated receptor, and the cellular
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~ "substantial" effect if the effect is |ess than 100/ a % BateRbeiZag4nat ural
sterqidal effect, and in a preferred enbodi nent, less than 5, 1, or 0.1
~ -percent:- that of the natural steroidal effect. Exenplary forns of :
nongent roR\igg activity include but are not linmited to 15.intracellular
‘second ' -MHASEMERY systens, signal transduction pathways, BEBUEHAISHS0
protein kinase, signal transduction pathways, MAP ki nase signal

transduct ﬁagfn@@&ﬂ}%gé?ts e %ﬁéﬁ%b&t.gﬂ% ilvenRed Yhid ABLBA PRI to

regul ation I nt'rac ular cal cium concentration; secretion;.-changes in

cellul ar saeqivelydggucecehdngentirdpid sffect of/ & etekaitl atedptore eomprisingreontactingnd

apoptosis,, 20 In anqther aspect, of fhe invention, .a selectivity.inducing
~ conpound e nEcERlP g1 ap;ymplajegnﬁtgaldtﬁmg SHE%?‘F’&E’_’ (hm%r ap aﬁﬁ%ée‘? fgand
“ant agoni samp&@mopg;feas%lﬂom B0 iR iom S0 8 U ESmPh H IR HeSREPARRL URA ng

exogenous |1 gand a sterdoid receptor for a bihding site on the eceptij)r-
“as a neansf the metlodt bf samtiwg tigetbddst presenitéd) hnreinigadi by uset ¢o sdetermoime  As one

—~exanpl e, a,peptide or.ljgand antaqonist can be adm nistered that hinds wth
25 the I JARBCH? AlPsTgd SUAGFaR AMARH 4y ieRa IoRgRBOBRPIS Sirect B APEPgR W nduci ng.
a nongenginsiRbd BiEISERH stekdid dbeplok.er Nat i ve enbodi ment, a peptide or ligand. -

~antagoni st can. be admnistered that inactivates the DNA-bindi ng donain in

a way that prelrenns nohimitingydwstrationned tus espagt @fgibeonvension, dfascheenThe
- selectivity-induci conpound can__tnhi bi e transcriptional j\wity of
he st er ofitFarREiha g PR Secbors (ERAl B D s RO S R e 3R
intergetigns h@ﬁs@iﬁdhﬁtﬁﬁ?épto@d’ efd | dateoblits’ @@EPbSEod i MWl Firfilara

protein-protein interaction wi'th either the |Iigand binding domain or the
DNA bi ndi #f§cicaerrimrespediyedeswhatker thelbindingnligang ist anecsitoger of v epdiogeiuci ng

- conpound d A | ' 2ast, .10 4 h that
wnen tne SRmeE Ros Blaf it iRt b BlonEiRbolif b SRR ER Gl ButE” 1Pt

- PCT/ USO1/ di8@fidncenpdtrgens) aad iadadogsns] MhigdehwtthioRase af lostébbldsisioste@sidsvat es

-the nongentropic activity of a steroid receptor. In.a still_another

" aspect, anvelVebdastationd el rgtacdbla csignal eregdateds kinasesr GERKS) e8Ept or i s
L \ | TN . . . | nor ok
Phat | [hocibinlslEN R o 0 Bl ObifdaPREVIE TR ibis? COTPOUNT S

conf or mat i onal Thy fasdnthagar sittoithain akangprevivushe considptd runrdlated ateraidot her’
~aspect of the invention, a nethod_for inducii_n a sel ectiyve ..%f@;ect of a
st er oi d. rEEFRIGP Pdugs &, pongegoreple Sfvrt medeexPlalghithy apqmaly desmibed fetiei ve
- amount - of pRALE AR U tHeN Blveh G oY HoRgerlotdpld SRPoilBAF@tLHccRthYcdlY dhe
|'i gand bi nding region of the receptor by inducing a conformational or .10
conf i gur dissessalevoidanfghe tespedive chssipteseptoAsingusl anaseiths stetedd isasimg an

cont of et L onal o SPANGS Lher S A 0ufe BRI b ST R HSloghh & octure

re ,
course of the event in which the effect is not receptor mediated at all).

IV. - Method for Screening a Compound for its Ability to Selectively Induce a
_ : Steroidal Response _ | 7 ,
a5 . S _

.,

T A—method is provided for screening compounds that are capable of inducing a
steroidal norigenbtropic effect ‘without substantially i,nducing a steroidal,g:notrépic_:
' effect or are capablé of inducing a _steroi.d'al_' genoﬁ'opic effect without substantially
 inducing a steroidal nongenotropic effect. The method can be carried out in a number |
30 of ways, incllidiﬁg: - o 7 R |
| (1) aséessiilg ‘the abi]ity. of the compound to appropriately bind to the Iigand-
- binding domain of the steroid receptor without substanﬁally aétivaﬁng the DNA-~ |
_ binding doﬁlain of the steroid receptor, or to af)prdpriately activate the DNA-binding
* domain of the steroid receptor without substantially é.ctivating _ﬁ:ﬁcti,ons‘ médiated by |
35 .j-thé ligand-binding domain of the steroid receptor; and then '
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configurational change refers to a chem cal change i n4pgdhid-Sob4 7
structure. This invention can be used.to selectively effect alresponse jn .
~any of the famly of steroid receptors, including those set out in Table 1
~ herein, and in particular, the a 15, or jB formof the estrogen receptors
(ERa andWXRfBJ660% he estrogen receptor related receptor-| PERASOEBEH or - 2
(ERR-1.and ERR-2),. the androgen receptor (AR), the. progesterone receptor:
(PR), reihnoi geagi:th ic4l AEvity bAiRes dndfbund k6 a8REORS abilfgRd ROR 3,
and RORy ;) gl glgocortglr%g?og&?%gﬂpt or It%(_ER), m neral corticoid receptor (M),
- Vitani n Mdueeeptavget nengepetrapiv effecic apthowt subsiantielyiinducing ¢e gensiropexR) |
liver X 20 receptar.,., ((LXRa and LXR(3), t.nyroi r .receptors. A and B~
" (which b?%%f’t’ et %ﬂ%ﬁyﬁ?ﬁ% fé %ésgﬁgoglﬁfﬁ%ﬂdwgﬁ?%%e%}#c%dysone,
"the PPAR, 8hdttapic éM&LOxi some proliferator activated protein, incl.uding )
PPARcc,. PPARy, "and PPARS), pregnane X (" PXR'), bile acid binding famly,
and. fhi nmeri cThadirer giepean be eprompdishebvidomolezgler modelingugefemplpmith -~

Nongenot [, 0opi. fect by Sterpoid.thro -Non- a Re or. ,.n_anot her
enbad neflE 88 oha Famiies o pueririndy BRARET REbE e MLk dpatits ¥ 750"

- can i ndufificaoR@ TRSAMiAGRE Gombin@eh bévdedid dtgiine whohetdhbest colpoaidd .-
receptor- other than its typical_ binding receptor. As used herein, the term -

~ "non rel aateates eabpther ligandf binding glompie or Hondyidhe N Arbindiag domaind Hises not

i nduce ropi c.ekfecs. . t of ! t 48 jd can
ct o hr oA Gt e e el B SlShE, Py BRI, OO SuBEE
| ndute avienedn’ Bei genefidigt aItefHdOthngF;ﬁﬂssuﬂ rsedrajdetbcEoe pt @ germtid vapenicel | ul ar

28 13 Decenber 2004 . WD Q1/96605 PCT//USQ1/ 18950 nongenqtropic, effects
wer e uncihstgof.at GseatropiqHichvity gah theoAuantified pring duewn teplmHgeest $ichsa ectivel v

~induce genaet I opi fl 7 A b g . LCOomed sing gont acti ng
the. r oo oBeRRYRRTA Rbfnr il mRiCedleEhol £ FSRERL M o |EPORRY, B0 B¢t
act i vat esiIRNA fspesific dor ofie bhmosd steid régubped] gbnasdi Suyeaiinmcan bodaoconpl i sh

the desired effect. Any of ‘the nethod of screening nethods presented -
herein cBNOIEMYERP to deternmine whether a selected steroid can induce a

targgl nongengitaRivoR! [Sh Y1 MdPLalRShIHHRS by CkagiH sl e dost er ol d
receptor. In one nonlrmting illustration of this aspecCt” of the invention,
it has beempalings thed seldctively intihee aither o genganetropicar geidERpiaeedERitiputind t he

androgen receptor. (AR 0 can fransm.t anti-gapoptotic signals to ,
‘ost eobl a§1b§ta&%@%6§’§@8@tté%° Tt eﬁ%ﬂ“&?% i ﬁ%@gifarsfﬁyespect i ve of whet her
the binding | hgaiditichaP BmBSARRAEH! He FBscAR HiR@EGN is a method of making a

tissue culture _screéning system comprising the steps of growing a tissue culture cell -

UI‘

20 ~ line umtil cell growth has reached appropriate confluence, typically approjtimately' '
- 50% confluence; transfecting the -tissue culture with an appropriate expression
 plasmid of a specific reéeptoif and an expresSion plasmid for a farget gene responsive
o the selected receptor; contacting the- transfected cells w1th a test compound; and |
then dctemlining the effect of the test compOﬁnd on fhe expression of the 'térget gf;né '
_ 25 tp%étérﬁ&ﬁié whether the qompbund,iﬁduces' a gel_lqtropib effect. In an aspect of this '.
| émbodiment, it is also ass;eésed whether the COmpouhd .h,asl'induced a desired
nongenofropic response. As a nonlimiting exainple of this embbdimenf, cells are
contacted with a pro-apoptotic. agent; - the number of apoptotic transfected cells
_ contacted with the test (:Ompoun& is defermined; éﬁd .the"f:ompounds that iﬁhibit
_-30 - apoptosis and do not substantially induce the transcription of the target gene are .
selected. | N | | N
“In the screening methods described herein a tissue culture cell line can be |
- devoid of the receptor whose biological activity i,SV being tested. In this cﬁse_the
' paissin_g receptor is added to the cell ]iﬁe by transfectioﬁ of a plasmid carrying the
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Further, it has been discovered that the nongentropic4fpeehod-derpendent

. mechgni sm of action of estrogens and androgens, which in the case of -
‘ost eobl ast s/ ost eocytes involves activation of extracellular signal

regul at ed ki nases (ERKs) are 15 nechanistically dissociable fromthe
transcri pwoemdssesct i vity of the receptors. The fact that ap@i/gsfigesecan use
a.previously consi dered unrel ated steroid receptor to-induce a

noNSETL 09, REVGERARY SRR e P R ABIERSHRE P Rgpplicio o0

tissues dﬁmaﬁtiﬁftﬁahﬁcélﬁﬁmtdl%ecdddwvﬁtf@@ﬂ@ﬁ&ﬁ. In such a case, the
~steroid is usin 20 unrel ated steroid receptor to nediate that

nongenot r opi ¢ &h¢ e’@?ept‘?ﬁ/\nl‘?woﬂﬁﬁe esahamar PN elemgnts ds otelecked dipamt then whi ch

-the effec te ning a
Conpound #egs O%S{‘% %&fﬁ{)&&%&%€ﬁ9§%@£ﬁ&d“u %%mgtlénf{gfagﬁt esponse 25 A
-methods i s pr ovTheYadad prassteceomisiscond ailnitsal pharhoRf eequepedibat edntaifgiuci ng a

. steroidal c’ln ,@gfnot ropl ¢ eIfect wi t hout substantially inducing a steroidal
genot r opi A ABAT glomegt capap %@M%B@Amb&%sﬁgp@m@e%@mwm c effect

wi t hout I n ] | g@*ﬂm eTcTale! rgg: f
fret hod canQ%Bg:[%égﬁJr’ u}é%d e E{S goﬁgi mgél% @B\E\ays . i'nclu St? é‘% -
assessi ng)rbhmtalanﬂMMWLTRe corrpound to' appropriately bi nd to the Ii gand-

- bi ndi ng domai n_of the steroid rec wi t hout ubstantlally activating the
DNA- bi ndi ng dbR&FROBFT EMe ep&edege%teﬁc@amny G Faaaﬁyrq;paepawvh%t i vat e

the DA biho 4irbgin g&%&%ﬂ 1pfea§1§/ea§st§é@ bfl deRGERIA & aer/]vglh@ REdaa!

actlvatlngfunctl ns nediated by 35 ., the [ig onmal n of the
st eroi d rrecagmizes; that dhel prhtem ©8n Dex endily  22604d WY @:aloeﬁmﬁc Paudresont; 18950

- (2) . nmeasur i |ol o |C'al t|v est, conpaund to assess
its abil ,lprgnwcﬁ?rmf%ﬁg gpqc& 5#%8&095 3‘1‘6‘\“’@’8 e rwatier 8S<SEnt i al | y
_' nduci ng Q%BﬁﬁéﬁpEﬁamﬁfeE%ftvanﬁﬁs Iy r&?'éehés\’vﬂaﬂzﬂ BALBE wRed McRie @1%”0" ropi c
effect wi'thout substantially i nduci n a genotropic effect 5 The first step

" can be adueiepial eimthevibdoramipbenica raceiyi Eanafgasqa((éﬂ) doalactisidase,tdikalived of a

_corrpter Al t,er nat d forns -of th recapLor l.acki n

£ b 5o L0 R, I Fiephse, RRPHAL B el e ok et it do oo
corrpound thepidfmadamitinetitintd Soatkili ﬂdﬁ-ﬂﬁu@ﬁi@tﬁh@&e Qsddy thecaatme bi ndi'ng
domain. The nodified form can be expressed for exanple, in a transforrred

cel I . CelGAT dgpsedrinanammalin systemschagsauss ityisot ia@@nmyllﬁpe@m @@y@wpmess a

steroid rngéiﬁﬁ‘aﬁ& Qt{(usaan%{‘?ésk% X&Bgafﬁus Eh@% d@féh‘%fe R f}’(‘:%? can be

quantifi €d- uSIng Known ni ques™ such as ﬁe a total .
MRNA genén disaut ¢1ﬂu1f£6¢mrt$ﬁ Hearsad tceﬁienﬁﬂprtﬂmds v\ﬂﬁ\dl dtrectly or md.trectly o

20 - interact with the receptor to activate transcnptton ofa gene.

In another embodn:nent a method for screening compounds for the treatment
of steroid receptor related diseases or disorders is provided compnsmg (1) contactmg
a cell’ expressmg a natural or artificial steroid receptor with a test compound; (ii)
‘assessmg whether the compound acttvates a nonge:ntroplc actmty of the steroid .
25 receptor mcludmg but not limited to an intraceliular second messenger system, signal
' transduction pathway, protein kinase 31gna1 transduction pathway, MAP_ kinase s1gnal
- transduction. pathway, Sre/She/ERK signal trans'duction. pathv?ay; régtltatiOn of
~ intracellular caloium cqnceﬁtration;' secretioﬁ;_ -changes in cellular morphology; cell
" motility; cytoskeletal _realrangements; ‘or apoptosis; (m) ‘determining the level of
30 .transcription induced by the test comﬁoun& and (iv) selecting the' compound or
compounds that activate the nongentroplc actlwty of the steroid receptor without
| substannally activating the genotropic activity of the steroid receptor. “Substanttallyr

- activating" the genott'opl,c activity of a steroid receptor means actlvatmg transcription
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MRNA speC|f|c for one or - nore steroid regul ated- gene513§g&eﬁ I-Pgpgan be
done in vivo or invitro 15 Alternatively, steps | and 2 ca be combi,ned
. by sinply asSaying for conpounds that selectively induce elther a - .

g nongenotro ie or genotropic effect wthout substantially i nduci ng the
other. efW@&L2¢85an in vitro cell-based assay. An additi oREFUSHEEAPent of
t he present invention is a method of making a tissue culture screening - -
system Coimt mhN9% Bt HIaRNR K the haik) Stdtold re&dpRors, Und pirefefully, lesd Ghani ne until -
cell growth has reached appropriate conf |uence, typically approximtely
5096confSu%nherOiﬂénsfectlng the tissue culture with an appropriate-

Target gene & a8 oreyetediBi.s bR o SPherlRs st R R AR BT ¢ TOr @
~ transf eCE&Qstelehd §ec\épioh reat&@&‘hezssdmmdeﬁesmﬁmrbﬁqﬁe (5 Banthiingef ect of -

the test conpound on the expression of the target gene 510 determ ne
vihet her awenempwngamnwd@gmsﬁgehmwm@z@wmwh ﬁt@h%pead ng hi s

ongenot Pbih oPb B g B RN tithy 7 sARPERE oM hERMARMR "°Cl S

o are . Conhawlask W ﬁcﬁhg%nﬁélﬁc aRapiptdfCtheagenid rtads@towrfberemhp&popsgmlc .
transfect ed cells contacted with the test corrpound S determ ned, and. the

. conpoundm@mﬁmmﬁmywﬂap@pmﬁe@ kinasecrigal fransdyiction mativray, pMACe the

transcri h r el d Qﬁs‘ﬁ thods- T
descri be ?eﬁﬁlﬂ& &?‘f’sﬁgﬁgo ﬁ’ra ?(Iéljl§l %\%gcanhgcﬁ evo g?g#rg%?{egereceptor'ﬂ
whosep bi ghsbsig! (iidc8éteintiiting ShdRivelDofl @aisexiptidminidnees] bﬁﬂ& tehtecompcmﬁd;ng :
receptor I's added to the cell line by transfection of plastﬁg rrying
the 30 16vDdetermiaingwbatheyihe tepbemoporpdiphitts PROIYGHS S{cgptag sing

- receptor QL 8.6 ;&E‘i& aofl &ggmgﬁiah‘&ﬁ%ihi@%% {ouc%la@mrgﬁa) %aeagfgmnt_for-

that receptor c via trans fe tece responsi ve
_enhancer tHal\léompcmmlnbr lcempahﬂstﬂmi zfcmmtetthe NONESHOPH a@tneﬂyec&ﬂiessterold

correspondin he S eC|f| reqe used in- t.he ste e basal

pr onot er T%6A Fs ot gerth% &fﬂ@“‘&@c "I‘Fi%1 H%atpﬁs“gmeATA

el em;pt £ e of bi nd| ng RNA poI ynerase |l and is selected fromany of -
‘the commonly used el enents. For exanple, thymidine ki nase pronoter,

~oval bumi n pr oﬁmgetrazmthhrMhﬂdetﬂ'@tTmmeﬂmdcfotﬂle sy@@aon@ﬁawnmuednlé@fuf rom any

of the variety of n n.which 10 the rote| n_produc eas assayed -
or det ectihe %m;mgﬂ p?ﬁ%uq ﬂS?aﬁ%"aF‘t “}"é%?a? ne %%&P?&&@hfi?t lflﬁjé“déﬁ' otein .
can be eﬁ%eésrn@%eﬂleﬂ a Ry mpahr edﬁ%ires ¢he M@Wﬁiﬂomam of the estrogen or '
' androgen receptor without substannally activating the DNA bmdmg domain of the

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 aﬁothei‘ embodiment the receptor sequence can be human, nop- -
. human, or chinieric 'By‘chimexic it is meant, a resulting sequence comprised of a
N mlxture of sequences from at least two different sources Alternatlvely, the receptor
25 can be genencally altered such that speclﬁc sequences are deleted, added; or " -
| mochﬁed : .
In another embodiment, the act:tvaﬁon of the DNA bmdmg domam of a steto1d
‘honnone receptor is determined by usmg a non—endogenous DNA. sequence encoding
an operable hormone response element operably Jinked to 4 ‘reporter geze. Methods
30 - of measuring transcription levels are known in the art and include physical 1solat10n
and quantification of mRNA as well as more complex- procedures. | Eor example, the
‘production of mRNA can be quantiﬁed"using Teverse ﬁanscﬂpﬁon—pOIymerase chain'
reaction (RT-PCR) When optimally performed, RT-PCR can be used to detect
n‘anscnpts produced at very low levels and can 1dcnt1fy RNAs in mmute quantities of
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_ immunochemi cal, chem cal or radiochem cal mnethods. FujiRBgLemitdi@obgporter

‘gene :can be a chinmera. Exanples of various reporter genes. which can be
used include the bacterial enzynme chl oranpheni col acetyl transferase.
(CAT), O- I&(’:éos_i dase, ‘al kal i ne 15 phosphat ase, |uciferase, peptide
hor‘rmnes,g'gq 6% actors and chinmeric proteins. In the prEEESHAS950
enbodi nent genes produci ng non-native -proteins are used. For exanple, CAT
is used i stantm@bicAl. SReALHE RRE RISPCR kitsSar@OtordmBRIANE! hvailBRUN fThilg enzyme
in manmualian cells_and is easy to assay. Thus,. the recetgt or dependent

act i vat i ofdogersns mRNA | lsvgle cen| beirreadily] monifaredbio aswess ttbei effast i dfya

" conpounds ' |y or indirect , | ct-WMth the.receptor to
SETTuar s RO P (A i g B
Scr eenl ngeapapqmeds Of stréenddl By la8Rin LR {He rpseihtde behBlgeh1dl seases
or- di ;org&ra%cilt;,saéqo&ded .co%'i_si ng: fizmaggmr;;acti ngﬁiiamcelén-exﬁ%rt%ssi ng a
“natural i A LORIPSHRC (b ERSPPBTE i 2 COmpo ganiang Wwitn) the
~ assessi Ngy\ ) e. conpound activates a nongentropic activity of the
steroid g%ga%%gﬁt%#: ‘including -but not limted to an intracellular second
messenger systAipmsiigigl the regpeskicd | o gpgdsheay , bed dRteinined ivgiage Daygnal ,
~transducti pn pathway, MAP kinase_ signal . transduction: pat hwa)g Src/ Shc/ ERK
signal t rEHFERRTER 8559Yat HARSELY: rBGliiGitaclsn 181 the fouma oF |Ipng fouble stranded | |
Goncentra(;dnﬂg" im&ReYy 0., Lqm o A, ) : ility; .
cyt oskel et al rearra%%?r@e?ﬁ's; ggﬁg%‘%%?’gg%@ﬂe?f?g&ggﬁe@%éﬁfﬁg he e%ve-l_ of
30 trlanzcusmg’ rabot icm:l:uﬂiedd ”?i?s bh;t?ﬁ(b?hasf&hﬂnwaﬁh ivall symthek : i:{.!'l‘ehsstte!]:ﬁgﬁ?ieﬂgfof?ﬁ o
conmpound- 9r ¢ unds at actjvate.the, nongentropjc_activity of. the
Steroi d. rBRugE LRI APOofticl P g he APRLAG tapabh dlidke MAQUBRTEIEC 1 vi t y
~of the stRMidede/RALOId 5 | s atti vahi-Ag. . t ic
activity of a ster%ﬁé%%%%%%?@g@?b%ﬁs\%ﬁx ]%e?g?]g%r]lgb#?%g E‘}% lilg o
. Decenber 2pp@prial Pericd6BUEmECHd 8ol 8aSlingsteps,t thahybfitized atrobenmlntdeid - by t he
anot her  aiba e 8B aTeRR e S SrBr e SRElst KBRSt ot & |
~ anot her [ . o - : preat of a
'Sex gber inthe SL&PEk Rhowk) Bk B6tréhSRARE Fudibic AoRIGh RS sdrfplP bRY belBble&LABY 1 SI N
(i) contacting 5 a cell expressing a natural .or artificial sex. steroid

recept or the Presanceeaft a gignplodiriiaiasnote loation onc thetilidas Usimgvihishmathoddhapopt ot i ¢
1Rty - il & _ p s vat , . |
Sottvi y ProRRaR el BRI of et A0 B S BebHEY FRafeof RERELE 2 o1

pat hway $ieatr.as a protein kinase signal transduction pathway, a MAP Kkinase
signal transduction pathway,' or in general a mechanismthat prevents 10 -
apopt osi s; (i ifP)stilfeinofher rudkpditaent; agievatess of rsglestive mongentiopifusignallng t he t est
compeyind qqn (HeV 1 A\ Ng.. ' C d_1nhkbi-t,s tosis in .
o sbjcoﬁ?%c]%‘ae)éelgv_.&%f by (D Wntbld Terrd WepleShe aO%BRﬁJél of %Pﬁﬁélél _Vst%%%)_ >

: recgptor(s) with a test compound; '(ii) determining the amount of ERK activation in

the cells contacted with the test compound; (jii) determining 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 tr"é’hsci‘i-;')ﬁ'dnlevels as cbmparéd 10 trahscﬁpﬁons levels in ceﬁ_s_ contadted with the
| natural_steroid., In a preferred embodimént, the compounds are identiﬁed using a high
“throughput dombinaﬁon s'creening- which simultaneously detects ERK activation using
a SRE-SEAP construct (positive 'réadout) .and C3 (complement '3) transcription
| | (negati\}ereadout). | l ' A S
30  The SRE-SEAP assay detects activation of the MAPK/JNK signalling
‘ pathwgys by means of assaying transcription factor (Efk-l/SRF) — induced activation
| o-f'a Serum Response Element (SRE) placed upstream of the herpes éimplex virus
- thymidine kinase (HSV-tk) promoter that drives fhe expressidn of s@creted- alkaline
_Ipl_iosphatase (SEAP).. This assay is commercially available as are kits for in vivo
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a test conpound alone or in conbination with a pro-appphetdss2eoi; and (v)
~selecting  .the conpound or conpounds that activate the nongentropic:
~activity of the steroid receptor wthout substantially activating the~
~genotropic activity of the steroid .15 receptor. In yet another enbodi nent,
a met hodWQPI6HES sel ection of a conpound useful. ' in the PEEAISHEIROSOf bone
- disease or to increase bone nmass is provided that 'includes assessing

whet her i t ?é}sli BRI 'Ens@‘&{m?ﬁ- j t tgﬁﬁ-ﬁ‘ gen or

andr ogen%s(éig\‘_{er%&%?t%ou %bs}{igﬁ I a F?/l actl\}/gtl ng t ghe%%l&% I ng” domai n

of the 2thedase s Rplacedwily meliivedhateconthmcabiobiedl 2V wseartner. Cellk aracudturat her wi se
~known. In a preferred eonbodi ment, the sterold h rm)-mf receptor, protein is
" expressedor s 18 Fhegdhd e ang hemasaysd. ed:ﬂi’(‘)"@ ﬁ%WPqSk?éert'@éféBtvﬂFh_ sequence
‘can be hypgan,. - human, or chinmeric. By chineric it is neant, a resulting -
- sequence conprised of a mxture of sequences fromat |east two different-
- sources. Al t edAnfurfheedmbodifientrafdieppiesent Rfvention i en gesagt foc aldnjifiahg etesti such -

t hat specific sequences are de|leted, added, or . nodifjed. .I'n anqther -

enbodi meRPPERY %Ph%ﬁ%ﬁ@ﬁ 'Lﬂeamesmasﬁ@wa%cﬁp gty PBRUE hor none-
recept or oS+ ) -a‘gﬁqi@?&ﬁ%@s if@'@h' %,I;Hé)di ng an

- oper abl ésﬁ%%%g%%gﬁgg%@ﬁ¥&g eI?-a l'y“l1nked to aéfaggﬁﬁ:go gene. .

Met hods aGissudf cuibas scrcenjng systemr inpippoopriatveiediaawbertaimn e icell dine ofitbe and

i ncl ude physical ‘i solatjon nd ‘quantificatipn of .as | ,as nore - .

compl ex BFUBCGAES Soreghing, sy, CHTEES pr SIS FERPIT HRAE oY SRnt i ed "

usi ngo r eYRhEfed MBASHILPI RBVRY] YIBAE S ouh€ ¥t dHemit AT TsifaRke thben.

optimal 'y perforned, RT-PCR can be Used to detect transcripts produced at
very | ownledisetml medsieing the emauhy oRNpssdription rnd she @arqunt i of snapggergropia:

Decenber 2004 WO 01/96605 PCT/.\S01/:18950 starting material, .Reagents and
T POR KDY, e SRS B S ey vl a P e onis oA el oo, afRRBEOAT < T
‘be readi ine dBINideWhBsknt DdA%E B Sn VE tIef diRaticlly R fin6d tuRRMANEda KhéWs &t i ption

| evel s. I n other enbodinents of the present invention, conpounds are not
scr eened theyartarskspitille foiathg el linet Hae tapapiers and Eperteh BgRIsCan begdded by '
characteristics. .of .nresponse to a test conpound interacting
wi t h he S HRBH tr%é%%@éﬁhg%c Q?'natiVel y, the expression of genes can be
- det ermi ned. usii@nétiéy eibédiamnt, ay nswdyfor sBféesihk for nusdleditvealigaid ¢fhat he form
of long douhl e stranded _conplinmentary DNAs or oll gonucleotides, is applied

t o’ gl assStFad sreepiges 15 prefdded eqmaprating tiesiars 9T Oyadturgg el te eelbeWarer sol i d

phase 'Vchﬁ:[gd&akivh\%%'e_% h&S|Rils -I;ﬁ'ﬁﬁaﬁf YRRy Ofxpress a steroid receptor; (i)
' | -ccntacﬁilg the cells with a test compound; (iil) determining whether the test
20 compound activates nongenfropic activity of the steroid receptbr; @iv) determining
- whether the test compound activates genotropic activity of the steroid receptor; (v)
selecting the compound that activates -nongehtropic activity but does not subs-tantially,
 activate genotropic activity of the stéroidrreceptor.' _ _ _ A
7 In one émbbdﬁment, the cell line is OB-G and the ﬁongentro_pic actmty can,bé
25, defermined by assessing whether the test cdmpoux_td inhibits apoptosis._ Apoptosis can - '7
 be assessed usmg techniques known in the art. For exaniple, cclis can be transfected
with G_féen Fluorescent Protein localized to the hﬁcléus to assist in assessing changes
111 nucléér morpholo'gy correlating to apoptosis. Apoptosis can also be deter;nined'
" using Terminal Uridine Deoxymucleotidal Transferase Nick End Labeling, In Situ End
30 Lz_ibeling, Hoechst staining, or | assessing _ éasp_ase—3 ‘activity.  Additionally, '
- ﬁongentropic activity can be assessed b‘yl detcrmining_-‘wheth'er a sigﬁal transduction
. pathway has been activated, prefei'ably -ihe Src/Shc/ERKsigﬁal traJ_:lsduction pathway.
" Cells can 'be .transfecited'with énongen&opic activify Mke:, preferably-' the serum
,response element/Secreted"aika]jne phosphatase '(SRE—_SEAP) construct such that the
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t housands of uni que spots of nucleic acid can be appl{£fidfnRachos! i de.

ively or fluorescently | abeled sanple (probe) DNA is then applied

| ide and after an appropri.ate period of time, and several washing"
he hybridi zed probe nucleic acid is detected using a m croscope or
*scanner. WO eis6osucl ei c acid identity of each spot 15 on tper/pkiidgedes |
known, -t he corresponding nucleic acid in the sanple can be detected by the
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- Additional ‘embodjments of the present invention include screening methods |

using multiple transfectants such that cells can be optionally transfected with steroid

receptors, i_ndﬁ;:i_ble reporter gene plasmids for detecting genotropic activity; or

inducible reporter gene plasmids for detecting nongentropic activity. The steroid |

receptor is trans.cﬂpﬁoﬁally active such that it can induce the expression of one or -

25

more reporter genes. Compouﬁds can be screened for desired effects on genotropic or

nongentropic activity by monitoring the change in reporter gene expression when

' ﬁanSfecte'c_l cells are 'i':reat‘ed with a test compound. For example, a first reporter gené

= construct can have a r‘es‘ponse-‘element upstream. of a reporter gene such that the

30

transfected stéroid receptor encodes a protein that interacts with the steroid Iesponse

element to induce the expression of the reporter gene. The cells can be single, doﬁble, '

- Qr"ﬁ'ipl_e transfectants, or any other multiple of transfectants. In another embodiment,

2 method of sc_réemng for ligands of steroid receptors that induce nongentropic

© ‘activity without substantially inducing genotropic activity is proﬁdéd comprising the

.steps of: (a) contacting a cell with a test compound wherein the cell has been.
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10 identified nongentropic activity; adding a test CcORP@HREHBE Zpgm cal
'signal. to the nedia and nmeasuring the amount of transcriptijon and the,
~anmount of nongentropic activity. One skilled in the art will readily
recogni ze that the nedia chosen depends on the cell line chosen and can be
‘any of t NOHWTally defined culture nedia known in thePEFUSEABONI t abl e
for the cell line. The receptors and reporter genes can be added by - 15

either tr, n Sk t.r JAR| I ﬁf%@' t . ~mae et hod

for scr eﬁ%ﬁge&%ﬁgh sk I%;Iﬁcltg‘f&\fg&“f&? %%%%b@ggg 'fﬂgt?deb?%il%érf ecepgbggig&i engtrl‘g‘\ii ded

conpri si ngribttefat e@sidfecéptdr whitrtinrthageotd teseptor isatdnserigtionally actbm] &) wher ei n

~the.cells naturally or artificially e-*xp;@ss,'a steroid r%iﬁe t?r;, (i) .

_ cont act i f§ TETEDIPIPECH}-TROHCR §58P COUSHBCARA 1 iSPTU HEPYISH “EF&' Br the:

“test 20 ¢ 1A Sﬁaiﬁﬁ]%?e@ff' | b M ' . geeptor;
(iv) det g m ﬁ‘?ﬂr%g'uacwm ﬁ%r i egt est eggd%gﬁgéét -g%]%l?‘?/]g{de&snk%g?gtﬁgrcg ﬁgﬁ ggt ivity -

of the stike edsgonisecelptant-repuiter. soab eohstrgt; t(op detempomingl theheffech of ithe tast -

nongentropi c activity but- dpoes not substanti all activate '?geno ropi c

acti vi t y GPppRRd ap Bheohansrripiagn of the SeHIR fesPeRisAFREePQIiE 898F FosthE: i s OF- 6
and the ' | YA &the SAeT 1Ry | whet her -

The 1 est R R b vt o Y S e g

t echni quedenkendreparter ighre construdiovithentsvbktantialbyt ¢ffecting theetransariptionceidgie wi th -

G een Flygqrescent Protein Icgcal i zed to the nucleus to assist in assessing

- changes FROTEL BT PR _

be defger m ned THass RE LA akillUhi @k Re: wide Pxcopiieo@ht gl inTeavef @mase N ck

End Labeliing, In Situ End “30 Label i ng, Hoechst. stai ni ng, or assessing:

caspase- praticed usipg uliplé oelhlings rathep thysr single celt fing icoptaiing Bwltinleessed by |

~ determ nin et her_a signal .fransductd an at hway | een l,vated,

 prefer ablt?gf%gagrsc/%epﬁ%?%ﬂj% ? %P?ﬂ%ogu%ft E(B:ﬁen&g%/ Ifl{\?é%rgs&qd?g&c eﬁgt_be
transf ectsRelidi x’e&/ﬁmni%]ﬁed{"dis‘éfﬂ&s ROfrbvided complising, Bfoaicﬁﬁg\tal first beil geum
response el enent/secreted al kaline phosphatase (SRE-SEAP) construct such

that t he iBasfegedewithir trapoiptigmly] pdiys 0BerPET ressphor 18595 6rst IgPRIEEWEEER L i vat i on

of t serumr onse. el | €. e o] . [ kal i ne
phospiiat aeteiur BRERERuBA BT Rndthlys sy SePLPIRERohraaRard Kbl o8 U 'S
si gnal | i ngepahirecsd with tearasaiptiandBydctige stersid eedepior and hacdond répgdrier 1/ SRF), -
The degree of genotrogpi¢ activjty cg be assessed usirngotec.hni yes known in

"5 the arene popsHuet sherdn SRBYEPHEM OF thesteepry] BeRoECE BERST SONSHHELIPHCARi t h a
test. : i ‘ - R DA
Corr osponth Agie A O AL, UGOARCRIY 4 Bl MBSl g o

parti cul deteghiiing the effapoda test aakpaid doi thelitragsaiptivhef sheficit dad ssondonpound
conpl ex to the response el enent sequence . -indjcates that.the test . :
conpdind TERsEE: BEHE SEPBBEsEHaR e A comRr Ry ek Bdies gheigagon of the

~ second reporter gene construct without substantially activating -_the transcription of the

first reporter gene construct. _

- Inyet 'anothérr embodiment df the present invention, a method of screening fo‘r
~~ compounds eﬁ'ecﬁiré for the treatment of stéfoid recepto.r- related di_seaées dr disorders
25 lsw pmwcfed comprising; .administeﬁng 2 test compound to li} ‘host, preferably a

| ﬁmmal, rﬁost preferably- é_ﬁlouse; determining the efféct of the éompound on the
target nongenotropic action; detélmihigg the effect of the compouﬁd on transcription
-of genes regulated by the steroid receptor, and selecting the .compound that quiateé _
L 'thé nongenotrbpib effect and does not mlbétanﬁaﬂy activate the transcription of steroid | '
 .30' regulated genes. - o N ‘ -
' Apoptosis of bone cells can be assessed by obtaining bone cells from the host
. afier administration of the test compound using TUNEL or Hoechst staining.
- Additionally, ‘boné'hi'stox‘norphoﬁ:letry can be used foi' directly and precisely analyzing -
, the effect of test compouﬂds on bone tissue. Histology samples are usually obtained

36

gy correlating to apoptosis. Apoptosis’ can al so.



to skill in the art will appreciated that the either {hp=tdthshelped steroid
or the unl abel ed response element can be inmobilized on a solid phase and:
a l-abel ed steroid or |abeled response el ement as needed can then be added
to the sowdopbeee. Detection of the [abel on the solid ppaggishiidebie
presence of the test conpound indicates that the test corrpoung-receptor
conpl ex does_not_bind nucleic acid and therefore, does ng&)@affe t 15

genot r opi cbrbens biopsy.Alhe eHests 0bp jest cormpannd o @e apepipsis of bous c@iﬁm nd

conpl ex cap. be. . 0 Joipgin , Aj ' seriofion
~factors i n%f‘gg? %%éﬁgs%fl'bﬂg? T nﬂﬂtﬁel%lgﬁ%&ﬂﬁh%?esklﬁag, : %ﬁgﬁéﬁéﬁéﬁ Lack
~of bi ndi ngstedngtthe Bbsy @hfls rean el assekedt udogEXA o tperipherab auapitative f act or s
‘indicates that the test con&&und' does not. inhibit genotraopic act]j \éLty. 20
Addi t i onal CeRpEed IRy PRI, Song strengih A BhmeaRTet 1l eBaragIcAEt hods -
- usi ng | tipke t . ; . | I fected
R o S e s U i
genot r opi cdetedniningythe efifect bhaltest dohrponnd o tierotwphie aptivisnomdsrehs actikdtyect i ng
nongentropic actjvity. The steroid receptor ,is transcriptionally active
such. that it ca'ﬁhfmd%@&dmws@ﬁ%@fs%m RPRIfdatg thas dhe geresning,me ﬁsgﬁnes. -
Conpounds' g C Shd §ilis t:g.0f j ﬁ% pgent ropi ¢
activity b@‘gﬂ%‘%%‘%rﬁgﬂlﬁﬁeaﬁgﬁgeﬁ% n ‘re%)c{)?felra ge-fv1e e@pgr%ggsﬁgﬁtr‘a engee '
t ransf ect egenottbpis siereidt reegpti@rdactivity vethoes hctvatimg nomgenttopicestenojd activityf i rst
reporter ne construct can have_a response, elepent. upstreamof a
report & ,g'glaﬁgéwm?m 540 P diseq WARR MOBEHFORICRUIVEY r U HHalY TeGfElRAS a:
protein t hglwinidEh@Geaottbid altfifySh Fesidd, MERROIRE: SSnphideHan 1R usBdise the
~expression of the reporter gene’ The cells can be single, double, or
triple trametetdroid or stroidrgcepidrerelated tdisshses odndt disnuiersc wéhers genhatrapaot her

mbodi ment , . thod of..s: ing, f.or_|igands of .steroi tors that -
Fhduce morstivy GhitAS Safid 37 SRR B aenelifinte BriUhT Rt nGEBeHOP RS pi ¢
-activity i gniidmbaied ntMhod fof kdtfenitiecdmBdulRs fetfthd BlathlRAt 8E5teREd Roce@bt , Wi th

a test conpound wherein the cell has been 35 13 Decenber 2004 WO 01/ 96605
PCT/ USGL/ 118518l tlisgasss cut digordenshin onp emipnjimertqa cieaesterpid deerpler rdlafedt i onal

e SR PO et 1 Aot Bl s

el enent - r ep@bidaecgRe i asnibodimertnckekisteroid @6depior ewith ASestloaipoad;r(Epor t er ',

~gene construct,; (b) determning the effect of the test conpound on the
transcri pt3ssersigg wWhethe thesermpoamd | achiales AcPeREcERODIG ARIVEY Nk thec fterai¢)

det er m ni ny D eterBinidd et ﬁgﬂﬁ% d b L pL o0 of the

serum resgg?\ipgﬁﬂéﬁfgﬁre%%t-repoét]?]grlggéénoe cons‘truélfiiﬁ ﬁéﬁd )(’g?;g%f ect LFlugl_ﬂf he

- conpouzd  tamdt(ivd Gtlevtatigethe bhpduraineaonpolunnds thit dchivatsdhel genotopimativity of

B T R arieid Samptor Shout Subsntly s 0 hohenkople Sty b e

steroid receptor. Substantially activating the jxiongentmpic activity of a steroid

" receptor means activating a second messenger system such that the second messenger

. system induces a_nongénbtropic biological response in the cell. Exemplary biological
23 ‘responses are chemical | caséades, Vinc'luding but not hmlted to .th()-se cansed by
- phoéphbrylation, changes in morpholbgy, secretion, proliferation, DNA synﬂiesis,

' protein synthesis, and cytoskeletal rgarrangemcnts.'
.V  Methods for Using Colilpouhds That Induce Selective Steroid Receptor
© 30 - Activity, o , - ‘
o B ~ The active compounds which satisfy the criteria set out in detain herein can be
‘used to treat a wide variety of medical 'cbnditions. Moreover, because steroid

~ receplors including sex steroid i-eceptors 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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ERE-reporter .gene construct. 10 Those of ordinary ski nggee,{qu;}qg@m wll
‘recogni ze that the invention can be practiced using nultiple' cell lines
- rather-than a single cell line containing nultiple transfectants.: In one
.enbodi mag,to, thod of screening for conpounds to. treat | ecept or
‘related di soc}r%gigﬁs I's provided ..conprising; providing a fi Fé?ﬁ{:se*lﬂw%fne ,
transfected with a transcriptionally active steroid receptor and first,
r epor t er -tipene; hileods apsodustive tissins dhé petiverconippunds pbeipresend mvientien earoi d
~receptor;, providing,a second cell _Line tarransfecte \Ni.tg%)t £ .
transcri p}ﬁp'&??gl tpyt%&a] @Ege_gt ‘gf?fﬁﬁr PE these oF ol %%’*&Eﬁﬁm S alé?rde’éésne
- -const r uctrehQy Bistrdii2BEEH, leRhérQRneropib r AGkRAMopiGPOr t er gene construct

-indicates the activation of nongentropic activity, preferably a signal

transducti on phl]E Ia\/\ﬁ%l@:t@mﬁimﬁ:@ the astive compounds esn bengsdnte Gﬁa‘t hg
el oot i 8 REHED GireedhaFo! feride prapaBl b il 457 S fRRRORCHEOIE 00 o,

‘gene consdckivity of tdauhg SHbstARiusalel Yinakige ahd nendlh QribfieN 6k itel usd @f the
first reporter gene construct.. In yet another enbadi ment of the present
_ i nvent i orfnodulgist rasereaetivatyr adniymepatigtic babingeu ntieliver eeapoundsrigentificd B eat nent”

of steroigd rec or. ralat LS S0 b SO, . i ' - o
conpri si ntg‘? pe{a%’?l ﬁli s‘f?gr |m?11[gIS agr ﬁésat%ﬁg‘gr%oélr% p?% SgegélloﬁSf%é%tPg%ngﬁgg%%f%gvneamml . '
nmost pref @ffefdny cFfetRUSE; eadB! FoRi aXiafippld, hen elkfiee tcopipdubd ceulfoinhibipnhd he E
- target nongenotropic action; determ ning the effect of the conpound_ _on .
t r anstr i pgsneRopisrchEReat onsgtareidaacapjoriwighost mhihiting thegrnofropigrgtielly ekt i ng
‘the conpoyngket hat ' S or L BE: hobikl S8t ' - '
~ subst ant i%‘ .yéractsit%g@eﬁ%:ﬁg% r g%%lgér} %@%%B%hg?@f?oﬁh@o% rsggﬁ?ia{geagptgrenes.
Apopt osi smaf bbditdbic eihiils teemongentasgsie astixdtybyf aodiffaranit sigrdid hermehd scéptom t he
host after admipistration of the test conpound using TUNEL or Hoechst
st ai ni ng. S 284¥*%%-onal | y, bone hi stor nor phometry can be used for directly
and precisely [V~ > qef ' an te) : :
Hi- st ol ogy sarrp‘l’[lge;I agﬁé‘ggﬁg{lﬁlf oiﬁ%n@gségﬁ%&%g%gﬁgg?sgogg%ﬁ 5??%664505 '
PCT/ USOL/ éfflebfind disbaiess incldsg. nofhimsairf-deptepdarft dintiofsst ascwel s ol noduddie

apopt osi s_of. bone cells ¢an.. also be assessed {) . eterljcn' ni n%%lhe ffect of"-
the toest BETBERE SAHbnd FHSETe FIBBRAS EpransEtidBErR R B0 assessed
_using DEXéyRpouR@s nRieb@ hsdtU@Nirdd: drblVRrative Mkt iR fbctieiP disaidey. (1TReTactiveone

strength can be neasured with bi donechanical 5 testing. The acti vation of

t ranscr i ptdrepoustls sear adisel heegssdatee dregl mevrolagicad ediserdesss melwling EPIEPSH ni ng
the effect of a,test. conpound on r.o LC tiyi activity.
hese of Bpitredcpt kiR MRaHila, Ak ih e AhER infbaificnt ahd e BOERIACT VITY:

- met hogis of The active compounds can be used as bone anabolic agents in a host, including

a human, to stfengthen_bone for strenuous physical activities such as sports or manual
labor, and to strengthen bone in persons or other hosts who do not have osteoporosis
but might be subject‘-to dsteoporosis in the future because the host is in a risk grbup
- for t'hatr‘ disease. Other uses for a bone anabolic agent in humans include _the treatment
25  of hosts; including persons who are bom with naturally thin, small, or unl_ls'uallyr )
o '-ﬁagile bones, including weak teeth, persons who have a genetic predisposition toa
bone cétaboli(: disease, or an orthopedic bone diseasé_ such as joint degeneration, non-
 union ‘ﬁ'actutes,' orthopedic problems cansed by diabetes, periimplantitis, poor
- Tesponses to bone grafts, implants, or fracture. - o | | '
30 These compounds can be né;éd fo increése the bone mass in horses and dogs
used for labor as well as those used in sj)orts such as iacing. The cofn‘pounds can also
be used to increase the bone mass in chicken_s and turkeys used in meat production to

increase the ease of processing.
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. the present invention can also be utilized to identify;earnadsok hat
:activate genotropic steroid receptor. activity without activating -
‘nongentropic steroid activity. .10 These conpounds can be used when
- nongentropic activity of steroid receptors is unwanted but genotropic
cactivity POYEEHRG. " Thus, these conpounds can be used to PEFES/I89r oi d or
steroid receptor related diseases and disorders where genotropic activity
of the steroid RepfRgitsd Bilabblie HoRBOEREQPafe POitinchbdauss B&bopolbdis, ' 1N
- one enbodinent, ‘a method for screening conpounds, for the treatnent

of . st er oi dsmﬂé@eps’@@porgsw elnamales dpadk femelesr B«l@@@@é@@-mdwedn@stMWe nt a

sex .stero t i seases S QU c risin

contact i ngﬁﬂmgﬁ]fhﬁgexﬁrggéﬁ%nggtgop%ﬁ?sﬁ%alwei%b sﬁﬁ% f]#@ﬁ%l %&@ngsbg r(aée%tor i_n
“one enbodi spape fHghe) puseirisglahREER (dRteoptiok, MifRedry CetRRpMdeis, (dibpathic -
assessi ng V\/net her the conmpound activates a nongentropic activity of the . -

steroi d redeqposesis, G‘i“fem]e QEeeRRSIH, ﬁ’@g@tFﬁeDISéﬂﬁéJ osiFogeReaisierepiertenchradigced by

ctivate t%&%ﬁ% G0 oy, BRI, B R ER UfsL"!
subst ant i aMcauaemmghtrsgndxbmermﬂ g;emblﬁqalmetastﬁsw iof yafibust dicers togildple

receptor. Substantially activating the nongentyropic activi ;[a.é of a steroid |
receptor ri@éfﬁl@méct @%FWBS%SS@C‘@M’WB%%&PPG g dpss Poﬁmél%%cond

- messenger %fag%hé ?:%g@.ﬁfé&nf‘ﬁ EQI%BB,C o C&}Lﬁ%ﬁi?és biRAHEAR: tﬂagi cel .

Exerrpl ary gl ca spon s are cascates, i nc ut. not

limted tqn’ohhm ceused fhy &ilab&adgorp'drfimpmuus;hap@:es relspdmes:)hab oggone

secretion, Eﬁollfer i.on, DNA s nth ejin sgnthe and

cyt oskel etSPHYEapPlAgEHORe Fibst 5 B seial apaed

~ Sel ective lg&ﬁgé&eﬁgégept or 30 Act | vity. The act i ve conpounds which satisfy.
the criteria set out in detain herein can be used to treat a wide variety

~of nedical cond@@mpmmdslﬁebheéo@ewconhngmuﬁs csﬂtmaprdwﬂed:hplem&maixdh&jusmg sex

el 5. | ATl guBEnBRY ofhodt . FiBhcRDHs Hacbud SRt i dugiiShons 57
13 Do UnaRAioHO,) 19 665 nfT L RilhBRO R iSE UPhe BlApShadt 885 Syl Ve

tissues, the active conpounds of the present |nvent|on can - be used to
treat a taisgéto dfesbbaes disase e, mowhuﬂlrmteqbﬂ@msesma decneastit, sichaisder i s

relatedto er i on ther o c _or entro In a selected -
enmbodi ment® ehggtggmrgé ﬁ?fgr% b“éf“ﬁ%LSS*ﬂ°R°5°§1$e%fPe°1§ﬂ%é‘? HWEcul ar
- di sease. Iﬁ@ﬂd@narmaeaddmems;ndﬁnﬁg'slvwmntﬁﬁen@ng@mxﬁomt&féﬁ@r%eh Wkl Vity
of relaxing smpoth nuscle in_targe and snall_arteries can be used to

nodul ate VESedding isdetimental. Morpenmettose obordinasy skillin fke Yo MpBaeregnize
| dent ipfi e‘ihzﬁﬁh HM SibntiRY B?Eﬁé’&em npi%nﬁ&rl b%ﬁ?bé’{luﬂ}@dtﬂo@e%t afsge{s%' d

receptors an
states in whlch steroid therapy in general, preferably sex steroid therapy, is indicated.

-

)

Conditions where stemld therapy is indicate m_clude inflammation, arthritis, Tupus
“erythematosus, organ transplants, cancer, epilepsy, anxiety, depression, insommnia,
_migraine, memory impﬁment, and ‘drug dependency, immune disorders, ‘and
x;2_5 f?ardiofﬁscular-disoreders. | B o _ B
' The compounds selected by the present invention are advantageous over
" existing steroid tharapiés because the éelected compounds can. initiate the signal
transduction méchanism of the steroid hormone recéptor pathway and the beneﬁté '.
- thereof without inducing 'traﬂSCﬁpﬁon thereby preventing adverse side effects
30 associated with current sféroid therapy. Examples of side effects "associated with
‘cun‘ent sex stermd therapy include unwanted secondary sexual charactenshcs'
mcludmg h1rsutlsm in females and gynecomastia in males etc. Compounds exhibiting
+ varying levels of transcriptional activity and anti-apoptotic activity can be useful for -
the treatment of different conditions or diseases, and those of ordinary skill in the art
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different effects on. each. For exanple, an active co{ppEignsRWadai nhi bit
the 10 genotropic activity of one steroid receptor w thout inhibiting: the
~genotropic activity of a .different steroid receptor. Sinmilarly, the
.hongentropic activity of steroid receptor may be inhibit while the

~ nongent r OBPOVEEOF vity of a different steroid horrmone receBCEUSOL/]8950

activated. The active conpounds of the present invention may al so be used

‘to treat. canl 3eRRYOGLtkMEne ItBONERN Sof Rehdfpiich BAA-ddiSaoplutiie BaRA]NbLE i abet es

as well as to nodulate the inmmne system T cells are known to express
steroid recmpundsneadell tchizeat atspeeificalisepenusing mathods comabnly knewadn the

- proliferative .apnd,infectious di,seases... The active ¢ u can. also be
Dsed to AR ORI GRLER Ip SR AP AR Fom B RR B e P
depr essi Ofhat IRECIW tRe gBhSHYid QetiviBTOF ¥ 48dRT keBeplor b dichbg aclbpendeNCY. 20 -

The active conmpounds can bé used as bone anabolic agents in a host,
i ncl ud? ngnengenirapic ' aelidty @igthise siaseide réceptost r eihigse sagbivgs icerpowndsi Wia i es

such as spQrts or ual | abor nd t I. t . J:n.;persons or ot her -
hoot's whotnTssoy R e Rt pE Ny o st PR AP O T oonor 0s s i
-the future because the host is in a risk group for that disease. Qher:- . .. .

uses for a bone anabolic agent in humans i ncl ude the treatnent 25 of
~hosts,, -Mlel uditsyg persons who are born with naturally thin, small, or

unysual ly fragil es; | [N d Skif’r@‘ 'ﬁ@%ﬁmﬁu enet 'i. c
predi sposi ti on%tuog%(ﬁ&g%a;é?n%b%%%ti% Q@Zpég%egf%engﬁﬁ gsﬂahope i one i sease
such. g | slefdid degpter ddpendent NoAgetiopiv hdtivity Uodsprisiig: o petiamer havingens '
caused by dj abetes, perjinplantitis, poor . recslpons-es.to bone %rafts_, | .
i npl ant s, stablertrangfetied cel dingRdwesin dherliline pel W%’éﬁdf‘?fppﬂ%?’_ ¥PeTEhe pone: -
mass 10 NOLRCSIRtb IR URHE R aissinB AL R aHBH bf ASnddABRMicIRERid HLRRGI LS such

€ conpoun 0 0 ase .

be used" I ncr t he bone mass in

as racing: S can a g , _

chi ckens amtla sierdiéyepidedThekiteat afsodathodd eelk ine innehich atldabiooneadéheof
processing. 38 13 Decenber 2004 WO 01/ 96605 PC%/ US01/ 18950 Selgr@sent' ative
met abol i CS%%QIWF@@%Q?ISP@%SEIE%%HB%%WQB@F 8d e GERIESSI0 .

0St eOpEr 0SS | B BR & ﬁﬂﬂsng%gfe', 19BUERERS1 s GOb St NAUSERE @R QARSI 881 S,
i obi i zation-1nduced ost&oporosi's, wei ghtl esshess-induced osteoporosis
(as in spR&eadtiviation 8y welastC3t ransspiption. Ryrazole @utteosed esinegativegroatrot y

9552000 O3 kL IR . 951 BPSEOBL % dbMISRI BT FERY e S
hyper t hyr goflipdihds AaHNRERISREISEAR i 821ivieP bl Mok Gt a8 E3Luc activity,
McCune- Al'bri ght - syndrone and osteol yti c netastases of various cancers or o
mul ti pl e compiredrto 1ThEsmatdiol dre selesteds Thawelestion sptaiacapdnelude skasgiBangr e | oss.
1 act i cotompons EnBba i e rddor Rk Ao AR Wil 7
VII. Transgenic Animals _ _ _
- In still another embodiment of the present invent_ion,‘ a transgenic non-human
ammal is provided that includcs an inducible transgene encoding at least one steroid '_
' 25 féceptdf'éiitagonist, for example,' an ER peﬁtide aﬁtagdnist sﬁch as peptide F6, cﬂI, or
293, and preferably two "copies of the peptide are encoded. -_‘In one embodiment, -
_induction of thé fransgene blocks Both the genotropic and the nbngenotropic of the
receptor. In another embodiment, mduction of one or two transgenes block the
 transcriptional activity of a steroid receptor. A transgenic non-human amimal,
30 preférably a mouse, having at least oﬁe_ inducible Stcroid i:eceptdr specific antagonist
: can be used to screén for'cbmpounds to treat disease that act speciﬁc_;‘élly through that
receptor. _ | h . _ '
In one ‘emﬁddirnent, a method for sci'eening fcjr compounds to selectively

. induce a receptor tesponse is provided comprising, (i) inducing the expression of af - :
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10 problens caused by diabetes, periinplantitis, . pogfpLespesasessto bone

- rgrafts/inplants/bone substitute materials, peri odont al diseases, and

skel etal aging and its consequences. Corrpounds sel ected according to the_
criteri a 9;(9&&? herein can also be used for the augmentation of bone.
mass -and/ (aetur e prevention in diseases 15 characterlli('e](‘:fwéﬁ;l 185 bone
mass ‘and increased fragility. The conpounds can al so be used to treat bone
di sease st kagionierrcodpicr hmbgoaisbires traggenisianira cdeteiniag edleastums. indiwiblseni | e
ost eoporosi s, and. gl uycocorti COI&’% aqnd_uced ost eoPor osis--especially .in

" growi ng crﬁcﬁmpeﬂnewemgeen crmpond {817 THsEFHEr | ng

- Wi th bone. 91%1191 Kill in
the art w réco {}gm%ngﬁi é"?%g%ﬁhﬂ%égmﬁ@i?gfefﬁ%t i ed ligfﬂ%gs)z :
~ “invention @a)wdetanunmglthaebbveboﬁrmbnphmasthe asitrel of siep (uhlanﬂ (sx mitmtldgt her apy
-in general , prefer roid t di ca ndi ti ons wher e
stelold £ hibeHopmoend i Eiiest Fle ampeAtiop R ] BhouF Sispitomady e
er yt hemat OfMEBcripidfm thé %ﬁéﬁe%ﬂ; SimePAGRRistER HRASM codpouBlY The %E’éa%%ﬁ' on, '
i nsommi a, mgralne, nmenory I'npairnent, and drug dependency, Immune -

di sor der s, ofatnahsg@fic @amhlmwknmmm tHeswt. d&FS. Pater N@n@@%d@ telLectebdl. by t he

 Phe ool et albomin ﬂirdﬁstareeevagﬁr%ﬂrf?q‘%eﬁgweﬁ P e R kD cerur®
“the stermﬂc&%fméa%reﬁem@renﬁewwe aféhdiday NS tesart WwilP hiRbcidke dhaUt

|ndu0|ng transcription thereby preventing adverse side effects 30
associ Bt edindwgible wansgenes can deaiell, tisrueapryorgey spgsiie dn ose @mt@ﬂmﬁ,sthe

d.with i d_th | vy
e A isbhe BB e e Oﬁ&%’iﬁ?’s%% e A O S

‘el es et C. syoRIPaHMES bpthé ablih PromdeF Whd@s ldexeibed ah  Géssas avl etapr(ew ctivity
and anti-apoptotic activity can be useful for the treatnment of different

“condi t i-onsTxspdgiBiechemsScialfl 4HoWS; end SrasperaMy o ial. (19951) Spisnes 268507603

. Decenber 2 WO 01/ 96605 PCT/ US01/ 18950 can-readily determ ne the |evel of
transcription and. anti-apoptotic.activity of a conpound needed to treat a
speci fisc di seask a3hdéig spetiffiedantsudimont| ¥ nebod fon s¢reening for atipolusie| tosed -
her ei n. In ot her enbodi nents, active cqnpounds, can be, sel ected that
activate t¥eciuelyt MGpsec 2aaceRtor yregonge ds dweyided eeerpemgbdr) asiupise thect i vat e

the nong %@?&Bﬂoﬁo\i;%{fe&t&ﬁe(ﬁRm‘?&ﬁs‘ﬂx?hﬂm%% Stero&g taneest%evounds

are advantageous when nongentroprc actl vi rec ptors S
- undesi r ed. infidible BR adﬁgbmsha:tanegdnem(n)ermimﬁmtehng pa etegincompoent itonthes a kit

for rreasurtmn% enic animal; (iii) determining -the. number of osteoblasts or osteocytes

20 undergomg apoptosm in the ammal of step (ii); (v) determmmg the level of
transcnptlon in the animal of step (ii); and (v) selectmg the compound that inhibits
apoptosrs without &gmﬁcanﬂy mcreasmg transenphon in the transgemc a.mmal

~ administered the test compound. ‘

._ | - _ The reverse tetracychne repressor (rTetR or TET- -ON) system takes edventage

25 of the hlgh specrﬁcﬁy of the tetracychne repressor (TetR)—operator—tetracychne {Tc)

- mteractlon, the herpes simplex virus (HSV)-VP16 transcnptxon actwanon domain,

and tetraeychne (Tc). In the cenventronal (TET-OFF) system, the Te-controlled
transactivator (TA), a fusion between TeR and the. activating domain of the VP16_'

7 'protem, sumulates gene expression, as has been shown with reporter assays m Hela

| 30 cells, Tc can prevent tTA from bmdmg io tet operators {tetO) upstream ofa mm:mal

' _promoter, and. consequently turns off tTA-dependent expressmn However, the TET—

- ON system utlhzes a rtTA fransactivator that has been modified, such as Tc or its

| derivative Doxycycline (Dox) that induces ratherthan abolishes binding of VP16 to
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~10 steroid, receptor. dependent nongentropic actiVvity1£pERhisd P0H4 a
contai ner having a stable transfected cell line wherein the cell line-
~includes a steroid responsive reporter gene construct, a neans for
~assessi NowigAmegsi vation of nongentropic steroid activity.peqrdidiAgosheroid
‘receptor. The kit can also include a cell line in which at(ieast one of the-
steroid receptors, the repgorter gene construct is.includedg as an expression -

pl asmi d. . thsopemtosndhsoRE TN isygjem cinsneents sy pfeptipl; taxic; affestsfhat may e

compound GO kQlaq9b eu@%@%%l%?&ﬁ@?ﬂ%@ﬁg@gﬁ gg;go@ﬁré{oq fiid On. Pyrazole

can be used as negatlve-con : ( I on an € estren as a
- negative cont rialanotheEdnibodinsent; P traspenic Gonfhmuadsanimvial 1% grovided (HaRRaSEAP
~activity but weak or absent C3-Luc, activity conpared to 17%$-Estradiol
are sel ectilducbly inaqtietad vereid reespter. dnAne FEPOAENILLR SpRsgeRly Ambmaldhpounds
of intereg : rati [ AR P : i,pki on.
VI ran@é%%%@ nﬁgﬁlgﬁgﬁ F'négtﬁ???{da%(%ﬁ%?&e%%%%l men;éﬁfgf ﬁgﬁgégﬁg%g%n
I nvent i ongsteoaytes. ariige Crelcadnbiharyarecombindtiun &ystqn dy i« preférbal methoufdes an

i nduci bl e transgene encoding . ‘af | east oneg steroid .25 receptor ' _
- ant agoni s#eERPRE oWSHY| Bansg R%@&lﬁ-de_lg?ﬂ"%feni@m%%’%, ﬁgmﬁgptc?’élebﬁ”-& all, -
or 293, agg: a8 S he ' ' ne
"~ enbodi ment, a%ﬁ%ﬁ%tﬁilbdgﬁn%}wﬁse}p%bra g%‘ué‘%gﬁ bl oc éﬁﬁ%ﬁﬁ? ﬁg(}%gﬁgﬁer%gdg“and the
nongenot r Ingnothef embadinmest; @dtansgeninaramel ik providdsioetheneint specifiiexonsoof theé one. or-
two transgengs block the ftranscriptional. activjty of. a sterqid.receptor. A
t 1 ansHoni A CHRIRL EeRR ARG, splitel e sperlie Broreid grorgtos AektgRY one

i nduci bl eh%n%reﬂhﬂ?fe,eéﬁﬂi 9lor BREE U of nAPRAGORE RlindeAPLOPLLSEE sQetfd gEN For -
. conpounds to treat disease that act specifically thrfough.that receptor. In
one enboditaneganic znimal haoing ar EBordeletipmin dxon 3cwreponHdy both exwinect i vel y i nduce

St 56°Pu0 o1 JRaBE SnbeErRilt e Bt R rinssiia b AR, O '
ant agoni Shodel of Hoh@/ds@asy i Fovided. Ceitainsidhic ahinlaaah B Retérogkoublop

receptor antagonist transgene; (ii) admnistering a test conpound to the
t r ansfeni komagygens for the transgeneand edunlipve wae o megie tomsgsgeddetgpsasnef fect in

the ani mal__of StepRs(d:la)iq (Vs term ni.ng +h | .Qf iption in "
the ant naege BHEB fiphed ol hafHE ARG &' GroPec8 of BERIER Bcas the
.nongenot rigPisgents frdifial ¢ pliwidedsthanintindery bax stepi®e&deptpr thitolisedntathd @n in the
transgeni c animal adm nistered the test conpound. The creation of B
t r ansgeni BNArhirding dpgiainighdeas nohmediete 2 genolropigseR eLiket o eXPSUISI0 20 tee et
al . di 500585 @huldhogent (AOHRALES a TRHRCORRM RSN ha¥ adts M Hldfe hansgeni ¢

20 anti-apoptotic effect on osicoblasts or osteocytes on exposure to an estrogen or -

androgen; o (iif) or contains both (i) and (ii).

In yet another aspect, at least one'jaolynucleotide uséd' as the transgené to
- block both the génott‘bpic' and the anti-apoptotic ﬁcﬁ\dty of the estrogen receptor but
~ not the androgen rrécéptor. For 'ej:ample, usiﬁg 2XF6 as “tﬁe transgene, the é.ctivity of
25 the 'estrogen receptor can be l.)'lo_ckedr bi_it the anti-apoptotic activity of estrogéﬁ or )
o \androgen through the éndrbgen receptor can be retained. | o

VIH Combination Therapy
| | )  Tnope éspect of the invenﬁon; one of the acﬁ{relcompounds described herein
30 ° can be administered to a host to tréatAsteroid or steroid receptor related diseases or
' :ciisorders including bone disease in cdmﬁination with a second pharméceuﬁca.l age_rit._
 With respect to bone disease, the secoﬁd_ phanﬁaceutical agent can be .a bone
anti-resomtioﬁ_age_nt , a second ane mass anabblizing agent, an antioxidant, ﬁ dietary

supplement, or any other’ é.gent that increases the beneficial effect of the active -
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incorporated herein in its entirety. One of ordinary q;j(D[e&emgbrth@@ggart Wi II
-appreci ate that 10 i nduci bl e transgenes can be cell, tissue, or organ
specific. In one enbodi ment, the. transgene is under the control of the
reverse tetracycline repr essor/tetracycl ine -ON systemdriven by the actin
‘pronot er WAP1Q§6@escribed in. Gossen, M et al. (1993) TrewssoBigshem Sci
18: 471-475; and Gossen Met al. (1995) Sci ence 268:1766- 1769. 15 In a

nore spe nment met.hod..f o reenl ng. f oungs

sel ecti ve‘jlogﬂp%% oél Y gu(’%%rlp PULEth a%enF@y a%edg% thf’q‘?nl nduci ng
the exprasseosf @ugdithdt afSise® &ﬁthE'ﬁ'oﬁﬁﬁﬁﬁwloﬁﬁeoporﬂs@ c&xi B@ﬁ&ﬁﬁhﬁe@& |1ﬁm-|

contai ning at |east one . inducible ER antagoni st transgene,

(i)
adni ni st éPminatione Frithe dhe duiverty oactive a&%né‘&‘é‘iﬂ‘%a aﬁnnmabObq: |$t91'0193et%r m ni ng

- -th th
i mat o ipofPhaialel S falbinlln SHCERCY} RRodelo RS A Y RERRIR R o1 | e

~ ani mals ofralekifend iok )taman@en(svpamﬁbﬁﬁ‘d Ihﬁgmbﬂi‘ee (‘QEH‘H’Q}J Adoiid tVitadhinDt 6 2

- apoptosis without si %nl ficaptly increasing transcription in the transgenic

ani mal Alepvalive beeg t0F @ celetym PISPHBLPRE: The reverse tetracycline repressor
(rTet R-or TET@NsiSds, p y of the

tetracycline represso%eé%?iég%g%g%g Qg% gstif%gg%z]blﬂr@o%%&;ihd% it e%rlg c‘ltton the =
her pes  silimite toi alasdrohis\jcid/PdiSodium nslondxphateﬁ daotliuva tetidrondieraisadinnand '

“tetracycl t he .convent.iopal (TET- OFF) system the Tc-controlled
transact ,r@f‘ﬁgﬁgxatfﬁlﬁg&wg ‘P’G PB?'F%‘S% Wi Radronis trﬁEﬁm&E’t AGicht FisRYTQMeRI N of
the VP16 gpjsot Férif)araﬁdbmél:éﬁtes AlfgnieX RERS Sighfhavarie, hgﬁr ol Ek%ﬁ‘!ﬂ) ndtd D

reporter asdays in Te can “prevent nding’to tet
operator sprt(g@to@)mmﬁmm @ﬂ]mm nitrateya¥iS A8 Eemyaing alnorimser tyttdxydd, ur ns of f
tTA—depen Nt ex SSI 0. \i\)e%ag? he TET- ON syst m ut i I|zes rt TA '
t r ansact CFSI6E aP TR AT ’f‘? msﬁ‘%”rﬁ“ﬁ@“’% nafe, and fueralizie. e

“ Doxycycl iReguéi @UehﬂafsuéH“QéJ dthaNafeR| l 6 to 41
13 Decenber 2004 WO 01/ 9660 PCT/ uso_u 18950 theda%%g]?g?odrmy B}%éﬂérfﬂir/%\l system
cir cuweﬁpmbmopmﬂnmmf thesimpouhfe of thetpretentrmyentinn. chsvisedheckit,dhe
eukargot | c c

enbool Xénséergwésnﬁ’oﬁ Sﬁ%ﬁﬁ%ﬁeiﬁﬁn&ewregﬁ s%tc@gﬁ%fﬁgl I ne., dlz?}}][anot herl

- induci bl ysompaﬁﬁd uatied physiesidalr en@tics. TH ¢Hee cRBbQeRE N ,coﬁlpbﬁﬁdlsigenl c
animal is 5. disclosed I n I ch. the sex steroid recep for is I nactivated

~ only in 6@@%@513(&@%13315}%1@3& fo5 ynoses DA dhisrdisqlesupe i ﬁaﬁeﬂfuqﬂéc@ﬂbgw on
system i ﬁéﬁ‘% [ SIeA1E %}QOdIﬁeoﬁntlc%%ﬁrﬁaéah LASSE (53 %Q&&otﬁﬂi%g! f

I dentifie ransgeni ¢ ani nmal s can char errze
ability brygenatedhcandifsrs aptiescifech onnar @ dizeble toﬁm@@cxnd evaluated. As

20  nonlimiting "oxamples, antioxidants scavenge oxygen, superoxide anions, hydrogen -

. peroxide, superoxide" radicals, lipooxide radicals, hydroxyl radicals, or bind to
- reactive metals to prevent oxidation damage to lipids, proteips nucleic aoido, etc, -
| " In another aspect of the mvenﬁon, one of the active compounds descnbed
o herem can be admlmstorod to a host to treat a steroid receptor related disorder in
. 25 oombmauon w1th a second phalmaceuuoal agent. The second pharmaceuucal agent
~ can be a steroid, sex stormd, modlﬁed steroid, modified sex steroid, antlblouc
|  antioxidant, dietary supplement, or any other agent that increases the beneﬁolal effect -

- of the active compound on stermd receptor related dlsorders

30 IX. Pharmaceutlcal Composmons ,
A compound that induces a selective steroidal effect or its pharmaceutlcally-
acceptable salt, selected according to the criteria -descnbed in detail herein, can be
| administered in an effective amownt to treat any of the conditions described herein,
- ‘,opﬁonally ina pharméceuﬁoally acoeptable carrier or diluent, | -
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I'n-anot her enbodi ment, a transgenic aninmal is providegs phs&s g@gecific
exons of the 10 ster0|d receptor gene are inducibly spliced creating -
"specific steroid receptor deletions. |In one exanple, exon 3-or exon 4 of
"the ERa gene is |ndUC|ny spliced to generate a transgenic ani mal having '
an ERa deV&8%% n exon 3 or exon 4 or both exons. In sti PCTARGUMES aspect -
of- the ‘present |nvent|on a non- human transgenic ani mal nodel of bone
di sease is proviedggive FheerialsA B850 Y adRRiisBled CBY £ Bsirephay ofse dor 15
‘honmozygous for the transgene_and can have. one_or nore transgenes The
transgenéyﬁém%éo‘@b@rémlwlldem(@m for expnynielarplby, coaprninrell s r Intpye

3eReEt o Sl PR el BAREE B R R MRk BféLzSeﬁo? :
medi at e qopjedlny, Ii@ﬂiq@uﬁ@:?(sﬁfcf ftin. O MEhgtaseff Rintifistefing &hié cogpound ofinblg ogen;, -

(ii) contains a |igand binding donain that does not induce an 20
ant i - &popaeafien gy bY@ﬁ%ﬁ?é@%ﬂ%@YscoﬁFog%dtTé@é%‘é@méﬁ exposure to an

estrogen or andipgeRed ¢ od(e'df‘Adn AbA P h @%nde(wm@ﬂgmns éral! o

anot her aspect, one ynuc eot| e use transgene o bl ock

- bot h- t he compositioni wilhpeheralby malutie ancinmmluem@t lauti edible Castiee. E&nbraagem
receptor but not the androgen receptor

For exanple usi >§: @S t he o
' tr ansgen&ompArnchess b epclasedoin gq%@%@%nsa@éﬁrﬂeeeas g, WEREE but the

anti-apo Y %5@% LOGERD nggpgen
receptorB‘é'%olsggii%e aql‘%\eﬁg{ﬂ Egh&%tlon Tgera °M§ﬁﬂ%ﬁé‘5‘;§§t§§ct of the
i nvene i orxcipieatsodnd hmdamtuheéom ryfaeblets, tesoas] bedagselesi rPigGmaesutivelly

admi ni stered t teroid or, ter |dre tor '
. di'seases °8’i’1pat6t?()l§@%£‘|‘%ag gﬁ’@ antymateH % F‘%Haw(}fﬁ;ﬁ% second"

phar maceyl iy gggmg,gent ‘W th respect to bone-di _sease the second - .

phar maceut agent can be a bone anti-resorption. agent , a second bone

‘mass anabol i ziThg &blkets, ,pills) capsvles,i tiaches  anddibet kg cgnppingstenany of they ot her
I ncreases,.t he benefici al f t he acti 13 Decenber

.t hat 2
D00 o S AEbC RIS 1 Pr HeSans o & ST BAGrE by HideF gt

densii Y, nErofBSaIlnt deIRIER SinrR irabh@niieBr cEh@SSASeipictituaieh ! Rakardh erused in.
t he treatnment “of osteopor05| s can be adm nistered in conmbination with t he.

primary 3astosee aadismtesrating agﬁnhgeuchrasahlanm iagids tReiaogel, ar com §Fﬂﬁ@$pﬁonat e, a

oL o0l g 87 RSBl 4RSS0 Y AR SPGB B, i
or a dea@iokddd; \Gesvidbasrtgd agerntauaﬁhglsuwfbw epsdcehiri andhend flavéringyagemnpl es of

sui t abl e "agent's: f or conmbi nation include, but. are not Ilmted to, .
al endr onFecha?s BEPREFEBY; WAty sHifyiar €, OaNEL BRYRHNG: | dasRakE, dosrgoBRitm

~medr g&at ?om{jissé’géﬂéﬂleoﬁ' O3k, # SREHIH P RARHECH S abdTE tFp ﬁqa&' d,

ri sedronic
* carrier such as a fatty oil. In addition, dosacre unit forms can contam various other

| ~ materials which modify the physmai form of the dosage umnit, for cxample_, coatings of
 sugar, shellac, or other enteric agents: ' |
 The compound can be admlmstered as a component of an ehxn' suspension,
A .25 7 syrup, “wafer, chewing gum of the like. A syrup may contain, in addluon to the active |
compounds, sucrose as a sweetemng agent and certain prcservatwes, dyes and. .
colorings and flavors. ' '
- The compound or & pharmaceutlca]ly acceptable derivative or salts thereof can
also be mixed with other acuve matenals that do not i impair the desired action, or with
30 materials that supplement the desired action, such as classical esl:rogen like 17p-
estradiol or ethinyl restr-adiol; " bisphosphonates like alendronefe,  etidronate,
| .pamid‘ronéte, _risedronate, tiludronaté' zoiedIOnate; cimadrenate clodronate,

1bandronate olpadronate nendronate EB- 1053 calcitonin of salmon, eel or human



~ anot her aspect of the invention, one of the activ oun

10 acid, teriparatide acetate, tiludronic acid, ipriflaDesenbg@oassi um
<bi carbonate, progestogen, a thiazide, galliumnitrate, NSAIDS, plicanycin,
.al um num hydr oxi de, cal cium acetate, cal cium carbonate,. cal cium - ‘
magnesi unyeafReaat . and sucralfate. Reducing agents, such as gl utathione
or other antioxi dants may al so be useful in conbination WEHUHISHL t he
conpounds of the present invention. As used herein, the 15 term anti oxi dant
refers toongisgst smeexitiris like gvtathiiond, Ascobit deitlion sodfunabisulfite. dfclatiée o
conmpound under physi ol ogi cal cgrgﬁi.t lops. I n_one enbodi nent,, a conmpound is
consi der e®f a%l’sﬁﬁ%ﬁa‘i%?r pagpat dBE%QmB?L Hheutanrans. 9§ dprical appicstioay ces
endogenougan REHAEhE FIRRNS cbMpYhdri® a fBifle AL i | to a
.cell extract u_nije_r oxygen%t edpcondi ta} onsganﬁi‘ I%X%]%gnégf ec!f‘ lfgrnﬂl nﬁg?(i di zabl e
conpound sakzieselugion, Axedils) polyietiyiane glycolsmglyearing niropylentaglysolsaantherge
oxygen, su r'%oéi di a_1i‘on§ hyd ogeri ggar)ox' de, lsa'g)p())%r Xideq;éydi cal s, '
. 1'i pooxi desﬁ'g!bel_ Eat’ Venify, gp Wé’r"; & Fp suc ps el Pegt My iRATaRess;t o
prevent -oxfielkiirgOsp et Bits AethiRheliamPloRigiddfic dHF 'gElggnAgc 'bqgfsersgi@gr#ge ;
herei n calfetaiesa ¢ifraiess or phosphates and cagents oot theapdimstnent cofdtoniniypsueh asel at ed
Second praSRER SHlrE Y gehnet e G TR PRciaR o BrTa raaiReRlt
steroid, digsisable@ytifpes ot afultisle dag Vil Hdde of gRs dipthstant , dietary ,
suppl enment, or_any ot her agent that increases the beneficial effect of
the. ¥ctive colfm%ﬁﬁlstﬁﬁﬁ%ﬁé?ﬁ@ﬁ@ms%@p@f@fmd ehrziicrd arti pbysdelpgical3salivie or
Phar maceuti hq}% bt onmpound that induces a sel ective steroidal
- effect o?éﬁotg@% ar néég%%%‘?ﬁgz?%f accept abl e salt,  selected according to the:
criteria descrinbggrdfeneictabddibentithe active ddpoatldd MeShrepadd ivitRBagkikect i ve
~anount to treat any of the conditions described herein, &%L,i onally in a
" phar race b #ili profectdhe spmpownd Against gapid; liminstions fous ticbedih sticlr@oa WO

01796605 R HSPLLLASSREBE ! il R BABS SANGoAITLONSLE R Y anY.

appropriate. route systemc, “topica very, anpl e,
oral Iy, EysteniseBibdegradable; hiveompatibie poiyntersachartiadded, suwhibe wignarudhyl, :
buccal , intranasal,.iphalation, vaginal, rectal _or topically, in liquid or
‘sol i df _om%tmgaghﬁﬂ@wﬂy&@%@c@h@ﬂe%wﬁ?ré@eﬁqe@, agdingdetticon . maybe
by spect facfq. dRRods iMpIEORLAG bEChchTuRARGHUBWA 6 apdhrlidbahochidiRAe Of
. admnistration of the "active conpound is oral. Orafa conpositions wl |
~gener al | ynithedrtide an i nert diluent or an edible carrier. The active
conmpound can .enclosed in.gel atin capsules or conpressed into.tahlets.
For the . pur posBOB1%, & PEHR ZH’F? ' H?f%??%tﬁafﬁr‘}‘},%eqeh@“goﬁﬂ%’ﬂﬁﬂ%lan be
" i ncorpor ah@Bodied é;ﬁf&é’fahﬁ% toF-spddific ERY ard alsb HrbfhRMicdIAPh&fimbler OChes,
or capsul es., Pharmaceutically - : ‘ '

~~ carriers. These may be prepared according to methods known to those skilled in the

art, forl example, as described in U.S. Patent No. 4,522,8'11 (which is incorporated -
. herein by referencé in ,i.ts entirety). For example, lipg)some formlﬂatidns" may be
o prepared by  dissolving appropriate lipid(s) (such as stearoyl .p]iosphatidyl‘ '
25 - 'e%ﬁanblﬂiiiine, stearoyl phosphatidyl chblil_le,'arachadoyl phosphatidyl choline, and/or
N cholesterql) in an inérgani’c solvent that is then evaporated, leaving behind a thin film
of dried lipid on the surface of the COntajlier;_ An aqueous solution of the active
N .épmpomd' or its monoPhosp]iate, diphosphate, and/or triphosphate deﬁvétivé(s)' is

- then introduéqd into the container. The cc’mtéiner is then swirled by hand to free ﬁpid
30 ‘nie_it'el_'ial'from the sides of the container and o -dispérse lipid aggfcgates,' t]iereby
- forming the liposomal suspension. , ' _ o
| The dose and dosége regimen will depend upon the nature of the metabolic

o bqne disease, the characieristics of the paﬁ:icular’ active compound, e.g., its theré.peutic

o -f'in'dex,‘ the patient, the patient's history and other factors. The amount of an activator
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- conpatible binding agents, and/or adjuvant naterials ¢a|mebanbp;rc200aled as
part of the conposition. The tablets, pills, capsules, troches and. the
. like can contain any of the follow ng |ngred| ents,; or conpounds of a.
‘simltar a binder such as .15 mcrocrystalline cellul ose
tragacant"ﬁgs’ﬂé %?fel atin; an excipi ent such as starch or Ia’é?ysl ’9"‘9
di-sintegrating -agent such as alginic acid, Prinogel, or corn starch a

| ubri cantof SfiFend®pitbegtogiiks slgﬁﬂmgecsmtpo‘ah&radhfemstefedgtvﬂﬁmcﬂlycﬁe s

colloidal_ silicon_ dioxide; a sweetening agent su sucyr ose,_or

- ‘'sacchar i i{he Ay eﬁabsutla%gutﬁgbagé&m%s@ﬁpa%enb@ﬁté\i mTﬁ ‘I"ms‘a?l cylate,

- or orang turké\{’z% %fgﬁ[ i oPds lblgéc gcan

- contain, %I %ﬁlg%g é Sh mat er’| 9 ﬁa%%@g&?i F Ifég I qui- carr| er such
‘as a fat tiyeaimaent. IrSeadRemmgton'siOEWEamucalf Gcrence;ammoﬁdal @%ﬂ)lm ot her
mat eri al i.ch npdify physi orm o n| t, xampl e,
coat i ?\gs%é‘p43 E% slrl’:@Fqna engv ‘i(%l {? an be

- adm ni St?:'fa@igo?’i‘%lﬂrg.ﬁtﬁﬁﬁ?gﬁﬁiﬁdsﬁf999w&]§hﬁbﬂPre%é'spens'On : syrup, waf er,

chewi ng gum or contain, in addition to the active .
- conpounds, sufboypereateral aisiaisention thg eactiva redmpennadiiwill pmese typacallyebe - dyes

and .colorings and flavors: The c und phar maceuti cal l.y .accept abl e -
derivati \fematlfgs%m%sa RE, ??Pg%dﬂleaﬁaggpg)émnﬁ?@ﬂ’% {HSRFPROP, SETHL %‘éﬂnﬂterl als
that do aséociaﬁeevﬁthtiﬁaﬁeaeéueeawf%&mbw patéritdtal WihidTR S‘ilbﬁ'\r%hﬂé@tare

suppl enment. the desir action, such as classical estrogen |ike-170
est r a@li ou:refcrablwhnowtoxes tanamonlrthempemioosﬁnmabe of] §uch edhicids e tveter,

eti dronat dron [ r onat zol edrona ' :

' Gi madr on R ?rogneff’ bcgeﬁ PEhal™ ﬁuo{)‘f p%fgl: g’?fgt gﬁm'ﬁ%r F?ﬂ’%aﬁl%mﬁs 1053;
cal ci t oniNprg e%aé ﬁélﬂale@sﬁtch% fiREABlls adBetPRACASNS Mt A0D heReA 1L §RRMDes =
PCT/ US01/ 18950 ori gi n; anti-oxidants |ike glutathione, ascorbic acid or

“sodi um bm}'lbfelused a&ﬂl‘umo ﬁ'éle Vghchmmmmmge@n@ws Qéa@h’tlé@fmmh as

|ntrader| t aneous, . 0 i cal icati anlnc,ud

fol I owd n§ Bﬁ‘?‘ @“&Fets"f ﬁt Bt %gﬁ%lﬁg@ SRyt | r‘ﬁ‘%&t%‘%‘f
~salipe S@i‘ddéﬁv@ﬂilvesf | AR dcRitos oP Abyehitepie B tro et s sigHhlitRe tompound @ily| ene

gl ycol or other synthetic solvents; antibacterial agents such as benzyl - :

al cohol  &xpieatly e fofsaitlatsd i suchcveincles #gongmittations efabelt 10 pg/ml to about
- et hyl eneg x%ft etraacetic acid (EDTA);. buffers such as acet at es,
citrates otﬂ% Osphat es and agents for the adj ustnent of tonicity: such as
sodi um chl ori The conaahtias of thEhempoundtialthe degacatpasitioawibaepercd ased in

anpoul es, di sposabl e syringes or. multi &l se'vials de of ass or
_ plastic. ahsgTtons MActatPRy & EXRTSILNIAEY ‘; %ﬁ‘fﬁ’e‘fse‘i"‘? & % 2 faé‘F%‘g
physkd" ogi #Rke SRk ik arPH??soﬂ%%een&éH fnf 86kagalhidEs wAIPBRD vary with the
' severity of the condition to be alleviated. Addltlonally, 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
7 partlcular patient, Speclflc dosage regunens should be adjusted over time according to
| 25 the individual need and the professmnal Judgment of the person admmlstermg or.
- supemsmg the admmlstratlon of the compos11:10ns, and that the concentratlon ranges :
- set forth herein are exemplary only and are not intended to limit the scope or practice

‘of the clanned composmon.

30 | X,  IHustrative Examples _ _ ,
. | The following examples are given for the purpose of ﬂlustratmg various .
- embodtments of the invention and are not meant to limit the present invention in any

fashion.
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In a preferred enbodi nent, the active conpounds are piepaigabaddob4carriers
‘that «wi || protect the conpound against rapid. elimnation fromthe body,
such as-a controlled release fornulation, including inplants and .
mcroencapsul ated delivery 15 systens. Blodegradable bi oconpati bl e
pol'ymer s WaP1P6683sed, -such as et hyl ene vinyl acetate, polBcEibsurigeses,

‘pol ygl ycol i ¢ aci d, collagen pol yortho esters, and polylactic acid.

Vet Tods TR Pl ERAIERA YhaCln e’ SEA! ogScMiblBs 20RARERbRAA0SE |
skilled in the a osonaf suspensions (1 Nc I'ng Ilposone argeted

© Wi th nonaegaation oﬂﬂﬂehhed;oshcbestwblmgeaeas ani |ajeneam:fn spanedenchyaedll s) - are

R Cor Ui nPTRBSTHOE ReIEEne G EE PR AR ARIAEFEtalsn CRTLCIaT on i Idesmamgt
“descri bedyhiydhehe edfse —%}Ryp ‘trc%%?ecéjtfn &Q‘t@lcﬁgts' Put ?ﬁ@-%ﬁ?ﬂt@ﬁ@%e&?%ﬁ' n by

-reference In-its entir or exanpl e posone tions may be
~ preparsed ctsj:eodblm&cﬂndlas@oaﬁps Alheilates akd mediate)i b@w‘atongsnmlﬂdr gyl repctpisnghat i dyl

et hi anol ajm-ne t ear hatl dyl c¢holine,  arag y hat i dyl
chol i ne, ‘tﬁ“? aF‘iﬁonan W‘io?’&aﬁ?‘??béﬂ’lsv t‘%’i&‘{oqag{)et |
évaporatqgamg, 'ndathlnfllm of dried lipid on the surface of

t he container.” An aqueo s solution of the active conpound or its
monophosphat e, Thti tpmm;ahataepptaudbﬂiectt)f sqxwoerpiaton aitroblaatsi and (steodyes ishen

i.ntroduced t he con ner ont ai n IS t wirl ed b J dto
(ree |1 pEtediBlefhy drioRfbipr irhepihal SraBain - odline APABT OGO OLFRRSr se
li pi dloaggﬁﬁgéﬁv%ﬁen BPSfce«ﬁM SHeQifBse) MBRoVEDRIAFIN HUSPEAE 0w A E, elﬂgse and

dosage reginmen w |l depend upon the nature of the netabolic bon | sease,
“the char rdrAR sen dfensrhis apErapppiatia sigasls iwith ‘dlerﬁewmfﬁcengy maspectlve

t herapeut | ndex ti t he Lent’ and oth ctors.
The anouritt e ‘%ﬁ%%?cll‘%"’s?gt"ggn R bl R E80 Jiete it Rﬁ’&ﬂ‘}e‘ B804/ 18950
~of ‘nongeiat Gles @sdoke@anthhi ke Aanﬁﬂcﬂﬁn,CDmlBiﬁHJﬁ Miny Bt el vis! the

.-'typl cally be in the range of about.. 1 pg/kg to.about 10 np/kg of patient
wei ght . Theeszationuloanaing of thes protsin preudispansabie fornthe antifapeptotio ehiests ofhi | e

P e o RO ERE. 0 RS Ry g R b PER R A0 i,

Penn. ;. anbe Batviien Therefrb,tho afti-apbigoifh astivilgafae estrogdasesepiir :iﬁiwbapeut ics

8th Ed (199%{z Per gamn Press. For parenteral adm nistration, the _active
conpound 19galizedEe regjon ehifheypratein that in disnctap dﬁsmwlemge mv@clﬁam e

form (S°|re’stp'o§,f1f)]esfd§ﬂfen€ ftopfR BieSts UPtnd Dear®SRRhAl B Mefidence that

pharmaceutrcal l'y ‘accepfa parentera vehl cles are 10 ,
pref er ablﬂye ahility dfdke ERatnctonmyihh entippeiitoiic s@xﬂrxplceskbptargeuﬂg ﬂaepmttms are
vat erzb to the nucleus is also disclosed. e
Others have reported biologic effects of the nuclear orphan receptor TR3 and
ER‘ which were mdependent 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 addltlon, I\/Ilglnacclo ¢t al. (lvhghacclo, A, et al (2000). EMBO J. 19, 5406-5417) |
: ‘-és "showed ER or AR co—lmmunprectpltate with Src in prostate cancer cells. Consmtent
_with the finding that the antl—apoptotlc activity of the ER requires the SH2 domain of
7 Src while the AR requires the SI-B domam, Migliaccio et al. a]so showed that ER .
E ‘mteracted with SH2 domain and AR with the SH3 domain of Src. The present results .
(Figures 2 and 4) argue strongly that the cross-talk between antagomsts, and more
30 imt)o'rtan't the cross-talk between the cognate hgands—an issue that was not addressed .
- in the Migliaccio study - is not dependant on the com?lexing of ER with AR, as
prevention of apoptosis by the heterologous hgand could be demonstrated in cefls

fransfected with only one steroid Teceptor.
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saline, R nger's solution, dextrose solution, and 5% {gipeeersgrwmoal bum n.
Nonaqueous vehicles such as fixed oils and ethyl ol eate may al so be used. ,
Li posones may be used as carvers. The vehicle may contain minor anourit’s of
.addi tives such as substances that enhance isotonicity and chenical
stabi | it WO81/86605 buf fers and 15 preservatives. An activatBCTafSonmegent r opi c -
estrogen-1like signaling conpound will typi cally be forrrul ated in such

oncent oty on SHERGAEARRS of (o REAE A0 lukd AR, iAfhdR e 00

~ absor pt i cERKEnat chstetednin awleoeaecneipeaahtat asenﬂfmﬂ&emglmuaﬁs et | axas ot her
- factors kno 20tothos skill .in the_ art is to be ted '
 dosage vatngicledyi iy the s@ &\nPlﬁ’tft’%ec%‘@OBFTtyaﬂéf W%aﬁ@ﬁaﬁ ©nsL

al | evi at Tl _w dat

once, oreﬁimatyﬁ\lgjjé('ayc%’i@h nf g{?%lagimrj oq?B er: og£?§ er\ﬂkﬁﬁrgnf %l st ered

at varsyi rq;eifﬂﬂ.trﬂﬂﬂ&lv&n&ﬁr otflcellat)mle‘s irchuding hsnﬁmaﬂdmunm@edﬂmbsﬂ(&oltmﬁoﬂ,or any’
~ parti cul at i i fi¢c dosage reqinmens should be adjustied over tine
accor di nglr{t qieépﬁ@ & 3? %?}31‘[%4811_ PHAR| Fucfﬁﬁier(gqg‘ the -

- person adghiy Ak KLY 15SURHOS RO tﬁl@aaﬂéE Besh " v Blenifet0 co-
conposi ti ons, at thé concentfation ranges set ort rein-are -

exenpl ar yimonimopzacipitatee witht cavedlontl d8chlegdli Al tettdhe(l@@@)oé BiolpChahi 284,0f the

e o R B SRR oA S

and t m thtde esenh | f 6 13
Decentor rk%ggﬁmp\%fl SO D b (R RE Al U s ogﬁerﬁ@har?dﬁg%eragoeﬁs

~ nodul ate memlemsmaeﬂ ax@wne(ﬁhsmbhss,ﬂibnsad:lal H(200aCirc. r]éguISax Eéﬁa—EﬁﬁZ) C)ﬁiﬁkl nes;
and osteo a att on_of nmesenchy eni't eIf

onewnl - GeE & il aeBRiRc Hech o patiouen o et o 1 S |
‘mature b%@eﬁ&k'ﬁonﬁﬁhwwnbstﬁtﬂe%ﬁ@e pfotic 8% hpéﬁtﬁesmﬂmﬁmbfﬂﬁpopt otic

effects on osteoblasts. and ost eocyt es Iatter are nedi ated by a

"nongent ripiis ‘presyeved e targeting chisnprotain. tosbe amanahraed, st tit d lostivdhenr e
mechayyl st Eu%%ulcé’ &{p Oﬁﬁxﬁ Sgdééﬁﬁgt}aieaﬁ%ﬂheoéffe%g%uagf tleWlakd v%rheﬁ'g Qlgnt

anti - apop X steroids on s an eocy esis .

nedi at ed dfyihe ¢leRRAl escefRBLHGRIE d3Bciae Wittt pREMb Maemblesphabyblgt i on of

ERKs 10 . via activation of Src and She_ki nases, Moreover, results in HelLa -

cel | s sho¥ithipseveodge. This connection is supported by the finding of a co~dependency of ‘
" the phenomena on Src, She and ERKs.

The data disclosed herein is the first demonstration that the nongentropic.

p

20 | activity of a steroid receptor can be funcﬁonally dissociated from the gen_otropic'
activity of this transcription factor; and that this can be eecdnipﬁshed using synthetic
steroidal or non-steroidal coinpéunds. Although the invention has beeﬁ exemplified

' using'sex steroids those of ordinary skill in the art will recognize that invention is
apphcable to all stercnd hormones mcludmg estrogens progestms androgens,
' 25 : glucocorttcmds and mmeralcortlcmds to separate nongentroplc activity - from.
‘genotropic actmty Snmlaﬂy, the speelﬁcauon is the first to disclose novel -7
. u'eaﬁnents for bone disease using compounds that act through sex steroid receptors to
. inhibit apoptosis without mducmg iIanscnpuon In one embodlment, ligand-induced -
" dissociation of the two act1v1t1es is the result of dlstmct conformational ‘states,
730 | _ assumed by the receptor protems foﬂomg their physwal association Wlﬂl the ligand,
that are requn‘ed to effect the genotroplc versus the antl-apoptotic responses (Figure
7). Because sex ster01d receptors are found on many tlSSlleS other than reproductive |
tissues such as bone and brain, the compounds selected with the present invention can

, be nsed to treat conditions associated with the tissues or organs expressing sex steroid - -
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. ERf3, or AR can transmt anti-apoptotic signals wth {theesanmerehbsci ency
;irregpective of whether the ligand is an estrogen or an androgen. Using
the ERA as a paradigm, it has-been discovered that the AF-1 function, DNA"
‘binding, the F as well as the .dinerization domains of this protein are
°di spensabMW #6685he anti - apoptotic effects of 15 estrogen.prdTiesEAadysot hese
effects require the portion of the protein that resides within the E

domain.. T t. Lof ot ept or
miot be PRy et R b kol e e 2 PG B

di ssoci ablags fdtQiitddeto phaitely 408 hypshdamidiisué) imistie tiang bicyd eligftiead s of

the ligand-activated receptor. Evidence that the ability of the ER to
convey thé’%ﬁﬁﬁ%‘?@?@@?f’gnal is lost by targeting the protein 20 to
‘the nucleus is o) tﬂgﬂ'r i,.C S of t he
nucl ear or phan (ﬁeg%epgbagﬁﬁglﬁga@ﬁ%ﬁ&aﬁ&m@&e (f:n pen hﬁg tgglﬁt

~ transcsi ptrésponade B304 relatively rhoﬁg%rmmbemé thid is believed talreqxﬁ%)ﬂﬁ)clasﬁealence

-289, 1159-1164; Sinonci ni t. al Nat 407, 538-541).
addi t i on, ligpwd-Feseripp migrackpn ‘Jem?tjtlgat’c tteled?Aﬁt t@ttﬁe%c’p?e%)m the,Biyding 19

2100, 2417 oo KL BRI O SARARY Rd Al o5 B

activity q:fote:heprﬁﬁmr aqduprmmt-mmleﬁl-lﬁcldanmamoﬁs afid ahe wheymatic ectivatioejui r es

“the. SH3 dgmai n acci o SO shovved E i nteracted th SH2
domai n anghaﬁ\ﬁweﬂﬁg?‘%lt ‘ﬁiyﬁgﬁoﬁm @ﬁ%ﬁ&?’@ﬁl’?& gﬁjres 2
and 4)par gue. fhieh gﬁb{nf(ﬁﬁhré e ey’ ﬁ%ﬁt Ecﬁin eBEtTﬁ@Beéd‘E@&Hﬁi §do‘ﬁa§t§6ie”°re 30 -

i mport ant- the cross-talk between the cognat’e |gands an.i ssue that- was not
addr essed longnh\telddlgmlghemmr@osmwyplms stwict d@pm@mﬂ ligamdt dmelcttm;ﬂeaémgwg of ER
"with AR

femonst s af eRFEERIES ShePiy aB S ip ey Radneh RGPt B see 47 13

Decenber - 2004rope GicB060RnbEs dPiid88a8. Several menbers of the MAP kinase -

~signaling pathway, including Src and - ERKs, are . clustered in caveol ae -
- speci alized neRyrcmgrabtnERK ndmabms W]heh uad@hesetmelmcntmpm nti-gporfidtl di ng

‘protei,p caveolin-1 and G<anoto T.,
bt Car 1 B8k gRp oot RN RS e EE, B8 fun SRR ok Rbalin 30K 11
variety obfe@itbmtaﬂmmaﬂ edl N?/ﬁh@hchliﬁﬁehaﬂﬂeﬂfﬂi aﬁe-reeerpaﬁb:ba@ﬂeceé aﬁgefmn .
KR et al. (2000) J. Bone ner. Res. 15, 2391-24Q1; SoI onon ., et al.

(2000 J. Bofar Ieftfomplex); | The formation B gunh tramsient snediesommizhy dﬁﬂmeeeetﬂsty to co
5" & P Bl ERGRUE Ol ok LS By, il oBlyg OO B 0L, |

caveol ae Vigird &eddiatich case odther thad theiNao of assoeintioiso alidsoviationl rdigs that r ogen
th h t i-sm of t Ch i K. L. t al. (2000
ek e ity Bl Slscisad 85 IR bisling iy sy (207

 Because ligand association rates are much more comparable than dissociation rates
' (Bmdal R.D,, et al. (1987) 7 Ster01d Biochem. 28, 361- 370 RaynaudJP et al. (1978) _
A Cancer Res. 38 3044~3050), the formation of such short—term complexes n:ught show
7 ' greatly relaxed structural specificity and potency/afﬁmty rankmg, as is manifest in the
- 25 antl—apoptot:tc response - : ‘ '

_ The idea that a hgand-mduced ].‘apld response may exhibit a different potency ”
order than a long-term response has interesting precedents. In the time course of
events that follows ‘estrogen stn__nulatton of the uterus of lmmature rats; ‘s}:tot't-aotmg
estrogens sueh as estradiol and dimethylstilbestt'ol and equipotent. with long-acting

/30 estrogens such as estradiol and dieﬂlylsﬁlbestrol 1n inducing early 'responses such as
~ ‘water imbibition and early RNA synthesis, whereas they are far less potent than the
long-acting estrogens in Vinducin.g the later responses such as DNA eynthesis and
" uterine growth (Katzenellenbogen BS, et al. (1979) Prog. Horm. Res: 35, 259-300;
; Katzenellenbogen BS,- et al. (1978). Mol. Cell Endoczinol. 10, 103-113). Tn fact the .
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.dependency of the anti-apoptotic effects of estrogen gneheadiiad®n40Nn SeX
steroid  receptors, along with the evidence that the anti-apoptotic signhal . .
~of the E domain of the ER is preserved when targeting this protein.to ‘the -
"menbrane, but it is |ost when 15 targeting it-to the nucleus, denobnstrate
that the WOf@@e608an be nediated via .a fraction of the cpesaisenissseceptors -
that is associated with the plasma nenbrane, probably wthin caveolae.

This con e t t he
henoven e UbdgR0RL I Bndii6 L0t i haRe AR ORNIE R olhey | 10
denpnst r dietween shatt-tehe and hpgrtmopisponsed). Thest diffdrynces waresdteibaied toakept or can.
" be functi ongl |l y dissoci ated fromthe genotropic .activity of this

~transcri giePd forcauitigpous and P%'EET@HF’%‘:P&!NCB@@EEbﬁﬂlgﬁ%&ﬂﬂ@‘i@n]@ﬂg?ﬁﬂlhet ic
t dal b
oxenpl | £17SoponRe Wb brdicnt BRBMI o Sy bR, 1ol MU S BReDPEL |

recogii ze thathIn@tmﬂjyomoresdJsmpprblutabcbre pertindnit tstﬁeohude hoalkeDoR svents! udi ng
estrogens ens, ucocor‘;w and m ner.al cort i coi ds -

t ;
to separ &I rﬂ’&ﬁes Hf%m% d&t ‘?/P?%"GPFB COZWRGt 1S mARg pHesAr |y, t he
- speci fi cakb&fladssk,t 8. f(L 65 9?13'3 EnP5iRo 146! 14471861 m&&&ﬁoﬁ,oﬁﬁﬁb@%sﬁ“ sease ... .

- using conmpounds that act throu ex steroid receptors t '
" apopt osi- SAdv. Bngymol. Relati Ag:as rMmisBmlpM a01-30Mh). olmmmniﬂmﬂmtﬁeaﬂes, dnizgmed | nduced

di ssociatio e, t wo act t|e3|sth result of distinpct conforrratlonal'
st at es, ﬁs%@ﬁ %VPHJ.W SFSPYINGR T P EBMge lkgﬁ%ﬁ?ﬁao prafen
assogpat Io%vhu\eﬂdﬁeﬁ@ﬁ)dewﬁaﬁlytotmﬁ nﬁ{cﬁrﬁ&ewab&% h%ﬁa‘eé e¢hud i 19 g{zﬂfrop' c

versus the anti-a apo pt otic responses ure - ecause Séx st

- recept or gommed, finital e@mfm%rmhﬂlltoss(ﬁmtbb I)Ctomiexeepdenumsmwahetrebxaés such
b d | ect ed th th

be uod CRPGR ool PERTEY RS HRERHENF Hidhete uBhES dhe altidit” %"

‘expr essi ragmpmgeetlﬁw ﬂaeﬁS pdRle e rher cZRRANY O RIHIAR0 3cP écHﬁOJs/té!ﬁ850 o

receptors. qq% ti ssues where sex steroid receptors ‘have been found

i ncl ude. CBI‘!FP eXQﬁEG ﬂf‘Pfgﬂlﬂfé@l@@thﬂWw tary and-hypot hal ani c ti ssues, nuscle
tiss bl ood le of
nol eggl ar int gbglgls%gﬁgjltgﬁge ceI ﬁé’é&é&é: %%ﬁeﬁﬂugs 0%07‘8 %Bﬁge is a .

rel ati velayd bstegeytes, theokss @Mtrbgm orlaﬁdﬂbgéﬂlﬂlﬁﬂ:eﬁs)théﬂﬂwpé@ of beesdiagsi cal
pt or |nteract|on involving:a detailed fit to the hornone in the

| i gand-r.

bi ndi-ng fﬂa@@ﬁ@?cﬁeﬁ Bt semadectamissthniee Tovm ceifter 892 nTsinghpse ity O8AREYR f et i me
to effec r %gm{gﬁ.%g C

inter act%1 sgsa{gg(mdﬁﬂhg%%ssr?g%lﬁic@g’g?%g%@ons at g’?ee‘%r{fes ul re% 4ngv?%rmdel

" chromati ms arhllunalmcﬂin’oée B and Reeve, b 20009 Moh CeliErdatrinalf 139) E3)e and

LLabRE! " B T il el ST iorks SR butRals obn | ganc
structur ﬁleul BR&iaA%n estrogen deficiency (Hughes, D.E., et al (1996) Nat. Med. 2, 1132-
1136; Kameda,T., et al. (1997) 1. Exp. Med. 186, 4897495). A shortened Workmg life
~of the bone fenning cell and Iongei' working life of the bone resorbing cells could
_ account, in part, for the imbalance between bone resorptlon and formatlon that
95 follows 10ss of sex stercuds Moreover an increase in osteocyte apoptos1s could
~ further weaken the skeleton by 1mpamng the osteocyte/canahcular mechanosensory :
network (Manolagas, S.C. (2000) Endocr. Rev. 21, 115- 1370_. Indeed, it seems likely
that the signals of es&ogens and ‘ﬂiose of mechanical strains may be integrated in
bone, since, osteocytes which, like endothelial cells, are pnmaxﬂy regulated by shear
- 30 '_ stress and respond to estrogens do also respond to stretching with ERK activation.
' The dissociation of nongentmplc from genotroplc activities of the sex steroid
‘receptors with synthetlc ligands prov1de a novel means of separating desirable from |
~ undesirable actions of sex steroids, thereby providing improved pharmacotherapeunc
;agents.  Specifically, the ‘mechanism-spe_ciﬁc ligands of the ERs -or_ the AR, in
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to the well-known specificity and distinct pharnacologygbaﬁﬁbgh@oacterlze
‘the ¢lassical genotropic effects of estrogens and androgens. By contrast,
ERK activation, which underlies the "nongentropic anti-apoptotic 15
response,..is verX rapid and may be effected by a less. fully devel oped or
“broader r 9% onf or mat i ons” adopt ed by much nore transi BET/US01/18950
| i gand- receptor conpl exes (Figure 7, far left conplex). The formation of

_such trangisgmhsmRe lifshe Epetiic ngﬁlﬁhgm&msgloy cldskigdt dsh6 édb&a&?d:a%éﬁ)%@t es

"wWith the receptor briefly, and be dom nat €
associ at i én adypetggeongtiess qfhﬂum&mﬂlesapeutl@ﬂgm (imeaamadmhc casobmme@d ttion

ina: ng apiARe e MR B b el AR RRER SR, "o

‘conpar abl e than dissociation rates (Bindal RD., et al. (1987) J Steroid
~Biochem 28, 361-370; Raynand JP, et al. (1978) Cancer Res. 38, 3044-3050),
. the foﬁmaiﬂ on of such short-term conpl exes night show greatly rel axed

L 28 ant | MIRE Tt BBl Suchef icd 3 Ay ool aifls Sﬁﬁl esponse.

may exhi biiceiw@td inairtathed BAE A in GesGatideaning NIPNGrH e (BSIHe e his ,
interesting precedents. In the tine course of ‘events that -follows estrogen

sti mul ati By of lqbﬁ@twmalé«f MNistravae eubigeiad te pohameaeneratipn esstor bidasersl such as

est r adi ol Sty n 30"
est rogens s%%% {S%h%fehqagg é“gér atﬁql %?&rsbes[a%?rﬂﬁf qﬁigg’cﬁ%ﬁﬁﬁ bé{[?}gy '
respomesw&mﬁﬁcwﬁﬁmemmmmrmmﬂy RNA synt hesi s, whereas they
are far less potent than the |ong-acting estrogens in i ndu0| ng the | ater

__responses such as DNA synt heS| s and ut eri ne ~growt h (Katzenel I enbogen BS,

et al. (18 #2880 oF3hoBt : .. ! ns, €0 al.
(1978). pecenber 2004
WO 01/ %GAﬁoﬁﬁﬁb Uﬁéﬁlﬁlﬁﬁ%ﬁn oswdwtes nmddeteaed mgm&cﬂaﬁed@lmd-ehﬁ:ed&a:trl be
-~this characterls cha tween ,short-termand | on erm

r esponsesSeCHARS 8 ﬂ:leeréTeg’%@éﬁvﬁg%é%;&mIeata%ﬂg Heing fae Elengw Fog %Inuous
and | pN9- §8EM IR RORERAEL REDEVidIS]Y HaRRBed gWel}%lHﬁ? k@ngettﬁrpl RFIPONSES,

wher eas transient occupancy was sufficient t uce thé shor m ones
- Bi ol ogi caClig. hoes. dO&t%Mt—Zﬂﬁ,;tJﬂkb,rBlpecttalnélWSﬂ . Clie. ]‘:uvmﬂ siﬁﬁl@%fltl@vent s -

d b h t of ht - bi
onibi tor B3t bebfionte “oReReyRr T HE LR e Btomant 10
Morrison, gléw'fhplaiéﬂ%@vmf@anﬁf&ﬂﬂ@bsmﬂ%ﬁtmlﬁf&%@hbw sechb®! - 61, 201-301) .

In a nunber of cases, enzymes can be inhibited rapidly and effectively by
a rather wi de. range of ligands, only a few 10 of which then proceed slowy

(0,1 BT TG T OB S L e T g AP kG
- collagenase digestion, cultured for 2-3 days in oMEM containing 10% FBS,
resuspended using trypsin-ED’I‘A, énd frozen until nse. Osteocyﬁc MO-Y4 cells _
. (Kato Y., et-al. (1997). J. Bone Miner. Res. 12, 2014-2023) were cultured in phenol
red-frée oMEM supplemented with 2. 5% FBS, 2. 5% bovme calf serum, and cultured
_25 | on collagen type I coated plates Osteoblastlc OB-6 cells (Lecka-Czermk, B. et al.
- (1999) T Cell Blochem. 74, 357-371) were cultured in phenol red-free oMEM
 supplemented with 5% FBS. Hela cells were cultured in phenol red-free MEM
supplemented with 10% FBS 0 i mM nonessentlal ammo acids, and 1 lIlM sodium |
: 'pyruvate ' ' ‘
0

. Quantification of apoptotic cells in vitro. Apoptotic cells were quantified ei_lher by

{rypan blue staining or by direct Visua]izatiOn of cliange_s in nuclear morphology (in
the case of transfected HeLa cells), as previously described (Plotkin, 1. et al. (1999). .
Clin. Tnvest, 104, 1363-1374; Yilka,R L. et al. (1998) J. Bone Miner. Res. 13, 793-802;
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- specificity shown here in the nongentropic responses,13\Hgg rihes
sl oW t i ght conpl exes have their parallel in the classically recogni zed

. sex-specific stable conplexes needed for genotropic activity. 15

Consistent with the in vitro anti-apoptotic effects of sex steroids on
ost eobl a¥GOVUMF ost eocytes, the | oss of estrogens or -and eI/ 18¥8r t ens.
the |ifespan of osteobl asts ~ and osteocytes in gonadectom zed mce from

&ither sgifi, ATl BE 3?999)r!r Qﬁhﬁ‘%ifés@ 160Q00RIGy (Tl theWhted memsdofheest rogen
has been dermnstrate préviously in rats: as well -as in humans (Nobl e, B. S.

‘and Reevmamalu(ancﬁ@)f phototicel fraghritest mundei. wassReilitadhy canumscédstofast s wit h
: t ffects of est t f

P RPN nth bR S SRR AR SR o R RhRIRN 0 O
Med. 2, é&ﬁt@mﬂglﬁ%ucﬁ@frwahoneéeqﬁbnce( @Eﬁ?ﬁﬁ-ﬂd@ oE@FWﬁﬁb 1§6llowEY 495) A -

shortened wor Ki ng life- he bone formng cell and Ionger wor Ki ng l'ife of
t he b®ne fixetion b1i1n§7%efq1:§la1§1§hd'®, the qwieantage nolp apaptosio Washaetemmasdi e bet ween

bone resqrption d f roi ds.
- Mor eover %§ E‘SggaF%%%ASTPO@%ng ietl %(%)OI%@O%@%X%&:&@?( u&% r? ﬁecr%haeaken t he
- skel eton by |npa|r|ng t he osteocyte/canallcular mechanosensory network -~ -
(Manol agas, S.C. (2000) Endocr. Rev ]&%15 137) . Indeed |t seem; likely
t hat the&Q@M_bfoétQ@ﬂWé@'ém sfﬁa%e /i werssuliaed in fypsilicollagen, be
i-nt egr at K t | l's; ar
or mar 1§ P el R HPH BRIoH R, o b 1BRE, CRERL 995 % &
][equmnd unzssllm)cmm g&lstfdimﬁﬂl(tf h@hytwataﬁetathedmﬂnd tietxtioad mavmill mmghent rop| C
romgenotropic activities of the sex steroi r thetic
1igands ﬁﬁﬁﬁu&ea@ﬂ‘fﬁ]@% Wit R ot o GRARMA sanpiting 1 P RRS) St S ab o
actions Eﬁ% r A[ﬁ]Ef np{@r utic
agents. pei: ﬁﬁ%f%]ﬂaﬁgd ani ?n‘?\s%ég%,a?, C |g%ﬁg’s of ItH%g&{E%s%ﬁgi%et he AR, -
in 50 -13mamaaﬁ@ﬂmmuewmuﬁeawmm stinction to

ti ssue-specific ligands (SERMs) or classical estrogen .or androgen, are - an
advant ageous cl ass of pharmacotherapeutic agents (true anabolic as opposed

to aati p&b al gﬁ{bd filyidlon §i@fus! JFCERRAAY YR Nnabfze@SeOPENi C -
statgg WQS? ! gﬂr-m)nt ?‘}éo# ﬁgﬂe Sw ss-Webster mice Ora%}le ve- 3‘ramnth old
mal e SAI\/BﬂsmunoletImgv\emmgrrea nimiuse d neotdclonel amibady orerogoizing t tyrodine '
. gui deI|n t d use. of l.aboratory animls. .M ubj ected
to a sha Q&%B‘ﬁ%ﬁ(ﬁg id @Ftall’ ly%{)ﬁaﬁ @@%8‘%&/ %P@B%Eﬂ% %gag%iaﬁ\fter 4
or 3 wee Kéuovtrémlye b ARIne vﬁtﬁ%ath&ﬁsaﬁehhsﬁéase orl Gn\WvanE-raleisit idntibedy and t he
lunbar vertebrae renoved. Quantification of apototic qsteoblasts and

~ ost eocyt eenjugatehwdbdiovieradish pesxidase (Saim Tz Pistsshealpgy)ost eobl ast s and

osteg&ytes were detected in undecalcified plastic-enbedded

DNA_constructs. Reporter- plasmids carmng the 2.25 Kb of the human IL-6
- promoter, 3 coples of the viteliogenin ERE sequences or the complement 3 promoter |
driving the firefly luciferase gene (IL—6 -1luc, BERE-luc, and C3-1uc, respectively) 1 were _
| used to assay transcnptmnal effects of the sterolds The expression plasrmds of ER
' 25 peptlde autagomsts carrymg either ofl, or two copies of 293 (2x293) or two coples of -
F6 (2x¥6) or GRIP fused to the GATA4 DNA binding domain’ ,dx_lven by the SV40 |
: promoter have béén deseribed previously'(Nonis, ID. et al. (1999) Science 285, 744-
746). The sequences of the p.epti.dés afe,disc_losed in Chang et al. (1999) Mol. Cell.
‘Bio. 19:8226-8239 which is iﬁcorporated herein in its entirety. The sequence for
30 peptide off is SSLTSRDFGSWYASR (SEQ ID NO: 1). The sequence for peptide
' 293 is SSIKDFPNLISLLSR (SEQ ID NO.: 2). The sequence for peptide F6 is "
| GI-]:EPLTLLERLLMDDKQAV {SEQ ID NO.: 3). The sequence for GRIP is
HSRLHDSKGQTKLLQLLTTKSDQMEPSPIPSSLSD‘INKDSTGSIPGPGSTHGT
; SH(EKHKEHRLLQDSSSPVDLAIQTAEATGKELSQESSSTAPGSEVTVKQEP
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sections of the vertebrae (L1 to L5) by TUNEL st ai ni ng3pet&dbéd@okl enow
.FragEkL .15 detection kit (Oncogene), as previously descrl bed (Wi nstein,
RS, et alL (1998) J. din. Invest. 102, 274-282.; Jilka, RL., et al .
(1999) J. Cin. Invest. 104; 439-446). TUNEL- p03|t|ve hypertrophl C

*chondrocyt‘@?%‘?‘@observed at the bottomof the growth pl @tearssLisosdg as
an internal positive control for each bone section. 20 Cell cultures.

Cst eobl ast SpREKIET (i—@:; eqcalvaria by

col I agenase d| gestion, cu? tur eg W@%M@g ?Xﬂf@r&ﬁ}%ms

r esuspendddaﬂmldmﬁarﬁhqﬁﬁunnﬁﬁﬂwm S%OQIMI\IAIMIAF %4&?@&%%% 20213\,5);«9 Y4 .
one M ner , were -

| gﬁi :'Eared i BW@%Feroﬁglﬁ #Iggém&ﬁl bl (1295) Vi Biel. 2ChesrBay, QIE%EF)W ne _.
B 6 coll & ([ BTl Ry P o)y bl T, 51 HhsEAPORE nBHRS MMagh 575 ©
- were cé: ELﬁie@-‘??ﬁ) Mﬁleri’mldoar:rgtbl;Q &Wﬁﬂﬂeemgd VIﬁt%éhfg%;ﬁfogé&’ %Jlglia rT1<\:/Ie| | s
were cu % F
'nonessentl ?é% n?rr?g g@ﬁdé "'gncf’rc PR;IEQAO PRIAs80e MorequesntEM.catd on of
‘apopt ot i ¢ KAtdnsllénboyérd, 1S, (@9@%@& @k, %7{%2795152[% eXafildl A° L@%}] trypan

. bl ue stalnlng or by direct I zat1 on 0O anges 1n ology

(i, the S5l st dbecines Wk G, md Fssenealoesom oy 1
Pl O 1 U1 e | a, e s
al. (1998)51191‘ %S%e’fft" Ei“?’gbﬁé@& [g"e %é 215 (1993) & Bﬁéeﬂb@m 26@414@@601/ 96605

PCT/ U3®L1/ 1803%). JFbikthe. cdhskruciitin 8F thd iﬁggﬂd#i pqmot of ¢ ﬁk%gﬁ’@% 9 446) .

In-the latter nethod, the visualization o %uclel 7
‘was faci | CPEEPEnEHS, é@ﬂwmgﬁléetﬁﬁartbrmﬂgh 558 drdl 3H3athecughn 583 a&sps‘eﬁvgysl i ps

with the gnhanc I t t reen or red) _containing a nuclear

| .ocal i zation se@ﬂ%ae:ﬁlce %‘gp’ 5’251% %M{pgﬁmﬁﬂw the epiiigliorbsitd n' 3. 79

~ fornal dehfdeSalldnﬁqherEmmﬂc AP LRBIHS réRss éiﬁalg mgm{g %ﬁﬁ.ﬂ ning
t he nucl ear m)r phol ogy in_ 200-500 transfected (fluorescen ? eﬁ Anoi ki s -

assay. OsTeBIftgR 5. Ouaplified QRQ» PEoguctso Brers Isul)clmmdemmlﬂ:uer Sall/Bardtjipe |

- col | agen r4flcSion %S y as previously described (Klein,. CE., et al.
(1001} 5, *Egicpon & ?f'ﬁd}?? 10. 1427-1436). After gels fornmed, they were

det ached from mmm:eﬁr,oﬁ-mer VEHNuMBCR and BRESHECFEREnGHRE Fefs W th
0.5 m of % EEJ(\/I ng 10% FBS, 200 AM ascorbic acid, an ,
ei t her - vef 0. % no?")"P]éﬁcaéJPér oPfis EReAf tusing i xprimeen, pms m5&+ on

N, TS AR AT K0 15 N 5 210 2
by GCCACCC?GTCTGACTGTGGCAGGGAAACC—3’ (SEQ 'ID NO.: 6) or 5-
20 GCCGCTAGCACCATGAAGAACAGCCTGGCCTI‘G-B’ (SEQ ]}) NO.: 7) and 5'-

GCCACCGGTCTAGTGGGCGCATGTAGGCG—S’ (SEQ ID NO.: 8), respectively.

- PCR products were digested with Nhel and Agel and__mserted into the same sites in

 the appropriate ECFP vector. To generate E-Mem-ECFP, E was cloned into the

- Mem—ECFP vector (Clontech) which carries the N-terminal 20 amino ac1ds of
25 : neuromoduhn contmmng a s1gna1 for post-translational pa]m;toylanon 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 carries three copies

of the nuclear locatization signal of the simian virus 40 large 'I‘.-antigen fused to the C-

| | terminus of ECFP. For the generation of ERo-ECFP and E-ECFP, the nuclear
- 30 localization s1gna1 was elininated - from the Nuc-ECFP vector by Bgﬂl/BamH[
' dlgCStIOIl and religation to generate ECFP. ERaor E PCR products Were then ligated
into- the NheI/AgeI 31tes of ECFP. The complete sequence of all PCR-amplified
regmns was verified by sequencmg The ¢DNA for Src ASH3, Src ASH2 and
SrcK295M (8rc K7) were glfts from Dr. Wﬂham C. Home, Yale University (Zhang,
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i mmunobl otting using a mouse nonocl onal antibody recogipelaidpdriopsdi ne
phosphoryl ated ERKI/2,. or a rabbit polyclonal antibody recognizing total-

- ERKI /-2, followed by i ncubation with either an anti-rmouse or an antl-ra'bblt" |

anti body. ‘conjugated with horseradi sh peroxi dase (Santa Cruz
-Bi ot echned®@agiydes020 DNA constructs. Reporter plasm ds car rydngséingesd 25 Kb
of the human 11-6 pronoter, 3 copies of the vitellogenin ERE sequences, or

't he corrpl driving the refly | C|ferase -6-luc,
ERe-Loc ﬂte@?@é(}"ﬁ@i&éem?éfﬁ?%ﬁg} Wi b taas U Perlilse it Ponal
o s S5t Revicahanal dhoiy GPEARRGRIE SSTLCR. ChoBhuds pellle |
| copi es. 0f28, RB65-22¥%) @mmmmmmwrmmmmmmoﬂ@mm@u ven by |
t he Sv40 r onot V|ously (Norris, J.D. et al. . - ..
(1999) chvgaﬁ‘é S‘g qfiilgﬁgfwnﬁ%ébggﬁgz@es of the peptides are disclosed
in. Ctgang et al.. (1999) Ml . Cell. Bio. 19:8226- 8239 whi ch is incorporated

herein inits enti rety. The sequence for 30 pep;; al | is- SSLTSRDFGSWYASR
(SEQ I D Nipansient trafisfeciensu cielen £ells warptplded ap 9810 /cmSIMKDHRKNILHAL i8R SEQ | D.

o e PR IASR {)gﬁta{;ﬁo%n 8¢ '5° ug SO 5ERE TRk Mine (B2 ' P MO

HSRL HDSK@@EM%@J TS DRVERRREPSALSRRNK T HESIRER ansfection mix was
SLKEKHI JHRLLQDSSSPVDLAI  LTA. EATGKELSOESSSTAPGSEVTVKQEP 52 13 Decenber 2004

WO 01/ 966@&1@@1%15@@&@91111 % eV RICORIBR PR s arEn (apddraaoeyds :  4) .

e GO b RGN Ofhe B85l e LR SRAARope Bere R0

al . (199%TJ eBig (18nYNT. 2TQ. IBlekH393, 3911:950)Ekenan EilE—QIr @B-mt{di&%) J.
Bi ol . Chem 271, 20053 20059; I\/bntano MM, et 5 al. 1995)1
Endocrin t@pscr@tm.altrw@ctqdmﬂlam@re trrakad with Empé diraferasqisnd Sred %tcgldasq 1997)

- Proc Natl 4, 2581-2586; Mlnerney, E.M and
 Kat zenel 188 genEEE%%aSH?efgé‘E%t “Biol . Chem 271, 24172-24178: Le Goff et
~al. (1994)  J Biol. Chem 269, 4458-4466; Wenn_ C. K and Katzenel | enbogen,

B.S. (1993 J . Chem 268, 24089 24098;. : B A._et al. (19 3) J

Bi ol .13cné¥k et thy Hlsand SIEYOL 5ten The prBerps

mutant s Qferth %ﬁa(ml 51 405G e@%ﬂm ST ApTRSE 3 r@@@othrough
553 and 33§ ﬁorou h 55?E)%9respect| were anplified ? ?Et%Ra by PCR The -

forward 9) Bnnbﬁ’-ﬂi?‘ﬁ&@ﬁ@&hﬁm.@Gﬂ‘éﬁGG&GCeﬁ (ﬁBQeIDfN@ S@D,Ifoaﬁkﬂ(rié.?m Kozak -
ZﬁSF‘?P o R BT R GAG T GAL Y 186G’ TP NG manfD) 184 0P ction
‘site of PAMGGGACGGCTCACTAGCACAT-3 (SEQ ID NO.: 12); for AR (615 bp) 5'- -
20 ' TGTGTGGAAATAGATGGG-® (SEQ ID NO: 13) amd 5-
TACATGTGGTCAAGTGGG-3' (SBQ ID NO.: 14); and for f-actin (200 bp) 5™
TGGAGAAGAGCTATGAGCTGCCTG-3’ EQ ID NO: 15) and 5.
| GTGCCACCAGACAGCACTGTGTTG—3’ (SEQ ID NO.: 16) B

25 S&tisﬁcé ;mal-)[' sis. The 'Studént’s t test Was_ used to evahiate the in vivo changes in
. bone cell apoptosis to assess for significant differerices between means of the groﬁps
| (n=4-5), after establishing 'equivaiencé of variances and normal distribution of data..
- The data of the in w‘tfalapoptoéis assays were analyzéd by AN QVA, and .tthStude'nt— _ |
- Neuman—Keﬁis method was used to és_timate the lcvei_of significance of differences
30 bétween ‘means. In order to establish whether the steroid effect was dependent on the
'- pro-apoptotic. agent used; data of ‘Figures 1C and 1D were analyzed by tWo-way
'ANOVA,- in which the two variebles were the proapoptotic ageﬁts (vehicle,
. Ade_xam’ethasoﬁe-, 'etoﬁosid'e, and TNFa) and 'the pretreatments (vehicle, B, and DHT).
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The ERc- ECFP, E-ECFP, E-Nuc-ECFP and E- Mem ECFP constfgrgg@emrqoogener at ed

by PCR . anplification of ERa using priner pairs 5'- ‘

* GOCGETAGCACCATGACCATGACCCTCCAC-, 3' (SEQ ID NO.: 5) and 5' -
GCCACCGGTCTGACTGTGGCAGGGA AACC—3 (SEQ'ID: NO: 6) or 5 .20

“GCCGCTA GAACAGCCTGECCTTG 3" (SEQ ID NO.: 7) and 5 - -

TGTAGECG 3' (SEQ ID NO.: 8), respect iREI/JSO1/1805R

products were digested with Nhel and Agel and inserted into the sane sites

in  the agubsguédlys (ROBOnfefnd metilel Gaoassd & btk REERigdtivmes reRed i nto

the Mem ECEP vector (Cd ontech) which carries the N -termnal 20 am no

- acids of SHTerneesawang preticaiment-apeny cembingtiens. f or post -t ransl ati onal

pahnitoyl ation of cysteines 3 and 4 that target the fusion protein to the

pl asma nenbrane. To generate E-Nuc- ECFP, E was cloned into the Nuc-ECFP

“vector (Clont ech) whi ch' carries tfxarmagpies of the nuclear |ocalization

"~ signal of the S|man VII’US 40 | ar ge T-antl.en fused to the C termi nus of

. ECFP.. realation of astepblay RALEOEEAROT i OF 3 23y 713

“l'ocal i zat| on Si gnal was eI i m nat ed f51 ) he Nuc ECFP vect or by Bgl I'l / Banj Il

digestion and religation.to generat “FP. ERa or E PCR products were then -

Figated into the Nhel / Agel. sites. of ECFP. The conplete sequence of all

PCR-anplified _regions was verlfl ed, by, sequencing. The cDNA for Src ASH3,

Src ASH2, and O%pegiemyof srehidecionpeingnige inareased ivetebral psteqblast @pontm Yal e

U t 0 0 P, / 1 O Z. et al.
(26\68; Sl] M%f@%en%?@§4%?%§%?éyté\l%%t%gn i!,%'ut afits %r eﬁg 46 ¢ ]Efy eDr : o
K. S. Ravi cérapaiecatn shani-uperatetlyconfrol¥i(Figune 3 A) VWAthkse Shdngeeivepd preérélﬂ&ﬁin Eur.

J. I mmunol . 28, 2265-2275 K wa ovided by Dr NG Ahn, University
ot Col or alBet pRRCEICegebeiviag LiBestagaliE: 6w odte- SPBfats Thaansi ent

t r ansf ect yefieni [ﬁnﬂrﬁ %31@ ours.
wer e transfect gﬁgaﬂtﬂﬁ%gtﬁ‘%ﬁ ano nt?ﬁglf%gé%é gﬁﬁ@usﬁ%éoﬁml? #%m ne
(Life Tewm@dtse@mesn wm:q mdﬂelsl olithey Ot-iiX-tixhgrdmt@tosteronHoéDIﬂI) inlithited

~transfect d with f di 10% -
char coa - eBfelcinie HRBGE T Skl 630 155, At ahion; it

t Y .
P et e 01 1 S

transcri pvite MLOr¥h eeliscinetishosin)s Bper OHT emdtednaphpﬁatsaxfctlama-fdenaah and-

f 3- gal act d.24h. .| t | f
e e BB feoRalc Lils e (P BP e Stk AR el B8 o ey ySE:?Z °
(350 bp) 1) WHELCHEAIA CACHGSCTAGHST dﬁferérﬁE@oL@oﬁﬁtlc sﬂﬂnuﬁnd eét;pomde, '

5' - CTTGGCCAAAGGTTGECAGE- 3" (SEQ ID NQ : 10); for (l
dexamethasone, or TNFey; as well as Fas-Fas ligand (not shown)

20 . The_, signals that control the prevalence of apoptosis of osteoblasts and
osteocytes in vivo are unknown. Hc_ntvever, there is extensive evidence 1o sugées_t that
interactions of cells with their matrix, in patticular collagen-integrin iﬁteracﬁons, are.

- important in vivo cues for the décisioh of a cell to survive or initiate the process of
L 'sglcnde by ap0pt051s ' This phenomenon has been termed anoikis (Frisch, S.M. and
5 Ruoslahtl E. (1997) Curr Opm. Cell Biol. 9, 701-706). Therefore the effects of sex
steroids on anoﬁﬂs using a bone ma.rrow derived osteoblastic cell line (OB-6), which
was cultured inside Type I collagen gels were studied (Figure 1E). In ﬂus system, "
'apoptosrs results from loss of mtegnn signaling during contraction of the collagen
lattice, As in the case of the other pro-apoptottc signals, either Ez or DHT does-

30 - dependently attenated anoikis af concentrations as low as 10" MM,
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- eluci date am sm ese e

5' - GAAGTGOCAGOGAGCAGGTG- 3' - (SEQ ID NO.: 11) and 5' - 43 pecember 2004
TGCTGGOACGACTCACTAGCACAT- 3' (SEQ 1D NO. - 12): for AR (615 bp)T5 20 -

. TGTGTGGAAATAGATGGG 3' (SEQ ID NO.: 13) and 5' - TACATGTGGTCAAGTGGG 3'- (SEQ
~IDNO: 14); and for ft-actin (200 bp) 5'- TGGAGAAGAGCTATGAGCTGICTG 3 (SEQ

| 1D NO o' - GICGCCACCAGACAGCACTGIGITG 3" (SEQ I D
St atIStI@ gﬂ%?ym S. The Student's t test was used to e\slgFa%{’ggﬂ{aﬁ’%ﬁzl n vivo

changes in bone cell ‘apoptosis to assess for significant differences
bet ween neans of the groups (n= 4EE&MM315éi est abl i shing equi val ence of
vari ances a B st.tj k . ) Q e ln vitro
apoptosis a SERRRELE g & s St © AR Keul s

~nethod - was. usecin&@" %&ddﬁ&tﬁ&%&@@ﬂl@ﬁnéﬂtﬂﬁeﬁbﬁ&ﬂ%&e@fferences 30.

" bétween neans. |n order to establish whether the steroid effect was
dependent on the pro-apoptotic. agent used, data of Figures 1C and 1D were )

anal yzed by t v, ANOVA, in i ch. ria ret

pr‘oapéﬁgt otic a %teétr%eé]hgeﬁegéor %&gé’r?fé# :(1\@7%?0%0@1%8“ SR 'Fﬁif’gsorand t he
pretreat r@ﬂﬁge%mfs‘!ﬁﬁiaﬁh&e biedkeitd aldilhhoptotic d%edPRE By hRd DEOOH MR0ik/c8RH05 |
- PCT/ US01/ 18950 Subsequently, the Bonferroni nethod was used to esti mate the ‘

" signi fi candisabng strengly thie thmeBertnnby Sox storeids meane megduted by fhsi BRtandns .

andr ogon A5 Vo UBEaRAD. BRVGIE ol iadibi e U8 BRb i Fibbapely '
i'ncr eas edfhughided bad ﬂmembbﬁmbyncpssz 78 Fiblre 2AY &oﬁsﬂ‘s@hﬂm@ﬂhﬁs '

ost eocyte apopt05|s by 4-- and 3.5-fold, respectlvely 10 conpared to
sham @per‘ﬁ-‘@éﬁe‘-‘éﬁéﬁﬁﬁsﬁhs ofbersghitve shepm prexiguslyhthe bé@tiwh@ml}ﬂsé%lélﬁﬂ’él& LGI

oV €t O el LARFLY I, WAL LaiPlokbRls (0AD, NI Mhoe T

avar ra cultures
and an osRmsgtSW. ?mﬂ)l [ ne vvere used as [ n Vi t ro m)del s. Either E2 or
5a- dlhydrotestosterone et oposi de-.i 0Sis in

, dé i.nhi bi t ed ced a
cal avari a cell“éOP%‘ia'télSB %d%ﬁé?ﬂfé’rﬂfﬂf-ea@%“'@?m‘%%efﬁqu ﬁ%eqff@ét seen
at 10-9 tygp Waﬁgzﬁﬁwﬁk 13'6%%% {oﬁ{f' pﬁ@{p@c@gtrééuﬁlﬁ th\hE D 'VAL.Q Y4_. |

cells (not sho prevente opt05|s vari-a- erlved
mar i nk osindagohizts stodies mith Helgesls, Wﬁi)chdlo mhexpzssse'lﬁi& y)r AR wetd pelrformeedV O Y4

gfggzg.eder%%e&&eﬁ&eﬁz{ by S 2L el LN R, ohLol st
20 The S'Wés%eﬁt*ﬁeteﬁp%ﬂtﬁhmgt é‘ﬁuo?é&‘l@daﬁﬂﬁﬁmoieqﬁ&%t(ﬂ@}@~ﬂjc) Qad %R&lras'[ s and .
" ERey, ERPB or the AR expressmn constructs, or empty vector controls (Figure 2B). |

Neither E; nor DHT (10"2M to 10°® M) had an effect on etoposide-induced apoptosae 7

20  in cells transfected with the vector without receptor (empty vector, ev). However, in

" Hel.a cells transfected with either the ER {(cor B) or the AR, but not the v1tam1n D

receptor (VDR) or the retinoid X Teceptor (RXR), both E; or DHT prevented

' apoptes_is in a dose-'dependent- manner over the same range of concentrations,
Interesﬁngly, 1 25(OI-I)2D3 prerented apoptosis in HeLa cells transfected with the

™25 VDR or RXR, but not the ERs or the AR. Identlcal results were obtained using -

dexamethasone to induce apoptosis.

_ Asin the experiments with the primary cultures of esteoblastlc cells, either ICI
182,780 or ﬂutal_mde abrogated the effect of E; or DHT. in Hela cells, irrespective of
" whether the HeLa cells were transfected with the ERe: or the AR (data not shown), |
- 30 These results clearly establish the requirement of the ER (e or B) or AR for the anti- |
'- apoptotlc effects of estrogen Moreover, the data suggests that the receptors S
reSpons1b1e for nongentr0p1c effects of sex ster01ds are indeed the classical receptor
proteins, i.e. the ones that mediate the reproductive functions of estrogen or androgen,

’ rather than alternative protems More 1mportant these findings mchcate that some
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osteocytes in vivo are unknown. However, there is, exigEpsianeppogence to
suggest that interactions of cells with their matrix, in partjcular
~collagen-integrin interactions, are inportant in vivo cues for the
tdecision of a cell to survive or initiate the process of suicide by
‘apopt 0Si Sy ghenonenon has been terned an0| kis (Frisch, S. M and 25
Ruosl ahti , @fﬂ% $507) curr. Opin. Cell Biol. '9, 701-706). HGEPIMGELO he
effects of sex steroids on anoikis usi ng a bone marrow derived:

ost eobl astactmm'@tf Ithd ¢lassicaDBRE hnd AR arb sexwan-spekifier Eehnioriptidnaltypdationcet | agen

_gels were Fi ure I n this stem apoptosis-results fromloss -
i nt egrl &W @Ft&)é%hwa‘mee B?b?qqél%?ﬁqeﬁﬁ@b{mlbaﬁaﬁﬁ@@wfm |n s

The cace it @e@aﬁﬁ L. @ RPPRIVOY Chctk 8R815-4864.4BEY ) &kl o

.dependent |y attenuated anoi ki's concentrations as‘l ow as :
Decenber 2004 ba@xplaiesbbp tRCHUSOIoh ki SperifixAddehBr 2osivimroin Smocellshe AR '

ot ner Bk SRR 908 Predil Aatl bl ﬁaﬁ%%SSS@@%%@%?@@%%%%%LZ& or -

‘ant agoni Sherefd réﬁgseﬁg Qhe ' firkh QcRABANRGEA theC epﬁai um%aﬁgsg(fﬁ% letcgf)!é ;tf

bl ocked the. anti-apoptotic effect of E2 and
i'ndi cat i nglessicad FRsyanhAR istrex aph-epecifiniSexhmnsyproific signalisg hyreetrmmm ed by

~the ER an ver, the ant apo tic effect of E2 was
'S0 hby odairaEn R BE B o nd RAC s Bttt AR B ST 1 TR F gure
2A) . Consbpiexniterofdshintthé addid sityhaxsp of Fearhlésosid thaled WhE i gmi .

" previ ously that anti hornones including I1Cl 182,780 int act W rrultl pl e

cl assdd oP @pemeuﬁ%@e@pma@stddm@sozmmmmmtem@hm 372 376). To

establish the dependency of the anti-apoptotic effect of B2 and DHT on the

"ER and AR and dissect the role of each receptor in the unexpected results
wi th.the 15 antagonists, studies \ZEXAMEEJES cells, which do not express ER
or AR were pertorned, I n.these Eexperl ments HeLaceI | s er e transiently

_transf ect &8¢ apti-gpeRiade, activiy, of the Iiopeaiedyyithis, sirhindinghdpmannucl ear,
| ocal i zati on sequenceangEGF gy [ QEE . -t he AR expression
~constructs, or enpty VeCtor ROt = fiog SPth % her E2 nor DHT
(10-12Mto 10.s M had an effect on et op05|de i nduced apoptosis 20 in cel I's
transfected w h. th tor wthout receptor_ (enpty vector, ev)., However,

in HelLa cells fﬁ“ﬁn S IROWFATe PPheker he (aRticapopiptis activety AF€, thebut- not
the Vit aeBepbrs!18F 86 SordidPRnRe A Grkbt Bfor dofBER! B gxgkeg@)re By B2 or

DHT prevented apoptosis in dose- pendent manner .over “Tange of
concent r afor dr@scnptmnel activingwas detaBid) OFigupe 8WAnt &tle agffptsost SeVdilalHe La
ceIIstrans ut _not theE é)r th '

| dent i cal P It?etgﬂ‘\l/%ﬁg%ﬁt‘ &rﬁvggﬁ%loﬁgapoptoms Were compare

20 mutants have been described previously and have been shown to produce the expected

GSG

proteins when transiently transfected into human cells, such as the HeLa cells used in
the present study (Schodm, DJ. etal. (1995) J Biol. Chem. 270, 31163-31171; Kraus, o
‘ W L. et al. (1997) I 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-
"5 - 5075; Montano et al,, (1995) Mol. Endocrinol.- 9 '814 825) In expenments not |
" shown, it was established that the- mutants comprising the DB or E domains also
.produced the expected protems and lacked transcnpuonal act1v1ty
Like ERq, mutant AA/B which . lacks the entire N-terminal transcﬁption‘
activation function (AF-1) domain, or 2 mutant in which serines 104, 106, and 118
a0 were substifuted with alanine (5104,106,118A), or at:nutant AF, Wlﬁch lacks the entire”
" F domain of the carboxy terminus, or mutant ADBD which lacks part of the DNA
- binding domain (amino acids 185-251), were able to _cetwey the anti-apoptotic signal |
of the Ex-bound ER. Yet, all these mutants exhibit reduced or no ERE-’niediated gene
‘ u-anscrtptional activity (Mbn'tano,M.M. and Katzenellenbogen,B.S. (1997) Proc Natl.
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“dexanet hasone to induce apoptosis: As in the experinepspeihbeddtRqpri mry .
cul tures of osteoblastic cells, either 1Cl 182,780 or flutam de abrogated
.the effect of E2 or DHT in HelLa cells, irrespective of whether the Hela '
cells were transfected with the ERa or the AR (data not shown). 30 These

results r stablish the’ reqwrerrent of the. ER (a o for -
the antlf"vg’gjoa%/m?l c effects of estrogen. Mreover; the da Skﬁﬁag S that :

-the receptors responsible for nongentropic effects of sex ster0|ds are

indeed th&ced.&bildal. A.Odepi&ir2580r be Gioff P. ¢t al. (108€) LBiot Chem. 268pdd3R-e t he

SR S R e U N T o

2004 VIO 044 06 MToRGTS AL/ 4895P AL antt@esmml cRlorERgilans AR are sex

non-specific. “Transcri ptlonal regul ati on. of ‘the ER by -androgen and the AR -

by estr ogehﬂmaoetheelwmddo sonvey dhn ehtj-apeptbiie signalcwacpreserved insa @detagighol i ni ,

M et-al 59 4 4 48 ld be
o i e i e e Bt 041 AR DIVA pisithe e PR ssifion' 0PF
5 (Yeh, S ®fietRin- nful&@&)onﬁétﬁlgl\mayﬁﬁaﬂaesw-:yh@da bitdirfeb démai3 2E).) -InThe

results presented herein represent -the first denpnstration that a non

transcri peousyagh, EBOWU@NL A gvhichs jacks hemaonenbindingability {Bkenfost alpeci fi c.

Sex non-s | u &Or t he o
e anon sa%57] 1 Bid) hah 78, Mo SRS PERNE SRR R BP R OT 0
t he adul tC&BﬁhﬁhD&aﬁﬁcnf)ﬂmhaﬁia&Bﬂ ﬂmdtﬂm etﬂdzp t(Scmm ¢pahl (199@) 9th01 10. -
phenot ype _of or aronmta in_rodents and humans.

EXAPLE SCire 1L b cinge o 41 (1993 | el ERams 300 JABRGA MR W TPoENe £
18" ng R, RRBG B0 90y £ il il B o akodsPa Aok ke bl O © Re
ose requirod 1o 1AnGCTat] ool Bk ylry: ot et o mnsd. (F g e 3A).
Theof f ecelt K- Sotlo %) mtlahihen e Sobs3-E00%5 Svledth o 2t (L Tont &
vere comgipdeSamaTel 3t 185139 MitRl SoARNGERER AENIJ PR ARSI v and

have been shown to produce the ‘expecte proteins when transie
t r ansfsect dmmainrofdhéERamesides withindiue ligal bindingetgion idmain ddfithe pmieipr esent

tud Shd t al 1995) .J Bi.ol 63- l7lK
WL o o 1 e pDopt S R B PR PP O of PATRRAITRL K et

al. (199%3& Bl site i Briadl te%gcrzﬁ%mace arHsEREt al . (1997) J
Bi ol . Chem 2%2,- SS(i)gQ : 50715; Mont ano et al I@ﬁs’(1995) Mol .. Endocrinol . -

9, 814-825). tNextebethentbmm anﬂptouet@mty iof thealé demeimvassirpandang ontite
mutants Cl ggﬁz‘aﬁ ot heax%E tlar ub%eﬂ&%a'egalpgrlﬁ%nt was determined (Fignre 3B).

20 TheR domain was targeted elther to the plasma membrane or to the nuclens of HeLa -

 cells, by fusmg it to enhanced cyan fluorescent protein contammg plasma membrane '
or nuclear lccahzatlon sequences, respectively. As revealed by ep1ﬂuorescence1
mlerescopy, the non-targeted ERe and the non-targeted E exh1b1ted similar
- dtﬁst:nbutt_gn of cyan fluorescence in the- nucleus of the cytoplasm, indicating that B
25 elimination 'of ‘all but the ligand binding ‘domain of the ER does not alter the
N subcellular dlsl:nbutmn of the protem I-Iowever mccrporatmn of the appropnate
 targeting sequence accomplished the expected subcellular localization of the.
‘membrane or the nuclear ECFP fusion proteins, respectlvely, as can be seen by ,'
| eomparing at:td contrasting the distribution of cyan an‘d red fluorescence in the same -
30 cell(s) Targetmg the E domain predommanﬂy to the plasma membrane did not alier
. its ability to convey the hgand-mduced anti-apoptotic signal, as ewdenced by
identtcal antl-apoptotxc actmty of this fusmn protein to that of the E domain or the
L full length ERo. But in sharp contrast, targeting the E domam excluswely to the cell

' nucleus resulted in complete loss of its anu—apoptottc actlvzty
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produced t he expected proteins and | acked transcri ptipngkcasbdrioby. Like
.ERoy,,mutant AA/B -which, lacks the entire N-termnal transcription
“activdtion function (AF-1) dommin, or a nutant in which serines 104, 106,
~and 118 3.0 were substituted W|th al anine (S 104, 106, 118A), or a nutant
‘AF whi chw@eoksssbhe entire F domain of the carboxy term NU§e c{% @éB@
‘ADBD whi ch | acks part of the DNA bi ndi ng domain (am no aci ?L 51),
were able to,convey the. anti-apoptotic signal of the E2-bound ER Yet,
all these nutants exhibit reduced TERE- medl at ed gene transcri ptlonal
activity ( s kg eni( 06

- Decenber ngbﬁv% 9 CQB%M _ ' ' Ze

Le Goff, P. et al. (1.994) J Biol. (ME_YZGQ | 4458- 4466 I\/t:lnerney, E M
-and Kat zenel | enbogen, B.S. (1996) J Biol. Chem 271, 24172- 24178; Montano
et al., (1995) Mdt. Endocrinol.. .9, 814- 825) - More striking, the ability of

‘the li'gand to t Ietlon
5t At whi ch e AL P, o dRERIcA inGb A0S G AMSPRG RENALEIRR, HE
wel | as |M@-‘délcdﬂs,mtharmmaleﬁ'ﬁn‘.:sﬁmamgmnlanﬂyretﬁmtoéaaéﬂﬂie% Deaéh -
bi ndi n mai n ontrast; he ER mut ant . L525A whi ch_ | agks
hor m)ng bg 4&% tqu%’lca% E‘T@H‘ﬁ%w@{e rgpro c?dl thg npyrige ostephlastic
5069- 5075 t

)ceﬂé‘(bot Bewi! aat indkeddibo RE ) l%ﬁ% S4HERY B Ea ﬂiﬂg@gbﬁﬁ;

‘transcription activation function- chodi'n et ,
Chem- 270 by3hd gecficliphibitprsaf the phdlsph@méaﬁ))n df ERX | PDIR0Qrand’60, 1254@26 14032

et i1 BSlt SOLET BT bt beosft Brger BiEbiutoP o donves ol | °

transcri pPD8e59 agd PPt donafletbiyeatito t@d'theﬁﬂf-ﬁ tﬁ% Stctobf 4 Bi ol .
.. Chem . 271,. 20053-20059; Sngjtllodtl?ﬁ etgéal ° Bleo Chggm]a% Em,ﬁ

31163- 311?1«310&@5&% ER¥ phesphpndating: and &@tlﬂnase acawty azpoguise ifor'the Bntiomai n of

the. ERre r h otein
‘and its an g%%\%ﬁf&w((’:ftﬂé’gt Lé\}gs[%@%,éy “q#mé‘%g’f d%’r‘f(??i b@’ﬁ)%sﬁ?'{t’@b [g? 8ger tain
- N-terni nalSrc JadBe itothaianti abbststic BHect afiked Stroid'wad praRfdetitil the FRIdACER Y ty of
the ER Next whether .the anti-apoptotic activity of theEdorraln was

- dependfent aBHAR- XPIesting srabrypBig hioﬁaﬁ&ﬂﬁmﬁﬂ@mm%ﬁhﬁt@mkﬂ%nt was
det er i ”egndﬁgﬁﬁﬂrﬁa@@? gé@})@@{&%@ oﬂ), éﬁ;%%?&?ﬁv?h&gﬁ%ance hfie plasma

menbr ane or e nuc a ce by tusing 1t 10 tyan
f | uor escewerqurtsponsicototthe mmgpcp;dtamraffenmﬁE@a:eDHGT(Eigmteem) | ocal i zati on
i.fl uorescence __nm croscopy, the

onTar get ed G ShtepHeEnof g aneaDtBn BPtcet B el PHTors e oot | on o
o Tt |l e e N e o P o DAL DESKORRTD e
"t he zihbcﬂgha]hmaﬂwwrwasdemswe@ herpLabetilsr(anmwderand BOoPMSGﬁSPom of the
appr opri aj etransfechon of a dommant negative. (dn) MEK, a kmase responSIble for the '
phosphorylation of ERKs, abrogated the effeets of E; or DHT in HeLa . cells
transfected with ERa or AR (Figure: ‘4C). Likewise, the effect of E; or DHT was "
o k abro aated in HeLa cells uansfected with the ERa or AR and co-; uansfected with a Src' '
_”flis | mutant iack:mg the kinase activity (Src K) (Figure 4D). More strikingly, a Stc mutant
Iacklng the SH2 domam (Src ASH2) abrogated the ann-apoptotlc activity of ligand-
| activated ERa but not that of the AR. Conversely, a Src mutant laclcmg the SH3
B | 'domam (Src ASH3) abrogated the anti-apoptotlc activity of the AR but net of the ER. -
o leemse the anu-apoptohc act1v1ty of the E; or DHT activated ERo was abrogated |
30 by dominant negative Shc mutants in which al tbree or only the third of the three
_ 'tyrosmes (Y- 239 Y240, and Y317) which are the primary sites of Shc phosphorylation |
‘were substituted by phenylalamne However, when tyrosines 239 and 240 but not
317, were mutated the anu-apoptotlc act1v1ty of the receptor was unaffected (Flgure
, 4E). , o , : Lo o :
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“targeting sequence . acconplished the expected. subcel jypbarethg&Galobzat i on of
-the. menbrane or the nuclear ECFP fusion proteins, respectively, as can- be
~seen by conparing and contrasting the distri bution of cyan and red- ‘
- fluorescence in the sane 30 .cell(s). Targeting the E domai n predom nantly
to the phkasonoggwnbr ane did not alter . its abili ty to COp@ﬁﬁséﬂ‘ﬁgsg

| i gand-i nduced anti-apoptot ic signal, as evidenced by identical
anti-apoptotic act|V|ty of this fusion proteln to that of the E, domain or

the ful'l |engEensistent yith the eyidenge Eishihedls domats ofdhe KR ismaficienfar s

| ant : : ZLXS&& ‘R’E%l V&M@@#@g@é l%@%tﬁ%&%ﬂ%@[ﬁge‘%@ g‘t&ﬂ@@ﬁlé%o

EXAMPLE 4P11$O%0§9; theaﬁpMEK,cthecSrc \BI,ySmfASHm oEBraAGHB hal emtiﬂgtthel swha a

- Src/She/ ERK si alin_ _pathway B2 or ap| dly and_transient] |ncreaeed )
t he phospsﬁ‘?cﬁaét @hd@fm%qeﬁs ”@W %?%EM@&?” asd scen at
Snmna g return to baseline by 15 min- (_Fl_gure 4A). ldentical results :
wer e repro uced using the murine calvaria osteoblastic cells (not shown).

- The induction of ERK phosphorylation by E2 or DHT was. bl ocked by the
specific inhibitors of the phosph®XAMPLE®S of ERKs, PD9809 and UO 126 (not
.10 shown);. as well as the Src famly tyrosine ki nase i nh| bi tor PP1.

. Mor eover, hot h .. PD9 EQ and .PP1 I teI abr.ogat ed. t h - apoptotic -
ef fect of B55 ki nase'

activity are requi re for ‘the antepti@Ppploehiss ef fects of both sex ster oi ds. -

Confirmatory evidence for the eSsential role of - Src knase.in the .
anti-apoptotic effects of sex steroid was provided by the finding ER 15 and .
AR expr essi ngvieRpagadhand ¢o-Broslksre have n@ﬂw@alsqlaiﬁdspﬁerﬁldm@eofﬁmﬂ al so

| lsﬁg _li / %@eaﬂ q gn@ in¥iflo Q@j gF@fﬂe‘g‘ ttha? bind et m%%fl thn{ﬁ fi g@? ae%%%e'd l&ecafl he

ype ¢ Wer e ‘unr esponsi ve otlc ef f ect

.of E2 or dagbiitdly dblock ERo bilh ot BERGeipedided dyaneérigtion, anﬂlwaemfsa,t mhesf f ect of
B2 and DHT on the sex steroid receptors (either the ER or AR as well as

on the act@ﬁ%pn@moaﬁenmﬁwesmeg.rswp%@}e@ammW% a&&*ﬁﬂ@r%@@e in HeLa
| Fi g
ﬁggafl \(/el. (ﬁﬁ)ﬁ%E@gnag%ana egg’g@ﬁg:%? 81 ;lgr ?ﬁ%%?r:osp %bry ation of ERKs‘

abr ogat ecbdphdesetbfbemﬂcs:heﬁntEﬂp@p‘toﬂ-ﬂﬁeots da{di;awasaelthmeﬂr(ﬁ‘i@ﬁe(ﬁ)eﬂl partliel ERa or
AR(Flgure 4C) . L|ke e effect. of or DHT.was . abro edln HelLa
ol | S5 roRREbs e CRITY of ERere GRS ARGIED. (ISR B et SRPEROL OGP - 58
mutant | Q‘I&d‘&ll‘é'ﬁ%nkfe&%&%&%i EREYdﬁvﬁﬁ%éﬁer&E'cgﬁgn%cﬂ@REfiﬁfc § oS ]]KB“Q' y, a:
.Src mutant | acking the SH2 domain (Sre. ASH2) abrogated the anti-apoptotic

activi t y pbmbotegdrigten wiferese §0.-6archuThe peptidendasignafediall haRingRequencsel y,  a
Src. mut %Lfﬁﬁﬁé@\nhhﬁsﬁ'@m ID NO.: 1) which binds to the ligand binding domain

' _ERa', blocked the BEs-included increase in ERB-Luc transcnpuon (Flgure SA).
' 20 Likewise, the peptide blocked an E; -induced decrease in fhe transcription of IL-6-

: paradlgm of transcnptlonal regulation medlated via protem—protem mteraet;on
' --Between the ER and other t:ranscnphon factors. Nonetheless, the ofl pepude did not
7 influence the anu-apoptotlc effect of B,. Identical results were obtained in’ '7
: .'expenments using HEK293, mstead of HeLa cel]s (not shown) . _
.25 An ERg- specific peptlde (293), and a peptlde which mteracts with both the
: ERoz and ERG (F6) (Flgure SB) were mves&gated. For these experiments, HeLa cells
- were transfected with the ERE- or IL—G Iuciferase constructs and either the FRa or the
ERB 293 blocked the effect of Ezlon _transcnptlon from both the ERE and the IL~-6
. {p_romoters in the ERB carrying ceﬂe, _but not in the VERtx cafrying ceﬂe; F6, on the
30 otli_er hand, 5locked the effect of E, on transcription from ERE or IL-6 in both ERa
" and ERB carrying cells. More ﬁnporta;ltly, unlike aII, which did not affect the anti-
, apoptotic activity of ERa (and as expected of ERB, as ol is specific for ERa), 293 did

60



domain (Src ASH3) abrogated the anti-apoptotic activi gy pRbetbs 234but not
.of the ER Likew se, the anti-apoptotic activity of the E2 or DHT - '
‘activated ERa was abrogated 30 by dom nant negative She nmutants in which al
three, or only the third of the three tyrosines (Y239, Y240, and Y317) _
‘whi ch ar eWpHa9pfdSnary sites of Shc phosphorylation were spbgtisdlges by
‘phenyl al ani ne. However, when tyrosines 239 and 240, but not 317, were

o5 e ) ik A B s 6 2

- evidence apuptotidwtiBitd @I ERE. FoDI6Red Shesitil dpobeitic dcftvit) bf bo/HRa ARPPL O C
~activity (Figure 3), in HeLa cells transfectéd with thi's domain,” PD098059,
the do MERRS;#ewell gs kenssriptigfempERErapd AbiG3 Thede sssuls penfimethe avidened f ect s

and Dy CltyeBBERR bl b R BRLES gt s ) brfPE BneiRaboadt © 4¢
- ant i - apopddriis, X! étvlt(1999) SchencEB8s:7441796; (Flﬁig?j Q?étﬁd]l(?%@j MoecMEBnel | and

* co-workers have_previously isolated several asses of small 10 (11-19

ani no aci #9:85¥p8230s Maseavepi the datasalsq indicstes dhasfbloeldng itheasite tecvhichtodl ER

- and can. L3V ' -nediated transcriptiop,., and
" vice ver sgﬁhﬁﬁ%ﬁ @%g@ %gﬁ%n& gg@@ﬁé%%@&%%‘%@?@‘&gé’ﬁ%‘@épeefﬁ%g‘?é‘lgﬁﬁ’ent)
(Norris etffatively518RadSs tienenscAPionall ety of bR MERE! Rie. ddnl@R@xtidybs Cel |
Biol. 19:8226-8239). The ability of these peptides to block the .
ant i --apopti§t $RECIICHE 9k thepe meplides sk dlacking amsgriptomsl. oyand, antirppeptotic

exper iqrent e i by afr se. [ ' ' ck _t i ption.was
i g vty TRond e ERK B ERp RS COiRsrtbn Yo A TOREPLRG pBHE”
const r uct of thRHgini jctivatedreddptér depemdynines dighinot eite bl didf repivcofild reBegtte) . The
- peptide designated all, having,sequence SSLTSRDEGSWYASR ( SEQ | 1)
\R/n:oclh bi n?}?{eg'b “t']?’rgh ﬁ?ﬁg‘%\eﬁﬂcéiﬁtﬁgﬁl‘?@?’gwdn amERH?PtBP%cQ‘@HaIPht(a E(ZD i ncl uded-)

bl ke an B T drarkbiRel Biely oF BT PR ardbeiicaif MoffpendedTof I LCS
- of transcintquadtionavith epreifi toactredins mdstwif avipiclo beitainpthe teehservedt BXXET on - -
pept 1 o cRgtlTegRed ik isions SERRE IRk PhisBin & DB Endesekev, HE abiva
ot shown P B T e T et e h
i nt'er act seofivetRTHEHBREhE. ctrha(12A9) EQ@C@E@OI( EP1$226-838Y). viEhe GRIP geplidrat ed.
o eSS SURRL bR B ) EoREL b SRR AR B ek o 5T 1L
- The nucleotide sequence for that region is: - ' B '
20 CAC AGCCGGCTGC ATGACAGCAA AGGGCAGACC AAACTCCTGC
. AGCTGCTGAC - CACCAAGTCC  GACCAGATGG  AGCCTTCACC
CTTGCCCAGC ~ TCCTTGTCGG ~ ACACAAACAA . GGACTCAACA
GGGAGCTTGC ~ CTGGGCCTGG ~ GTCCACGCAT - GGCACCTCGC
' TCAAGGAGAA  GCATAAGATT  TIGCACAGAC  TCTTACAGGA
25 CAGCAGTTCC ~ CCTGTGGACT  TGGCCAAGCT — GACAGCAGAA |
' GCCACAGGCA ~ AAGAGCTGAG = CCAGGAGTCC  AGCAGCACAG
'CTCCTGGGTC ~ GGAAGIGACT ~ GTCAAACAGG  AGCCAGCGAG
' CCCCAAGAAG  AAAGAGAATG ~ CACTACTGCG = CTATTTGCTC
. GACAAAGATG ATACTAAAGA TATTGGTTTA CCGGAA (SEQIDNO.: 17).
30 ‘When fhis peIStide was co-transfected with ERoz into E{eLa cells, it did not influence
- the ‘énti-appptotit? activity of the ER (Figure 5C), arguing ﬁ:rther that the anti- |
V'apo'pto'tic activii_y of the ligand-activated re(:éptor is indepéndent of the ﬁmétion of
"~ this prqtein as a nuclear transcription facfori, B - o
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- that the anti-apoptotic activity -of the I'igan

ERa. 293 bl ocked the effect of E2 on transcription; f{g)m,gg?]t, rbags ERE and
the ]L-6 pronoters in the ER$ carrying cells, but not in the ERa carrying |
cells. P6, on the 30 ot her hand, bl ocked the effect of E2 on transcription -
'-_from ERE or ,-6 in both ERa and ER 8 carrying cells. Mre inportantly,
unl i ke aIW00Wﬁ6@-h did not affect the anti- apoptotic acti®pCTAsei18h5. a (and
as.expected of ER'S, as vHis specific for ERa), 293 did 60 13 Decenber
2004 | WO 01/ 96605. PCT/ uso1/ 1895%%% e anti-apoptotic activity of the. -
ERf, -but it did not have an effect on € anti- apoptotic act|V|ty of the

) that each pept i de binds to &fEM CdI2aREs. sj tes of the AF-2 bindi ng
"pocket 5 (Norris, J.D. et al. (1999) SCI ence 285 744-746; Chang, .C. et al.
(1999) Mol . Celf 1k e{‘ﬁa:ﬂ; cates -
t hat bl ocki ng tﬁginghnson f&ﬁ%@‘ﬁ&%ﬁ?h bi n g’%?fe) oes not .
af f ects t hgené,awhichapmbtins ian"EREtinvits proxmtmandmmgbgulatedéjyf esttogenlm dl ockades -

“the transgriptional actjvi of .the ' ERat, The denobnstration the
speci fi ciF3i5H! PRERE, puith it - appofy et s BRITGEY A

ant i - apoRioRlided! OARGL VA Yh Fipare s&eaﬁaees%\ras%%ug@fe%@ d&trtgsgfei £otion

tor- depends
on a di stédctigity, sikhibited poteat ardgamptasic ¢fficacye daptlerothgrlondj a pymizoketwitas been.

o Ve erboiabe lRERESoRsbiY B iima) G padbiows sy ofhe flaRe gy o
CO- aqlyi Vaeptdtic ﬁ@eﬁcyeéfmede&ho%ﬂipehﬁdstdaeeme{m%dﬁh& o IR ERK t er med

arig, ¢ d

t he nucl ear receptor box (MKenna et al. (1999) Endocr. Rev 20, 321 344). . a

* Pepti de @hpsphordation (Figure 6B)t er action of the ER with GRIP-1; one of these
co- activators (Chang, C. et al. (1999) Ml.Cell Biol. 19:8226-8239). The
"GRIP peptide - contains the center three copies of the LXXLL notifs fromthe
co-activator GRIP-i. The nucl eotEgansEguence for that region is: 20 :25
CAC AGCCGGECTGC ATGACAGCAA AGGGCAGACCAAACT CCTGC : -
AGCTGCTGACCACCAAGTATmAE : apgptide F6 as the transgene.

CTT GCTCCTTGTCGG, ACACAAACAAGGACTCAACA
GGGAGCTTGCCTGGGEECTGEGT CCACGCAT GGCACCTCGC

TCAAGGAGAAGCATIRATEAET /T hMICABA CAGTEICHAGREGAN of the actions of the ERs versus the

- CAGCAGITCCCCTGT GGCCt@A
actions of the & to %CT protechv%ects of estrogen or androgen can be

i accomphshed by eom_panng osteoblast_ogenesm and osteeclastogenesis, osteoblast

~ and osteoclast epoptosis, bone mass and bone strength in wild type ovariectorized
20  mice and mice carrying a tetracyeline#indueible transgene encoding the ERS-peptide '
| - antagonist 2XF6. Estrogen can exert anti-apoptotic effects as effectively and with
‘ identicai potency through the FRa or ER,B or AR. Additionally, the'Ech or ERS-
' ) mediated effects can be blocked using the selective ER peptide antagomst 2XF6
o (Flg 5B). The activity of estrogen or androgen through the AR can be retained whlle
25 s1mu1taneously blocking the activity of these steroids through ERa and ERB by usmg '
' 2XF6 as the transgene. Developmental problems ]Jke the ones that are most hkely '
N confoundmg the results of the ERKQ mice, can be avmded by placmg the transgene
under the control of the TET ON' system driven by the actin promoter and as
_ descnbed in Gossen, M et al. (1993) Trends Blochem Sci. 18:471-475, and Gossen,
30 M.otal (1995) Scienco 268:1766-1769. |
The reverse tetracychne Tepressor (rTetR or TET-ON) system takes advantage_ :
of the hlgh speclﬁczty of the TetR-operator—Te mteractlon, the herpes simplex virus |
. (HS_V)-VP16 u'anscnptten activation 'domain, and the tetracyc]me (Tc). In the
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- GCCACAGGCAAAGAGCTGAG. .  CCAGGAGTCC . AGCAGCACAG 13 December; 2004
COCCAAGAAGAAAGAGAAT GCACTACTGOGCTATTTGCTC GACAAAGATG ATACTAAAGA TATT%T TTA
CCGGAA (SEQ ID NO.: 17). 30 Wien this peptide was co-transfected with ERa
dinto HeLa“(iéW%ﬁﬂSt did not influence the anti-apoptotic pctiuseigesy the
ER . (Figure 5C), arguing further that. the anti- apoptotic activi ty of the

.| d- act f i t_hi t
O e LRSS STBRIOHEY AdERR e NpnRlndd SLRGLARR PF4 BORRRH O o1 "
 PCT/ US01/ 1836 6erEXARPhid ﬂwﬁﬁ:ﬁvﬁiﬁ:@%&mﬁtdfﬁﬁam‘ﬁt pr\étengf stiniglateiRahe gené)e :

dissociated fromits non entro is activity with synthetic |igands

~conpari sonSXPFesENE, &% aschegn showiy Wit rspaicy Astrys dm Heha oellakherefficicasy of the C3
"5 gene, %1 5. est rogen
in a classica E@nﬁ\ﬁg ﬁro%@n Eﬁgr}g Fdlgi?ﬁg%;%?{cﬁﬁe@%?ﬂ%8%%%116%9&%6%15Cal varia -

cel |'s fas Teomdpetvedt t’lbﬁ foepi Winding ito tBi gperatotA\(fefd) apdtfeath BAS thadmdl t hat

O the ot HePTRiRE st o DA denendchbmaErss o Hq%%%%é%’ﬁebﬁﬁ g
moni mal - anbN-SRRRE f atg%s t t Of ency of .
‘these two clgrrpoundg&]é%ers faellft'g%e Fﬁgtoggill% %%qiegﬁ]tlﬁ?(%ﬁ?cﬁ ucegs ﬁ’§ :

- phosphor y| derivative DDQWhﬁBiDoﬁXMmErﬂthéﬁrm agelunhes bindireg sf VPl 6do tihe
in vivo the elatlve

~peptide F6 as th tr, 15 To di ssect '
cont ri but i BT ﬁﬁ%ﬁ% CIFSuRRENty @ny poteptal toxig ¢ BPl oy DR to the
bone g ot-a% f npl i shed by -
hferRdeb bEdr§otRf cofis HiReaHg g@g@aggtao Ssuedtd t@ﬁa 2cREAC -

conpari ng osteobl ast ogenesi s and 0s nesl-s, ast. - and
ost eocl ast apopwesicenstiveise armdstredugedoingo sﬂhﬁesgneh mqusm \fok thuemduced

“ovariecto ce a tracycl i bl e transgene
bt . G RERER oE My Rta S i RN Horiat, B 4BE LR I Eoidsbd
ant i - apoptedtiTETRf fuet VP 18Sachivhest tl@!ﬁ'ajh QBg;lwdeHhmdeE'QHé icemdrolPef BC Yotk " ough

. the ERa or ERa or AR, Additionally, Ra or E"- di ated effects can be

bl ocked ugiTPRIOteR 0% BPigBIQUSCoXDRESBIOPL | ’Hlels aromgtsnibes bzathuct:(eisafgﬂy s8d toThe

actividy g rough R I'ned whil e 25-

si mul %%ne%rseﬁiﬁ%iﬁ ‘ﬁhs gXp %gfoglc&n@]et ot Pi?g?gés edﬁh i% e ™nd ER(S

by usi n? ltﬁi@n&ﬁmﬁd&ﬂ]ﬂi’@ﬂﬁg% et BEV@DOF) ERkuadenii REY. S5 d6). Ahﬂuﬂﬂ?s that -

‘a.r € ms (_Jv‘rowth Hormone (hGH) first intronic region with its nuclear localization 51gnal

. (NLS}) and polyadenylatxon site (polyA) is cloned downstream of the actm-rtTA
construct to confer transcnpt stab1]1ty and optimal protein expression Ievels In the‘
20 second construct, a tetracycline response element (TRE) that camies the tetO
- sequences and a mlmmal promoter 1s placed upstream of a GAL4DBD2XF 6-hGh-
poly (a) cassette. . : _
* Two copies of the ‘2XF6 pepﬁdc are used in the GAL4 DNA biﬁding domain—
o 2XF6 peptlde fusion because they are more efﬁc1ent than Just a single copy in
25 suppressmg both the transcnp’aonal and anh—apoptotlc ‘activity of the ERs.
' '.Transgemc mice carrying the co-integrated constructs are grown to adult_ho,od and E
then tréated with Dox in the drinking water. In the absence of ﬁoxycycline DOxH |
' the transactivator in the first construct is blocked from binding to the tetO sequencés.’
- - Once Doxycycline is added the tfénsécﬁx}ator will récbgnize' its target tetO sequences
30 in the TRE and ﬁnde: the contro] of the actin promoter will drivé transcriptional -
| activation of the peptide sequences. - B |
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. exposure

confounding the results of the ERKO mice, can be avoi ¢egdebymmdraobng the

- transgene under the control of the TET ON systemdriven by the actin

. pronoter and as described in Gossen, M, et al. (1993) Trends. Bi ochem Sci .
18: 471475, and CGossen, 30 M et al. (1995) Science 268:1766-1769. The .
reverse WQPHE¥G ine repressor (rTetR or TET-ON) system t RKESSewhsssu age of -
‘the high specificity of the Tet R-operator-Tc interaction, the herpes

- si nmpl ex VGE:&%- ' . -1I|vat|on domaln and the
tetracycl - » . 2004 WO 01/ 96605 PCT/ US01/ 18950
‘convent i on (TEtieCEEin-ﬁmt epntyt@e aia; TREGAGJAIEBDEKM&@IPWW(AD DNT\A a.

fusion between TetR and the activatj] ILn. of the VP prott—‘-daét -
stimul at ekPOFHECT affesengIgiideolipwing Sa%ndﬁﬁg 'E?ﬁhmﬁﬁsh Hthgsays | n

Hola ool | tvo Jig L LEREACKuole Sba AL, WAPLENSR Y s’ Qisthd --
I ncrease 1 n erep o er exp ession fevels. € can preven TA from
bi ndisg tie treztﬁaalpen&t eem@tetﬁhlysﬁsm&ahemecmmlesﬁbhslmd)mnttﬁnsxeand
consequent |y turns off_tTA-dependent, e pres ver, the TET- :
syst em uttrgrsiestants of Hal g calisby moptprng '§"i9 tqte&wﬁw%s Tc, or

Its der| V, nggé |nduces rat her than. abol i shes bi ndi ng of.
VP16 to t inz% rat gwg%&@ﬁ]@?ﬁd\l system circunvents any potential toxic o
ef fects that nay be 10 conferred to eukaryotic cells follow ng pr ol onged
éo tetracycling Tvvo onstructsare i ntroduced into. the same

, PR ODARI RO QL Lo beptides. In the first construct,
the gene encoet*hegaatmfetfthf@p 2 o TRERL DB HEn @R HotRl (AYnDER™i n) 'S
pl aced. under the control "of” the actin promoter for ubi'qultous expression.
This pr omunetrudiasard:)@emsedtoimnsmmﬂwspeew tvoctofs did st mimromjectedsinéxpr essi on

‘of the hu IacentaI al i ne phosphat ase e i t ransge e
(Depr mo. 158iet Fiouar Bgf oo 4 AR SISt S S A
~ Hornone (lﬁ%efo'vicﬁfcts' dﬂﬂs@ﬁﬂcﬁar&@ﬂﬁmsﬁé{f inficd. U Ph\@GiRATittedE Aol seRleh@Mbyi gnal
(NLS) and pol yadenyl ation site (polyA) is cl. oned downstream of the

~actin-rt Tal EBvAtPGR foo. w@mnfcmepmcmﬂAww(éhquotthmTRﬁr otein
eXpr ess| %ﬁﬁﬁ% @h&ﬁesﬁaﬁi :ns 2! HGLeriolsd WreRfzY Fht o nse

el engnt ( carri Sequencés=and ‘a mhimal pronoter, is
pl aced upskictRehafe late@%:ém%ﬁﬁné@mmnet Yochiion of s h0étigenomepfoan@ires of the
2X 6 peptide are used in the GAL4 DNA bindi ng domai n- 2XF6 peptide fusion
‘because t#eymaied Wity 5Tk erieaandithe atfinring wremed fer eetgge%trmtfm essi ng
both the 'hf il Mér@&@iﬁv@%‘r@&ﬁ' {s%g&ﬁﬁt N*AE eé'ﬁnth%as_
Transgenlc e carrylng the co-integrate cons ruc T grown to

adul t hoodieaadbedt bbove, rig ascbettad for Dather rbhake&:t&ifztaﬁbn ng That BNA Isaqmdmee absence

of Dox cycline (
y¢ ymteglr'llty OPt?;OB.)éll mtegrated fransgene is conﬁrmed by Southemn blot ana1y51s of tail

genotropic DNA and hybridization against probes homologous to the 5° or the 3° end

of each transgene.

'Charactenzahon of trans ene € ressmn in mice:

j 25, K Identtﬁed transgenic animals (referred fo as Tet—FG) are charactenzed in terms
o of thelr abﬂlty to switch on Fo6- peptlde expression ‘in response to Dox. Dual
" transgenic litter is mamtamed on pormal water or water supplemented with 0.5
- mg/ml Dpox., as it has been‘reperted'in the lLiterature (Ray, P. et al. (1997) J R
Clin.Jnvest. '100:2561-2511), for vatying periods of t:me This approaeh evaluates
30 - the mmlmum amount of time reqtﬁred for the mice to be treated With-"Dox in order to
.mdumbly express the F6 peptide. Mice are sacrificed before and at 2,4,6 days after |
| the addition of Dox and tissues harvested. Total mRNA is extracted from calvarja,
: femur, vertebrae, uterus mammary gland, and a number of soﬁ ttssues such as liver,

Iung, kidney, spleen, brain and Fo6 peptlde expressmn are evaluated w1th Northemf .
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-, the transactivator in the first construct is blocked §%eadhndizogsto the
‘tet O.sequences. Once Doxycycline is added the transactivator wl|
recogni ze its target tetO sequences 30 in the THE and under the control of
the actinwpraameéssr will drive transcriptional activation g gdgfaptide
‘sequences. 63 13 Decenber 2004 Wc) 01/96605 PCT/ USO1/ 18950 Ceneration of

DNA constructs for m croinjectiqn; e actin-riTA- pol A _and ‘

TREGA! ADBI?EWI‘PG@ 5 RS SpRURGC 5@%@3@&9 Tt 5ot aﬂ&_ﬁﬁ%?@ﬁ%m_s; andar d
subel oni ngh¢ @FARINGUGSter GAER @%ﬁlfeq}aﬂsggnictaﬁﬁnﬁg’ ety G TedsBGH BF?G gliple
steps. of cloning.” Every step of the tfinal constructs . i1s-verifi'ed with
sequence @meduction. and t heior function established in transient transfectants -

-of HeLa cells by nonitoring their ability to block the activity of both
ERs in response to Dox treatnent. Generation and identification of

- transgeni @vahiion BEeheUHilith onh%ew&éswodyfack%@%w@ﬁbﬁﬁﬂ- poly. (A)
P DNA constructs are exci se .r_om nerr re_spec Ive " vecC OI:S qn are ’
mi croi nj ect ed Pevble iransgeni¢ mick mouwessed guith ERJslac draabgemivethites Mézeph t he

0o LA B S o REGRR OO o020

of the actihdudelah@t- et pertiad it £3:501G0hed RBIRDYRS - TEhoRRiY Gk ER-
transgenes.. To investigate whether the two DNA. cassettes have integrated

i'n the saweedizted tipsaiption bas besm Wpcked anbuals genwarficedfnlowing 24 heursat ed

W th 7B ) - f 1 ng.s en f t ransgene transm gsion. .
Tr ansgjgni_ ﬁ%ﬁﬁ%@gbﬁ%%%ﬁ%;ﬁ Ogicy)ﬁ;l’s?]?%&agz aﬁﬁ‘f@?g{eaﬂeaﬂf?g’c eni ng
wi t h PCR aserus|asaniasdglait) fénur mdsetebiaed Onee pbptideapreation agd BlocEatel on. The
DNA sequence 20 integrity of. each integrated transgene is confirmed by.

" Sout hern B o R fEanperipiion: ip afhe ERTiAcKo fTaasgss aawehybrooafizaed. oditgefai nst

probes hopgl,AgAMSH i e el : ( ;o fra
“Character ilargat [ oén{ﬁ)o &;t%lgﬁlsélé%(ﬁ{es &gxtkpesm on rﬁp g"efﬁg% %ﬁ%ﬁ%ﬁ%&%‘éﬁéni C
~animals (tefempred Fo iasaditthobd)fonrat tdasr-ast @siyszd eiithert @hdfd opdfrated edrt
ability to switch,on F6 peptide expression in response to_Dox. Dual

t r ansgeni OVAREHRRIZEE THCPnOSFH SYSERY Al rgraupsyaedreatsd wathdi: fypds atad with
0.5 . my/ gbsddoH: | Y . , pH! R d wit
0,5 T8 SoyPEro0 i bha AECTIBRAAE Wk 28 AP AiEITNG LRl ol

Thi.s appr eauiicsdaind aters B0 uvtdrbandi mamurarp ghnds isofatardl EotalRPA s ekitapted he nice

L0 T o B S B
tissues haqmesiptidnallPtauiadVWy dstroest FRCHIRMichI BREGAMAS. 18 is known that in
20 0 WT i;nice,flactof.erﬁn mRNA increases apprdjcimately 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 expi‘ession_in the Tet-F6

-animals, but not in the overiectomized WT co_ntrdls receiving estradiol.

25 Amalysis of the Skelctal Phenotype | o |
o ~ The transgene is turned on for a period of 4-6 weeks in femal_e Tet-F6 mice
 four month of age treated with either E; (20ng/g body weight) or DHT (20ng/g body
- weight) or vehi_'cle.; rThre skélct-al phénotype Qf vehicle-or steroid-treated Tet-F6 mice -
is compared to that of wild type animals _overiectomi_zed ‘at four months of age _and '
30 maintained for another 4-6 wecksl post-ovériéctomy'yvithout or‘.\'irith E; or DHT
treafment. Tet-F6 and wild type -animals are aSseésed for bone mass by in vivo |
| DEXA analysis at weekly intervals foilowing the tui‘ning on of the mgene or the :
| overiectomy. At the end of the 4-6 we_iek_peﬁ_od,_ both grdﬁps._ of animals are S
. sacrificed and the following determinations made: a) whole body and uterine and L
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fenur, vertebrae, uterus, mamuary gl and, and a nunber13)be§é?]f15¢rt2b§§ues such
as liver, - lung, kidney, spleen, brain and F6 peptide expression are . : -
evaluated with Northern 64 13 Decenber 2004 WD, 01196605 PCT/ USQOL/ 18950
bl ot anakygbpesssfie sanme approach is followed to confi rmtpé,}m%ﬂmggd of Dox
from the drinking water of the double transgenic animals results In ’

cessati-on of peptide production. S Evaluation of the abilfty of the

pgpt i des tmameck ghad rvgghts. hidleogdh of theslong ponemand theywidiht! qgethicc ni ce
d with ERE-I Z-1r e . N i . i '
B Eror °rodribeted o BiraLboR S E I ol G ool B bR bR R IR g

- mai Nt ai N peinedeofeBeRe R ok dgtprémb'e 48 oltestilast/ofRocyas fand BstebelastER-
~medi ated transcription has been bl ocked, aninmals are sacrificed follow ng.

24 hours lapopiogist Wesactions pf Mertehrge.gehady alidhapet fogmation gnd tesuptiendivity are

measured i he - uterus, rar r v rae..once peptide
expr essg i on&W%I%%%@hOWr ?n?grrﬂplbe%?q% 5 n &Hegéag)lvggibr%]'anégleni C s
mce - is japajddiomal irfiotiog bf 3088 ¢ body Weiphobf bhwetbloychechydrocidbrdeisned -
using Wr rriggﬁand Tet-F6 m_ce ?%{j%ce : tighex,pressf F6 i n adu] thood for at

-l east 28 chsipinisieredt dask andazndayp chefore Fagriang dhe anEeals O dbe GYBRIICAS  er

| surgery alyl. ; 'W’E- , _ 3 N
" body wei gh}%]?t'g{;%ﬁi%w ng #&@gggﬂday a?‘?ﬁ?r%h?%ﬁlel%ﬁggr[ﬁm Qgggﬁﬁg%ggﬁ)f i ced
and- uteri aj(dAdfold &ss samitivepionetrycyclibatits it dokadexycytitea | InRiddition, éxisr act ed
fromthese tissues and screened for the, egBress' Qn-of, l actoferrin, -a gene

that 1& testavbishedibpigiiminiyiration phdeclslinedP S qgemivn drivking Waleh) 18R8%; nding.
LU 1S Knowugdehh tofle 2nddbiflh GRd dock ot Bt Jif NIuAINGHGR 8 SePRPERE MLl Y
~5-fold in the uterus,. unde these sane experinental conditions. The

f unct i onallaidlf i forngd df daheelioRs peptd dfier imjecpan{sxt) o8 (eStingl teshepliner ect |y
by the lack of_ | acgtoferrin ex ssi,on in the Tet-F6 nimal s, but.not in
The over | CEIBHPF BHoIeRONEr G010 BLRTIGe 12 PO os Mo pires WHHER e

Skel et al Pﬁ%@%ﬁé@@ﬁl@ﬁaxﬁe@%@ﬁﬂﬁﬁ@d&ﬁvﬁiﬁ%ﬁfcﬁﬂh&m a period of 4-6 weeks in
~female Tet-F6 m cCe four nonth of age treated wi'th either E2 (20ng/ g body

wei ght) or DHT (20ng/g body weight) or vehicle. The skel etal phenaotype of = .
vehi cl e-or steroid-t reat‘ed-Tet-FGr#*éﬁg}ﬂE;'conpared' to that of wild type

ani mal s overiectom zed at four no , %e and 30 mai ntai ned for "anot her
4-6 weeks post-overi erhf¥¥nic aMirh416 ukin® BT A 203 Be ydfisghits. treatnent. Tet-F6
and w | d type aninals are assessed for bone mass by i1n vivo  DEXA analysis -
at weekly i nt efvaisgeriomicngamyinge tettachiling-inducile traasgena sueediag &vo ke

peptide antagonists, ofl + 2X293 (from here onward referred to as Tet-peptides) can

20 ~ be generated using similar methods. Using ol + 2X293 as the tr_ansgene‘s"
| nongentropic activity through the ERq can be retained but transcriptional activity
through both ERor and ERB and the nongentropic activity of ERS can be blocked. The
- 203 peptide blocks the transcriptioﬁal and noﬁ-transc_:ripﬁone_ﬂ activity of ERB, but has
1o effect on either the transcriptional or noﬁ%ranscﬁpﬁoﬁal activity of ERa '
25+ Twoconstructs are built and co-infroduced into the same miouse for Dox-induced
o "rexpress_ion of the peptides (Figure 8). In the first cpnstrdct, the gene encoding riTA
(composed of r7ezR and VP16 activation domain) is placed under the control of the
| actin promoter for ubiquitous expression. A human Growth Hormone (hGH) first
- intronic regién with its nuclear loqalizéﬁon signal (NLS)“aind polyadenylaﬁoﬁ site )
30 (poly(A)) is cloned downstream i_if ‘the actin-riTA construct to confer transcript
: étabilit'y and optimal protein exﬁressioﬁ levels. In the second construct, a tetracyc]jne' i L
~ response element (TRE) that carries fhe_tetO sequences and a mnumal promoter, is
placed upstream of & GAL4DBDOII-IRES-GFP2X293-hGh-poly(A) cassette. In this |
cassette, the GAL4 DNA"Binding domain-olI peptide fusion wﬂlbe linked with an = .. - :
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overiectony. At the end of the 4-6 week. period, bothgpeshss&foapni mals are
.sacri.fjced. and the follow ng determ nati ons nmade: a) whol e bady and . :
~uterine and. 65 13 Decenber 2004 WD 01/96605 PCT/ USOL/ 18950 nmanmary gl and
“wei ghts, b) length of the |ong bones and the wi dth between the periosteal
“and endosW&M1/66ffe, c) ost eobl ast ogenesi s and ost eocl ast 0gg@G&e3/18930 EX Vi VO
cultures of bone marrow cells, d) preval ence of osteobl astl osteocyte and

ost eocl ast: LS i sectd f.;vertebrae, e} rate of bone formation

and resor B?tf%%?ﬂ%é&ﬁ?%cﬁ?%ﬁ%ﬁmgﬁﬂm%ﬁ?&f e tg?ﬂfiq‘n)oné’g P &PER B4Der engt h

- of the verftaiusaiom Ahe MRINARRS b QB8RS of MieeBi Rptiak t]%ﬁ%hﬂéhged.ta\gieght- of

~oxytetracycline-hydrochloride is admnistered 8 days and 2 days before -

sacr ifi ci%ﬁffn{hi@re&f;ﬁ%@elﬂ@ﬁn? & R)ynani ¢ hi st onmorphonmetry analysis. It is
“inportant to_pote that the TET ON systemis 100-. 1000 fold | ess sensitive
to tetracycl CRIORHOT PSIFTH OO e 2%eeptide isdhptpreliminary experintsts

vat or) " haoire kBT iy AL 5 AR YN T Uil Rl wpRertas b

wat er) "has no effect on : _
vi sual i zathemamsérijtenabmdcdnitirepoptaticelcivityos e BRB, CBahelf the il Havxait er

. knj ection.ﬁ_é‘idc) Oité‘io 5 Letracycline. ~Therefore, this maneuver should
not i nf I uBFNLASE fEe W tosa fifferet profein insteadefifbe some (FALADBIhiosavoidithe wi | |

- have been ggﬁlﬁgg. el Ay I “m'}ﬂg- ESOMELE Tr ansgen| imals
using ril 13and 2 Bd}gg&st&rl@ﬁs an%@{irér;%nsg nic __m%@eggror%&g@mﬁb o _
t et r acycl regotisndBirthistisoter athegaiieP eisc dnbonmrite®d ER thee GATSDBNAUMEStS, all
+ 2X2 ( nward.referred to.as Tet-peptides) can .20 be generated
usi ng?@i ma@?kﬁgi'ﬁﬁg@}mxﬁgﬁ r?@SSQFtP tqp@@%?@%%asyﬁéeqﬂﬁ M sgesamgfongeniideopic -

- activity bhyressh. t ToadsRanic Aich CoarfyBl R e - NSGhiBlhoRel Rk ity
t hr ough boititilr ERa and E%J ano? t he no@é‘ébﬁ?? g%%%%@t?%@%fﬁgﬁgﬁ%at be
bl ocked. hudihoodandrithen itmatet) vatk Box fine therdum&ingi waten fa theastsbence of Dox the

non-transgriptional. activity of W, Quyt .has. no.ef.fect on either the

transcripti ﬁ%tfvagq;c .lﬂgtﬁ? tq%gné&s{%‘ftilé ?ckﬁ‘gﬁ?"ﬂ?’g’;ﬂ‘{%g ERAhS Bl P ReqBEIesE 1 uct s

are bui | t OnosIDeR-if Bddeadueathrishlifhald) Ga WRRADL S thidlt FOL LR n FEPT ESSI ON
g

of the peptides (Figure 8). In the first Construct, gene encoding rtTA
(conpbsed IBE andairdenths oopire! offthe natii pronthierawil) diise phasceiptional @ctivdtiencont r ol

of the .agfiD r ubi qui tous .expression. A human -G owth Hornone*
(h&) first Pﬁ{t@g%%@e?éég%i on with its nuclear |ocalization sjgnal (‘NLS) '
and pol yadenylation site 30 (poly(A)) is cloned downstream of the
actin-rtTA construct to confer transcript stability and optimal protein

expr essi oQedEMfInSof 'IﬁNkhEOEEfiﬂ'fbdf&%ér&ﬂfe_Eﬁorﬁ Rl g&g_g}tﬂe poly(A) and
: TRE—GAMDBDqII-IRES-GFPZXZQZ’;-hGh—pon_(A) DNA constructs are generate& :
20 following standard subcloning techniques. The integrity of the final constructs are

verified with sequence analysis and function will be established in transient
- transfectants ..of Hela cells by-mohito_ring its ability to block the ‘transcﬁptional
__ activity of both ERcrand ERB and the anti-apopiotic activity of ERS. o
.25 Generation and Idenﬁﬁcaﬁdn of Transgenic Mice: The acﬁn-‘rtTA-, poly(A) and TRE- . |
- GALADBDOII-IRES-GFP2X293-hGh-poly(A) DNA constructs are excised from

-their respective vectors and imicrdii_ljected into fertilized mouse eggs. Bggs are

~allowed fo reach the two-cell stage “and are re-implanted into the oviducts of
7pseuddpregn'ant foster mice. Tail DNA is screened by PCR for CO—i;ltegraﬁOn of the
30 actin-rTA-poly(A) and ‘the ~TRE-GALADBDOII-TRES-GFP2X293-hGh-poly(A)
- transgenes. To investigate whether the two DNA cassettes have -integated in the same
or a similar location of the host genome, founders are mated thh C57BL/6 mice and

. the offspring will be screened for transgene transmission. Transgenic litter that will
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.response el ement (TRE) that carries the tetO sequencessaad.@nhdAztpaal :
pronoter,. is placed upstream of a GAL4DBDcY!l | | RES- GFP2X293 hGh pol y(A) .
. cassette. In this cassette, the GAL4 DNA bi nding domain all peptide fusion -
~will be linked with an 66 13 Decenber 2004 WD 01196605 PCT/ US01/ 18950

i nternal WiGtgseose entry site (I RES, which permts the trapetrasopmesi two
open reading franes from one mNA) to two copies of the 293 peptide that

will be fused to.th eenflu [ t el e Ner ason for
- using tm@rggepp%s%tl%efﬁgﬁ% etgﬁr[ﬁg éénn% ﬁ%etpﬁﬁpaér N 'entg 5 have

i ndi cat edhibofgitard Bst¥ctad foﬁmftﬁe:eéﬁara&teeﬁandm ahel DINA. Seqaémt@ BiegapYof fach -
suppr essi ng Both  the transcri ptional and anti-apoptotic .activit Of t he

ER/ 3. Eadhicgtatadnizansgeneisocontizagd bydisuthess blat anplysiscfitail geaptrenie ENApr ot e h

~instead of ,t L4DB .d the oS, |b,|| YipQf 2 €59 ion .
Loetead Shugt e RARRRAEER 308 Rl RRABAPELGH g 37 SEOTR BB o7 o
the GsP | tganisgemer porated in the GAL. 4DBDOff-IRES 10 GFP2X293- hGh. pol y(A)
cassette to provide an easy means of screening for peptide . expression.
Transgenic nmice carrying the co-integrated constructs are grown to
adul t hood and then treated with Dox:in the drinking water. In-the absence

of Dﬁx t NEharddtalivation iof draisgéme Ensredsionsin Mdnwt{dmiﬁadstrdmbgakednﬁﬂmmi ndi ng
to the tetO sequences e.Dax . is added, t nsactiyat or can recognize
its targetharagine @%%@ﬁ@@oﬂhﬁm%ﬁ%omﬁclaﬁaﬂﬁ & 293 Reptide eHmIPsER e actin

.pronot er $5hk ' ;
IOGenerat i orn o%JLeDE{A%onstructs é&l W%:r%%ﬁag%ﬁ I on: &Irﬁae&g%l{)‘?%%rtgﬁ'ﬁ%gle;?i)s -
and 1DRE- Wx%ﬂhl@&&n@‘ﬂ%@ﬁr@m&mﬂy@éﬂom aomsit il"lnst appama&:h : '
enerated 2 foI st andard .subcl-oni n e of t he-
final cor Ana e T BubrSd Mot (ersion IiEy RSP HRE, T 0

establis e | da S fi | ts g
‘ability ?g%fﬂ]ogltlgétﬁ?e traﬁﬁ%ﬁ?ﬁ%ﬁwﬁﬁsﬁ o?ﬂggfhm%%gﬂgnd ERé% and the

_anti - apomeﬁnrecandcat i2yidg pndf6 Ea%after ﬂ%atldemm af Do, and tissiesstaré hervestod of .

-~ Trans ge The cti tTA and THE-.  GAL-4DBDal | '
| RES- GFP iﬁ%}t %82% %%‘92’% rETERTaSs BETYS, FRAR, Blapds pect i ve
vect ofss %@arﬂm%%&eﬁssu@wuéh%w 41&9; S0, §SH; biaikd Sndlf ardl dogned to
reach the two-cell stage and are re-inpl anted into fhe oviducts of

pseudopr eupptide expysssion isi aveluatedi withoNarthemspeansdysisThrerRnfeomwpserchivillgr at i on

e B& y O bt 5 8 tg%s@%ﬂz#r%%‘%‘@%ﬁ%ﬁ@  GERBOMERCE e have '

i nt egr at efbuble tia!ﬂggéﬁcfrﬁumals will result in cessatlon of peptlde production.

20  Evaluation of the Ability of the Peptides to Block Estro gen-Induced Transcription: To
determine the selective inhibition of estrogenic transcriptional activity in the Tet

pephde animals, two approaches are followed. First, double fransgenic mice are
crossed with ERE—lacZ transgenic. When the tnple transgemc Litter reach adulthood,
2 Dox i added to the drmkmg water to induce and mamtam pephde exprcsswn for at
25 least48 hours. To confirm that ER-mediated transcription has been blocked, animals
" are sacnﬁced fo]lomg 24 hours treatment wﬂh 20 ng/g body weight of Ej, and lacZ
o -actmty is measured in the uterus, mammary. gland, femur and vertebrae. For d1rect ‘
' confirmation of the blockade of ER-medJLated transcnpuOn WT mice and’ Tet- '
pepudes ‘mice induced to express the peptides in adulthood for at: least 28 days are
30 elther sham—operated or ovariectomized. After surgery, all groups are treated with Ep |
o for 28 days at doses of 20 ng/g body weight. Followmg the 28~day treatment penod :
: :mmc are sacrificed and uteri and mammary glands is isolated. ']._‘otal RNA i is extracted

'_ﬁ.'om these tissues and screened for the expression of 1acto‘f¢n_1'n,.‘a_ gene that is
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- or asimlar. location of the host genone, founders ajfpapleceioghh C57BL/ 6
.mce_ and the offspring will be screened for transgene transm ssion: _
“Transgenic litter that will 67 1 3 Decenmber 2004 WD 1/ 96605 PCT/ US01/ 18950

prove positive for both constructs, after tail DNA screening with PCR as .

~‘descri bedwngmee)s are sel ected for further characterizati operiRe/180%)

sequence integrity of each integrated transgene is confirmed. by Southern
bl ot analysis of.tail genotropic¢c DNA .and hybridizatijon_agai nst. probes
nomol agoud seyiengty sRTRY 6F seingensvid Serioal SdyBRetiE1 bk el At BiRaar  on

of - Tr ansgeiBresith §8 the Tet-Befddes aninfh®)) Wut nSdid HRNSURREONANIWE caitols .

“characterized in terns of their ability to switch on all and 293 peptide
expr essi ofe¢aiving cspadiob estabbeles mﬂ)fttillarﬁigmﬂn@l lefficaey wfathe FRi paptideed on

“nor mal Wa%aﬁia ar. Jat er suppl emented with 0,5 ng/m Dox, for varying periods
of - tine. |§%‘5{g$oach eval uates the m ni numanount of tine that is '

‘requi r‘%d for the mce to be treated with Dox-in order to i nduce_'ex_pressi on

--of the~all "and 293 peptides. Mce are sacrificed before and at 2, 4, and 6
days after,the. b Ll and~Lissu are..harvested. . .Total- NA i s

ext ract ed Frx i) %Sq{%le OtyD%sr Pég?ﬁg?fﬁfpgpagés TR Y ﬁﬂal?lgﬁ?ﬁé aﬁn&% and a

“nunber of chafbtetizatasodesttibdd ove,ifvasles hientGowl it6laeyontEdRes, Atk &meand al |

and 293 péﬁéi de expressiogn is evaluated wth Northern blot analysis. The

wangeene is farned on docrpariedof et weeksamdithe pheletaliphepetspaivilbbe Dox

e
_‘'sane appr _ \ _ : '
fromthe i : EIBE]E] %g Fr-ggs ni g Ll-.r.esult in
cessati onqgiﬁg%gggﬁnﬁkg{do%%u on.SOI E‘?/‘g uat |%%%n@g3%?#@?%&f’§% -
Pept i des - tfar dlofirk 45 tveekrepost-ooarivetbmly. At swoek bt intuivald tolloddhe M titidden

sel ective '?,l?ﬁ bition of estrqgenic transgriptional_ activity.in the Tet

~ peptide afftHf Eansges Fpieoyaredony of tha widbype mices bothgumals are assessedi c ini ce
are Cros Y] - a8 7 T4y | ic.litter
reach adu??%odgg%sgosgz%?ﬁééﬁdﬂe}gﬂﬁ%%%Tr| n%lml;r#ésG\E'\"/r\/%:'al'%éeo?éﬁtgg&fw‘r?;l ug%%g(r}lc |rtnai ntain

pepti de exhagesicpinabBMD i25t leasis+3% Sohther ovaridctondndd wild et gdokb,ned at ed

“transcriptio Q'%ss been bl ocke ani.nals are sacgificajd foll ow ng 24 hours
t r eat nent G- Chr?a%"%ﬁ%/giﬁg. i1 GTHFTERYC TegHe 8 GRIAR PRRETOYP fCtReEdured in

the utigr uSouESWar i BPEh of BEVLG RBL %!ﬁi&o?%&egmﬁﬁibﬂﬁiﬁﬁfs ar€ itiffcBRt i on of .

p m c

the bl ockade of ER nediated transcription. W e and ' Tet- peptides

© o ni ce i ndge@the follewpgedeemtinatinns arcmede: ia) whold bodyband wering and wasimazy days
are 30 ei - at ed ovar,i ect om zed. . After surger | oups -

are. tr oatihie el eBhEh U R noReR BB it vidhh R of Piiodil o8

‘Fol | owi ngehditedBbeaey, d) 6530bRRtogRAdsis0shd obfe6lasdé@nssls lth fdeGRGb dMkrbd 8Fi and.

mammary glands is isglated. Total RNA is extracted fromthese .tissues and
“screened Peie meREWesglse k pealency elcesttablast/psteecyte pied psigeclast apoptosis in

20  sections. of vertebrae, €) rate of bone formation and resorption - by dynamlc

histdmorphometxjr and f) compression strength of the vertebrae, An intraperitoneal |
inj ecﬁon of 30 ug/g body weight of oxyteﬁadycﬁﬁe-HC_l_ is administered 8 days and 2.
o days before sacrificing the animals for the dynamic histornorphometry analysis. Tt is
. important_to ‘_nbté. ﬂiairﬂae TET ON-"system is .100-1-0-00‘ffold less sensitive to
“35 ten'agycl_jne than -it‘ is to Db;:. In additioﬁ, 'administration of Dox (0.5 'mg/ml_in .
_ drinking W_atér) has no effect on bone remodeling and does notiintei'fére' with
| visualization of tetracycline Iabels formed in 'canéellous bone after injection (s.c) of
05 mg't'e&aqyd]ine; . ' o | o

30 .
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68 1 3 Decenber 2004 WO 01/96605 PCT/ USOL/ 18950 trans¢d hptd Iobya r egul at ed
by est rogens via classical ERE binding. Lack of lactoferrin |expression | n
the Tet-peptides animals, but not in the ovariectomzed W' control s
.-receiving estradiol, establ i shes directly the functional efficacy of the ER
‘pepti de wanbE®ees sts. Anal y5| s of - the Skel etal Phenotype: pOMRROiANR50
Tet-peptides mice are established and characterized as described above,

femal es are grown to. 4 nonths. of w this-time, the transgene is
turned on for a period of 4-6 week fe skel etal phenptype will be
compared Wi th Wil e\ﬁ%ﬁﬂhﬁ%ﬁuﬁ&@&b Ghaivarl sl slroiPrkBstoRf age and

- -mai ntai ned 10 for anot -b WeeKS post-ovariectony. Weekly intervals
~ followi ng the turning on of the transgene or the ovarlectony of the W|Id

“type mice, both ani re asse bone ss b .
0O hotk R R SpeBieSfR PSR bt iR B2 abotdhatd SR B e BUD
i's at 5| eafletmd%edoBl chd QFOMBI deRCEOIBIA Slcapidrd, bYMEIDOUE Pecific MRRKS

whi chever cones first. This difference requires 8 aninals per qroup to.

- exceed 1£{o$e@}almmsteq&lastsh@1deh@thbfastvﬁeﬂ zas&lhAe!etouplefru dbe %ﬂm@ of

“animals are acrLflce he foll det e nat| n a) vvhole
- body and THyey lﬂ%u QM%;& %caﬂthgs% % %C?{@ﬁ%ﬁatebones '
. and the vpgp Ext@%%’ﬂ%]rdcb&bﬁﬁﬁb@ﬁi Both B delen @Rt m £a01£(199)) Curr.Biol.

‘ost eobl ast ogenesi s and osteocl astogenesis in ex vivo .cul tures of bone‘

marr ow ceh1@9-H)03pGay B eiale(1893)dselb 8 1511 bah and jrenssenis wicedh

200t 45! Syl PRI fﬁéagﬁgi}é%ﬁﬁ%ﬁ%ﬁéﬂfF&*ﬁa%%ﬁé@%ﬂbb?f%ﬁ&?h' of
| t he vertqbatngcadﬂscmmsr@.mﬁgﬁ@mas) i njection of 30 glg body wei ght of

oxytetracycline-HO is adm ni stered 8 days and 2. days before .sacrificing
the animals for the dynamc h| stormrphorretry analysis. It is inportant.-

to note t@c erdtof PN A G 1000 fol d | ess sensitive to 25

tetracyclTme .thamr 1t 1 ' on, adni ni stration of Dox (0.5
'nmg/ M in. drCEcIiﬂd:{ﬂ@aa&l\Eeb{pfe)ssmm.Ss raahmfvéda@tqﬂp rmd)mmseetmdejmhmg wprbsdares not

interfere with _visualization of - rac e | abels for i n cancel | ous =
bone 1&f t'e(FthRJOééfE%bl\Ds%y@?mof In gh |aeﬂ%en°§élr@ﬂnfg Wd@ﬂ?fé‘r 2004

VO 01/ QG%G#W Ldmtd1 PG/ thJeQ‘OJs/té]o%gféﬂl (OG 2) promoter for osteoblast-spec1ﬁc
expression. A human Growth Hormone (hGH) first intronic regmn with its nuclear

g lo_cahzatlon signal (NLS) and polyadenylation site (poly(A)) was cloned downstream

'-bf the OG-2-1tTA construct to confer transcript stability and. optimal protein

20 expression levels. In the second construct, a tetracjfc]ine responsé element (TRE) was

placed upstream of 2 Cre-hGh—poly(A) t:aSsette Each oné' of the two cbhstructs

requued multiple steps of clomng (Flgure 9A). Every step was checked with '
" appropnate restnctlon enzyme dlgGSthIlS and PCR react:lons and the final constructs
7 were sequenced Furthermore, the specﬁclty and efficiency of the Dox-induced Cre
25 o expressmn, was confirmed 1 111 an in vitro system using the Ob-6 osteoblastlc cell line.
These cells have been charactenzed in and were found to express osteoc_alcm and to .
 express both the ERarand the ERB. Ob-6 cells were transiently transfected with either
the OG-2-1tTA-poly(A) and TRE—Cre;hGh-poly(A) copstructs or the empty vectors
. “and treated them with i.Sug/ml Dox or with vehicle for 48 hous. Cells were |
-30  hatvested and used to extract total RNA Semiquantitative RT-PCR analysis using
- Cre-specific primers indicated specific expression of Cre only in cell populatlons that
. had been treated Wlﬂl Dox (Figure 9B). - ' |
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*(hGH) first intronic region with its nuclear

. characteri,

~ Trans genic animals with inducibly inactivated sex stesokdehrB&enRoars. A
..true_and informative nobdel of postnenopausal or postcastration requires
-del eting each one of the sex steroid receptors, both in a cell specific
manner (osteobl asts, osteoclasts and both) as well as ubiquitously.. The
*Crel | oxP Whews60s econbi nati on system of bact eri ophage Pl bopgsidgodpeen
shown to efficiently mediate |oxP site-specific reconbination in both ES
cells (Zops .Y ' '
(1993)  Cetie § 1 Ideptific:
- Proc Natl.AcadThei OG-ZriRA-
~ Natl.Acad, Sci, U S. A 89:68

renic 1V

Hce (Lakso, M 10 et al. (1992)

gﬁ’ﬁ C%Ih@b—p v@) PNA2lconéhR82)ef 00

1-68 Generation o ‘Constructs for

M croi n' e€¥ereiedHam theis Fespeetivisrisstornwith she apirenréste wistrictioncendomenlenses

- ' | | . R or - TETL-ON). In the first col ,
the gene. BRCYTD P Decla R dgRlontal iR Sh i ele e, BB o
(OG 2)s prali®ved thOofeacts thebiwdsdells prtd fang m@XﬁuﬁPﬁh&ﬂ! ifto iR Byidepet § Hor mone

] uclear Tocalization signal (NLS) and
pol yadenyPaudepregnans fosfer yipg.) Komwdens ogie ddemsifiedt by serecoing: themOdn cot TA

construct; f [RSCLH Pt stafi [t ptyi Bl or ot ei 0 .£xpression -
l evel s. I_lrjlft_t gt?ds}le(g%trl% cij;tg?g{drﬂ%gfl ,ﬁhﬁ’?{%%@%ﬁ?%é %p a%gééné? g%z?ﬂtﬁ ) -was
pl aced up®G-2atfifHtndthe 'I'RE-l (_Fr@homﬂm(’ ; S@@?B&et(ﬁlw(ar@&fbxﬁﬁog ) RfTdthpatwo _
construct require tiple steps of cloning (Figure 9A). Every step was
checked vEr arab%%'%f%ﬁwef’éﬁs@@f%ﬁ nfad Vﬁewghdﬁ’m%gf PRI tions
and t fq n u : e'.nﬂﬂp . her e echficity and
effi C%ncﬁyﬁ%ka {iﬁeﬁ énx-al&ﬁn uéé!g{? %@@ 2@%3’&@5???%% %%&r]?ifergggcli) _Aan in
vi tro syssegmenrss.nFo tilnestifatéwhstheoth awd DINA ebdsefidsiave intdhasd it ¢hd @nlave been .
ed.in and were found to express ostegcalcin and to express both
the ERa afitf ¢hibe Ergse gepomge W@er%ﬁeemﬁﬁeaﬁ@ﬂ%ﬁfé%ﬂ@ AARS B itagiolfpnrmgei t her
the. OG- 2- b FhreBd/ o radiiind Rl donT itheR Bakif; LRt Y
~vectors and treated them vvi_thgll%é{ Lg/%ﬂé%og@%@%a%lﬁyggﬁimaﬁﬁ 8 hours.
-~ Cel'l s weraftegOtal alPNds sengening widle PGR asxdesedbed: abvaate, RINA selSeteil gfoanfurthert | ve:
-RT- PCR angl_ysi s: usi ng ezspeci fic prinmers ipdicated specific expression
of Cr On%ﬂqcﬁerggﬁ n’poBﬁ%’ :Pﬁ '§eqq‘?§?¢p lﬁtﬁﬁné'e8ﬂ elandPg@ﬁﬁF‘i Hr3B8&ENeF Iy ur e
9B). 70 l@nBesedBiSodff M6t SblRESHRPehidiRpid DRI hdRAS 4R
ldentificatjon of ?Troans epi c M)(%e:. The% 2-rt TA- pol y(A) and 'I%Eﬂsér e-hGh
poly(A) muebesdsaclogaus todliesd’ o e ¥'i and pf paddriratisgéne. r espect i ve vectors with
the appropriate restriction endonucl eases and were mcroinjected into the
‘pronucl ei of fertilized C57B1/6 nouse eggs. Eggs are '
- Functional Characterization of the Transgene '

20 © - Identified transgenic animals are characterized in terms of tﬁeir ability to.
switch on Cre expressidn in respoﬁse to Dox.  The dual transgenic litter i.s'mailntained |
on normal water or water supplemented with 0.5 mg/m] Do, as it has been reported
in the literature (Ray, P. et al. (1997) J Clin.Invest. 100:2501-2511), for varying

S | ﬁeﬁods of time. This approach evaluates the minimum required amount of time that -

_ 25 is’ reqmréd for the mice to Be treated with Dox. In 6r’der_. Ato confirm inducible

o eXp_réssion of Cre, mice ‘are_sacriﬁbed befbre‘ and at 2, 4, 6 days after the _additioh of
‘Dox and ﬁssups are harvested. '.'Ifotal mRNA is extracted from calvaria, femur,
Yértebraa, utefus, mammary .glahd,' an_d a number of soft tissues s‘uéh as ﬁver;- lung, |

| : kidné,y, spleen, and brain and Cre expression is evaluated with Northcm biof analysis. |
30 ‘The same approach is followed in order to confirm that removal of Dox from the
_ drmkmg water of the double transgenic animals results m ces's_ation of Cre
Ap'roducﬁon.r' | | o _ ' |
7 - To monitor Cre-mediated recombination Tet-OG2-Cre miée are cr&ssgd with
the ROSA26 reporter mouse (Mao, X. et al. (1999) Proc Natl.Acad.Sci.U.S.A.
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offspring are screened for transgene transm ssion

5 .allowed to reach the two-cell . state and are rei np{@gg@éﬁntg%?tzgog, the
ovi ducts of pseudopregnant foster mice. Founders are identifled by .
-screening themfor co-- integration of the OG2-rtTA and TRE-Cre . -
transgenes. Mce transgenic for both the OG 2-rtTA and the TRE-Cre
- const r ucwWe,01(%605m here onwards referred to as Tet-OX- Cr egr/@sevisgsntified
by PCR. analysis of tail DNA with two sets of priners each of 10 which has

b d i f. of : -rt-TA and.the Cre DNA
e e oo bR e R ¥ B st EorS Tt Ty P A PR e
site of FoRedBlépBerIRARIERNL a:f:t@ ‘Egﬂa&bﬁd%ﬁém?cﬁbﬁ%ﬁgﬁ-ﬁmﬁr&% fagignt he

ransgenic litter

positivegray (Bgad) kwmshecncintserated naio ﬂ‘&l ROSMR6Es docatsni Adtens Cre-mrestatgd

“descri bed_above re.sel e ed f Mo fur h a n

e e RR ot BB bbb M PR o BeRl BRNET b5 ") PPN
bl ot anaRO$A20falleRl bnd GLBiGhOLC d@iﬁ’g eﬁd:rpmﬂeldbvmbmﬁt agai aalthogd. obes
honol ogous to the 5 or the 3" end of each transgene. Functional

Char act etmtgazrmng)thet ROSARA waepsn with thechnetiensl Q%@rﬁ transgerig linesr o

char act er, I C e nin .
. response “!t’%ﬁ Bg%%c Bgl&% %’&g‘%is?&g%‘ 6ﬁw°b§a%m|°\séh%m|krﬁgal ne‘gd:l éﬁﬁﬁggﬂi wat er
- ..or water f@ﬂmlaﬁm&e&a&\m&tstﬁtnéd fa! grioalehssidase édpréssionbed rmmﬂwptpecshchl n the
I|terature Ray, P. et al. (1997) J Chin.lnvest. 100:2501-2511), for '

varying bemeeaased te ioneluatet-gel sppeifi texivarsion: @i HE. A Ak YD SRRIr ed
anoung OfNattl' acf.‘flﬁtUgi |9ﬁ5r0g9|_l5b5‘ d for the mice to be treated with Dox. In

order to confirminducl expression of Cre, mce are sacrificed before.
and at 2, 4, 6 days after the .addition of ADox and tissues are harvested.
"~ Tot al TRNA I S extracted fro cal vari.a, ﬁrtebrae ut er us, marmary
gl and; aAsSRaN, MOS0 Sl BEMCLGEHINeds Joked ¢ %| ung,  kidney, spleen,

and brain and 'ﬁese%ﬂ{ | %@? M&%’[jﬂ £58 Dlgaky v@n@j@&g 30

The sane appr oach I'S. o confirmt hat r eno Dox from
the dri nbntaglsm% &b wﬂmhﬁzdﬁ)m mcmsarﬁgeﬂi)IﬁAa]nmdesdammul(ﬂéo-%a bssat i on

ot o F s SBARNE R % ot Ao BN indGn il 7%?@?%&@@%%&%&%@?@? Proc
Nat | . ACagySicttbhbts ot staemm%f@a@any@eawe@@ér o

96: 5037-5042) that is now avail abl e from Jackson Laboratori es tn these

‘mhce ha r¢qopdanasst oﬁp‘.e rDNAagmmﬂ@kédtHYetwo lopehl moﬁl@a@bwrﬁtbothycﬁame
3
Do RS A3Re B T 26 el S UGB B

expressi oy dfletkRome DNAGhHAP styueayeank B \if@& dimerization domain that are -
| 20  contained in exon 3 abolishes the transcriptional activity of the receptor. Moreover,

exon 3 contains several potential acceptor sequences- that could result’ in the
~ generation of an -aItemative éplicing variant in case a region upstream of exon 3 waS-
chosen'for elimination. Finally, Cre-mediated deletion of exon 3 disrupts the reading
'frame of downstream ERq DNA sequences and inactivates the anti-apoptotic or-any
25 7 ,rema:lmng act1v1ty of the receptor that reqmres the dlmenzatlon, and/or ligand binding j

domains.

' -G'reneratlon of ERonutant Mice =
o A 86 Kb genotroplc focus contalmng cXons 3and 4 of the mouse ERa gene |
30 (Fig. 10), isolated from C57B1/6 mouse  genotropic library and subcloned into a BAC
o ‘'vector, has been kmdly provxded by Dr. Ken Korach (NIH). This genoh'opl_c locus
has been further characterized in terms of restriction mapping and sequence analysis
and a HindIIl/BamHI fragment containing exon 3 (0.2 Kb) flanked by a5 kb left and -
& 3 kb right arm has been subcloned. The targeting construct is constructed in the

7



.5 ROSA26 allele and is ubiquitous during enmbryonic deyghapdmid, 04 :
‘adul thood. Interbreeding the ROSA26 nouse with the functi onaI Tet - OGZ Ce -

‘transgenic lines result in (3-gal actosi dase expression in ost eobI astic -
cells. Tiwoummesssch as calvaria, femur, and vertebrae arepsy; dodpor
*13- gal act osi dase expression. A simlar approach has been use to evaI uat e

T-cell spe ﬁ e>§pre53| Q&y(l\/ao ‘X.. et al. (1999) Proc
Nat | . Acadp 0% VEolg capfais 3 lexpitieh 2 sowbich s ﬂﬁﬁkmmadwomarpm es the

f loxed e r on 3
{oby S tuahed F%%ﬁ%ﬁ%?%?ﬁ%}% JFRIE o (yRledald Vel FERRD BARLIESRON P
“domain (746&9‘3&11&:@(1111:315111@3&%@3’5/’-@) casettal DeplQey in g, EDdoakd 60b step
-1:735- 744% fl anke | oxP sites,_ each of which consists of a serl es of

34 bp of OFS qtgagtqggttargpgng thedlpred exom in B cellein vigeohpibedirat Any
DNA 1 egi Ofge 'tﬁé"&%@etﬁig édfﬂtrﬁ&%cﬁ'é s(iﬁa'ecﬁ%i?%% ey h ﬁ%})ﬁact | Valg R ati on:

-are excised follow ng action of e reconbi nase. on of ERa
by del et i npsttcam cEﬂ\tAeb&ﬁlmqlamdlmﬂme%mmetﬂ@tmalendlamSz@ienﬁﬁsml n that -

20 d h f th
Teceptor o pHeeRiRBid AL Lo IRHE ISs lBard Ronc sl Seldeuences
“that coul gh @e%tﬂdtlgdsih\feh%; AT Sk hich aaa t@\‘.'r:%lﬂ&ﬁaégg}‘@gaﬁ%h' 1§ ant in

case a region upstream of -exon hosen Mmation. “Finally,
Cr e- medi afraebnession)iand introdicod idodhs flapking rémonseaitiha darget gmtmﬁlcdoumt ream

7 S es_and inactivates the anti-apoptotic or -any '25 renaining
act I VI %‘?&g@l 3%%1“8? ctoH%gnamé)aw res the dimerization, and/ or ligand
bi ndi-ng domsu NFranERBRE HS 6¢l1sOhre ERBWNERR sidie Buyér §§ml§%2>_n9§‘dﬁ9tf 1]1500115

-contai ning exons 3 and 4 of the nobuse ER a gené 0 (Fig.- 10), 1solated
f r om C57BIPEedna\gedcHUnY tRoP crtiryonie )ﬁbmiﬂasﬁjﬁoﬂno%ws/am@aaa/eme (alsact or

has been Ken_ Kor Thi. e Iocus
has been {ﬁlﬁ%wr C ér ag%etfg%jze%(}emo Orﬁ%la&'psF%g[\'lllQ 8{ éﬁzg%s ’1(’{5‘ gﬁﬂtbsequence
anal ysi s. Gamaaadlgmmmv@ rfbrne @ Etbrd ol ioabsibish X prototol P (Rotkhdod bianked by
a5 kb left and a_3 kb right arm has_.been subcl one The targeting -

const Fuct 3 SWSN%?é@ rrf”c5h"é48?2 g enei@e@woé?com@naum of/ heclepeted
PCT/ US01/ t 2. of . which-
dARRAPERS o418 BosHRE! Qoned %g%@geene R tﬂ%ﬁﬁ elsaio% naga?l 158?f ¢ hlec

are flanking a neonycin®resistance (n
cyt omegal gnnotmpw(IQNﬁé() 'Jﬁreoﬂapxency afitlomalolgoié iebchﬁbﬂﬂaﬁ&l ks be& TepériiMot K)

- cassette. Fj s.th tep strategy for generating and
‘targeting" WB’% oir’ﬁg I'iESJ‘?Peﬁi dg)gﬁ?\ﬁcﬁnﬁe 268: lp%elqﬁDr@g bt the
tar get i ngraaRRAGLCHM. Wi gh. (£8996)! $SEAgR1el! QULT3EYATG Ok Gfth q‘@sx%tker
20 | colonies. In.the second step, a plasmid carrying Cre under the control of the CMV

~ promoter is elecroporated in the genetlcally modified ES- cells. Because the
expression of Cre is transient, the recombmataon event occurs only once between two
- of the three loxP 31tes, generating three posmble types of deletion. Type I deletion
results in the deletion of the complete exon 3-1oxP - HSV - neo” selection marker from
25 ‘the genome of ES colls and animals derived from the corresponding ES cells carry the
“7 floxed exon 3 in the germ line. Type T deletion is identified w1th Southern blot )
_ ana1y51s This approach has been desctibed and successfully used for T -cell-specific
-deletion of the DNA. polymerase 8 gene segment (Gu, H., Jet al. (1994) Sclence' _
. 265:103-106). Targeted ES ce]]s are microinjectioned into BALB/C blastocysts B
. 30 Male chimeras are mated to C37BY6 females. Germ line transmission in the progcny'
is confirmed by Southern blot analysis. Finally, the functional integrity of the floxed
gene is determined usmg classical receptor binding studies, as well as transcription
assays using .cells 1solated from classical target. tlssues such as thc ovaries and the

uferus.
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upstreamof the left arm, floxed exon 3 and the righi3 pesemns 2808 ubsequent
HSV-tk cassette, is electroporated into C57B1/6 ES cells (obtained from
Eurogentec, Belgium. and tested positive by diploid aggregation.and

- tetrapl oiyeh Agggggation for gernine transm ssion) and i Nt o the
flanking regions of the target genotropic locus 10 thro%%ﬂg%%%ggous

reconbi nation. - Transfected ES cells are grown on a single Izger of
m tomyci n C aflid dbidin osteobleat el ostrendast-spsiciicaimaciivaiion @?rng:oIn oEREPob| ast s

from Swi ss/ 129/ Bal p/ ¢, mj c opt ai ned_f.rom E R —
El ect r opBIt 78 ﬁnag‘?‘fﬁwé@lr%ﬁ teqeg' ﬁ@?cbeo Ppsre %écec?lbﬁ’é%?m%s%?ﬁﬁ |
ganci cl owite, THe RENEQ LIRFHAE e lotbwe td MuBBIRDINGE e thedda8é 6EVetSOGRTEr t son et

15 al. (1986) Nature 323: 445-448). Honol ogous reconbj nation of the '
t ar get edare thomgreated withhDox dan 8 prasisiennined timeopraipd that ghews 3 FHFIHMSoUt her n

has. bEonCHE sEpBRiptt o Migk b e, Shoribléy, EJHENE imtloat BOBME fUBGSTS "L 0"
265: 103- {0f%dbrad) dtei, hindBary(fPasBAaY, SverMkidiitlys Adnd braib 9 hatvdstad, ddd. :

184:1397-1411) doubl e dr ug resistant 20 colonies. In.the secaond step, a
plasmi d &ematsppisgDIAe exinensed.t Bhe eHiriengy obLre-me cpll shesilag delstion of T
‘el ecroporated in _the, genet| I i {1 ad el:l. s Bec 14 Xpression
of Cre i &1t gnlssi'%"n qat?%ﬁg@rﬂélg%#b‘?fng?%%hgggﬁ%%géé rCisf @%’I %ﬁ'g%l@%% _%Een two
of 't he t bxig@tddokdinshé @dfer@aniirsi Meniohstextiop @f istebblaslygyesiffinabtivetioron. - Type -
‘| deletion results in the deletion of the conplete exon 3-10xP_- HSV - ‘
neon1&e| 6 tho FReaIskegcommbished by HeangEridnge cayams cells |1§0%étﬁ@ fg?ﬂlﬁg‘f’ ERferived -
fromthe LG ' al. L , n i : gf mline.
Type | 1 GHEEPRRANAA guiple EREANerkofSendrl HBRNAN The ccihBfBt 1 1

appr oac hFRasinhgisaticie fic ostbelslastivgd beiumt ettef véllsy izieaablished by pecbimingdies i c

del et f the DNA pol 6, t (GQu, H., | . (1994) :
o ooy DR s P St ot Fefics b ert ek Be R o) maL ey ¢
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transmssion In the progeny, Is confirmed by Southern blot analysis.' ,
Fi nalt$ y, demendtratecthie gmedence v tpw lavylsef fatrdohdloonddgenpmsdERsincstesblasticed using -

cl assical te t or . bi ndj tudi as- ,wel ‘ ansCki.pii ays using
Coeits 1 BRI ERNT Mo Rk dthei S T ac Roptts (o@D Mol BRRRROE I BRI T
uterus. 78063 IRKERperRiefts)Edterilibl Qﬁﬁﬁ’jﬁof@ﬁﬂlﬁ%s&%géﬁ thré@glo e RS .
ost eobl ast or osteoclast-specific inactivation of ERA Ind-aERKO nice are
mat ed wi ete elimingted bpetilicing, instead gEhTREnthediRe-sppaific igapd Byopyk Pepepdenic - -
m ce. The. derived offspring.are.qr ' 004 J . of Tet
G- e, T Shibebe cBHnelt AT Bobe 108 SR R e VAESEPSE T
al | 0ys f OHinBRXUFB4RR-Champaign. Propyl Pyrazole Triol is a structurally diverse ER ligand :
' that is related to a group of compounds that have been teported by the
- Katzenellenbogen group (Sun, 1., et al, (1999) Endocrinology 140:800-804). This
compound has pronounced ERo-selective binding affinity (RBAs to 178-E, are 63 for )
ERa versus 0.095 for -_ERﬁ) and high ERo transcriptional potency i‘n'trénsiently'- _
‘__3'5 - tr#nsfected  human endometrial cancer (HEC-1) cells but no ERB -mediated . .
" transcriptional activity even at the highest concentrations of treatment (personal

" communication). As an additional approach for demonstrating ER« inactivation in an
‘osteoblast-specific manner in the ‘k:nockout mouse, the _lcaockout mmis'e”is croSse_d' '
with a ERE-lacZ reporter mouse. The derived litter and wild type animals are
'30-. ovariectomized to remove éndogenous éstrogeﬁs; A week following ovariebfomy, _
- _‘c:ithn_sr type of mice is treated with Propyl Pyrazole Triol for 24 hours. Following the
| 24-hour tréﬁtfnen{ period, mice are sacrificed :'md‘ transcﬁpﬁonal activity of ERa, o
* lack thereof, is assayed with B-galactosidase staining of utel_"ihé, breast and bone

sections,
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.5 Cre expression. Mce are then sacrificed, and tlssu%Dbg&hMgﬁlmg;;
.calvariae, fenmurs, vertebrae, uteri, mammary gl ands, lungs, livers,

~ki dneys; and bra,i.ns are harvested, and genot ropi ¢ DNA extract ed. The -
efficiency of Cre-nediated cell specific deletion of exon 3 is evaluated -
by neans W8 01g¥6AHhern bl ot anal ysis of the genotropic DNA eCT/BSturisesped from
the different tissues. Denonstration of osteoblast-specific inactivation 10
~of the ERa is : ' I fromthe
Ra Knookout miasanp 10 ¥n ey SRRNRFId AGAHEARNS Ehivhidr R BaBlte’ 1O
speci fi ci bylyab osteBhlastsantliosbilasts, iandiffsteathioasd ircwhizhtERwis inhdtbateddhl s, - i's

establish erformn sape study._u I nst of _cal varla , :
ost eobl 'asglgcgg %Fxﬂg%grtgﬁegeﬁ‘“elsl@cqmlg‘iﬁhp‘igyscéﬂ%mgr@%gﬂ HREOABCoach has =

“been succgsgf & ?ﬁtﬁls sthang.e9l hﬁﬁ%fﬁ q,geggpstrate :
the presence of }?i eve unctloggﬁ3 end%{enous E rﬂkost’eo l'astic

- cel | s § Er (i993) &bl,enm @699&27@4”9);1% iBisAmoRsejdhe (re 30dmBibhse 1Ermidetr theol .

711:1597- 16 t t
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170E2, thgy BRsX viREGhbor. | BRAG ROy tlfé\/éxﬁ?v‘i’ﬂgﬁof el Wi Iﬁoﬁmt gk e

corrpound devel oped by Dr. John Katzenell enbogén, University of 20 I'llinois, .
Ur bana Chanpdatg:d to meisdgh ﬂqmbzhyl admihnistodtiansofd FN-ouart-g ozalal syntieticedmblER | i gand

‘that isr 0 nds .t aye bee ted, by the -
Kact zone! RERE S%BWQP P"IH")HR@’#" aqid (Eh‘?@%g) e Barelignd EN BACB00- 804) .
Thi's 160MROMRE, hﬁﬁc@h&f&eﬁﬁ%eamﬁﬁaﬁﬁt@moyen@WMgcﬁ ﬁéq%lréﬁn(lﬁ%ﬁret 0 170-E
are 63 for ERa versus 0.095 for ERP) and high ERa transcriptional. potency

in transi @Htatipn 75 ERorupendrestnatwith dRN oz phtbet ri al cancer (HEC-1) cell's '
but ', no ER(3 -nediated transcriptional activity even. at the highest.
concentrations of treat ment (personal comuni cation)..As an additional
-approach for denonstrating ERa i NEXAMPILE Q0 i-n an osteobl ast-specific
~manner in the knockout m)use the knockout .mouse IS, crossed with a :

" ERE-| acZ report e®Mefhod £ Renig foR a0y pic esrosgn like signallingi nal s are 30
ovariectom zed to renove endogenous estrogen's- A vveek foll ow ng ' _
ovari €ctomy, either type of mce is treated with Propyl Pyrazole Triol for
24 hours. Fol | Aviivegorishe noddenbropic estericndikie s@aﬂnigwnibhdaokrtﬂnﬁﬁ@hbﬁﬂCEd and
transcripti.opal activity of ERa, or ack thereof I S assayed w

ft - gal act ¥4V aresid ?‘H‘Iﬁ%& e tigh B Retieions seErERg. W 5r-wh13
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in which the E\/I|n ctivation is targeted ~“only to osteoblasts a
ost eocl- asfpesitive aeddout)eand 69 (senplometi htrERaription r(aegatlvatrea;ﬂout) Talthiscel | -

YPeS N2l o S ) o158 SR S $5%E BRI GERO 1 ce

an SRE-SEAP as well as a C3-Luc plasmid. In another aspect of the invention, stable

" transfectants in which the hERx or hAR gene are condlttonally expressed under the
control of the TRT-OFF (tetraeychne -OFF) system. |
- | The SRE-SEAP assay detects activation of the MAPK/INK s1gna]]mg
_-1,;25 | pathways by means of assaymg transcription factor. (Elk-1/SRF) — mduced actlvatton
of a Serum Response Element (SRE) plaJced upstream of the herpes simplex virus
' "thymldme kmase (HSV-tk) promoter that drives the expression of secreted alkalme 7
| | 'phosphatase (SEAP) This assay is eommerctally available. Kits for in vwo assays for
_ MEK1 or MEKKI kinases are a.lso commerctally available. In general, 24 hrs after |
.30- transfection serum - contammg medium is replaced Wlth med1um that contains about _
o 0.2% serum, Ce]ls are culture for 24 hrs in about 0.2% serum and then assayed |
Control samples are treated with velucle alone.
Generally, HeLa cells are plated in 48-well plates at a eoneentratton of 4-5x
- 10* per well and cultured overnight i in phenol red-free MEM medium confaining 10%
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WwWith an existing transgenic nouse that carries the M{1&pRchm i e (Kuhn,
Rot al. 5 (1995) Science 269:1427-1429). In this nouse, the e reconbi nase
‘is under the control of the Ml gene pronoter. This gene is silent in :
~healthy mice, but it is turned on upon viral infection. Experimentally,
~ the acti We@yL86603he Mkl pronpbter can be stimulated to vepgrhisgindosyvel s by .
~admnistration of 1FN-a or ,B or a synt heti c doubl e- stranded RNA

pon|n03| | n ucer, 10 -
POl Y1 105! BabecRPAENA 988 Bl RkaB) s bBLA P BRGNS
inactive amlglatairdne. i'ThebRediumdp rémeai)edls avé astddNwase inl PE@amEX%ﬁ’JAE 10

‘Met hod -f or, Screeni hg for, nongenotroptc_est ro%en | i ke signallinng Activators

of nongen‘&thoiﬁr‘@né%qer F§6n antieticsfrem anedivg patc pontaing ¢ r Gersdeation; sral -

activity goape. ident | ng
whi ch 'si ﬁ{aneou‘glfi} gﬁ%}gﬁlﬁ%%cgﬁégtb%g%%&sﬁtﬁgﬁ% W@% ect I on

system (mﬁfebted)a r€eltote) incalided"Ivith thrpiramstiond) mix d6s2:3 Hbinen (megat ive

readout) . ? this 20°'end, HeLa cells are stably transfected using

~ retrovi rd§3é’§ egfionh ik ds memavedradgerlaggd with figsh phenelad-fice MEM medivmc3- Luc
- pl asnid. taﬁﬁ%%{i@% eﬁssss-sa{ L& Eg &ats@ gg&un eﬁifetsegkssr oF' n which.

.the hERa or gene are co |t|ona Yy express on of - the
TET- OFF (leBtio mwénﬁoe24]ﬁ§1)xrss§fhhéﬁ% rcoBRIBEARRGRRR dyrephiced ithdrdsh vat i on.

Phct or. (RO et Mk hedisin cbotbibins 2% B o S o e (Srey
pl acegy upgir eses&et*&ﬂa%sesnele&% .%%'rss-coﬁmﬂs%fmn f rraﬁezr(qg%}/stk) |

pronoter -that drives the expression o secr et ed phosphat ase _
(SEAP) . TCills ans tragted mﬂ:nstﬂmrdslaarthwdmrad betwentration forf2drhauns. vBRE-SBARYs for

MEKI k | abl.e._In |,. 24 h
A ter 50 PRSI IBETORECEr Sl QL G S HOarMPE €5l chltu o it um
‘that conté BsmabRiIly ﬁpgﬂeeewsﬂa&sfdﬁg @ Be SdHnh ek indfudbiofis.| Th @BOUL 0. 2%

serum and t hen assayed Control sanples are treated wth vehicle al one.
Gener al | yeaseHol dransient teansfeptionsediatan azeecvmqteqolfax denafectionc efidenayaby on of

cult i n phenol red-free MEM nedi um
cont al ni ngsa%’tﬁ)l%\%“jﬁﬂ%gfeﬁ%?? ‘3% %%%F@ooos PCTI US01118950
char coal - stri ppgdEdaRdidl ieh pbsilayidihduad eBMtroldEIIR Glcti¢AtiohRARVEll bd €8 ‘and

streptonycin ) ~and glutam ne. The nmediumis renoved, cells .are washed

“twice in nassneﬁsnoewelﬁean\bpme%esmsaﬁresom of HRKiastivationr and esegnum t hat

608" " or PR ENEEHATof Ol bl BALE CAl iy SHRCLFRRARIIS AR, 1P

wi t h t he bt swresk extdbseninTs-Tuwer activityhesthpared h@ 17B—Estrad101 are selected. The

20 ' selecuon criteria can include classifying compounds of interest based on the ratio of

ERX activation over C3 transcnpnon Compounds of mterest are screened further for
osteoblast/osteocyte antl-apoptonc activity.
- Additionally, novel hgands using combinatorial chermstry and 3-D modelmg
o of the bmdmg pocket of the ER can be synthesmed : _
25 One sk:llled in the art will readily apprec1ate that the present invention is weII ‘ |
adapted to carry out the objects and obtain the ends and advantages mentioned, as
_well as those ob_}ects ends and advantages inherent herein. The present examples,
-along with the methods, procedures, treatments, molecules, and specific compounds
~~described herem are presenﬂy representatwe of preferred embodiments, are |
.30 lexemplary, and are not intended as limitations on the scope of the invention. Changes'
| therein and other uses will occur to those skilled in the art which are encompassed

 within the spmt of the invention as defined by the scope of the claims.
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- transfection mx is renoved and replaced with fresh phepglerfird obsge MEM

Jredi ym ‘cont ai ni ng 10% charcoal -stripped FBS anti biotics and gl utam ne, and

‘the cells are left to recover for 24 hours. The 10% FBS -cont ai ni ng-nedi um

‘i's replaced with fresh phenol red-free MEM nedi um contai ning 0.2%

‘char coal - wto éipyeas FBS anti biotics 10 and gl utam ne. Cel | s @fgpsydhkssped i n

~ 0.2% FBS-cont ai ni ng mediumfor 24 hours. Cells are treated with steroids:

~at the de on for 24 hours. SRE-SEAP activity is neasured
in 50 m"~ Wﬁﬁ%&sont aining cell culture mediumwt h t he

. commercially supplied kit and according to the manufacturet's ‘instructi ons.

'In the case of transient transfections, data are corrected for '

-transfectilon dfsei of enm}nmymdlfé mdstayamyleﬁem leiff@et of iaf zaceptor aompmsmg in

~cell. Iysat 1793- Estradl |s und control of ERK
activati of® c%l © ZReepler th %533‘#“‘55* Qn@ﬂu El ‘th?ﬂetgatl ve
controd ofytsRAtiACY ind@bingr géﬁéhﬁﬂc (r)eﬁig&cté@ﬁle?elﬁ Qw%éc\éﬁto? Méié&te@fm

~transcription. Conpounds wth s RE- SEAP. activity but wea or absent
C3- Luc acgioupt ywonsigingarafd a oprogfsterens rigénior, are ledogortisdid Tmeelﬂﬁr sel ection

criteria can incl.u cl assi f qunds f |nIeres base ratio
of ERK a%'ﬁe\]fgf?rgﬁdgv&ce@ Lt a‘?g?? g%lg rec 1tD| Tt %rs?P%‘gﬁ _
- screened fedéptbErpreiane SKeaRbmoE / Kik! 861 YEceeot, | th ?ﬂﬁ’&t:r@éé rAGhin¥edi¥ - X
Addi t i onal I?/Ii n%v%ii i gandgﬁum ng conbi na;'tﬁglil a hem Qfﬁ?y and ?} D nodel i- ng_

of the bi FEPIHET M@«Xﬁmpmﬁmdmnemem@rwdmﬂ&ﬁecemr One skilled in the
art will readily appreciate that the present invention is well -adapted to.
carryllout. the objects and obtain the ends and advant ages nent.i oned, as
wel | as those objects, ends and advantages inherent herein. The present
- exanpl es, 2.al ongheviusé dfhﬁaalhftih@d&remrtheeﬂmgamtrdpice&ffﬁﬁnbeéurmhectw e, and
speci fi c conpounds, described herej.n are esently representatlve of -
preferre (o ifhescompound ity iag ‘ﬁﬂﬂ inRfithe racepiged as - 2
limtations on the scope of the inventi on. Changes t herein and ot her uses
wi.ll occur to those skilled in the art which are enconpassed. within the '
spirit of the invention as defined by the scope of the clains. 76.V 13" .
Decenber 3.2004TWDusd /of688ifn \WHATheréin Gha\ ivBEBenBropRCERIS0 06189 He o thee of a )

compoynd to induce selectl ffect of rece r.c risi .C tactlng
Che. rBoeptBati BY oBecmaimad faiot TPhOBQLsRs RORIEh SHan R 1ot FEHORAk nout

- subst ant i @jukvalén? 4 thd BgahdIMitth§ Qe Sinf tiRcdsiropfiPre@iptof. he receptor is
~selected fromthe group consi stl ng of a progest erone receptor a

gl ucocort.icoid receptor a

4, The use of claim 1, Wherein'the genotropic effect is mediated by the DNA-
binding domain of the receptor. '

20
5. The use of a compound to mduce a sclective effect of a receptor compnsmg

contacnng the receptor w1th the compound that mduces a genotroplc effect mthout

'substantlally inducing a nongenotroplc effect.

25 6. The use of claim 5, Whereil_l the Teceptor is selected ﬁom the group consisting

. ofa progesterone receptor, a g'lueocortidoid receptor, a miﬁeralcorticoid_ receptor, a

‘rle__tineic acid receptor, vitamin D recEPtor, PPAR receptor, pregnane X receptor, bile

-acid receptor, thyr_é:_id ‘receptor, faresoid X receptor, liver X reeethr, ecdysone
 TecEpior, and COUP-TF receptor. - |

30
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m neral corticoid receptor, a retinoic acid receptor, ¥ pampndP206£eptor,
PPAR receptor, pregnane X receptor, bile acid receptor, thyroid receptor,
farnesoid X receptor, liver X receptor, ecdysone receptor, and COUP-TF
receptor. 10 2. The use of claiml, wherein the nongenotropic effect occurs
due . to the interaction of the conpound with the |igand binding domain of
the receptor. 3. The use of claim1l, wherein the nongenotropic effect
occurs due to the 15 activation by the conmpound of a region of the
receptor which is the functional equivalent of the |igand bindi ng domain.

of the estrfgen Trecegeobi cBim4s, Mirrsisethel gehetrdpid, efitBeriei protdite yaMeEEOPI C
effect is nediated by the DNA binding domain of the receptor. 5. The use
of a conmpound to induce a selective effect of a receptor conprising

contacting 8.he reewfhic fdMsbﬂ@ehing  eorpesumd. thatwaill ihdsbece SeldclleNngendtfopid f ect
W t hout su {m al | fdel'n uci ng a nongenotropic effect. .25 6. The use of -
claim5, vw?zﬁeé o & HErojeeERIe AP $ect ed from t he group consisting of a

progest erone recept orassasgigjm@@@mtydfwicdmmﬁ% actvatg élﬁétﬁbvﬁ HeUFéQéoCb
receptor,

retinpic acid rece vitam n D recept PPA rece
pr egnane XaiP%d'Qﬁ'?‘gB""%Wpl domaig g cf}"? SUPIdoFECeRIRY MifNRuty %@@E"B?“y petivat t'EP X
receptor, |EDNB4b|rR§|rfg&!tﬁ|ﬁﬁu@bf th@%@éf@i@?@cepf@@ﬁtﬁéﬁtwat@ﬂﬁe @QﬂPoﬂ&ng 6@ the30 77
13 Decenber_ 2004 ein the egﬁjro I¢c effect is

protein syritHaY r§°ep&§°r ‘er?é‘fﬁ%tq%'ﬁl%%‘?t@@?ﬂgr@” {1008 hate lgand-binsdingce a

sel ective nivngmnofthe Bietoid @depdr; afd therst er oi d recept or corrprl si ng assessing
the ability of the conpound to actlv e.ap medi at the

| i gand- bi ndi ng domai " S”f'ﬂ%hket%?'%' F’@E‘@%"g? gt{ﬁﬁ'ﬂp%‘ﬂ Q%%F?%‘Itq gpility
activatingtb muc%@endomndwm Bffédt vﬁth@utséub&@hdaweﬁ@w@a géndt@pRidiievat e
t he DNA- bi ndi the ste recept

n of hout, subpst ant| al |
activating q’uﬁﬁ"%ﬁ%ﬁ% e liliee P ﬁﬁrgﬁ{]@ef‘?t@%{’h‘ﬂ eﬁHl"Héj‘O”H Ciigof RSt %’%{'QF oi d
receptor; amlgéditmprmmf whgrdim ehediteroRret@ptonis tskiectad fRim tHeeyrb@s torfigrgagy nd
to assess its abi ndueata et nongenotropic effect w thout
obat ant: ald SrOBRHEER JeRoRI 6 es coR RaEplor gy THacHISRiFeig Fosapiar e ole
target genaicidopédepssrf etdmini DhmtbpﬂoﬁdBPARgre%eﬁiébSbl%@halﬁ?é X m@&&&mobn@@cﬁi
effect, wherein t@& s%erm receg 8 is sel ctgﬂ fromthe conpri si ng
2 pr ogest erBrRP e LG FECSRIO HAERIT &JeReREle IYATcY reCRPIRY. EAIORE Feqepi cand
receptor, aOEPiMFYeteptdci d receptor, vitamn D receptor, PPAR receptor,
pregnane X receptor, bile acid

9. The use of a compound other 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
glucocorticoid 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
recepftor;

determining the level of franscriptional activity of the receptor-test compound compiex;
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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receptor, thyroid receptor, farnesoid X receptor, |iVvespXcdiRsSBioos,
ecdysone receptor, and COUP-TF receptor. 9. The use of a conpound ot her
than an estrogen or androgen containing a cyclopentanoperhydrophenant hrene
nucl eus which binds to the steroid receptor and induces a desired
nongenotropic effect of a steroid receptor while not inducing a

st eroi d-i nduced genotropi c effect for t he manuf acture of a nedi canent to

i nduce a nqngw]n {‘ lJncthef of a8 t {ec%%tor, ein the steroid
receptor is oereltd fr%r?letrcﬂ Grotp > %erlﬁg sTTYy %rl"%ggrf“ér}s@ﬁea PREEHTBIC a
gl ucocor t i getegior.ecaysoenrticol redepior, @l reinerelicartidolll reespitaonetinaic acistrecepior, vilanid D
receptor, Vrbée%f& rPFQF( @9&:{%r0;5regnaﬁ)£ ARt P8 acid F?é(%gf&?-rfﬁyrg&i F&Qﬁ@rt Ymesh Hl)@

acid receptor g{ receptor, farnesoid X recept l'iver X receptor,
ecdysone r d8&B °5r“ er 8“%&“*@°Q¥E%ﬂ%ra”dﬁ9upﬂ n'i?P‘FFE‘H for screening a
conpound to select a conpound that induces a selective ster0|dal response
conpri si ng:, cont a, steroid, receptor th a test co Qun det er m ni ng
whetner & rder ot 2f (Al 10r HERHI JBR R BENaTaRss ARy bt Pipventing
receptor; dspoptosgisni ng the |Ievel of transcriptional activity of the :

receptor-test conpound conpl ex; and sel ecting the conpound that activates
t he nongenotropic activity of the receptor and induces transcriptional

activity ofta he Trecmethoas of @aim 10)aheldh¥itef nopgdagmpinsctisites aisigiaecept or 78 13
Decenber 2q l,i gands, wherein the steroid receptor is selected fromthe
group conprfa'gﬁﬂlécq'g pPBW&¥t erone receptor, a gl ucocorticoid receptor, a

m neral corti c0| d receptor, a ret| noi ¢ aci d receptor, vi tam n D receptor,

PPAR recep rece e acid rece hyroi d, receptor,
farnesoi d X r ecéﬁqﬂ%n R@?'W Efﬁ"bh’e @@89@%?8"&&2&' b5 A'sesorf coup- TF
receptor. Messéhgersgstend of claim 10, wherein the nongenotropic 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 ai m 10, vider eiThetrhethod oheaint Tz;)pjhermtl‘ie\lsilgrml transtiussOpEihwAlEs 2giroen system
14. The method of ¢ ein the signal transduction pathway is a

protein kiNksg sgnaLt&qnsgpéth@@&wagn pat hway. 15. The nethod of claim 14,

wherein the protein kinase signal transduction pathway is a MAP kinase

si gnal transduc th he .ngt hod of cIa|m1 erelnthe MAP
ki nase si gﬁg tr AW E?‘i' \Aﬁéfa'ﬁ‘af‘lnwgﬁr‘?’% otgjnkingse,/signg FEHO& regul at ed
Ki nase si gpathwaydsadiaR kinasosilhaldadsduction pathway.

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 until 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
receptor;
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

: 79



17. A method of evaluating a conpound conprising the Steasner 2004 OW Ng a
ti'ssue culture cell line until cell growth has reached appropriate
confluence; transfecting the tissue culture with an expression plasmd of
‘a specific receptor and an expression plasmd for a target gene responsive
to the selected receptor; contacting the transfected cells with a test
conpound; determ ni ng whet her the conpound i nduces a nongenotropic effect

wi t hout substantial l.y jnduci.ng. a genotropi ¢ eff 18. .The .nethod of claim
1 Moher of nepRM <t e gL R Bl  BBhsieBreATye FhaniaEs IR epkaine 15,
The met hod phibsphatagn, lidciferdsel eieptitidchdrmbged, geneh ifsctorel and echirhedonpirdteingr oup
79 13 Decenber 2004 consisting of chioranphenicol acetyl transferase(CAT),

18- gal act osi dase, al kaline phosphatase, |uciferase, peptide hornones,
growm h factors and chineric proteins. 20. The nethod of claim 17, wherein

the | evel transcription of e target gene is deternined using a method

selected {28 ¢ degreipd Bt RueBi e S kkhee iton o beccsh et &

i munochenmdetdrmirzdde nsing! aometidi geleetsdc abmmetidagtsup 2bnsibtimgetdiodalbametric,

iR R T e T S

or artificial steroid receptor wth a test conpound; assessing whether the

conmpound a}%i vatﬁs n penot ropic activity of the sft roid recept {;

det or mi ni ngt he RURTOTITFTERAIRY PADPRHNCS R e lieanenh e siero reGrRIgNARSdand

sel ecti ng tdiszacepadissldet cooppsibges that activate the nongenotropic

tivit f th t id m’? g]'th t bst ant.i I tivating th

activity o e steroid rece wi t hout s ntia i .

genot ropi ¢ activity &GPMEFY @P@f%}ipaeﬁs@gép?%‘?‘?eﬁﬂ%wéﬁ qulrﬁtgc@tsgqrglﬂgeqeg pt or

i s sel ect edvifhraotest dvenm@uedp conprising a progesterone receptor, a

gl ucocorticoid receptor, a mmneralcorticoid receptor, a retinoig.aci

receptor, vitamin D ﬁéﬁ%sﬁfn@r‘?hq%ﬁ@? 8%@5?‘6}%,a@Y%ﬁ%ﬂQ”S@W"E’BB‘B@Bﬁ‘{'Wﬁ ﬁ'@ acid

receptor, tdyrodirdcept@ceptor, farnesoid X receptor, liver X receptor,

ecdysone receptor, and, COJP-TE rec or. 22. A nethod. for screenin

comounds. for t he. t r disDRInahe IVEF 8 Ghriseiipn didled BY s s Gaonudigne

di sorders conpri si ng:selzotrgiticicompaunebl capxpuads thagacivarithe abngegnodopitf i Cihal

progesterone,. .re tor wiith a test c oynd. al one or i.n conbi nati on, w a

bt o apopt oretvi e Serdi seedbisy et SMostdiaRy ApBafte itk Sotie.actiny'o!

nongenot r ophe seadid vaceptonfwtidhen tisd steaidiracep@pisaelected 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, farnesoid X receptor, liver X receptor, ecdyscne 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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determning the level of transcription induced by thedpgsiergirpoound;
determ ni ng whether the test conpound inhibited apoptosis in cells
contacted with a test conmpound al one or in conbination with a pro-apoptotic
agent; selecting the conpound or conpounds that activate the nongenotropic
~activity of the steroid receptor wi thout substantially activating the
genotropic activity of the steroid receptor. 80 13 Decenber 2004 23. A

met hod for creen r conpounds t hat e non ct|V|ty
oF 8 st er oiat 1 eduBrEPd SireRBaR B, oI (et BerrlEanF BoRnOUPRp agi |
steroid r ecoe[at steroidc mEpptos Witbodtheodiigg 0k genﬁﬁmla@lt:!mg afethé Stanbit! heeéptdrreaSt
one test canpound erein . the cells contain: (a) non-endogenous DNA which
expr esses a?nBPE?B? SURMor  protein, or functional engineered or modified

forms thereof, (b) Dltslénmﬂir@b@ﬁmd@ﬂeaﬁt sHeaegtidopobed Wheir B8 Remsenedigment
linked to a first reporter

gene mhrch encodes a second
reporter gene operably |i el %ﬁd%gegé'ﬁ‘iﬁ Wéﬁﬁ‘sed‘ﬁﬁecsﬁﬁﬁaﬁg?{ﬂ%%ep&pona ve
‘transcri pt ippgtein, srfohdtiohalehiginestiaiiortrhctifiedtfommsiberedf,i on of the second

R N e
activated Wigkédie =sirstrepster@engghd, assayi ng for evidence of transcription
of the reporter genes In e | I.s; and sel ecti th ound hat i nduce
transcription of the secokﬁk} P@%M“é‘remaeﬁ%aaﬁepngge%fengﬁa BBer?&é{ﬁlE'&frditBtr on
of the first sighabritatsdgeion. pathwaf repbasivd Olifar%@f;ﬁtﬁiﬁhngsoh@bl errp@umd&héthat

nodul at e t he nongeno pi c tivit of . a |d recepto i
Todul at 1 ng ERETRORDEL RIAECRet SRS P R rB It aEBoe by kel § S6MY t e
st eps of tnaastjllmﬁbm matheelyl Sndvivitierein th?ﬁ!@&ﬂiptl@ﬁeoﬂ et seonP aepsHer @il B hdte

cells cont ai nous DNA whi ch expresses a sterold receptor
prot ein, Q%%‘{P%Wﬁlspeéﬂa% P¥ or nodified forms thereof, (b) DNA which

encodes a reporter gassayingondligencetf endddiption a‘itg@éﬁpoﬁéﬁm_@ﬁ trercepgt hway
responsi ve transcriptional control unit such that transcription of the
reporter g@ﬂg is activated in response to activating a signal transduction
pat hway and wher ei nstleatirgcthe Rbmpourifs thidnQreeRfsEriion bPthe@eBend rRpH&ir

ot VAt ed B 3 SO IO B R M Her GUbgence Of Lranseription

24. 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 engiheered 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 transduction pathway



gquantifying the transcription of steroid receptor resfPD&taEhed20es;

sel ecting the conpounds that induce transcription of the reporter gene and
do not induce transcription of steroid receptor responsive genes. 25. The
met hod of clains 23 or 24, wherein the signal transduction pathway 81 13
Decenber 2004 responsive transcriptional control unit is selected fromthe
group consisting of serum response elenent, Activator protein 1, cAMP
response el DNA_ bi ndi _ny

-box. bi ndi Lele t, E2 el epent
gl ucocort i c% aoni3 Barngtértp%%%qn?mﬂggq 'ssﬁ"g%é}ed J@gbgﬁsgrogpe%ﬁ'gt'nq R{Tg‘?rpg‘r on
-y activat nespcmsqmnmt Potiatdreproteirs ti rRAMR eaipbie&peles@nt eft-bor MNA mirehrear
-factor of l'ls. .nuc|lear f B cel 53 r
e omont - RETEETLTCE PR St A oh b Sopioil esrbnes et ¥ent, XeB! gty
for identi frgspgisa elememcontpdemd @racwsmnmcsﬁquen@)aihteﬂeajn athhummtdesesponse
nongenot r op o or LLVELY, Wi, t haut subs anti | | tiyati enot ropi c
oceptor - RfTe: Rk BFloL b gtted P isuS oiad e i 85 el APE (PR
screeni ng syahent Rnrapoimmlembhyad@{srmw regpohse €emaBtli um optional |y
suppl emented with nutrients, wherein the cell line of the tissue culture

screening systemcontains a steroid receptor having at | east one identified
nongenot rofflec adt ibidasyay a:ﬂid'dmtlfy:”lng estest coppultl of chb@taraignall thaglactiatdshe

medi um ; neasuring.the a n ti on t he .ampunt, of
nongenot r oﬂlc’@gﬁ'&qtiogict ﬁceggi?eﬁ?ti"%@ "f"h@ Eoﬂ}gtﬂﬂ‘&? ¥ hag 'Vlaﬁ'&ﬂicég EB‘?i@erﬁB?mBrpi c
activity budctidtyesompising mdls@stdfanscri pti on. 27. The nethod of claim 26,
wherein the cell line is OB hod of ,screen for, ligands of
steroid receptors t h£{°‘?"H€iGé'és%ﬁl5*é‘FF‘of9r8%i"&g sysiemin 4 9h‘?ﬂq‘fzﬂ@ﬁeﬂ§%‘iglﬂtéﬂ:ﬁi ally
i nduci ng gemedimmplopticmatly \wbylemnmdowlﬁimditﬂmtﬁ)rwmmg thBeceiit s of e tissue
contacting

ell with a test pound rein.t been., ..

transf ect e&%ﬁ?h?crﬁn"ég Bxﬁe@eaﬂg%;ﬁ% eeﬁt:eéﬂﬁrfﬁc%lot? ﬁ@‘(‘f’%r‘?ﬁﬂeg’fte‘?rlﬁ {feptifisgh or
or geneti ;mowngenciobicalctivityst eroi d receptor; ii) a response el enent-reporter
gene construct; and i, serum  res e - orter. gene construct;
deternini ng the effedf d%i'g qogg)[ouﬁtg @?ﬁ% %%'QPHQO%%HEQW tion of the
response el enent repméauriwmmtbucdnscﬁtﬂtoﬁrm ning the effect of the
test conpound on the transcr{hp g[)

measuring the amoun of nongenotropic activity;

selecting the compound that induces nongenotropic activity but does not

induce transcription.
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 efféct 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



serum response el enent-reporter gene construct; and 823 pdcddcserbes 2004
sel ecting the conpound that activates the transcription of the serum
response el enent-reporter gene construct w thout substantially effecting
the transcription of the response el enment reporter gene construct. 29. A
met hod of screening for ligands of steroid receptors that induce
nongenotropi ¢ activity without substantially inducing genotropic activity
is provided conprisi contacting a first cell with a test

ng the steps of  ; L TS
" conpound wherein the s[%llchpg H@IC?’”H’Qﬁn%g@ﬁadtv?ﬁ@%gﬁ%ﬂﬂm'%ﬁf“i‘*) SUIBNA

sequence enegstngg didriawtreSialr Yok OicdnstREEPIWMNOGT s ARBRLAIS VardcaRy @he @
steroid receptor;. ii) a response el ement-reporter gene construct;

det er mi ni ng @ §ERIPP OF thegespanse elegient (RBEREC S CREIG anscri ption of the
response el enent reporter gene construct; contacting a second cell with
the test coppound wherein the second cell  has been transfected with a

si gnal tr arrddt FeEIRd R sRREYINe &Y Jigards i stareif $e¢aniars diah induge Rerasnotienie

operably | idtheie) withodt s@RedritiNy B8y §eicbpicichetytid 8ravided Cbripfisih the f8bs
conpound on the transcription of the second cell; and selecting the
conpound t il activates the transcription of the second cell wthout

substantial ly effectidgtdchfy hfirdearwitt 4 @t dmphishd WiHerbinGed first 39-hab tisbh f Or
nmeasuri ng ster% d re,tchgptor dependent nongenotropic activity conprising: a

cont ai ner HEms QFeQ‘@ ble transfected cell Iine wherein the cell line
includes a steroid responpiaBNASBQIdrRE cHERENG 8 RFIctitidl stefoid PaRBtok BF

assessing the activation of —nongenotropic steroid activity, and a steroid
recept or . ggenetic variant of a steroid receptor;
ii} a response element-reporter gene construct;
determining the effect of the test compound on the transcription of the response element
reporier gene construct;
contacting a second cell with the test compound wherein the second cell
has been transfected with a signal transduction pathway responsive transcriptional
control unit operably linked to a reporter gene;
determining the effect of the test compound on the transcription of the
second cell; and
selecting the compound that activates the franscription of the second cell

without substantially effecting the transcription of the first cell.

30. Akitfor 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.
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