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I nvention Prostate cancer is the second nost comoh cause-

death and will ki ACIRS ANPRQE VRERPIDES USESRILIN FHE PRAGNUSISANDhe
prostate gland, which is fonﬂ(ﬁ P ' ' mpl s, produces
several regul atory peptides. Aé pr(ll)titsg ?%?gﬂﬁ%&égm t't ses stromal and

epitheliumcells, the latter group consisting of columar secretory cells
and basal non-secretory cells. A prglli &ﬁr ti.on of these basal cells, as
wel | as stromal cells gives rise to°B i‘gﬂ‘lffﬁﬂg‘!at i ¢ hyperpl asia (BPH)
which is one comoThisapsicatien claliseRSene AT SR \H§i€1§atl§%t§ntdi sease Is
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mal i gnant trangil0&6iEBt] : 4 ] S Al ri pheral .region of
the prostate gl gnql. _%@%é?g?ﬁglfﬁg%gégéﬂgr%%%b%ﬁé&g%ﬁ%eﬁeg?so sedp i“gthe

hyper pl asi a aPt@gaows andohagiment f Prostate Qirzed’s e Thedactingsasfehfoligingr at e of

I nci dence 4{hN 1.Ng.: | e. popul ati on. Approxi mately one out of
every fourlbnazls‘ ?C%@gggu{aﬁlg’%g%eéﬁgfe%gy]Eeg‘?‘?%’lﬁs from a.prostate disease of
sone formor another. 25 To dat eBackgfduddSofihdEiveRgas t hat' are synthesized

and secreted by n?flgnﬁtl beni gn:, and cancerous prostates are used as tunor
markers to gain an OnAECERSER Bithesesend mest commen gause of eanger rehated aathoarsl

rostate di seeBEsllaA@stihatbde7. o i t | The. three
p stirfatbd$7,00(AKBPR s 9éar RI0AS! %&’ﬁ%&%%‘%’ é:g{hécli-,g]rg foumd:

predom nant protejns or peptides secreted by a

Prostatic Aci A PRBSEHAMAemanmRls, pofenss saverabmgulatary peptidey She pRSAYe aa
prostati c 15 nhigBiisdOstdplar n sem nal. plasga inhibin
(HSPI). Both. PSA and PAD h%@éﬁﬁﬁlgg’ﬁx\éshtsﬁg? gagtgg%m{l% W‘Shﬁgﬁg@ﬁmﬁr feggetory
det ection of ¢stlosndibasalhosemeretonyicelisi Apmlifirttioneoehhdit basal cells, as well as stromal
cells gives rise to benign prostatic hyperplasia (BPH) which is one common prostate

disease. Another common prostate disease is prostatic adenocarcinoma (CaP), the most

ld

common of the fatal pathophysiological prostate cancers. Prostatic adenocarcinoma

20  involves a malignant transformation of epithelial cells in the peripheral region of the
prostate gland. Prostatic adenocarcinoma and benign prostatic hyperplasia are two
common prostate diseases which have a high rate of incidence in the aging human male

' population. Approximately one out of every four males above the agé of 55 suffers from
a prostate disease of some form or another.

25 To date, various substances that are synthesized and secreted by nofmal, benign
and cancerous prostates are used as tumor markers to gain an understanding of the
pathogenesis of the various prostate diseases and in the diagnosis of prostate disease.
The three predominant proteins or peptides secreted by a normal prostate gland are
Prostatic Acid Phosphatase (PAP), Prostate Specific Antigen (PSA) and prostatic inhibin

30 (PIP) also known as human seminal plasma inhibin (HSPD). Both_PSA and PAP have

been studied as tumor markers in the detection of prostate disease but since both exhibit
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.having benign prostatic hyperplasia (BPM neither marker %0 sAYeQ0sic and
therefore \?[)% )gj“],l mted use. Despite the avail abl e know edge, little is
known abouf tR&*{Enetic basis underlying the prostate cahCafUs§l/d#sse and

t he androgen-regul ated genes that may be 5 involved with its progression.
Al t hough androgens have been known to pl aﬁ a mgjor role in the biology of
prostate cancer, the full conplexity of the hornonal regulation has not
been conpletely cqovered and nore androgen rel ated processes are being

el uci dat ed. i#ipd dgvelsria prosiates haeing benigy progstis byparplasiaGBRM) neithex siwkards ed
W th prostat espﬁﬁfl‘@ﬁ{c\thg%}" re LWeRithifhysive. In addition, there may be
ecu y

several known no es that have not yet 10 been associated with the
pat hogenesi s of t hBespite dwsavailabtcknatviedgeylittia inlamavmeabiont the korieticibdgnt i f yi ng
unknown nol eculd .that may . be inval ved in %rlr?d%ate cancer and the genes

encodi ng t heni® %?}ﬂlé% © RS SASFILIgegpe Wéh 859 IRFDBHAD genes dhat emyihisat have
not yet bgerinvdRald widt Réproprebdish. pﬁﬁl’i&%ﬁ@ﬁ&z’o?e@‘ha@é Qe%hﬁ:sggﬁggﬁg 'a major

particularly those that can serve as targefs for the ,
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Drawi ng Fig. i i, ctd ct of di hydrot est.qst er one
(o) "o e 2oL e cBrmBior B ke R e Al B el Ao o el K 55851680

cel I s/wel | i iManyxfthesk procpiset amvelve keveratimodécutes disoiate@avitisprosa® can@akieg Wit h
DHT as shown, -l grow.h s 20 determned b :
3- (4, 5- di met hry?ﬁ%ﬁ%ieg%me'- g‘-‘@%@%’ 1% ﬁﬁ%ﬁﬁf“ﬁvﬁfﬂ? g’i‘ﬁ?']%/ mRlecpies thatibavemptyet assay
on day 3; 16 heed Bsbciatad ithks sHgehésOofitRedigdak& C 1A, - h and
PSA pr oducti.aeﬁ gfs L?\ICaP cells plggt esd at 1 lx a106 ggcltrldé)llg\i/\s;e’Iglrhc|E(hné!xe}9£5%ilt cnR

flask. Cells g URlmoRnarelafHes thit mgst teduyolus! inpraskte canseranditheggnes and
e s s el A
Af fynetrix Gheeximpichipdin die pathogemssianfipmstateycancer, fAdtichlaflyGthdd ¥haQaB serve
as targets for the diagnosis, prevention, and treatment of prostate cancer.
15
Brief Description of the Drawing
Fig. 1A is a bar chart depicting the effect of dihydrotestosterone (DHT) on the
growth and PSA production of LNCaP cells plated at 20,000 cells/well in a 24-well
plate with 1 ml of medium. Cells were treated with DHT as shown, and cell growth was
20 deteqnined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)

assay on day 3;

Fig. 1B is a graph depicting the effect of DHT on the growth and PSA
production of LNCaP cells plated at 1 x 10° cells/well in a 175 cm? flask. Cells were
25  treated with or without 10 nM DHT the next day, and were harvested for RNA
preparation and PSA analysis; and

Fig. 2 is a flowchart demonstrating the procedure for RNA sample preparation,
Affymetrix Genechip hybridizations and analysis. ‘
30
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. based, in part, on the discovery of a nunber of genes. whi

andr ogen- i Mduey43k i n prostate cancer cells (e.g., androgegragpondent LNCaP
cells). These genes serve as markers suitable for detection, diagnosis and
prognosis of prostate 5 disorders. This invention provides nethods and
screeni ng assays for the detection and dgagnosis of prostate cancer. The

" primary screening assays detect an alteration in the expression |evel of

genes associated with prostate c o r,~ the invention

provi des for the use of |nhibi to?agl;ﬂharyltgéirqgﬁ‘}leg%%n (ID) .proteins, -e.g.,
ID-1 and |1 D-3, as Thyineention isdrakesk in agt on thieslisdevery bf ommbhr af pari s.fh&ﬂfb.re
rognosi s of t. ventlon rLOVi

Prog APl ﬁdlﬂib%%) dp?éﬁ?a(t. nalﬂger]begs rﬁ?l\?ﬂdffﬁ dfﬁﬁggeéﬁ Fﬁ\l%raP ceﬁs)

proteins that are up-re crea

expr essi on/ acThesepettsagoe agmakes suihiator egedtivhedlagrdeis bERSREnsERN R6date

protein expression/ pressed/ ant agonj zed) .in the presence of androgen.
| nhi bitor Of %sqrfl‘étrseﬁ‘w é]?‘feBHOI{RrB‘FETJ“rIBTtE‘?%sandécrﬁemng g55ay's Aprcthe @):tg:tmn@}a arole

in the regul @hgRRisf pfdtate GhédrenRprindly QReARE é%a?'s Hét@crt%'aﬁé}fﬁb as

being involved in tunor 15 pronotion and angi ogenesis pro elns are
a family of fo@respiepdvetrigenesesipsiatadsth prpstate sanser. impartienlaw therimtension '

cell-cycle pr | ont r ol

ransori pti orfFanes e e b oAb IRl IR ¥, T BEM D (sce

Norton et al. ge@m@sl)arkﬁseﬁodﬁnmtebu@ diagnc&ls @ap@@msﬁbepmgtamnsmdeesr qaes for
are .the bha he] i x transcription (hHL factors

i Ph0r e B enion huciesFor g oD S teint et oaniatel GaoBasAagN Arngt

cel | -cycle regleat ofpyessionactaa/aBordzed) bAGSM-reghlafld-(d ééa%&i"ﬁmﬁ%{
Cell. Biol. 6: 788- %4) bHLH fagtors)can be e?cltal véteecd &dmeﬁl

hono- di mer i zaPPERISIOR/ spresses/antapepizedin &qpr%ﬁm@w Pﬂdft’gﬂnn regul at es cell
di ff :
ifferentiation. .yl Foikﬁilfﬁlenﬁgo r(?é) oSind ﬂr/\%% %a‘g‘ﬁ’?gﬁﬁxar? lgg | zing

with bBLH factors, but the tero s bet
cannot bi nd Drevlation of delciderentiativn aﬂmlrfdnangn,cﬁemllms b&hgniv@lvpdmﬁmnﬁ'

hibit t bHLH het er odi ner s
i1 e, S ek ot 2R AR e L O:BEL LD g1001
boéI hI1D1 alrlcﬁmPﬂicﬂtedﬁmgea&ﬂ:fbl Bxltidhc&ﬂébyelgq:fbgdmndmgr&m&eﬁﬁhg%m}ﬁ&@ed Wt h
andar ogen. n one .e odl nen e | nven n Vi des a ne (0] (0] assessin
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marker is selected fromthe group of r ot ei ns
the normal | ehebasis @R‘p‘@@k‘@?lﬁﬁ"é‘ﬁcﬁpﬁén faptﬁrsav]@mg@lptqcen}spwﬁ@g@e

20  expression and the expression of cell-cycle regulatory gene (See e.g., Lassar et al.
(1994) Curr. Opin. Cell. Biol. 6: 788-794). bHLH factors can be activated through

homo-dimerization or hetero-dimerization, which in turn regulates cell differentiation. |

Like bHLH, ID proteins are also capable of dimerizing with bHLH factors, but the
heterodimers between ID and bHLH proteins cannot bind DNA as ID lacks a DNA-

25  binding domain. The ID proteins inhibit the activity of bHLH through the formation of
ID-bHLH heterodimers alone. The results disclosed herein show that the transcription
level of both ID-1 and ID-3 decreased in androgen-dependent LNCaP cells treated 'with.
androgen.

In one embodiment, the invention provides a method of assessing whether a

30  subject is afflicted with prostate cancer, by comparing the level of expression of a

marker in a sample from a subject, where the marker is selected from the group of ID

proteins, e.g., ID-1 and ID-3 to the normal level of expréssion of the marker in a control
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WD 02/ 44417 PCT/ USOL/ 4. . 4495 -4 sanple, where a significant difference
. between the | evel of expression of the marker in the sarrp!eﬂ MWy n200she
subj ect an :Oﬂ? ?,prma'l ~level is an indication that the sub'#ect %S ‘
afflicted WPHlostate cancer. The marker can correspond FFHUSWH4aHscri bed
pol ynucl eoti de or portion thereof, where the pol ynucl eotide includes the
marker. In a 5 preferred enbodi nent, the | evel of expression of the marker
in the sanple differs from the nornal rével of expression of the marker in
a subject not afflicted with prostate cancer by a factor of at |east two,
and in an eV&RPlapVierppsiaiican dferernorhstiveenihrlevelof pxpsession af dhemerkdr inf er by
a factor of yaf el SfSfoh M GnjebfamdMRl A6l &V815 Qﬁlinﬂmf?cg'{ tFﬁ‘iptrhe squgcet jJrarker is
not significant expressed 1 n non-prostate cancer cells. to F'n one

enbodi nent , afflietedl swthiprostate zancers sihennarkertdae comespend tor ttanecribedpl e of cel |l s

fromthe subjgct .is.assessed b etecti.n he presencge,in the sanple of a
brotein coPPhobaRiRE PRTER Metatouier ikhel e B ER I geshe AR Rl 4

enmbodi nent , pidferdl @siieRem] the 1696l diefpRbdion & HEHRAELTE HE EARBpIA HfRAP/BE Whi ch
speci ficall )(/}}.bl nds with the protein. In an even nore preferred enbodi nent,

the reagent Hesnamplblevdof pxmspssioneof reguprkerinpsybjesimet alfliqtod witaprastats

anti body, a ' ' j ' _ : ot her
preferred eg%‘g(%l} hgﬁ?% t(?ﬁfefhﬁ%%%ﬁ%faﬁg%%g%%?%&gﬁ%{eyga‘%g?nélﬁ’t e sanple

i s assessed ekyressimt levels diffet biea factgofigtleasy tiréme Inangther ppéferred emhsdimiehed

pol ynucl eoti,de_or portjon.thereaf . = ere the transcrihed pol ynucl eoti de
el Ldes 1 ndtsmpieel sl S BT Epeassb 5 fort Bl BRGE R venc .t he
transcrifeed polymeheahboditmés, e 16VEIN xpressiiDb#the markePhi the kamPleRBEliscul ar |y

preferred enbodi nent, the step of detecting further conprises anplifying
t he transcr itEythssPYigeids %%?%‘H&?y Jeteqjing thapyesease ks BRPiROIamtEtent ,  t he

level of exesﬁé@itaaasngfm ﬁmQEaPI?eE.KﬁIai)ﬁﬁElhﬁrl)é @%f@ﬁleﬁ einﬁo@g%tgg ggedgxﬁ%ngeeapcti ng

the presence in'the sanple of a transcribed polynucl e I ch anneal s
wi th the matheprotein isrdetsated using b reagpairwhiomspstifisalbpbinds withy tegooteihe Innder

stringent hypri di Lan. eondi t.i ere .t he. pol ynucl eotide. includes the
marker. In )aégté)l# %8 r 6%,@%&5(? glggd)(sé}r?%%tth%?ﬁe&tl%3§F‘g?/de€&§?hee%fBP%gfsﬁe%enlt% t he
sanpl e. f dndhding amapibodynlantaptibddyrderivetive, amdepmtibeiyt fragnsenk. el #dtlfer om t he
markers 1D-1 nd/or, 1D-3 i 0 ed wi.th e narnal | evel of expression
of each of SRS AEpdR; e AL SPrehaPE s pibe SRl £ 5B B ned
f or m cont r oldefedhh €tk pratericed fHeistinfR oMalthinscPBe@pOISiRIR A BEFrtiodRRER L he

| evel of expression of nore than one of the markers is significantly

al tered, relvdhergbegnigmbedonlyriclonide igludes thamarksyelse prtiedplepwfearedof t he
markers, is emogﬂ%&@% g%sm@éd PolRSHB&REE ah TrA bt £ESRAM L AnBgSt at e

cancer. In a 1 _
20 particularly preferred embodiment, the step of detecting further comprises amplifying

the transcribed polynucleotide.

In yet another preferred embodiment, the level of expression of the marker in the
sample is assessed by detecting the presence in the sample of a transcribed
polynucleotide which anneals with the marker or anneals with a portion of a

25 polynucleotide under stringent hybridizafion conditions, where the polynucleotide
includes the marker. In another preferred embodiment, the level of expression in the
sample.of each of a plurality of markers independently selected from the markers ID-1
and/or ID-3 is compared with the normal level of expression of each of the plurality of
markers in samples of the same type obtained form control subjects not afflicted with

30 prostate cancer, where the level of expression of more than one of the markers is
si gniﬁcqntly altered, relative to the corresponding normal levels of expression of the

markers, is an indication that the subject is afflicted with prostate cancer. Ina
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. plurality includes two or nore of the markers (i.e.,. I‘.Dlihmm@. I n
anot her enB¥dP17, the invention provides a nethod for nopdygdolaget he
progression of prostate cancer in a subject, including detecting in a
subject sanple at a 5 first point in time the expression of marker, where
the marker is selected fromthe group ingluding the markers ID-i and ID-3,
repeating this detection step aéma s;ﬁse\guenaﬁpm nt in tgl ge aﬁgd compari ng
the | evel of j 88 - _
noni t ori ng thg%gﬁlgglﬂgsafégﬁagﬁopro{se@ét e%(l:anc r |1§ﬁ% ﬁ?glls}%ﬁ %cqfﬂlfsrf’?fl:fer@hl s
I nformati on. (’ﬁ-azID'lp?I@f@rIDeﬂ- enbodi nent, the marker is selected fromthe

[ [ A0. . 1.D-3 .and conbi pati ons .t hereof. In
anot her pr of er red SrBaberERbd i, a5 e e 1 reeniaes e
pol ynucl eot i dprogresgpair oi; pmst&tlgemgfi;wﬁubjtea, ?Efdgggf%ﬁ?%ﬁdu%??ﬂc%%%%‘ t he
. ) I nt., .
bt ai ned f FontPhEoBLIE ate e FrPrEbHsa Fteh T ipr s he Fakes e whsisdibe s
cel s are colnkkaingdhd markesND Bid m-&%erab@ﬂﬂfs-deie%g#)?F%@g@i]%g)scgﬂ?@ ot

the invention, provides a nethod of assessing the ( 1 _
conpound for WﬁW%ia’c“?P@nmﬂhﬁ level of exprespion detsetbd rthe tvmdétedtiongteps,amar i ng

- expression of m{r}gq ' ! | ned..from t he .subj ect ichis
exgosed to ormﬁgli nt ai ﬁ%%eal‘gﬁcs%ﬁg&%qrggée{g(L:%lcglﬁht%eescagjeeg{us&’?ﬁfg’éd?ﬁf’h%?é‘r g‘l?he _
marker is sepetrsd efbodintent thyroarer imsﬂl&mcbidrf@lrm te bgm_rﬂ(iﬁ&l&?ih@ﬂﬂetrﬁﬁﬂe% E]?gl&t to
expr essi on, ,of rker .in se ds e.obtaiped fromthe s ,
vvhgr e themgec%%l&(}b'%rgrnp({%q%n%w ﬁ’e‘?&eﬁg%&n?@g?msf%@zﬂmg Petn e midkare a

si gni fi cant | yedresgonds evetragtriedpobastlestidelor bé@on MR whdate Hﬂ?of‘g}nﬁa'éot?@e”pl €
relative to that in the second sanple is an indication that the 'tes
conpound i s e’f‘ﬁ“é?fctpﬁﬁ’é‘ﬂ?eﬁrr JWRST Prefged puBedimants fissamplerinelides selly ect. I n a

ferred ensmgi @infdet. Sth aHAicIBAO B RRL §9ns, of a
I[s)irﬁglere sanpl g&g%{!éa?ﬁéénc}ﬂ?rorgé% tﬁeeﬁagﬁbj feigp n alggog) ere%f)’r e# ee:u%.‘é?

enbodi ment , t $falepted Fomggkin grétl@ﬂddistgmrpl es a(rje po:t i ?as _01;] gg?: gg ;?(r)rel SZS R
bt ai ned fyzom t he | . | ment , . .

(r)ret ﬁl)geof Assessi n%%?{zl@&tee l#c{?iggé(}l;f, .tg?{rfg.gr{{ﬁgipéogﬁqs&m? ﬁ?d ‘Bﬁ/ats?qﬁﬂnﬁ)%st ate )
cancer in a stBrasytof atﬂecm%dl?d fmm;ﬂlgbminglgr_ostawmﬁxfridg?gﬁo 0&,;1?%8?11'1; aatrrar er
in the first | tained fro e subj ec / C ng

: gast ea Ip(rjft i%o%{yéf]g% g%r?ﬁéolné)&? nﬂ%}(?ﬁ’éa §{?B%‘aé‘lpﬁe, EW@P%ﬁPWéhWD@éfWh@ i ﬁCt ed
from the grougxpbsedito di mginttdieedia teqsiesehde-of ekt biinBouddOwaXRGSHARE: 9f the

i | e ohtained formthe subjéect foll ow ng provision of
Pﬁ;kggrlt inoﬁ O%Fﬁ{%ﬁg%a@ g%@pbméaluding the markers ID-1 angi ID-3, to expression of the

20  marker in a second sample obtained from the subject, where the second sample is not

(D

exposed to the test compound, where a significantly lower level of expression of the
marker in the first sample relative to that in the second ‘sample is an indication that the
test compound is efficacious for inhibiting prostate cancer in the subject. In a preferred
embodiment, the first and second samples are portions of a single sample obtained from

25 the subject. .In another preferred embodiment, the first and second samples are portions
of pooled samples obtained from the subject.

In another embodiment, the invention provides a method of assessing the
efficacy of a therapy for inhibiting prostate cancer in a subject, the method including
comparing expression of a marker in the first sample obtained from the subject prior to

30 providing at least a portion of the therapy to the subject, where the marker is selected
from the group including the markers ID-1 and ID-3, to expression of the marker in a

second sample obtained form the subject following provision of the portion of the



WO 02/ 44417 PCTI USQl / 44495 -6 therapy, where a si gnificantly |ower |evel of
. expression of the marker in the second sanple relative to ZDeMAY €085 sanple
is an indication that the therapy is efficacious for:- inhibiting prostate

cancer in t“f%wzﬂi‘fect. I n anot her enbodi ment, the inventi ofCHPSAIIEES a

nmet hod of assessing the 5 efficacy of a therapy for inhibiting prostate
cancer in a subject, the nethod including conparing expression of a marker
in. the first sanple obtained fromthe sul§ject prior to providing at |east
- a portion of the therapy to the subject, where the marker is selected .from
‘the group i nctherppngvhere agignificansly lpwér lavel of ExyBessian aftimr msikiin thd sécbed mar ker

in a second sanpl e,ohtaiped formthe subject follown royi si.on of the
portion of thiamfge F%ag‘rvﬁg*ﬁ‘e%ﬁ%ﬁﬁm%le 8 %ﬂﬁl?}{c Pk t}h?t tbﬁﬁ"xlgﬁgggs q:fﬁ(:,aé:polgffor

expr essi on of inhibétinpRrsstateicindehia theqbiwdt. sanple rel ative to the first sanple
is an indication that the therapy is efficacious for inhibiting prostate
cancer in 'the subjte@pther smbadimed,the inysetiopareyvidesamethod of pspssingobe des a

nmet hod of gel | &Qﬁ(?)fa t hn_a
subj ect, the frfg%%cgg)f?ﬁgl udi ngh%%%gfu n%thtgfablgﬂg} isﬂ;%%‘%{eegﬁ ntg% glc??%gqlggelﬁhggf roma
subj ect, sepasamparyng eupiessinniagnakérqu desfirsif samipée caapédefrom thembjecemdnae of a

plurality of {1 CO I 1] arin xpressiopn of 'a rker. in,  each
of the aliqu rg?]&\ﬁ%e%{gga?#e&%(h%ﬁg? Ry gocﬁmgauﬁ%t F‘ﬁg tlbarraggeﬂri 15 8¢l6dehg t he
mar kers | D- 1irandhd GoBp imhdirpaheniikeg MNEagd ID-Betot RpleshQNBOEE HiafRS iyRi Ch

I nduces a | ower |evel  of ,excffessi on _of the pmarker, I1n the aliquot

cont ai ni ng t &R 11’&%?&?6@? OBH,tI.‘er%‘PJfﬂ @BOWngcﬂrﬂY-ﬁlﬁlon obthepsttioniifiessi ti ons.

I n anot heroenipgdhfBmkere h SRnifioX AR dnlfdel RYEOGS: xgrégﬁ%x%ﬂh%mﬂ&k Pt Aedha
conposition for 1nhibiting prostate cancer in subj ect, the nmethod -

i ncl udi ng obt @PleEslative satmg fastistopla dy anindiehtion thatahe themppjisefficacimpdont el y
mai nt ai ni ng ainhﬁﬁ%ﬁ?qr%ta?e@&c%ﬁﬂ%ees&b ctthe presence of a plurality of test
conposi tions, conp ng expression of a marker in 25 each of the aliquots,
where the marker ik aethectmbbdiment) thisinvgntionpprovidesisinethot bessldtikgas | D-1 and
I D-3, and selecting. one of..the te conpQqsi tions I ch induces an enhanced
| evel of expr%oéléﬁoaﬂm&fr}gﬁ ’ﬂ%‘bﬁﬁﬁgwé‘?s%ttw lﬁlaiSH]EJS?t’ggm fiiguding obpinga
conposi tiap, deaipd inéRididgeD 1161 alsg “@&&gm&h IRfifainihP aAQRAOS mE SRl FENt |
the invention pr%%/i des agereth daosfsji% i Di ti n}t(::] pr o%l?lagg 30 cané(:er |l?1ﬂg

subj ect, i ncl BAPHICRASARMIAYIY o iephsiomporitipus Porpeiia) expression of wbfler in
separat el y maidah 8¢ fHeldiqRots, WRISthOaliRE isSRITRIeA fidh il gro‘l@‘iﬁa{?&ﬁa E’Ie Harkers
plurality of test conpositions, conparing expression of a narker 1n each
of the aliquolX] apfh &P, abselapting\wnexFdke test compositions which induces a lower level of

expression of the marker in the aliquot containing that test composition, relative to other

20  test compositions. _

In another embodiment, the invention provides a method of selecting a
composition for inhibiting prostate cancer in a subject, the method including obtaining a
sample including cells from a subject, separately maintaining aliquots of the sample in
the presence of a plurality of test compositions, comparing expression of a marker in

25  each of the aliquots, where the marker is selected from the group including the markers
ID-1 and ID-3, and selecting one.of the test compositions which induces an enhanced
level of expression of the marker in the aliquot containing that test composition, relative
to other test compositions,

In another embodiment, the invention provides a method of inhibiting prostate

30 cancer in a subject, including obtaining a sample including cells from a subject,
separately maintaining aliquots of the sample in the presence of a plurality of test

compositions, comparing expression of a marker in each of the aliquots, where the



WO 02/ 44417 PCT/ USOL/ 44495 -7 marker is selected fromthe %'BUD incI udi ng
. the markers ID-1 and ID-3, and admnistering to the.subje ) &8t one
of the testWe@rpasitions which induces a lower Ilevel of expg&ilsepsof the
marker in the aliquot containing that test conposition, relative to other
test conpositions. 5 In another enbodi nent, the invention provides a nethod
of assessing the potential of a test corrppund to trigger prostate cancer

inacell, including maintaining separate aliquots of cells in t he
presence and- Ao eselebtet HiRnt 818 brob W&Hﬁﬁ’gth@ﬂﬂ:ke?é)ﬁ??aiq Q‘Pe ssion of a
. marker in each_ of ,the aliquots, where marker 1s se ed rom t.he

group i ncl udi ﬁgmtmféer}?&rtkéhessubm@t toast OPE)Oéthe\t\Qsé‘rmm)smogmwluodnamidcys elhapced

10 | evel of e SEHPr3 uot ntai ned.in the
pr esgnce of tﬁég%t?est ?:%é?p%ﬂﬁ%mgéf%tdﬁ%aeﬁ({ﬁ& &a%g %NE{GSWWP%‘F%(WPWQ he

absence of thé’@tég‘tte&tompmmtdmm s an indication that the test conpound
possesses t

he pot ept for,t e r.ost at.e cancer acell. In
anot her enbodi mantﬂl%ﬁhef ]%?#in%ﬁ {]j’?b‘g’ 8%@%?%3?%@%9%&@%@%%@@ he 15
potential of potentd oﬁa)fépm:m@ohﬁu iormg&??)rd%fa%séaﬂée? n?éeéiﬁrlndlﬁ'dnﬁ‘%ﬁﬁﬂl fining
i ncl udi ng mai nt ai man%B Ear ate aliquots s In ence an

absence of th&PEG fils g Pr‘?ﬁélﬁﬁﬁémﬁﬂbsemféh@tesimoufpoandmn&er | n each
of the ali quoa&npm?eﬁp&&@oﬂ@*a‘&ﬁ&kéﬁ? %&‘éheo“ftﬂ?edaélgﬁ&gmlt%eg&q%r StPer i Sl L he

markers ID-1 and I D-3,” where a significantl Créas ssion
of the marker ipm thegronp inglndingrthe markiersd®-1 mdme3,pmeaem«gnmcaﬁtneenhmd20

conmpound, {qel maint gi ned i.n th sence of the test

conpound, {os gekbl g& Eb ﬂ%%g?ﬁcf% the E?’tqu Uﬁﬂﬁtﬂmgﬁb&é’ﬁé@e@ﬁ@%&te nti al

for triggeri ngorppcnmd,a'ehtxwmbe alighot Maigedided ih the ABRLBESF tﬁmgéo?ﬁ%ﬂ

i nvention proyi de§ nﬁa d, of” treq?tl ng a subject afflicted pr ostate
107t g e

cancer, incl uli%g 6“%0811’(981‘ ROsggssgsie B%}t@bformggenog prostatet dan@s in
prostate cancgeelp protein corresponding’ to a marker selected fromthe
markers |ID- land |D-3. In a preferred enbodi ment, the protein is provided
to the cells by priangthegemb Od%lé@t’fdhelmémﬁmmwl@smhqthmbmbes@lﬁg&modl ng the

protein tosth thelnv rovides a
met hod of tr eg?tﬁlﬁgll éfatle H‘?Bﬁllﬁ,f'tlp %Hg#ghmmt%ca Dbt %\fe ﬁ‘@é‘? 8 MANINg ens e
ol i gonucl eot i ma@m@nmnf cally i the@résmcp(ahdrahseﬁ@&ifﬁlﬁb&eﬁ@bﬁ?Sﬂﬁl}%d’g to a

mar ker sel ect ers WO Q2/ 44417 2 a MAY 2005
PCT/ USOL/ 44 49§&nﬂa§19g16£1£}g381on of a marker in eacrﬂ of the al?iquots where the marker is selected

from the group including the markers ID-1 and ID-3, where a significantly decreased
level of expression of the marker in the aliquot maintained in the presence of the test
20 compound, relative to the aliquot maintained in the absence of the test compound, is an
indication that the test compound possesses the potential for triggering prostate cancer in
a cell.,
In another embodiment, the invention provides a method of treating a subject
afflicted with prostate cancer, ipcluding providing to cells of the subject afflicted with
25  prostate cancer a protein corresponding to a marker selected from the markers ID-1 and
ID-3. In a preferred embodimént, the protein is provided to the cells by providing a
vector including a polynucleotide encoding the protein to the cells.
In another embodiment, the invention provides a method of treating a subject
afflicted with prostate cancer an antisense oligonucleotide complementary tol a

30 polynucleotide corresponding to a marker selected from the markers ID-1 and ID-3.



I n anot her enbodi ment, the invention provides a nethod of arﬁ]k&tl ng
. prostate cancer in a subject at risk for devel opi ng prost r?%r,

i ncl udi ng‘Y%m/ﬁ‘l“H ng expression of a gene correspondi ng t &Ca/uratkemds
selected fromthe markers ID-1 and I1D-3. In another enbodi nent, the.

i nvention provides a nmethod of inhibiti rrgs‘prostate cancer in 5 a subject
at risk for Iaé%}%tﬁerp%@dy%@tﬂa@@\@ah@eprpvidn@a nethoddf irdripiting progtabndraned ing

expressi on ofg8; ; N a marker selected fromthe markers
TR a1 o syBifER sk BRI Bt e BB Ehatie lﬁgbﬁ}n&%@@ﬁ%ﬁf 2 gpne
provi des a usgegfondinglt®apiokeiselettsd KoM thomad-ACI 6n@fD &, Medi cament for the
treatnent of, prostrate cancer. .l n another enbodi nent, the invention

provi des a UBESPLLIRS e dhe HeeRohpdeesmethod of pﬂléziﬁhg)progﬁateecaﬁwrkér
sel ected §ramsubjee: dmfsié%rsdclvg'oﬁiflgggosu% Smedr MR etho ”q“quﬂancs]ﬁq“grﬁ_epg%‘;cgﬁ%h d

nmedi canent for the treatnent o rostrate tanc

advant ages GFPREFRON plagancsameipondibg tapmarkenteléctaltéiehe fafeRWDIY a8 H3i | ed
descriptionsand clains. Detailed Description of the Invention The'invention
relates, in part, to newy discovered correlation between the expression

of sel ected markgy : : . prost.at e cancer in a sybject. The
relative levels’ ofé]gg%?g@gig%g{eg?ﬁ%ﬁgg%{uﬁ% E@‘l}'@?s HEER* a1 Hh_é’roéﬁ‘é? Ipthe

conbi nat i oninakfeeiutseria médicamient forhiee ireutinedtdfpeostatefeaREgdi Sposi tion in the
subj ect {@ prostate ﬁ%nceé ciamd/ or. .diagnostic _of the presence or potenti-al
presence of prostHt 8 FLRPRdIMeNt, the jgyeadion provédesp useef k eompowndghat | D- 1

Cancor in o camile o e oF € e B SRR ik ] Padbrdn nce of

cancer in a sanple or subject, , 0ds. "0 .
prostate cadndwiagtirefsamlicament fuletedatmdttef prosaatei@fcel SO provi des met hods.
by which prostate cancer may be treated, using the markers of the
i nvention. The ppé@férﬁ?ahﬂrﬁﬁl adyantpgesiod ednveation wall be appapeatt fromdthet he

i dentifi caft-mrbwaf,%ggﬁ 3 fesc oﬁ%ﬁ&clah@ 1 and ID-3, which are differentially.
expresseg i n sanples Trom androgen pendent prostate cancer cells. A

panel of 6800 known genes w%sé‘és, reened for _expression androgen dependent
prostate cancer cells (see B ’H& espriptop ebthedprentigne h  statistically

nere 1 denti 1 od. The e b AR n
decr ease | néXpression of selected markers and the presence of prostate cancer in a sui)ject. The
relative levels of expression of these markers, both alone and in combination, have been
20. found to be indicative of a predisposition in the subject to prostate cancer and/or
diagnostic_: of the presence or potential presence of prostate cancer in a subject. The ID
markers, e.g., ID-1 and/or ID-3, methods for detecting the presence or absence of
prostate cancer in a sample or subject, and methods of predicting the incidence of
prostate cancer in a sample or subject. The invention also provides methods by which
25 Pprostate cancer may be treated, using the markers of the invention.

The present invention is based, at least In part, on the identification of genetic
markers, ID-1 and ID-3, which are differentially expressed in samples from androgen
depende;nt prostate cancer cells. A panel of 6800 known genes was screened for
expression androgen dependent prostate cancer cells (see Bxample 1). Those genes with

3g statistically significant (p<0.05) differences behwéen the diseased and normal tiséues
were identified. This differential expression was observed either as a decrease in
expression, or an ingrease in expression. The expression of these selected genes ‘in
androgen dependent prostate cancer cells was assessed by GeneChip analysis, as
described in Example 1. ID-1 and ID-3 were found to decrease in expression in LNCaP

prostate cancer cells after androgen treatment,



expression, or an increase in expression. The expression Ob’ hese sel ect ed
. genes in androgen dependent prostate cancer cells was ass neChi p
anal ysi s, vesozyshgscribed in Exanple 1. I1D-1 and I D3 viere p@yishils@odecr ease
in expression in LNCaP prostate cancer cells after androgen treatnent. MAY
2005 WD 02/44417 PCT/ USOL/ 44495 -9- As an internal control, the prostate
specific antigen (PSA) gene, known in thegart to be inplicated in prostate
cancer, was included to screen androgen’ dependent prostate cancer cells.
PSA was found to [ i

dependent prostatggc?grl\%gfrnmc@%i. MISGPR{?:SE:% 'c'an{? §gzger?tla}og€§%??&d%1
pertains to-tdles mgmc@ﬁedumproswebmd/vms mdbtdied togmnm a(lél:ogen deplrdeDNdrostatec DNA) |

t he correspondin t,rans an .encod ol S as

mar kers for fﬂ?%?%@%@é%?s }“é tog’f’ F@@ ?FFasﬁﬁbré?’g’f%gg Eﬂ:@%g %ffese
markers are dgghiéntipfostais calcat @lls.he extent and/or severity of disease.
Panel s of the mnarkers, can be conveniently arrayed for use in kits or on

solid supports. TAECOREnEDY éhemset?ahméﬁ@enaetwetpmetsr% of the IPrleandrasdP-Dr
prostate canggfes (k. , e BRAGT DAL tﬁgc@&ésb&ﬁﬂ/ ﬂkl\ﬁktriﬂs@x%tg"aﬁé teQncGdMacer .
I n addi ti on, the fkers can al so’ be used in screenlng assays to i1dentify
conpound or ageperfider as markersifpr thneraecmﬁ exsskoef develppraentprastatacanees. tTﬂnese

di sease sta e r 10S

quanti ty or - Sapot pl et R Ehelsloif, LRMEABILRLRY B8R PEISR HHTC Concer
The markers mfarltdﬁecaxrheemwemenﬂgz;arﬂaged fotiodedn kltsacndasashﬂeﬁpﬁoets Tle tharkefaNA,
cDNA, or RNA) o I t.ides. These.markers are ,either increased_or
decreased!{ n ﬁ‘b%tﬁ‘?g?§g%&lﬁgﬁttﬁawq%ﬁf$9%§ ﬁ‘tqé’erc&htf‘earssetsf’@%&@ CacyRpared to
non- pr ost at e neaMERf foricandte. InRditRY ARPharkefsan GRD Be 463 if Bab&fhg dstayk to
(accessi on nunber X77956) or the ﬁ\ene designated "I D 3 (accessmn nunber
X69111) di sphdgptify COZ’GPQJ@éPéaSe@éFth modifyithaexpessapn phthe mrlesgeamdibp disersat
prostate canggge cell sanples, Both the. presence of increased or decreased
nNRNA for these genes, and also increased or decreased |evels of the
protein products émonhwectg@mwesmnmoaéesnmrkessﬂme quantsWamecmciarnser

Pr ef er abl i ncrease d_de V, the invention
are 1 nor dhs SBTERAR SRS pESEIF BB R e Toe ISHLPRIE Pbricmify B
significant aaclemrmarmdlebﬂes?& gﬁ,ﬂINAmDI‘@A&rMA)‘GﬂpWﬂnES (CResg markasplees

not affect ed rostate canc ar.tjicul arl referred enbodi nents,
the m cer thirinBESEH 3 feerC e PERTVY Hoottln Brer o oPpyE:

l east 2-, 3-,o ﬂon—pﬁmtat@cancgrtlss& FoPexaniple, #-gefé despnattd H>-15abedsdibh Y, oOne
skilled in the art_wll be cognizant o the fact that a g)(e erred detection
met hodol ogy ingmber X77956) or the gene designated ‘ID-3’ (accession number X69111) display a

20 decreased expression level in androgen dependent prostate cancer cell samples, Both
the presence of increased or decreased mRNA for these genes, and also increased or
decreased levels of the protein products of these genes serve as markers of prostate
cancer. Preferably, increased and decreased levels of the markers of the mvention are
increases and decreases of a magnitude that is statistically significant as compared to

25  appropriate control samples (e.g., samples not affected with prostate cattcer). In
particularly preferred embodiments, the marker is increased or decreased relative to
control samples by at least 2-, 3, 4-, 5-, 6-, 7-, 8-, 9-, or 10-fold or more.. Similarly, one
skilled in the art will be cognizant of the fact that a preferred detection methodology is
one in which the resulting detection values are above the minimum detection limit of the

30 methodology.



one in which the resulting detection values are above the m ni num detection
limt of the 30 nethodology. WO 02/44417. -10 Z O NAY 209% S01/ 44495
I\/Easurenqgh&%,%pe relative amount of an RNA or protein narker of“the

i nventi on t87pby any method known in the art (see, e. JCVEMEMSIK, J.,
Fritsh, E. F., and Maniatis, T. Mdlecular Coning: A Laboratoryy Mnual.
2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, 5 1989; 2 current Protocols in Mol ecul ar
Bi ol ogy, eds. Ausubel et al.. John Wley & Sons: 1992). Typi cal

met hodol ogi es f oM&RENeRertof thegrlatine prguntmian BXA exprptsin megier ef theel |. or

ti ssue sanpl . el ' f apel gd- er ( G

conpl enent a Irlﬁvmr}ﬁ% Jg@%@é’lﬁ %ﬂwn%%gg ch% 8@%‘? 1?'}1 gs%ﬁbgr?gf ﬁ%nplg)gg’e%" }%K%’ iEo %t’ he
extracted RhWA\ManiutisdBtMdedudsr Qonirige HLaiveatory. Manudiridhed. n"COMSptingQ) .

Typi cal net hedpl ogi.es for rotein, detection_incl rotein extraction
froma cell B‘%ﬂl%qlg%b%atgign(ﬁ%@,soppagMgﬁgsora P}'e&?”fgﬁi‘?gﬁr%ﬁél%%m’ed pr obe
(e. 9., ars anbeBee)CusRAEPIdscolsah Mblecllar BislogPl b AARubal o BE Joi Wiig) &, sanpl e,
and detectign of the _lprpbe. The | abel group can be a radi oi sotope, a -

| R ) .
f1 uor escent SEBHPISAR, IyRivakmshadologies & fetection ipeludeRNAmstaetiooiorpfa
specific pr | ey ' . ssessed by gel
ol eot r ophor Sa B e B G LB 1B B e P ™o
quant i t at i veolgRn{entary velagasad ofolermdd) sperificciod thenmpetRINAS) tlenaxngete@iny ot her

t echni ques Kk o those skilled in t art. _In certaip:enbodi nents, -
the genes t M’eﬁx@gj\é{éfé?ng?t{}ﬁ? Pfggf)ﬂﬁg'o 09&@;;?%?“ 512}'I'Xp1°6]rm‘l" ,l?mfoﬁgr ve as
mar ker s foor ppsteiatdetcetiGpimciade ﬂlE)ﬁﬁn ex@atlbe froh EcdlRS AR Anpl WiBwed bJCi ds
correspondi ng to a, gene, .such as by deletion of all or part of the”gene,

may be 20 cdWpPEfiation afjatsbelpdawelede. g5 3w aniibedy) spasificfer tgdersetproteis teitke aci d
correspondi I k- , | l: f_the
Gene. -y i ol shiafle; dhdlerclion of hodRR, TR SibeRBoll ol d (ol a 0°,
nunber of cdjorsscent cethpound, an graymeodr an engyrheco-fretve. Detectien ofspecificon may be

: 4 Ustno ‘ . oo cal | st ;
o assoss 1 A0 Sndd niOb ARkl b ace il 6Pkt Recksbptcienic Srtis
~anal ysi s15 i mhwdniatbgrhgityadirdobfecfueming of @hintitdtive PERUEn e BassofitucRiddcarct ed, 1S

hybridi zed with _a_| abel ed probe (e.g., a.,conplenentary DNA nol ecule), and
the pr obe. i ol aRosERe tRede Gidiss veUIORRn D T Sl D g

fluorescent CONPQH BEHaiREmBEENBRs, tAE pédks ARAKER £ Qg [BE DA ol ADRA) HERDY!
nmet hods of DNA detection and/ or quar%t [ fsi cati oﬁ ?ﬁgc’l ude di (r)ect %egﬁjezci ng,

gel el ect r oR&PSs mey sep anmerisrsdrupIRglataragserafiar erample, therabsencpoRnudsici s
acids corresponding to a gene, such as by deletion of all or part of the gene, may be

20 corrglated with disease. Similarly, an increase of nucleic acid corresponding to the ID-1

or ID-3 gene, such as by duplication of the gene, may also be correlated with disease.
Detection of the presence or number of copies of all or a part of a marker gene of

the invention may be perfonhed using any method known in the art. Typically, it is
convenient to assess the presence and/or quantity of a DNA or cDNA by Southern

25  analysis, in which total DNA from a cell or tissue sample is extracted, is hybridized with
a labeled probe (e.g.; a complémentary DNA molecuie), and the probe is detected. The
label group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-
factor, Other useful methods of DNA detection and/or quantification include direct
sequencing, gel electrophoresis, column chromatography, and quantitative PCR, as is

30 known by one skilled in the art.



30 known by one skilled in the art. WD 02/44417 -11 ! 0 MAY 2005

. PCT/ US01/ 44495 The invention al so enconpasses nucl ei c. aci @ apgy pogst ei n
mol'ecul es WA®H#4Fe structurally different fromthe ol epetragogdessy i bed
above (e.g., which have a slightly altered nucleic acid or am no acid
sequence), but whi ch have the sane properties as the nolecul es above
(e.g., encoded am no acid sequence, or whith are changed only in 5
nonessential am no acid residues). Such nolecules include allelic variants,

and are descri bedl“lnmngafrmah elso ddoRipasicd nEsIBiS 861280 g%c:tglﬂﬁ;/d??@ﬁé@% I;cﬁle;ggt(:te ,

the invention_provi rs whose quantity or

with the sevef §“%}PY %ﬁ?ﬁ%ﬂg&ﬁﬁ@ﬁcﬁ%@@bﬁﬁkwﬁdew,eﬂmhmalsligliitgased or
decreased in gtspdd iuedeicOdciPSLdn¥ihd Ncili ssue in a fashion
that is either 10 positively or n%gE% \?eﬁ%?/ corre:ﬂ%%ge %S?IHSPFP@%’&@F%@GM
severity of p@@@ﬁ‘é@%ﬁb@aﬁfﬁaxerlcnde,demnmaa@tllsalueaapecwmchla& dh@ﬁ%datdn @ninPr ovi des

mar kers whgs rrel ated a risk in’a subject
for devel opi ﬁgﬁgfs@ﬁ%t}ﬁéﬁg’aﬁg‘%rﬂ %dﬁ%’%sg ﬁi’ﬂ?%&? esdp%luig, Hlkelic varizpts, end g or

decreased in thbdwgmathdmmmtsyxbsd&udluECt correlation to the likelihood
of the devel oprreg grostcﬁte cancer I n.a subject. 15 Each marker may be
consi der ed i ndi vi ﬂgﬁ)tb 3P §oh SRV PROnPrQidesimar ‘Pfé“@é%@anﬁtquetwltyment i on
to provide cowiehntddivattsthebevieily SproR4e cAREK efiesd R and
conposi ti ons pf theﬁéillnventloﬂopl ncrease t he (S:on gsﬁag%&ﬂie@t“héeaﬁ cI’ryS| s.

For exanpl e, CF’FT@S eanditygr agtivity iy prosiate kzanv:ag/tmae;hl sefakhibn thagis either ease in

Gancer 1i ssud el br nbdhiniy oA 3 he W3R RTertR B Py asausrrolthIa o
decrease in cuater %Sye%rthaummqnwrowdprrmmﬁcaﬁsmlma@qmutﬁ d)rSa'éH&tyﬁﬁ c6REmaged to
non- prost at e g; Eﬁgklﬁlasﬁ $ rl different panels of rkers may be
conposed of maa‘Eers romﬁaf fe&é’ﬁf F?lgspsf%%tec@%"eﬁa E’F’%B}aé@éﬁweélthe'frerent
conponent s ofinaegedst ddceasairia astiv entit} in dvkdct t one
skilled in the ealrt t 8t t he panelg&gﬁrm?tters SC&}C?& ZO?%\%n j.‘%’r?e&@

conveni ently BrogiAteanee W s¥6sts. For exanpl e, poI ynucl eoti des,

such as mRNA, mymmﬁm}ﬁﬁ bt y for

hybri di zati on, anal ysis), to B resi h&%{edqul,(’ﬁmgu Salﬂﬁﬁ\%ﬁ gr% SB%D(?I{)éd into
a colum for “'¢HY né‘hPTSWF@@mB%WHS oftwea ormore malﬂcersgfo:uﬁ mﬂierxﬁ)al@ddsul ose
matrix for n%&h@ﬁ bi l.i,zat i | ecul es

conpl ementary to t SMC% Of&@qgk%ﬁ{el?% lgagﬁecovczﬁngﬁ?w gnh SaFent | Y,

permts a di S&ueple, taﬁmagkgrssofafﬁrsﬂmplrmmb eﬂnbﬁ@.ﬁ in¢kdaye Bf quantity or activity
in prostate cancer tissue as compared to non-prostate cancer tissue, whereas the markers
20 of a second panel may each exhibit a decrease in quantity or activity in prostate cancer
tissue as compared to non-prostate cancer tissue. Similarly, different panels of markers
may be composed of markers from different tissues, or may represent different
components of a prostate cancer disease.
It will also be appreciated by one skilled in the art that the panels of markers of
25  the invention may conveniently be provided on solid supports. For example,
polynucleotides, such as mRNA, may be coupled to an array (e.g., 2 GeneChip array for
hybridization analysis), to a resin (e, g., a resin which can be packed into a column for
column chromatography), or a matrix (e.g., a nitrocellulose matrix for northern blot
analysis). The immobilization of molecules complementary to the marker(s), either
30  covalently or noncovalently, permits a discrete analysis of the presence or activity of
each marker in a sample. In an array, for example, polynucleotides complementary to

each member of a panel of markers may individually be attached to different, known



each marker in a sanple. In an array, for exanple, pol ynuc%-go%\dgﬁr

. conpl errenwy,%g” each nmenber of a panel of markers may individu 'y be
attached to different, known WO 02/ 44417 -12 'O MAY 2005 PEEEBIAI%4495

| ocations on the array. The array nay be hybridized with, for exanple,

pol ynucl eoti des extracted froma skin Cﬁgl sanple froma subject. The

hybri di zati on of polynucleotides fromthé sanple with the array at any

| ocation on Fhe.arra@can be . det ect ed, %nd t.hus the presence or quantity

of the markef°’FHPERE ReHFe THeirBE mey be hybridized with, far pyeemis, pelynscleotides
enbodi ment ,  axtfaCRAKM B SkialcbR ¥arhSle @R KB ok AffiTRtiiAdon ﬁﬂ@#@%ﬂ% estern

anal yses may .be perfornmed on immobilized anti bodi"es speci ?i??serent
pol ypept i de” TRBrtkesanmy pithdhoamyas any locdtioni on the aphyecdubenetectdindahus fhHe Wil |

al so be -appapgidyct BKl ' art «ihat, the entire marker protein
or nucleic iétci dcrrgf@%ﬁflgk#edéﬁgfa\%@r%lg % ERRIgY %a%SBGdeSEBﬁBFEE‘?H portion
of the markeembddiment, s iGEnaThdpitartagrigéhplbped @EfRedtig)) TIRIFWedt&nd. - foOr
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preserved. Several narkers were known prior tot Irnve
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20 themselves may be useful in the methods of the invention, and one skilled in the art will

be cognizant of the methods by which such samples may be conveniently obtained,
stored, and/or preserved.

Several markers were known priof to the invention to be associated with prostate
cancer, e.g., PSA. These markers are not included with the markers of the invention.

25 However, these markers may be conveniently be used in combination with the markers
of the invention in the methods, panels, and kits of the invention.

In another aspect, the invention provides methods of making an isolated
hybridoma which produces an antibody useful for assessing whether a patient is afflicted
with prostate cancer. In this method, a protein corresponding to a marker of the

30  invention is isolated (e.g., by purification from a cell in which it is expressed or by
transcription and translation of a nucleic acid encoding the protein in vivo or in vitro

using known methods. A vertebrate, preferably a mammal such as a mbuse, rat, rabbit,



30 invention is isolated (e.g., by purification froma cell in which it is

. expressed or by transcription and translation of a nuclei @0h¢ad 2005codi ng
t he proteiwge@usdiiyo or in vitro using known nmethods. A v ﬁgg@},ﬁ <

preferably a mammal such as a nouse, rat, rabbit, WO 02/444717 - 3 .P°0 MAY
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met hods of assessing t _é’ lsgglg%@&g@ogf%@rg%}gteggﬁc%gror%glbofievgﬁgngpé@qte
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sanpl e rel at imd/or activityefone or marhatkérs ofha iswed}ieein tho QuEb1ORTative thav e

prostate rignper. The lgéel S og 'rrg;kers inthe two sanples are conpared,
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the subject. The invention also provi des nethods of treating
i nhi bi ting prB¥Kes & theiest pample indicatep fheqmesempraraisiom hredence pvastatecansarlint i ng a

sanple from qhég{{y_'ie%@_t (e.g., a sample

- The invention also provides methods of assessing the severity of prostate cancer
20 inasubject. These methods involve isolating a sample from a subject (e.g., a sample
containing prostate cancer cells or blood cells), detecting the presence, quantity, and/or
activity of one or more markers of the invention in the sample relative to a second
sample from a subject known not to have prostate cancer. The levels of markers in the
two samples are compared, and a significant increase or decrease in one or more
25 markers in the test sample is correlated with the degree of severity of prostate cancer in
the subject.

The invention also provides methods of treating (e.g., inhibiting prostate cancer
in a subject. These methods involve isolating a sample from a subject (e.g., asample
containing prostate cancer cells or blood cells), detecting the presence, quantity, and/or

30 activity of one or more markers of the invention in the sample relative to a second
sample from a subject known not to have prostate cancer. The levels of markers in the

two samples are compared, and significant increases or decreases in one or more



containing prostate cancer cells or blood cells), detecting the presence,

. quantity, and/or 30 activity of one or nore markers of the invention in the
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subject. In Eﬁé}%réﬁaﬁﬂ% activitg, 8 Y@hRERAN eftﬁﬁttxﬁtuﬁe [ of the thiroatRiGiles MY
be prevented. 20 The invention also provides netho of "assessing a
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20 The invention also provides methods of assessing a treatment or therapy for

prostate cancer condition in a subject. These methods involve isolating a sample from a
subject (e.g., a sample containing prostate cancer cells or blood cells) suffering from
prostate cancer Wwho is undergoing a treatment or therapy, detecting the presence,
~ quantity, and/or activity of one or more markers of the invention in the first sample
25 relative to a second sample from a subject afflicted prostate cancer who is not
.undergoing any treatment or therapy for the condition, and also relative to a third sample
from a sttbj ect unafflicted by prostate cancer. The levels of markers in the three samples
are compared, and significant increases or decreases in one or more markers in the first -
sample relative to the other samples are observed, and correlated with the presence, risk
30 of presence, or severity prostate cancer. By assessing prostate cancer has been lessened
or alleviated in the sample, the ability of the treatment or therapy to treat prostate cancer

is also determined.
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These conposi t i onsg Ry | %g?%g@%ét%an@ﬁtgg 5“6?12 e%’rgﬁé;énxg’f ?:?%mﬂﬁl%vleg?fc)a BT of the
i nvention (e.g., fsslectethose nmarkers which are decreased in quantity or

tivit i g - tat ||
Sl ey and AU A D R e D e Rl o hoc
conposi ti ons manker ata@lsubbequnt ﬁﬁnﬁntthﬁm@yuﬂﬂﬂ'g@ﬂer&wﬁbjécﬁﬁé%iﬂs Riiden to a

mar ker prg%ei n of ti@? i nyention and/or an antisense nucleic acid nol ecul e
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for those mark@ifieth TEOIREIDFRFERRTES nhdk FY@M dtddVat Ble MBS dMisbdhnl fnf Prostate

points is

compared. A decrease in the level of expression indicates that the androgen withdrawal
treatment has decreased efficacy.

20 The invention also provides pharmaceutical compositions for the treatment of
prostate cancer. These compositions may include a marker protein and/or nucleic acid
of the invention (e.g., for those markers which are decreased in quantity or activity in
prostate cancer cell sample versus non-prostate cancer cell sample), and can be
formulated as described herein. Alternately, these compositions may include an

25  antibody which specifically binds to a marker protein of the invention and/or an
antisense nucleic acid molecule which is complementary to a marker nucleic acid of the
invention (e.g., for those markers which are increased in quantity or activity in a prostate
cancer cell sample versus non-prostate cancer cell sample), and can be formulated as
described herein.

30



cancer cell sanple versus non-prostate cancer cell sanple), and can be
. formul ated as described herein. 30 WO 02/ 44417 -16 Z O NAY 2006
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t he present |nvent|on nber of terns an s are beI ow. As
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any functio or unknown. The follow ng are non-limting exanples

of pol ynucl QBFﬁlﬁ ST comnouRds tg;bedested, pndareagant forasssssing P’FRT?SéWQ Ofﬂ@l@s]@qrger RNA
(MRNA) , traggtged R thd g@ﬁﬁ%isn%oﬂé Qfo¥ Pthe%‘ga: phbRant
vectors

pol ynucl eoti des, branched ‘pol ynucTl eot 1 des, I'sol at ed DNA
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tot he nucl edtand eresnafautttmhe@ncompassed by the invention.

a

To facilitate an understanding of the present invention, a number of terms and
phrases are defined below:
. Asused herein, the terms “polynucleotide” and “oligonucleotide” are used
20 interchangeably, and include polymeric forms of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thereof, Poiynucleotides may have
any three-dimensional structure, and may perform any function, known or unknown. |
"The following are non-limiting examples of polynucleotides: a gene or gene fragment,
exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes,
25 c¢DNA, recombinant polynucleotides, branched polynucleotides, plasmids, vectors,
isolated DNA of any seqﬁence}, isolated RNA of any sequence, nucleic acid probes, and
primers. A polynucleotide may comprise modified nucleotides, such as méthylated
nucleotides and nucleotide analo gs. If present, modifications to the nucleotide structure
may be imparted before or after assembly of the polymer. The sequence of nucleotides
30 may be interrupted by non-nucleotide components. A polynucieoti_de may be further
modified after polymerization, such as by conjugation with a labeling component. The

term _also includes both double- and single-stranded molecules. Unless otherwise
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" ') is areaction_in which replicate . ' _
: ("PCR) i's oligonucleotide that is provided as a reagent to detect a target present in a sample of

20  interest by hybridizing with the target. Usually, a probe will comprise a label or a
means by which a label can be attached, either before or subsequent to the hybridization
reaction. Suitab]e labels include, but are not limited to radioisotopes, fluorochromes,
chemiluminescent compounds, dyes, and proteins, including enzymés.

A “primer” includes a short polynucleotide, generally with a free 3°-OH group

25  that binds to a target or “template” present in a sample of interest by hybridizing with
the target, and thereafier promoting polymerization of a polynucleotide complementary
to the target. A “polymerase chain reaction” (“PCR”) is a reaction in which replicate
copies. are made of a target polynucleotide using a “pair of primers” or “set of primers”
copsistiﬁg of “upstream” and a “downstream” primer, and a catalyst of polymerization,

30 such as a DNA polymerase, and typically a thermally-stable polymerase enzyme.
Methods ;for PCR are well known in the art, and are taught, for example, in MacPherson
et al. , IRL Press at Oxford University Press (1991)). All processes of producing
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| anbda phage). The Ii-brarﬁNca the,r{,age probed for the specific cDNA (and
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i ncl udi ng na nsestedyrter vecders @fher BNA mokshlesthat can ¢antiops iotreplivate after

pol ypepti des; [ - rides: .artificjial viral

envel opes; ngfi %ﬁ%%g??ﬁ%ﬁ%{e\?# @na:l ){?glg?% %égc?&\%?(?tl}ébégnéﬁ Rdebactegaphages, such
as bacul ovi r wirs@Ghatdefecliactesia (e dllambtis phage)lsThd Hirbgdaf EATR probed Tofkhe
plasm d, fungal .ve nd. .ot h econbi pation vehicles typically used in
the art whic p?%@%&é&é’n&ﬁ‘gg’t’:lfpﬁéﬁp‘i%fm efeégl i cation and/or ‘expression in a
variety ofs eukaryot ‘genaieliveip¥eiolet iS4 olebR tBRMECapSaL bY BEHNE BhEbES
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as wel | as f&°rePRlyRYclpidenintd o hestsell Brasmmlpsofsepe delivienrvehidesare vect or "
i ncludes a s@ihbsdied boadhHdib | Lidapel 6 EPFI r Fs.an
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envelopes; metal particles; and bacteria, viruses and viral vectors, such as baculovirus,

20 adenovirus, and retrovirus, bacteriophage, cosmid, plasmid, fungal vector and other
recombination vehicles typically used in the art which have been described for
replication and/or expression in a variety of eukaryotic and prokaryotic hosts. The gene
delivery vehicles may be used for replication of the inserted polynucleotide, gene
therapy as well as for simply polypeptide and protein expression.

25 A “vector” includes a self-replicating nucleic acid molecule that transfers an
inserted polynucleotide into and/or between host cells. The term is intended to include -
vectors that function primarily for insertion of a nucleic acid molecule into a cell,
replication i/e_ctors that function primarily for the replication of nucleic acid and
expression vectors that function for transcription and/or translation of the DNA or RNA.

30 Also intended are vectors that provide more than one of the above function.



vectors that function primarily for insertion of a nucleic acid nol ecul e

. into a cell, replication vectors that function prinarily & @nsehns
replicati oMo o4t ei ¢ aci d and expressi on vectors that lt‘é‘ﬂﬁ d12% gor
transcription and/or translation of the DNA or RNA. 30 Al'so |nten3ed are
vectors that provide nore than one of the above function. WD 02/44417 -19 ¢
0 MAY 200 PCT/USQL/ 44495 A "host cell" _iyg.intended to include any

i ndi vidual cell or cell culture which can be or has been a recipient for

vectors or for thg ‘hpaQeEIrokatbiidd 4 uﬁ}iﬂgﬁﬁ&oﬂﬁlﬁﬁﬁ%ﬁ%} %rg&? ﬁ%lmﬁggﬁﬁl g

pol ynucl eotides and/or proteins. It a IS 1N ddeny of
a single cebPgor w@emwéwnh@y Vﬁ@DrSnDecﬁHstbeamcd)moﬂaBomoﬁqxbgémluynudl@BTabﬁa| (in

nor phol o o l.enent).,tq t ori gi nal parent
cel IO dueg%/o frlllg%eglrlfae? p%i;%&he #E f“?cg Pfa% ") ZS:[%éS %C} Grinc ‘Fﬁeepr(?%gﬂ}’s‘)fﬁag be
pr Iolkar yot i ct Smglle:qklé.r ‘J]lnetprogenannhy ndnﬁabcted@lrﬂ;uﬁel cf#hﬁ»lélél& 1de'nfibatl?ﬁ‘1 rﬁ&pf?&lﬁ%ﬂﬁ al
cells, yeast,cells animal_ cells manmmal | an” cel
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into pepti des i ghostically nprdifiel” riscludef abﬁéc&ﬁmﬂﬁ}ghﬂﬂ@f E@PrdsifigiaS
derived fpony ession L ncl ude cing of the nRNA if
an appr Opllbl ate caryo |181%)k§11(£)11§1t eﬁ%engeé{vrg%{l%W@@%&%@Pﬁe@t&%@m@mﬁ red

for  expressofithe celtbnitiprogenpoTEis taATiMENEQSNY AddH oK d@é‘ﬁmp%liﬁﬁlp‘%ﬁ t@?d
transcription nitiation oiHences for ribosome binding. For exanple

bacteri al ex%rl se§\d8ﬁer\98%? fitl udes a pronmoter such.as the |ac prom)ter

and for transcri pAs adedhBdel, 8y fole d the
start codon AUGéRegrrbr oolz3 J. p%éfll tsmgmi_g@th_g?mg?\éé%%an %}fﬁ?ﬂ%ﬁ%%u 5N Bul ar

Cloning: AL transe r”9t° |and gﬁ@platg@mto mtndesspmlyp@tlﬂm boproteddo Taither y, Col d
Spring Has basolhR R AEOR ek &S larly,
a eukaryotic e%?ﬁ{raesm on vector %Q‘f'&éé?%&%é@ %IB%EICBI%! ﬁ%%ﬁﬁ‘%@%tg‘
pronot er for pﬁ;awgmgeteleukarmomm selacted AR opatheoty leRini et rédudrdlfor t he
start codon r.o nati on codo etachnment of the ribosone.
Such vect or sﬁg@ ﬁé@i “ﬁnlgif’ glroﬁl géer GHHECS tQ%Rgn%NX£Qg'§WBqS§GH‘BW’E$€P%‘§q uences
descri bed i rinitietitmwseueees fot Imbmmd bindiAg. Bértexample, @Kﬁﬁ@iaﬁexﬁr&‘é‘mﬁ%@t@ijs
descri bed bel 2L qw for constructi vectors in gener al
udes a promoter such as t e lac promoter and for transcnptxon initiation the Shine-
20 Dalgarno sequence and the start codon AUG (Sambrook, J., Fritsh, E. F., and Maniatis,
T. Molecular Cloning: A Laboratory Manual, 2nd, ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989).
Similarly, a eukaryotic expression vector includes a heterologous or homologous
promoter for RNA polymerase I, a downstream polyadenylation signal, the start codon
25 AUG, and a termination codon for detachment of the ribosome. Such vectors can be

obtained commercially or assembled by the sequences described in methods well known

in the art, for example, the methods described below for constructing vectors in general.
“Differentially expressed”, as applied to a gene, includes the differential
production of mRNA transcribed from a gene or a protein product encoded by the gene.
30 A differentially expressed gene may be overexpressed or underexpressed as compared to
the expression level of a normal or control cell. In one aspect, it includes a differential

that is 2.5 times, preferably 5 times or preferably 10 times higher or lower than the
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Hybridization reactions can be performed under conditions of different
“stringency”. The stringency of a hybridization reaction includes the difficulty with
which any two nucleic acid molecules will hybridize to one another. Under stringent
conditions, nucleic acid molecules at least 60%, 65%, 70%, 75% identical to each other

25  remain hybridized to each other, whereas molecﬁles with low percent identity cannot
remain hybridized. A preferred, non-limiting example of highly stringent hybridization
conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C,
followed by one or more washes in 0.2 X'SSC, 0.1% SDS at 50°C, preferably at 55°C,
more preferably at 60°C, and even more preferably at 65°C.

30 When hybridization occurs in an antiparallel configuration between two single-
stranded polynucleotides, the reaction is called “annealing” and those polynucleotides
are described as “complementary”. A double-stranded polynucleotide can be
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are generally found in the prostates of men who live into their seventies or eighties,

20  however not all of these men develop prostate cancer. In the event that prostate cancer
- Ietastasizes to additional sites distal to the prostate, the condition is described as

metastatic cancer (MC), to distinguish this condition from organ-confined prostate
cancer. CaP fatality results from metastatic dissemination of prostatic adenocarcinoma
cells to distant sites, usually in the axial skeleton. As used herein, the term “marker”

25 includes a polynucleotide or polypeptide molecule which is present or absent, or
increased or decreased in quantity or activity in subjects afflicted with prostate cancer,
or in cells involved in prostate cancer. The relative change in quantity or activity of the
marker is correlated with the incidence or risk of incidence of prostate cancer.

As used herein, the term “panel of markers” includes a group of markers, the

30  quantity or activity of each member of which is correlated with the incidence or risk of

incidence of prostate cancer. In certain embodiments, a panel of markers may include

only those markers which are either increased or decreased in quantity or activity in
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whi ch nat ur a%fgg){ f Iq%ak th nhjcl elc acid (i.e., sequences |ocated a he 5'
and 25 3' e e§§tr gd ﬂ‘IJ‘i‘f"é" Esterafed, butprefsrableis donblesivandst N4, or gani sm from
whi ch the nU.C| €1 The term “isolated nucleic acid molecule” includes nucleic acid molécules which
20 are separated from other nucleic acid molecules which are present in the natural source
of the nucleic acid. For example, with regards to genomic DNA, the term “isolated”
includes nucleic acid molecules which are separated from the chromosome with which
~ the genomic DNA is naturally associated. Preferably, an “isolated” nucleic acid is free
of sequences which naturally flank the nucleic acid (i.e., sequences located at the 5° and
25 3’ ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic
acid is derived. For example, in various embodiments, the isolated marker nucleic acid
molecule of the invention, or nucleic acid molecule encoding a polypeptide marker of
the invention, can contain less than about 5 kb, 4kb, 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of
nucleotide sequences which naturally flank the nucleic acid molecule in genomic DNA

30 ofthe cell from which the nucleic acid is derived. Moreover, an ‘‘isolated” nucleic acid

molecule, such as a cDNA molecule, can be substantially free of other cellular material,
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20 In another preferred embodiment, an isolated nucleic acid molecule of the
invention comprises a nucleic acid molecule which is a complement of the nucleotide
sequence of a marker of the invention i.e., ID-1 and/or ID-3, or a portion of any of these
nucleotide sequences. A nucleic acid molecule which is complementary to sﬁch a
nucleotide sequence is one which is sufficiently complementary to the nucleotide

25  sequence such that it can hybridize to the nucleotide sequence, thereby forming a stable
duplex.

The nucleic acid molecule of the invention, moreover, can comprise only a
portion of the nucleic acid sequence of a marker nucleic acid of the invention, or a gene
encoding a marker polypeptide of the invention, for example, a fragment which can be

30  used as a probe or primer. The probe/primer typically comprises substantially purified

~ oligonucleotide. The oligonucleotide typically comprises a region of nucleotide

sequence that hybridizes under stringent conditions to at least about 7 or 15, preferably
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20 In addition to the nucleotide sequences of the ID-1 and ID-3 genes it will be
appreciated 'by those skilled in the art that DNA sequence polymorphisms that lead to
changes in the amino acid sequences of the proteins encoded by the ID-1 and ID-3 genes
may exist within a population (e.g., the human population). Such genetic polymorphism
in the ID-1 and ID-3 genes may exist among individuals within a population due to

25  matural allelic variation. An allele is oné of a group of genes which occur alternatively
at a given genetic locus. In addition it will be appreciated that DNA polymorphisms that
affect RNA expression levels can also exist that may affect the overall expression level
of that gene (e.g., by affecting regulation or degradation). As used herein, the phrase
“allelic variant” includes a nucleotide sequence which occurs at a given locus or to a

30 polypeptide encoded by the nucleotide sequence. As used herein, the terms “gene” and

“recombinant gene” refer to nucleic acid molecules which include an I open reading

frame encoding a marker polypeptide of the invention.
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hybri di zati on whi.ch  nucl Otl de se ces | east 60%
honol ogous tongggﬁ%ﬁh%agﬁu%‘fo%m ondmrgé?rﬁpﬁ PRSP Seuon 038 Rt ‘T‘T 8508y gene
Preferably, t Iancocdmg:h mdemSprarem csﬂmdmntrdsmions X ueeaiqesef lﬁtﬂﬁﬁ deﬁﬁs‘h}lrbﬁ’lfél%éfs ug@eﬂ?
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B L e e
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20  stringent conditions are known to those skilled in the art and can be found in Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A
preferred, non-limiting example of stringent hybridization conditions are hybridization
in 6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more
washes in 0.2 X SSC, 0.1% SDS at 50°C, preferably at 55°C, more preferably at 60°C,
25 and even more preferably at 65°C. Pref:erably, an isolated nucleic acid molecule of the
invention that hybridizes under stringent conditions to the sequence of one of the ID-1
and/or ID-3. As used herein, a “naturally-occurring” nucleic acid molecule includes an
RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g.,
encodes a natural protein).
30 In addition to naturally-occurring allelic variants of the marker gene and gene
encoding a marker protein of the invention sequences that may exist in the population,

the skilled artisan will further appreciate that changes can be introduced by mutation
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20  substitutions, additions or deletions into the nucleotide sequence of the gene encoding
the marker protein, such that one or more amino acid substitutions, additions or
deletions are introduced into the encoded protein; Mutations can be introduced into the
ID-1 and ID-3 genes of the invention by standard techniques, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Preferably, conservative amino acid

‘25 substitutions are made at one or more predicted non-essential amino acid residues. A
“conservative amino acid substitution” is one in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families 6f amino acid
residues having similar side chains have been defined in the art. These families include
amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains

30 (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,

alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan),
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20 W]nch are translated into amino acid. In another embodiment, the antisense nucleic acid
molecule is antisense to a “noncoding region” of the coding strand of a nucleotide
sequence of the invention. The term “noncoding region™ includes 5° and 3° sequences
which flank the coding region that are not translated into amino acids (i.e., also referred
to as 5’ and 3’ untranslated regions).

25 Antisense nucleic acids of the invention can be designed according to the rules of
Watson and Crick base pairing. The antisense nucleic acid molecule can be
complementary to the entire coding region of an mRNA corresponding to a gene of the
invention, but more preferably is an oligonucleotide which is antisense to only a portion
of the coding or noncoding region. An antisense oligonucleotide can be, for example,

30 about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic
acid of the invention can be constructed using chemical synthesis and enzymatic ligation

reactions using procedures known in the art. For example, an antisenise nucleic acid
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usi ng proced#g%%m%meﬁﬁ&?%g%a@? %3’6‘?&%@@3@5& deﬁ\#?@é’ﬁg@' ?ﬁﬁ %®ic acid $ -

0 MAY 2005 \idlogicdkstabilit OT tHsSaléchliet D5 to iABrebs: tYe phydicabsthbiig Gfhe duplex

ol i gonucl eot i hem cal | nt he i.zed .using naturally occurring

nucl eot i des Jd "@%‘f?f‘gw ﬁﬁ’ﬂﬂsf’?s@&}iﬁﬁ SeBYq ?}8§°‘9%§tWSH1¥9f(Pth@ﬁ@al§§V§W@S

bi ol ogi cal 5 staliabidite @ﬁbshﬁl@edmicfé@&ﬂe@%ax%e ba! BRERPRE of A8 SheiBb R L-ab' ity
c €.g.

of the duplex . fornmed between the antisense a nse nuclelc aC|
phosphor ot hi d&él%h%ﬂpq/@ed%gensragmbe @mttspl@ﬁﬁmclsmbtstdlmqmwmmwwcnldés can be

used. Exanpl uriPd 0 n be . use nerate t he
anti sense nug?%@é acl dg {:}ﬁgrlou g%pﬁgg%hﬁg%%{a &‘% ﬁ%‘ﬁ*ﬁ’u ﬁ%ei%{lgﬁ
? chi3 or Olﬁlr Sm(ba,rb@c}flﬁ'dmmhmthyl) m@bﬁauatﬁmylmpthyhnﬁndmethﬂ-ﬁﬂﬁéugidﬁ%g §Si ng 5-
car boxyhydr oxyl get nomet t hiouri di ne,
5- car boxynet WX%"%@!#&‘H ?fLQB‘TaFI? a‘%‘?%%ﬁﬁﬁtﬁ -galactos )[queosme inosine,
bet a- D- gah(acmidoﬁbtﬁ&@wﬁmnb npﬁieﬂh?lfu&ﬁné\ﬁrm&ﬁ?ﬁﬂ&ﬁ@/b 9@%&@3 suanine 2

adeni ne,

1- met hyl guani ne; 1-methylinosine 2-di net h guani ne,
2- met hyl guani™® mthyladeping, tragthy) gvaEe, %‘H}?&WW%&mhylmommmaﬂenﬂw 7-

t hyl
oot donty o actByIRERIHS, SRR el AL 5 methoxyeminomettivl2-thiouracil, beta-
i N met hoxycarlbmnesyiqﬂimsm(«;lﬂ -meﬂamdnbnxymeﬂgﬂdramz Sméth%i)mi‘a@} ; 2-methylthio-
i sopent en acetic ut oxosi ne,
pseudogr aci | )ﬂ@%%g Iggr%yl Jggmﬁ IF?ﬁl %§¥¥§§F am&"gre%to’?s{nﬁa RSgRaRuracil,

2-thi our ats | quéeetulm Quthingi/tosing,-5 m&hM-ﬂﬁ@ﬁadﬂ 24thidataeil 4-iRsraGEsL ¢ acid
mathylester |I-§-D fgetlc acid ( - et hyl| - 2-thiouracil, .
3- (3-anmi no- 3 TR? Y é p‘gfiyﬁchPa@ri|met1(>ée$€) waclkﬁcpxyawna jagidi (W Srmethyl-

Al ternati vel Y -thidi@acH) BL(S RS- BHED S %moﬁﬁréb}ﬁﬁ} ‘9? (%Ugggv%ﬁ 2. 9{%&?@1‘%% in

using an expression vector into which a nucleid ‘has “beel
an anti sense “tereatively Hiciastsqnse rucleiaeid eandwsuodmedl biolegicallyarsingser t ed

nucl eic acidy 115 at i 0 target nucleic acid
of interest, gs?csrll&g %’It?rafr}ttoﬁg}p&?n elc? eﬁﬁsu cﬁf’d’fg %}% Be antisense
nucl ei c a2 d omghiatioh . cRNAhmnscnbehfmmmheameerteylmmclaicl acidelin by Sita@ra@€sense

orientation to a target nucleic acid of interest, described further in the following

subsection).
The antisense nucleic acid molecules of the invention are typically administered
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA
25 and/or genomic DNA encoding a marker protein of the invention to thereby inhibit
expression of the protein, e.g., by inhibiting transcription aﬁd/or translation. The
hybridization can be by conventional nucleqtide complementarity to form a stable
duplex, or, for example, in the case of an antisense nucleic acid molecule which binds to
DNA dﬁplexes, through specific interactions in the major groove of the double helix.
30 An example of aroute of administration of antisense nucleic acid molecules of the
invention include direct injection at a tissue site (e.g., in skin). Alternatively, antisense

nucleic acid molecules can be modified to target selected cells and then administered



to a subj ect or generated in situ such that they hybridize with or: b|nd to
. cellular nmRNA 25 and/or genom c DNA encodi ng a marker. prot &0 WA

i nvention wo bdhgeeby i nhibit expression of the protein, m£”$lgp|b|t|ng
transcription and/or translation. The hybridization can b y conventlonal
nucl eoti de conplementarity to forma stable duplex, or, for exanple, in
the case of an antisense nucleic acid nolggul e which binds to DNA

dupl exes, through speC|f|c interactions in the maj or groove of the double

heli x. 30 An M. Ni St.r on of.-anti s nuc| ei ¢ aci d
mol ecul es of ft ent| Sh Mm’lt&{]‘ggbm 1cea = @b‘l”r%‘ﬁlsﬁqseg geﬁé?a% ge

(e.g., in ski n)odlﬂlddtsac}ntaaﬂ thet gpecidioallysiEing & reé%@dmbp@[nﬁgbrg e%?%e@%ﬁbﬁ%os‘éﬁ@teﬁe
mni stere

modi fied to target . sel ec el and then

02/ 44417 PCT/ %%i‘)‘f?&?t%’ tbé’g“’i%faté?rﬁ%t&m? nuglsic agidappleculesite peptides emi ¢

admi ni strati ogatitRids S@MRHDHIPIoREH BT GFBccpfors Mﬁéén@dTﬁé'&Rlsglt%@tnu%lggyamd

speci ficall y bind to receptors or antigens expressed on a se |1

. surface, e.g. MmAgrules G #ep herrdelipref sxpplls uaing K vootatsi dgsaribed balcins Tooachimwti des
or antibodie ant ens, The

anti sense nuc?‘éﬁ:ﬂgieg{gl géééﬁulgﬂoceogﬁ%ﬂetgﬁgggng@ﬁséﬁ%g&'g%} ?‘:{?gfeg’dy CPET EHSIECtI S ng t he

vect ors descr inhedh theardisense focleic htidwaoleaild fipticeditmdenthe 26std1wiFa Ktrong pol II "

concentrati on? oct”hh?o a%l sensz | ecul es, vector constructs in which the

anti sense nucPel¢ A Y o1 BRAT%™ " pl aced under the control of a strong pol
Il or pol Il prolmjetendlic chibelieidngdhe ifissRt ndlat haa nIRAM JRY invidiSn

antisense nucleic acid nol ecul e of the invention 10 iS an a-anomeric

nucl ei ¢ aci®d Honee-aremengnugleipasifmplecilac Aaiccanvsiedc nutleic atid maeanbe fospeci f i ¢

doubl e-strand RNA | i.ch ont to the
usual O uni tse&\ Lﬁé soiu ?%nw&r%u%?’ggé;%%&@ RSy PY’@E’I o é'f“'})é?
(1987) Nucl ei osudtpdmits, ﬂmﬂrandﬁlﬁ@ﬂﬁﬂléﬁékhch&m(Gﬁlllh&%lﬂﬁﬁémsq} Nh&?et%@sicﬂis

nol ecul e can ?l sg ggglfﬁ % - met hyh-i bonucl eotide (Il noue et al.
(1987) Nucl ei EendP®e2RE611)q h%i@fe%sf@)’ eigraciqd mejeeulg grmralse RNIRTIBNAZ 2pral ogue
(I noue et al. rﬂ%ﬁonﬁﬁ%ﬂd@%u@éﬁaﬁ@%%@@ckzé}i‘cu?stkés 1?@@1*%4@? pdi ment,

an antisense nucleic_acid of the invention |s ozynes are
catal yti c RNAChHIeEE RNADNA pralomsinone s (é@&’l)\EEtB,S’meZ:llﬁ ?a’&79330§;apabl e of

cleaving a single- ‘ﬁ{srtﬁ‘lrﬂﬁfiixepé&f}hcﬂlrﬁeﬂcgpanuﬁéh%p?@ﬁel@amgﬂ ﬁ@%?lﬂl%&ﬁ@llﬂgﬁozynes 20

have a conpl enentary region
(descri bed i nribezgymich dfibozyns @erdatatyiic(RI9A &)olddates mith 3IDénddEass Ativity @afictbge used

(2, catl ol URMLANIEONES £ SBE 4 B BRI MG Befones ©
havi ng speci f havetayconfplentent®y k¥ion. Thus, ribozymes (e.g., hammerhead ribozymes
20 (described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to
catalytically cleave mRNA transcripts of the ID-1 and/or ID-3 genes of the invention, to
thereby inhibit translation of this mRNA. A ribozyme having specificity for a marker
protein-encoding nucleic acid can be designed based upon the nucleotide sequence of a
gene of the invention, disclosed herein. For example, a derivative of a Tetrahymena L-
25 19 IVS RNA can be constructed in W}ﬁch the nucleotide sequence of the active site is
complementary to the nucleotide sequence to be cleaved in a marker protein-encoding
mRNA. See, e.g., Cech et al. U.S. Patent No. 4,987,071; and Cech et al: U.S. Patent
No. 5,116,742. Alternatively, mRNA transcribed from a gene of the invention can be
used to select a catalytic RNA having a specific ribonuclease activity from a pool of
30 . RNA molecules. See, e.g., Bartel, D. and Szostak, J.W. (1993) Science 261:1411-1418.
Alternatively, expression of ID-1 and ID-3 genes can be inhibited by targeting

nucleotide sequences complementary to the regulatory region of these genes (e.g., the



pr ot ei n-encodi ng nucl eic acid can be desi gned based upon the nucl eoti de
. sequence of a gene of the invention, disclosed herein. Fog em a
derivativgv f a Tetrahynmena L 25 19 IVS RNA can be,c.o.nstru-tn'e : ich the
nucl eoti de (ggﬁﬂ‘%%e of the active site is conplenentary PETIUSe1/m488 eot i de
sequence to be cleaved in a nmarker protein-encoding nRNA. See, e.g., Cech
et al. US Patent No. 4,987,071; and Cech et al. U S. Patent No.
5,116,742. Alternatively, nRNA transcribé®-froma gene of the invention can
be wused to select a catalytic RNA having a specific ribonucl ease activity
froma pool d@romger andiox enbansers) esfornSerple lkeeligal stfature th&@re@hﬂﬁﬁis@ﬁﬁﬁé& ofd- W

1993) Sci ) = 8. At vel ' f ID1 d ID3
éenes) c-a(r:lI Eg(ﬁl?enéalﬁ %?%é%%%éﬁaﬁagﬁ?%g;@%@\é‘g%ﬁ&%i@%&%ﬁo@@?@w@éﬂt ary to
Lhe regul at oroiOysegitaatielent,(EsLalle1vog) 4 1.1, 4cil. N0 dRO/ZVHE fnd ilne0 POV 2

|

0 MAY 2005 PCI/USQ1/ 444 ronot er and/ or enhancers) to
hel i cal struéﬁ%)ﬂgz"("ﬁ%’@’s §$@5§$ﬁ7'%5-anscri ption of the gene in target cells.

See generadly, He ) t S. ~.0(6):569-84;

Hel ene, C. et al. h? _9312“)91],66\I§m. h ’At\légg&?iéﬁ dggtggv%e_s%;th gsRhipgpntion ;.
(1992) Bi oas $&yke madified 2817 bak mGetynsugat maietyt higshosiHaeb a0RBdne tb h}g%llaug’ l eic
aci d nol ecul . e l.nventi.on. c be dified at the base

moi ety, s uga?%ﬁlq)}lgee%t%q% ’ %ﬁ%{s}tﬁ? P Oﬁﬁ%lﬁ]B‘BWe‘?ﬁBe T"‘r‘?&‘gﬁl?e For gxagmple,ithe
stability, hyboiydbasetpihosphate baskbonbiok Heyuelictdaei MBleeRIN San Tiho&XBIR €. the
deoxyri bose phos&hat back,ll%one, of the nucleic acid nol ecul es can be

modi Fied to SHERAEF ReRHdS Blpleteacids §seaityraB o of (A0 MWBieqre@ric & Mallicinal 996)

Bi oor gani oo & OWesliseA . har,s: o . ed herei, t he tenns
" pept igde nucl ej csg%’i .?' E?rﬁh%ml\lxgéd%rrée} ’(eﬂ;léttegﬁsn C telflééﬁ%éci%a M ﬁi%rsm%. , DNA
mmcs, in wifeHonreleigasidmingkos e.gn ABEA huinics, mawkibiotie dedxyritisepsipite @

pseudopept i d | e fau tural ucl epbases are retained.
The neutr al Eg%ggonel?%g%ﬁlkgql%%&agg?ﬁﬁgﬁ% opgang ¢ dpur nabwal 1 i ¢

hybri di zat i onutlesbabtA assbtaitied. (The eEuted BEbkbbmy St FTAS RN HelR ot 1@k oy THE 15
synt hesi s of lEél\@gllggmers c%eg formed using standard solid phase
peptide synthasiC yb g o ga ﬁ% ef fonditiqns oflovedonag stregho Ghesupr a;
Perry- O Kesef eyriesitlof PNA 6gont¥ad dan bBGRHorml usingt 70 PNAS. can be
used in ther g}geuti c and giﬁga nostainq ?p?i catﬁsons.mjéé@sg%gégfsg,p P can be :
used as anti SERRESISEIOtgeAls crigd i EyruprB. o6 gl €1R96) sypeaj Pérry-Otkiedfaeriain of |

Proc. Natl. Acad. Sci. 93: 14670-675. |

PNAs can be used in therapeutic and diagnostic applications. For example,
PNAs can be used as antisense or antigene agents for sequence-specific modulation of

20 . gene expression by, for example, inducing transeription or translation arrest or inhibiting
replication. PNAs of the nucleic acid molecules of ID-1 and ID-3 can also be used in
the analysis of single base pair mutations in a gene, (e.g., by PNA-directed PCR
clamping); as “artificial restriction enzymes’ when used in combination with other
enzymes, (e.g., S1 nucleases (Hyrup B. (1996) supra)); or as probes or primers for DNA

25 sequcnging or Liybridization (Hyrup B. et al. (1996) supra; Perry-O’Keefe supra).

In another embodiment, PNAs can be modified, (e.g., to enhance their stability
or cellular uptake),’ by attaching lipophilic or other helper groups to PNA,l by the
formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of
drug delivery known in the art. For example, PNA-DNA chimeras of the nucleic acid

30 molecules of the invention can be generated Which may combine the advantageous
properties of PNA and DNA. Such chimeras allow DNA recognition enzymes, (e.g.,
RNAse H apd DNA polymerases), to interact with the DNA portion while the PNA



20 gene expression by, for exanple, inducing transcripti on ar tr@él ation
. arrest or inhibiting replication. PNAs of the nucleic. aci d2 s of
ID-1 and | W@opamiral so be used in the analysis of single lilél‘?(?s Pﬁl
mutations in a gene, (e.g., by PNA-directed PCR clanping); as Tficial
restriction enzynes' when used in conbi nati on with other enzyrres, (e.0.,
Si nucl eases (Hyrup B. (1996) supra)); }as probes or priners for DNA 25
sequenci ng or hybridization (Hyrup B. et a (1996) supra; Perry-0O Keefe

supra). In an e to enhance
their stabili Pg%fcl)r“%c H bﬁgghélﬁfgg@ﬁ? %gmpy @H%B?ﬁl ‘Ejg/I .PE\E%IEINIW%%M

h;al per groupsllnkﬂdmslm,g lhgcenﬁIwéapﬁropnmlle?lhﬁe:jerﬂﬁl -nDMmﬁBflﬁ@é Sckifl n%btepgf use
0 i posones chni S fu el iver nown in the art or
exanpl e, PNA- %{{1}90% I%Yﬁgf’ g?‘??é‘esnﬁﬁq afion §Hgme B (E96) s%”@f Thigsynthesint i on
can be gener abERNAHDNA diiiersOeHabHB Seridin aq NA and
DNA. Such chi Efe %s al | ow DeI\rIA reco 9?“ ti gn gﬁéfcﬁg%%wgﬁgpﬁgms%épﬁﬂﬁ

pol ymer ases) , I ee#ad P90 Nuelaiavicidntespdh (17%r33ﬁM16BeFDMaﬁmk QDNA/AP{aliiOOS
WO 02/ 44417 Pg&ﬂ%ﬂl@ﬁé@ﬁm 338%119%])&). 'ﬁg"?@u dgﬁgﬁosgﬁ%r m?(ﬁ?bl n lng af finity

and specifici ty hi mer as
appropri at e | ety ansi reedifet mmlebsdmadﬂgsb@ge5’5¢4aﬁkﬂ1m1@ BRRo- pfdeoﬁymds

bet th t 99 Th
et & of A RR RS iR, R b8 el b K hiln e TR & I@Zé‘fpé PN B.
(1996) supra @visg, EMFatat) (fgw)Ne&lezaMczd(J&w@) 5HE S PN InERoRES e?nﬁrI”)
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3357-63. Fqr exa can be synthesized on a so support

‘usi ng standar Y9 ﬁ@FeaFﬁsﬁﬁa@n‘Er&umoidﬁifa@%ﬁﬁl%mpiﬁcﬁlﬁwlth@cﬁ fPII@dsergmﬂneom de

anal ogs, e. B2 I

phosp%or am gl ?ne %%N%%ggggﬁg%%t \{\gggnﬁs[) ﬁlgﬁmuér%}qvﬁg é}"mgﬂ(él of DNA

(Mag, M et amoleculonomn hasynidpsizedorith REDNA ZegiB@ 3nBBY. PIPAcsmen (Rét6rsar, ©

th 10 I d I I th
en coup quegaépg@tggpm,ega%we%r ct(?z%e?t gcﬁlgfl(iiézge“ c nol ecul e wi a

5" PNA segnent segnent nn P.J (1996) supra).
Al ternatively, chilmsthe cmbndimrenlsﬂhe obgbnhelea;dbtrh@&hélade dthérhapPeriled @%pgegrrent

d a3 R t al. (1975) B MEd. Che
Fott 5 1110 FOMPHES et eEpRRoREr o coPhEs (1RO ORBBH faalitie | ncl ude

ot her appendeﬂmgpmmmossjtﬁe sdlicherasraRapd, 683 LeRirber erl21( 1@@? @%A tzhﬂ ‘H cel |
trans ort 0SS e ce

receptorsm |v nts facilitatin
menbr ane (see 8‘%14 ggééfggg#éelﬂeréﬁm%?f al, (@@gb)lf’rw d‘@ﬂ Head. SczAUﬁd 84 688652{JSA

86: 6553- 6556; PCEMEbL: a 648- 652:
PCT Publication No. V%OEN09¥£8§/§%$6% ph loogjq%r al %%%Idg &g F@Aplabgw@tmn PCT

Publi cation Ne. W(p¥bP1A). BW)addﬁmn,alibdpmuommpdcd dagda malddiﬁdwclﬁshyb&ﬂ:da&ozﬁmdl fied
wi th hybrigi z@ib88q cleavage agents (See, e.g., Krol et al. (1988) Bio-Techniques 6:958-976) or

intercalating agents. (See, e.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the

oligonucleotide may be conjugated to another molecule, (e.g., a peptide, hybridization

D:

triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent).
Finally, the oligonucleotide may be detectably labeled, either such that the label is

25  detected by the addition of another reagént (e.g., a substrate for an enzymatic label), or
is detectable immediately uporI hybridization of the nucleotide (e.g., a radioactive label

or a fluorescent label (e.g., a molecular beacon, as described in U.S. Patent 5 ,876,930.

II. Isolated Proteins and Antibodies

30 One aspect of the invention pertains to isolated marker proteins, and biolo gically
active portions thereof, as well as polypeptide fragments suitable for use as immunogens

1o raise anti-marker protein antibodies. In one embodiment, native marker proteins can



20 triggered cl eavage agents (See, e.g., Krol et al. (1988) Bio-Techni ques
. 6:958-976) or intercalating agents. (See, e.g., Zon (19884 P@?mal?es.

5: 539- 549 0'59/4}49;5 end; the oligonucleotide may be conj gt 0 anot her -
mol ecul e, (e.g., a peptide, hybridization triggered crosSCIiURHdSagent ,
transport agent, or hybridization-triggered cleavage agent). Finally, the
ol i gonucl eoti de nmay be detectably | abeled, either such that the |abel is 25
detected by the addition of another reag‘eqt:i"t‘ (e.g., a substrate for an
enzymatic label), or is detectable inmediately upon hybridization of the
nucl eot i de (B¢ golated fremicslizex tissuq sieces by appropritenifivationivhbmé esigg, a
nol ecul ar be L i 5 876,930. |1. |solated
Pr ot ei ns andeﬁﬁ%%gg?tgg%%%hgﬁgné%&g&&%ﬁﬁ %ﬁ&;&xfrne@ﬁ? }Igf;pqﬁg?ri(gﬁmgte{rﬁ Aol ated -
mar ker pr ot epreducedhbly tecombigrutDN techoiguee Alterhitiveso tdoembivant exprositbh, 225

pol ypepti de nts. suitable.for use gs | nogens to raise anti-marker
protein anti %{)ag%e Tote °5R8®8Fﬁ@5?%ﬁ? A fliz%&}?ﬁl“%’éb’ usingistandard papiidsp
02/ 44417 +32spiihMa¥X9chriRgubs USOL/ 44495 be isolated fromcells or tissue

sources by an appropriate purification scheme using. standard protein
purification techAqusdated’ oraawifiesy’ pectein or hisgicalisiaktére poridersthersofise
produced by g@azemBLRRE ' : ol reconbi.nant.
expression, a mar kgsr;l p? %ﬂhﬁg?ﬁ%g?@%eogﬁggﬂt%#aﬁgg éi/%rt‘l?rf’ise ?Iﬁglf C(‘?hé’tln cally
usi ng st andaHesugepurice &os wlich Hesnakérguitsingsi derivedyor subrialig fre@Frompur i f i ed”

protein or bj i.cal-l v active pprtian thereof, i sybstantially free of :
cel lul ar mat l(‘é}?‘%ngf%lé)r e%% Wég&c%ﬁ?zgﬁ‘?%?lfﬂl e‘ﬂ)F‘getné‘Fﬂiyﬁ‘yP 1ggte Thellpngypge t i ssue
sour ce friom tidubstantidlly fiey dfeellflaahstenall cH@ed y&ﬁaraﬂdns%‘ﬂﬁﬁfﬂ?e?#@éih:fn %ﬁ;\ from
chem cal pr eﬁtér sors or ot he({ﬁcherri cal s when chem cal Iﬁ)_/ synt hesi zed. The

| anguage 10 “SPBEEYS sERarafeq frem celiularomppagntsef the rells'ffamhisldsis protmet art i ons
of marker prgice8mBidafi Wi ! | Pl al £.d cel Lul

conponent s of thle ce‘I[l .Efq‘_apgerg V\tlﬁlig %ﬁdqﬁgbﬁ’s%?g%{ggé%r S‘Bﬁrsgagigﬁﬁ’f h&?’l? y
produced. | ncddhdarepaierialivineludes preparatiops afjmatien pstainhivdhg less thee alfut 30% | ul ar

material" in i f rker otel n having, | ess than about
30% (by dr ymﬁgaﬁé%?%%hﬁgﬁﬁﬁ 0%&&‘3? ﬁé%%ré?@S ri‘re@flb?sr FOREMHRAIBEN as a
"cont ami riat i ppteis”)pmotepraferablyiessthpt sfoat 20% Bf hasatlRaProahs Wil 28% of

non- mar ker pro eitﬂ ARy re . pr ferabi( | ess than about 10% of

non- mar ker pPGLEIHY %?ﬁg’ﬁ?c?gg“tg‘rog‘éf%rm éé’%otFWaﬁndI&%@FefwlﬂdﬁﬁSmﬂker
protein. Wegbdud 6% ik @arkRf Sofin). Whén fhe MLBErGRotbM of Blolldic raf:ﬁ%orﬁ&?re()f
is reconbinaptly produced, 1t is also preferably substantially free of

cul ture ned&l‘?Fﬁ%f is recombinpytly; progused, dtis plsp praferably shstantioly freabenitu®0% nor e

preferably |g38uhhaB., culture medium represents less than about 20%, more preferably less than

20  about 10%, and most preferably less than about 5% of the volume of the protein
preparation. .

The language “substantially free of chemical precursors or other chemicals”
includes preparations of marker protein in which the protein is separated from chemical
precursors or other chemicals which are involved in the synthesis of the protein. In one

25 embodiment, the language “substantially free of chemical precursors or other chemicals™
includes preparations of protein having less than about 30% (by dry weight) of chemical
precursors or non—'protein chemicals, more preferably less than about 20% chemical
precursors or non-protein chemicals, still more preferably less than about 10% chemical

precursors or non-protein chemicals, and most preferably less than about 5% chemical

30  precursors or non-protein chemicals,



20 about 10% and nost preferably | ess than about 5% of the volune of the
. protein preparation. The |anguage "substantially free of xhepycans
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which are involved in the synthesis of the protein. In one 25 enbodi nent,
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chem cal 3 recufr sors or
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honol ogous®  fwsrksr paeeiny dapiralbynbiclegically agivegiodione qorepiise aofonaiveomnmboieNvith

protein, whi ' 1.0 acidg t.han the full |.ength rker
proteins, an%blgiﬂ%h??&ggﬁ\légglg or?ggg)g llll'v?‘[li)&(g?lcg&sacﬁﬁ? R%'Po’bgé?g% Ker
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mar ker protein can be used as targets for devel oping agen whi ch nodul at e
a marker B ot ei n- Meepefcsted smbpdiment, mpgker progeip issheoded bydBbbatidierID-3 mar ker
protein is engqaded, el Ik g]ﬁ%o L her. _enbodi nents, the
mar ker protelgn i's sub_gtanlgoida ' ;ys’gjgrlfrlo%}lgeé usgiﬁ)s%dbgtrﬁg?ag@rhoﬁ}%g?gé’flg%e%coded by
the 1D 1 andmagkes pydeissncodndiby the SDrisantiiD-3 penes,iand adtaiae thie finicfiondlfactitiey nar ker
protein, yet djff i.n..amn I d_sequence due tq natural allelic .
variation of ?{r}rﬁtng%g% g?tg, - d@%?d?ﬁﬁ‘ a}ch‘?%f@PﬁcP 8‘?‘W°§l’i‘ﬂ§@&“ﬁ%‘h"@“"é@6ve.
Accor di ngl y, of mutagetidaiay askies@itboh deesiltin sﬁﬂsvecﬁwmbv@r&éc%fdm/é@, il aRE@ELT N

whi ch conp ise% @n am no acid sequence at | east about 60%  65% 70% 75%
80% 85% 00T 8BTS TBHKSHFFICIH SHbPIotet Which comprises an awinfic] ssayermeae
encoded by hasddBodt GU%) 658, 307595, 809 8994, 90, b, Ik BELERIHonl SR Of
two am no aci d sequences or of two nuclelc acid sequences, € seguences
are aligned f}&?ranéiﬁ?F‘Wﬁﬁe@éﬁ*ﬂﬁémoél%bbﬂmd&beni@-égs?negfaps 20 can be

i ntroduced in onetgicRRAhie 8 p@rcteﬁtriéénti@}pgf t@vosagﬁr?&gcic?snéq Onc3§ 51('1 ofHwo MiGlete ©

acid

acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps

20  can be introduced in one or both of a first and a second amino acid or nucleic acid
sequence for optimal alignment and non-homologous sequences can be disregarded for
comparison purposes). In a preferred embodiment, the length of a reference sequence
aligned for comparison purposes is at least 30%, preferably at least 40%, more
preferably at least 50%, even more preferably at least 60%, and even more preferably at

25 least 70%, 80%, or 90% of the length of the reference sequence. The aming acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence is occupied by the same amino
acid residue or mucleotide as the comresponding position in the second sequence, then the
molecules are identical at that position (as used herein amino acid or nucleic acid

30 “identity” is equivalent to amino acid or nucleic acid “honiology.”). The percent

identity between the two sequences is a function of the number of identical positions



sequence for optimal alignnment and non-honol ogous sequences can be

. disregarded for conparison purposes). In a preferred enbo '_w,@wm
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sequences is a functiog of the nunber of jdentical positions .2 0 MANY 20t h
WO 02/ 44417 BRAYCRSS £1 29 aepomy S‘éﬁ%&}sw afpatperaaticalalesriig. In apreferradnt o account

the nunbers OfendBBnendAFe pdi6ent RRALH BetwATHo 2R aci’&gegﬁbn@. 1 adb@rfifed
i ntroduced for optimal alignnent o0f the two sequences. The conparison of

sequences ands@gthy NeedamanandfWpesch &htMaldlint (48):4441498 970Nl erhiels can
erbodt nont . (Ro0 e or R RTRY GAP pRoith b A G oGoPls® pEGRE edulsble
(1970)) "5 Gor | L b whah B posn nCor ool aLed Into. Lhe o oA TS he.
GCG sof t war e "b“’é@?&é@&(@vﬁ@bgﬁ o4 aﬂ‘?? : ﬂ%\kﬁﬁkﬂ{jé’é?&)ﬁ) S’ udf igleYether a

5 6. or & and e ‘?ﬁ%effﬁﬁ)ﬁﬁig%g‘%? Hipeg RACTOBHF PerviB 0 idleobllo sencheis,

preferred entsistrmigd using g SRz dnthe GG eafiwease packegnizukigbld e sequences
is determn %99\9 inB Q@R ' S k

(avai l abl e a’?ﬂtplﬁt tp: ﬁ%@?ﬁf@gm , g@%@ﬁ%é‘ﬁ%@%’%?f‘%éﬂdﬁ% gap
wei ght of 40,7050r 8G6dnd a Iefgth wreigh®ofh, &, 4,6ngtth Inangther @fibodiment, tBe pércedt, or
6. In another.,enbodi ment. the pergent .identity between two am no acid or
nucl eot i de sé%%?m%wf%n %V&aé?lﬁgﬁ‘élg oﬁgVﬂ"g"%ﬁﬁéeqilgmgF %qulfusgg hyers and
W M || er 15 CARlonfhm 41 E1MEYers 208W. Mitlsi @ABIDS, haen 7 (198505 AlALEdbdeAt O t he
ALI GN program (ver&gn 2.0 using a PAML20 wei ght residue table, a gap

| engt h penal f§coBporats Hﬁﬁlthrf) Biograny (Vsrsion 2.8), ssing e PAML 20cv dghtwesigueot ei n
sequences of g a%aﬁqgﬂgthf)éh‘éﬁ?ﬁ@mﬁi'g{%{c}lﬂﬁfofbﬁ used as a "query .

sequence" to performa search” against p | ¢ "dat abases to, for exanple, 20
i dentify other farkbepupisietaeidsandpreteinsequencesglitheqessenSuvdntiveaarfiethecbsn be

gfr 1;|o'r m(eg 933')11@%1 ﬁﬁa‘ﬂgwau&gg’ té%leﬁ‘gl;n RSO, Siblic Whtabadd) 1o %of%lxgx%(p:féy X
20 identify other family members or related sequences. Such searches can be performed
using the NBLAST and XBLAST programs (version 2.0) of Altschul, ez al. (1990) J.

Mol. Biol. 215:403-10. BLAST nucleotide searches can be performed with the

NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences
homologous to nucleic acid molecules of the invention. BLAST protein searches can be

25 performed with the XBLAST program; score = 50, wordlength = 3 to obtain amino acid
sequences homologous to mafker prdtein molecules of the invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in
Altschul ez al., (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST
and Gapped BLAST programs, the default parameters of the respective programs (e.g.,

30 XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov,

| The invention also provides chimeric or fusion marker proteins. As used herein,

a marker “chimeric protein” or “fusion protein” comprises a marker polypeptide
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The i nventi on, [ i chi mer.i.c,.or. fusi on marker proteins. As used
herein, a n&%%gachﬁyﬁggﬁ%rﬁr RBHAT IB?IHE?SL?SHOM’& ?%%%Vﬁlgmw add a marker
pol ypept i de Sequelte aﬁﬁﬁponMgaab@ﬂﬁaiﬁwm@ﬁ/iyﬁ&lahﬂﬁﬁﬁﬁnyﬁém@wgwsttbw y |inked
to a non-nmarker %Olé eptide. An "marker, pol I}:lgeptl de" includes a )

pol ypept i d& HEJFKHET aﬁg'nﬁpﬁﬁ?‘ﬂw%d_% cBhEeRdrprky protgiarradmdichiD- | and/ or

| D3, wher earited 6 1Bl or RQlIPER bigRism! WIS SR ABEBlotAg AV NG an
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, r
pol ypeptide are fused in-_frane to each other. The non-nmarker po‘1 yﬁlggti de
can be fused ¥Ryt themakerppdynsptide. t er mi nus of the marker pol ypepti de.
For exanple, in omgr SERM Hehle enttoQinidhs it i [t ST- parker fusion
protein in which t.hre mar ker seeqeuencles drg&?ugls?g %t%ntli%%é-te?r%%niﬁgo%f t he
GST 15 sequerpEetein iswdichithesnarrensequancessare fased todhé Crtatmeintdhef theGSTi cat i on of

reconbi na ins. Lo _another odi nent., the fusion proteinis
a marker g}'r ote dr%ﬁéegh? g%iﬁlﬁ%ﬁgmtﬁgﬁ %@ﬁ%@%ﬁ?@‘gﬁﬁﬁ%ﬂ{}é@‘ﬁ@ti“f"éker _
N-term nus. Ipmoteis.t ai n host cells (e.g., mammalian host cells), expression

and/ or secretion of rker _protejns can be increased through use 20 of a
het er ol ogous si gni‘il a%%glheﬁgﬂlég@”@%ﬂ‘eﬁﬂmro?ghﬁéﬁﬁﬁgerﬁ@temoptm in the

aL t. Th et narh{e&mlégtmb 8igndllsed 1 hbsat s N-ReninGY Sl defiin HRR Rfs [/ ML RALAGD | NtO
armaceuti C :
P %ost cells), expression and/or secretion of marker proteins can be increased through use

l

20 ofa heterologous signal sequence. - Such signal sequences are well known in the art.
The marker fusion proteins of the invention can be incorporated into pharmaceutical
corhpositions and administered to a subject in vivo, as described herein. The marker
fusion proteins can be used to affect the bioavailability of a marker protein substrate.
Use of marker fusion proteins may be useful therapeutically for the treatmeﬁt of

25  disorders (e.g., prostate cancer) caused by, for example, (i) aberrant mociiﬁcatioﬁ or
mutation of a gene encoding a markerprotein; (i) mis-regulation of the marker protein-
encoding gene; and (iii) aberrant post-translational modification of a marker protein.

Moreover, the marker-fusion proteins of the invention can be used as
~ immunogens to produce anti-marker protein antibodies in a subject, to purify marker
30 protein ligands and in screening assays to identify molecules which inhibit the

interaction of a marker protein with a marker protein substrate.



cdrrpositions and adm nistered to a subject in vivo, as described herein.
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to avoi d un6@shesyBihesized by eppventinpakischpiquer includieg ausemated DAdosymiiresizers.
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to conpl errenh_ar ﬁve;’h ngs bet v.vee{] hwo cowaec tive ,gene fragments whi ch
can subseque F@ém W hﬁ?’é‘%‘é SEARPOHE B ATReRied and seagwlifipd faecherat aghimeric gene
sequence ('segenefsafuenna (e, efor Glakdphd) CubFefti PRADIS i MBILEIH Bb108), €h9 RhsuBidlS -
Ausubel et al. Jggn Wley & Sons: 1992). Mreover, many expression vectors
are commer ci & 4hyJonn\WilesnE) Sonsnl9P2)n Memsayer chamyexpiession vestompragopreciglly a
GST pol ypept hegibleAndratkaty chBod¥ PhSioR; , pg fbeBfil cl oned
into such an exprgssi on veyct_o(r) .szﬁ%ﬁilo?hatl ﬁ%g’?l%ﬁlﬁh@gﬁg%@ ?‘gﬂ?ljlﬁgﬁ(ed
in-frame 1o prescingneastingnusieé acid panshepleneddntqsucican omreskion weret such flacibei t at e
secretion ang,. ' . J rete rotei.n or other proteins of
interest. Si gﬁg qé%%ﬁ@%é@%ﬁa‘?lgﬁa@%&?%ﬁIﬁ?frkgﬂ%ff’%&eri zed by a ‘core of

hydr ophobi ¢ am noAaigds segnemde can Be gssdas &lchljtate lseantish 4nf QsBl14tida offBielieGrefdrot €i N
20 during secrzt.i on lilh? one. or fm)re cl eavage events. Such signal, peptides
contain procBYLR G eiherrroiepsof itersH: Stemalseguenses pr dymically sharagterizsdy & r om

the mature peerediApdrdphobidRMindAsRls WhiAUIH pdldfal BRIOLPEYmRRE ANRYe priftids. the
I nvention pertains to the described '
20" during secretion in one or more cleavage events. Such signal peptides contain

processing sites that allow cleavage of the signal sequence from the mature proteiné as
they pass through the secretory pathway. Thus, the invention pertains to the described
polypeptides having a signal sequence, as well as to polypeptides from which the signal
sequence has been proteolytically cleaved (i.e., the cleavage products). In one

25 embodiment, a nucleic acid sequence ericoding a signal sequence can be operably linked
in an expression vector to a protein of interest, such as a protein which is ordinarily not
secreted or is otherwise difficult to isolate. The signal sequence directs secretion of the
protein, such as from a eukaryotic host into which the expression vector is transformed,
and the signal sequence is subsequently or concurrently cleaved. The protein can then

30 bereadily purified from the extracellular medium by art recognized methods.
Alternatively, the signal sequence can be 1in1€ed to the protein of interest using a

sequence which facilitates purification, such as with a GST domain.
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combi nat or i al’ ?gﬂ%? Ef{grrﬁégér%#&%ﬁ%ﬁaggﬂktg%? }?ea]{a?lﬁf%g'?’ Y SHERYP&aRAT bm%tpngl ,
mar ker pr &% eilibrinss offemitants, pg.o trencatieny omitsits, of a matkegerotedt for@larer bybtethn one

enbodi ment, a variegated.library.of narker, rotein varjants_ is_generated
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pol ypeptides, or alternatively, as a set of largér fusion proteins (e.g.,
f or phage2di spizayycleasidesinio gege saquensss sush thaialdegenorate st of potential marker

protein sequences is expressible as individual polj}peptides, or alternatively, as a set of

larger fusion proteins (e.g., for phage display) containing the set of marker protein
sequences therein. There are a variety of methods which can be used to produce
libraries of potential marker protein variants from a degenerate oligonucleotide

25  sequence. Chemical synthesis of a degenerate gene sequenée can be performed in an
automatic DNA synthesizer, and the synthetic gene then ligated into an appropriate
expression vector. Use of a degenerate set of genes allows for the provision, in one
mixture, of all of the sequences encoding the desired set of potential marker protein
sequences. Methods for synthesizing degenerate oligonucleotides are known in the art

30 (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; Itakura et al. (1984) Annu. Rev,
Biochem. 53:323; Itakura et al. (1984) Science 198:1056; Ike et al. (1983) Nucleic Acid
Res. 11:477). | |



sequences therein. There are a variety of methods which can be used to

. produce libraries of potential marker protein variants frdhfaiaveg®er ate
ol i gonucl egti de 25 sequence. Chem cal synthesis of -a-degenerate gene
sequence cXPBE*Pérforned in an automatic DNA synt hesi zerPCHPBLAIIS
synthetic gene then ligated into an appropriate expression vector. Use of .
a degenerate set of genes allows for the provision, in one mxture, of all
of the sequences: encoding the desired set38f potential marker protein
sequences. Methods for synthesizing degenerate oligonucl eotides are known
in the art 30 (sed adlitipn, likegriangf fragnienty afage)teinevdmgedquemeSorspordingtor a et

al. (1984) A . Bi L 053: 323 |.takura et al. 984). Sci ence

198: 1056; | kgq‘g?rl‘gﬁ’¥°tﬁli‘g’§ @?ehﬁlﬁ%“é’%’aﬁﬁ? et getefhyd Wﬂéga%%w}lz@n

02/ 44417 PCT bRk pActdi Fragdfnts foredeichingand kibeguehtleafion ooeiiRisorafimaker

protein codi ngots.qu}encengborres ongl ng to .a marker protein of the invention
n .

can be used P e adyps Harysading PeeRe rmésrcaﬁbéﬁém%ated
fragments § obySERMAN AshoRIkaBURPRON &Sl 76 olePRer FotkAoAe Sedilents FRE KT
protein. In one enbodinment, a library of coding séquence fragfrents can be
gener ated 5 Byclesse andegonditionsivkersinmigkingocP@R ohlyzadatince peamoteckley pr ot ei n

codi ng seque | er._condi t. r ei I,ckin rs
oty about  ones e a8 ol L ARAES KREE R A ot dntlacee P B
renaturing t lwéhiéhAntinchidersenstuntibenss paieften diPffent wkedprodocts, 16hbigg single
sense/ anti sense girs,fr mdiEfer t ni cked products, renoving single
stranded portsﬁgﬁjg PPIIORS B'PW _ EB\‘R—:}% Bﬂ:‘egw&'{%htglﬂuﬁlﬁa% @ddlﬂﬂ%é&se,

and | i gati0g tddrebillng Radthdnt ﬂgrahf Wéxplrésté’iroﬁr\'é!cﬂ)ﬂ?tl%}'e@fh vﬁlét@ @,-saﬁie egsfi‘&{ or.

By this nethod, an expression i br ar%/\bcan_ be deri ] encodes
N-term nal , dbrasy pandd degived whichrenagdes Natgrminals Caprminalrand istemial fiagrodnts di

mar ker pr ot ei,Q. ' ﬁ&P@% : ..are known in the art for screening gene
prooduct s -of V?E%O %ngﬁgﬁhg | r%g(r?tlélg's made by point nutations or truncation,
and for screeni ngSeBiA techbiquebarknewn finthegeifer soreedingtzendprodogs af sel ect ed
property. The st. widel yv.used, t.echni ques, which ar.e anenable to hjigh

t hrough- put  &RZPiefedta n?é?%deenqyriﬁ’l?tg?@%ﬁoé’é ReiruRqagen, an °’t$‘ﬁﬁe@gglcp?‘ﬁwcl ude
cloning tie gdReick fdirgaﬁey%ﬂoﬂﬁ@s hﬁ@hg’@@é)édeedepf@;r&t?s TR n¥REHWMely usellr ansf or m ng
appropriate cells with,the resulti ngﬁl I brary of vectors, and expressing the

conbi nat or i altechBiqEss. Whirdare yrenablednsighihigek-Ruiraelysts; for serreningilosge gede
activity facipp i k | | : ose
o7 oduct v oyt O et ne e cltnghe L IR o RARID bR

t echni que whitkensferming epgropriaie tellsquitnihy reshilting lihery ofredctarsjtand espressingthe

libraries, C%Bm%fﬁa%?ﬁﬂgén@s ﬁ:?dgp 'cg'rﬁflﬁ&n@ %mhtdgt%cggx{ St .nge(? gc,%i%ytssr facilitates

20  isolation of the vector encoding the gene whose product was detected. Recursive

ensemble mutagenesis (REM), a new technique which enhances the frequency of
functional mutants in the libraries, can be used in combination with the screening assays
to identifsr marker variants (Arkin and Yourvan (1992) Proc. Natl. Acad. Sci. USA
89:7811-7815; Delgréve et al. (1993) Protein Engineering 6(3):327-331).

25 An isolated marker protein, or a portion or fragment thereof, can be used as an
immunogen to generate antibodies that bind marker proteins using standard techniques
for polyclonal and monoclonal antibody preparation. A full-length marker protein can
be used or, alternatively, the invention provides antigenic peptide fragments of these
proteins for use as ﬁnmmo gens. The antigenic peptide of a marker protein comprises at

30 least 8 amino acid residues of an amino acid sequence encoded by a gene for ID-1
and/or ID-3, and encompasses an epitope of a marker protein such that an antibody

raised against the peptide forms a specific immune complex with the marker protein.
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and nonocl onal .anti bodi es that_bind to, marker proteins.
such as a marker protein. Examples of immunologically active portions of

20  immunoglobulin molecules include F(ab) and F(ab’)y fragments which can be generated

by treating the antibody with an enzyme such as pepsin. The invention provides
polyclonal and monoclonal antibodies that bind to marker proteins. The term
“monoclonal antibody” or “monoclonal antibody composition”, as used herein, includes
a population of antibody molecules that contain only one species of an antigen binding
25  site capable of immunoreacting with a ﬁax’cicular epitope. A monoclonal antibody
composition thus typically displays a single binding affinity for a particular marker
protein with which it immunoreacts.
Polyclonal anti-marker protein antibodies can be prepared as described above by
immunizing a suitable subject with a marker protein of the invention. The anti-marker
30 protein antibody titer in the immunized subject can be monitored over time by standard
techniques, such as with an enzyme linked immunosorbent assay (ELISA) using

immobilized marker protein, If desired, the antibody molecules directed against marker
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20  cells are screened to identify a hybridoma producing a monoclonal antibody that binds
to a marker protein of the invention.

Any of the many well known protocols used for fusing lymphocytes and
immortalized cell lines can be applied for the purpose of generating an anti-marker
protein monoclonal antibody (see, e.g:, G. Galfre et al. (1977) Nature 266:55052; Gefier

25 et al. Somatic Cell Genet., cited supra; Lerner, Yale J. Biol. Med., cited supra; Kenneth,
Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will
zippreciate that there are many variations of such methods which also would be useful.
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same
mammalian species as the lymphocytes. For example, murine hybridomas can be made

30 by fusing lymphocytes from a mouse immunized with an immunogenic preparation of

the present invention with an immortalized mouse cell line,
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in generating and screening antibody display library can be found in, for example,
Ladner et al. U.S. Patent No. 5,223,409; Kang et al. PCT International Publication No.
WO 92/18619; Dower et al. PCT International Publication No. WO 91/1 7271; Winter et
al. PCT International Publication WO 92/20791; Markland ef gf. PCT International

25 Publication No. WO 92/15679; Breitling ef al. PCT International Publication WO
93/01288; McCafferty et al. PCT International Publication No. WO 92/01047; Garrard
et al. PCT International Publication No. WO 92/09690; Ladner et al. PCT International
Publication No. WO 90/02809; Fuchs et al. (1991) Bio/Te echnology 9:1370-1372; Hay et
al. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275- |

30 1281, Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) J. Mol. Biol.
226:889-896; Clarkson ez al. (1991) Nature 352:624-628; Gram et al. (1992) Proc. Natl,
Acad. Sci. USA 89:3576-3580; Garrad et al. (1991) Bio/T: echnology 9:1373-1377,
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84:3439-3443; Liu et al.  (1987) J.bnmunol. 139: 3521-3526; "Sun et al.
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Canc. Res. 4T -7l : . Akor, e 4. 446-449; and Shaw et
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express human hea\el and light chain genes. ransgenic mce
20 ompletely human antibodies are particularly desirable for therapeutic treatment

of human subjects. Such antibodies can be produced using transgenic mice which are
incapable of expressing endogenous immunoglobulin heavy and light chains genes, but
which can express human heavy and light chain genes. The transgenic mice are
immunized in the normal fashion with a selected antigen, e.g., all or a portion of a

25  polypeptide corresponding to a marker of the invention. Monoclonal antibodies directed
against the antigen can be obtained using conventional hybridoma technology. The
human immunoglobulin transgenes harbored by the transgenic mice rearrange during B
cell differentiation, and subsequently undergo class switching and somatic mutation.
Thus, using such a technique, it is possible to produce therapeutically useful IgG, IgA

30  and IgE antibodies. For an overview of this technology for producing human antibodies
see Lonberg and Huszar (1995) Int. Rev. Immunol. 13:65-93). For a detailed discussion

of this technology for producing human antibodies and human monoclonal antibodies

>
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as Abgeni x,5 IﬁR@thIngesnnlmtotlial\)iescvhmai@veengaged to provide human

anti bodies directe t ed. antigen usi technol qgy sim |l ar

to that described ggﬁ%%ta%@ﬁp?ne%glbg&ﬁﬂ Hé?‘ﬁ%%lﬁ%lfl g‘i’\?ﬁ%tol’"e oS ze a

sel ect ed. epi t gpeeratadiuding a pehdqwirefines to\g: ‘guided Bolecier " Bt a8 }IGl'oEéh @E dQUi ded
" ant I body,

selection.” In tCEqS (B_g roach a _sel ecte (g, non- hunan nonocl ona

e.g., a murin&lEed B E‘m‘?"‘sm&%oé@nf‘ egh @ mwsleaatibasty, isfused toamileghel| y
hunan ant i bodyelt@aPFazbRglcldMehiifiEan 0

Bi ot echnol ogy e12 899-903). 7 eéﬁe}z]antl - ngg?(%}?ﬂg?g%%]%%%ﬁaﬁébﬁwf geéaers]‘gt az}
monoc! onal 10antP¥b &jg/techrrlogy 13:598-908). i sol ate a marker protein of the
e oot o SRS Ay AR LBty SLATPLON SO
purifi.cation dflatas oragdier pmidieofthe mentrmtfymadmﬂltédmﬁmés @ﬁcHd%@@ﬂiﬁBtynant Iy
produced 15 mm ker i ?ﬁ]el ns ex ressed dlAﬁ%)st cells. Myreoyer,

anti - mar ker pfOCBPEERY S5 G or?recﬁ’étaﬂgré Bntlf@lagﬁpmé‘imW}iﬁ@ﬂ faciligaty . |

in a cellular tl{ey;ﬁmﬁ'ﬁaﬁb’n ofelatura uielen pioidths frind cONSIRId dfPecoRbilat ﬁoﬁﬂ%(
“abundance anng]f_alggern of expression of the marker protein. Ant

protein anti b PEO{pIng eXPIRsess 18 ihag st iMarepyer: an angirmarker Hrﬂf@mnmbbéveﬂns in
tissue as par eyl tadedebtr}ha&ﬁérpkﬁeh éé'g B QS&QH&?ysat% cheu stu%exintdﬁltl) Sflig L6

determ ne the efficacy o given 20°treat nent
facilitated b9v%@ﬁ§®ther?Qde@ andmh?@nc;)éb}mressmmqfﬂg:)marher pratein. Badiymarken

det ect abl e su GE&ib @%@ e subst ance clude various
enzymes, pr ospﬁ}uﬁ?c gr ouprsmIL Iﬁsgrrig%gﬁ ?Egr%gjttgrmoéllﬂgrprf) W&@E%?SS%?%F%I s,
bi ol uni nescentf aelirgcal aésting arodeduad ie@a ¢o,ifoeexamipy;, HetbmnindhaRPiRsy of a sivkh abl e
enzymes 20 treatment regimen. Detection can be facilitated by coupling (i.e., physically linking) the

antibody to a detectable substance. Examples of detectable substances include various
enzymes, prosthetic groups, fluorescent materials, luminescent materials,
bioluminescent materials, and radioactive materials. Examples of suitable enzymes
include horseradish peroxidase, alkaline phosphatase, [1-galactosidase, or

25 acetylcholinesterase; examples of suitable prosthetic group complexes include
streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a
luminescent material includes luminol; examples of bioluminescent materials include

30 luciferase, Iuciferin, and aequorin, and examples of suitable radioactive material include

125 131 35 3
I, I, Sor H
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been i nked. vedter it ¥ PelagthidB, Weieh fohides @ ol 2By ADNAGhHAER Qrigh " cul ar-

ll, H a
doubl e strandgd_ .DNA | oop into which additi ona@emegmnts ca?no‘ﬁléw
|i gat ed. Anoffitiional BNA segmenissen bg ligated.r Anotherdype of vestve isd virddeétbi,onal DNA

segnents canyBereid ' e Vi T . rtai.,n vectors, K ,are capable .
of aut oriom)ug‘;Tl rep g@(ﬁﬁ’l Sinﬁllﬁgk %Qjﬁlgsﬂfg ccePe?ﬁga g@“@%ﬁ%ﬁ“ﬂ@m&% PHER yatiesd
(e.g., bact erdcapablect atmotvavs nepliaatiomain athiosticel iritg whidh the e Meiifdduedl @%,
epi somal man’ggl i an 1Q v ct.ors%D. Q%er. vecil or.s ﬁ(i&;g" non- epi somal nmamal i an.
vectors) are POAYTIR) Y SF s BEYIRS 2 pRgtert SRS 6?1’1&3. despisompbanmimalisnduct i on
| nto the fostecals). OMBHdbRl @y, WhpisdRlal finihliad vy bk inik i1 86 PO
Moreover, certain vectors are capable of directing the expression of. genes
to which t he§name ofidiostsellapgn fpiraduetiondpiorthe/hest oelk and therabiyere eglitated her ei n
as "expressi gRn¥95thIESh Nay; X ' vectors, of . utility in
r econbi nant _151%NA techonslI %él}lgg%g?\ggﬂg?‘twg’n&?tﬁﬁ? ﬁgﬁ*'soﬁ%%a Eloeféimeﬁg]_gt % the
present speciPXpressioned genes it whivhdheyard operetivety linkedn Sheh visotsts hretrefegB@ngeabl y
as the plasmgd is L comwonl y used formof vectqr. However, the
i nvention igh {grﬁ eaﬁdgg)r oi%lsergftgjﬁqe' E‘bg‘ﬁler FRISSTO} Heclys °§R ¥ dnTespmbisantor s,
such as visr aDN/etethiiqueseregofieniaphd fothiof PlagtafdeC i the prds@it sPYdifitiaisa,
adenovi ruses.and .g,den .assqci ated vjruses), which serve equival ent 20

o]

functions. ThE ! HET e‘i@ﬁ‘r@é@?‘iﬁt‘%&@@fl&a@lym‘s thewplasmidda thiegmostonpr i se a
nucl ei ¢ aci deg@hmohi Qtséd%ﬁﬁtof‘?%%ng hﬁoxﬁ&%ﬂ‘tﬁéﬁh&r&ﬂoﬁ i AenBEPIARILENR, the

nucleic acid in a host cell, ]
other forms of expression vectors, such as viral vectors (e, g., replication defective

retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent

20 functions.

| The recombinant expression vectors of the invention comprise a nucleic acid of

the invention in a form suitable for expression of the nucleic acid in a host cell, which
means that the recombinant expression vectors include one or more regulatory

| sequences, selected on the basis of the host cel_ls to be used for expression, which is

25  operatively linked to the nucleic acid sequence to be expressed. Within a recombinant
expression vector, “operably linked” is intended to mean that the nucleotide sequence of
interest is linked to the regulatory sequence(s) in a manner which allows for expression
of the nucleotide sequence (e.g., in an in vitro traﬁscription/translation system orin a
host cell when the vector is introduced into the host cell). The term “regulatory

30  sequence” is intended to include promoters, enhancers and other expression control
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for

example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185,



means that the reconbi nant expression vectors include one or nore

. regul atory sequences, selected on the basis of the host c@Q MAY 28e used
for expressy®pysy ch is 25 operatively linked to the nuclﬁﬁuﬁf/i_,,%sequence
to be expressed. Wthin a reconbinant expression vector, "operably |inked"
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sequences include those which direct constitutive expression o
"nucl eot i de Ssethabihe design pbthy exprpsionyectpmean depridonguch factoosas thshhokcedif tlect
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ti ssue-speci fIlu%:stergeelgﬁ);:ﬂaete(ga?:1 %/ggg%gg}r%gé%}??f)%ye\?\% IP? Sﬁém f)np(rlegg? a?lécgh‘ﬁjﬂ‘%‘hggﬁ
skilled in thexpagssiob vebtats dfftie idesitign cafbetihiwoducpd schastcal s Deredbfpradgpend on

such factors as,the choi.ce of the. host cell to he transforned, the |evel
of expressi onpr8iteubsr%tP§P€H&(§e]§f’lPé‘8§ fusioR nrefeims PRBQPUQFFE emé’gf)‘{ Bewjelsic gdds ar s of
the .inventi ofescabedifréin (¢ £ 0mMaRker profesaslantCths of Rark SH 6N RLQGWCE

proteins or peptides, including fusion proteins or peptides, encoded by
nucl ei ¢ aciPdsPRins)aa¢theike)- herein (e.g.,  marker proteins, rutant forns of

marker proteins, fugi fé@o&lﬁinaﬁt%kﬁﬂe&%n xﬁc@féﬁs}e&}ghé ' g&}éi n}g[r?bé & 4 Rgnt

expression vectors of the invention can esign esston of

mar ker pr ot ei eEpressioprofkzarkesprageing ingodaryotit or ewlaiyotic célisr Rex enapipds, nimekdrer
proteins can ' ' i.al cells such as E. li,. insect cells
(usi ng - bacul B R YRR anertel BbElebR ooif ek o Ao rord st sifibiptn ool 1 o

Sui t abl e host bamaldvirua exprassiodivectus gehst dells femammataestie] SuiGBRahoEXqRIIS g ON
Technol ogy. t hods, Ln, Enz ,ogy., 185, Academ c Press, San D ego, CA
(1990). Al'fer HSe1eH @Qh?rﬁa%é e fepressivrebedtunioex; Metbedsdn knp@nology

transcribed angh,Woaaehidtpesks) ShnDibgod CAf@DOMX AMRkRLYAY, e £éombifIRRpression
regul atory sequences and T7 pol ymerase. Expression of proteins in
prokar yot es | ¥eqiRySen be transcabed quddrapsleted i ‘@roder examiplanste Tkwrowotsr cont ai ni ng

constitutive &r]guja_{g;ygg IE&G%HME@- ngiaEé?Cti ng the expression of either

fusion or non-fusion protelns. n vectors add a nunber of am no acids
to a protein encobeptessinarafipmteinsingirdlsartotestinmosinifien ctreiedbuis Eotolf With

reconbi nank, pyQLg&k @ontéﬂ&@ c%x"fﬁf-h%e or inducible promoters directing the expression of either

fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: 1) to increase expression of recombinant protein;
2) to increase the solubility of the recombinant protein; and 3)to aid in the purification

25 of the recombinant protein bif acting as a ligand in affinity purification. Often, in fusion
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion
moiety and the recombinant protein to enable separation of the recombinant protein
from the fusion moiety subsequent to purification of the fusion protein. Such enzymes,
and their cognate recognition sequences, include Factor Xa, thrombin and enterokinase,

30 Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B.
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA)
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vector relies on host i ase‘transcrip rom rp-lac
fusi on prHhotRNA pTlymgpsase enssripticpfressi lyrifl tipriat fimiopfpforhoter] Vagétqgensel i es on

transcriptio T7 an1O- f Usi on ronot er, di at b coexpressed
viral RNA po%%?%é@?@&ﬁg .E-fGCTYﬁc OrFpieg on trags ?‘gg«gmi %f‘gﬁ’bﬁ}'ﬁ‘ééu%?ﬂ host

strains BL21@pBE)tepmedibid b?d(c%ﬁ)}esfsédwﬁ'aaRM?ﬂ%ras@ geThaNAQI I ng a T7
gnl gene under_the transcyiptional control of the |ac 5715 pronoter. One

strategy to WARTIEE it YeBlie! hiahpst HraneBl2 KRERertiMS 174DE3) disim 2 resident
express the bed Rarbéh ' | ' | L€ | o]
prot eol yti calplpci/ﬂc e%g%e@%%%%}eﬁgﬁﬁ tié)\ér %%g?xﬁpﬁ( t oé?ﬁ%ﬁftﬂ%%c% e
Expr essi ol T@MRIFHgYy: Methods in  Enzynol ogy 185, Acadenic Press, San

D ego, California - 12 her .20 strate i.s. o alter the

nucl ei ¢ acid sequednn(]:e?éq’%g%sg’t;L ﬂ?gm %’t‘%%z& @poglélfu&a"tt Brog@n F’f@gsg%loé‘dniéﬂf:?ﬁéﬁp eXpress

expr essi on vdixt motedvintatakt bdoteriandibvirivmhiredehpacity 1 mr&aﬂbﬁ@mgm%a@shﬁ are
those preferential I{ ut il téﬁgﬁﬁllﬂn FSe éol icﬁ‘}%V\ad_a et al., (1992) Nucleic

Aci ds Res. oGP pPinag l_i@ﬁe.m Moty Genedrrripsian decddnelogy Mededu@nces of the
i nvention caEnbpndlogy 1830 Aeatientty Pfosl/H4a Dego, California (1990) 119-128). Another

20 strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an

expression vector so that the individual codons for each amino acid are those
preferentially utilized in E. coli (Wada et al., (1992) Nucleic Acids Res. 20:2111-2118).
Such alteration of nucleic acid sequences of the invention can be carried out by standard
DNA synthesis techniques. '

25 In another embodiment, the marker protein expression vector is a yeast
expression vector. Examples of vectors for expression in yeast S. cerevisiae include
pYepSecl (Baldari, et al., (1987) Embo J. 6:229-234), pMFa (Kurjan and Herskowitz,
(1982) Cell 30:933-943), pJRY88 (Schultz et al., (1987) Gene 54:113-123), pYES2
(Invitrogen Corporation, San Diego, CA), and picZ (InVitrogen Corp, San Diego, CA).

30 Alternatively, marker proteins of the invention can be expressed in insect cells
using baculovirus expression vectors. Baculovirus vectors available for expression of

proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith ez al.



DNA synt hesis techni ques. 25 In anot her enbodi nent, the marker protein

. expression vector is a yeast expression vector. Exanples @0 wA¢t2085s for
expressi onwigoygast S. cerevisiae include pYepSecl (Bal daI;él ' /4%Ig,
(1987) Einbo J. 6:229-234), pMa (Kurj an and Herskow t z, i
30:933-943), pJRY88 (Schultz et al., (1987) Gene 54:113-123), pYES2
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reconbl nant manmali an’expression vectofr 1S

expr essi on of Hetber habéreiary, diild Spried Harbot Lﬂiot@toﬂy@r&sp@@lﬁls@ﬁhgﬂa%} gy pe
(e.qg., tissue; 9':8ge0|f|c regul atory elenments are used to express the nucleic
acid). Ti ssue- Specific regulatory el enents are known in the art.

Non-1imiting exanpinemother atbddiik, the t&&ﬂﬁnﬁﬂﬁﬁhﬁﬂxﬁhﬂ{ s@iroﬁ v 1Hde the
al bumn prom)ter er-specifi¢; Pinkert et al Genes

|
1: 268-277) ‘Hg Oéggﬁ%’&%ﬁmf eﬁ%t”&fr%ﬂC(%qt%ﬁreéwtaavma paiag)yr e type
Adv. . bnin noI , r e tor
(Whoto and ﬁaagf‘ e epelinh re R e TRl the duciC s BT RS ©
(Banerji et aqpeméiw%ylat@mqlemca@ are uopwoin t@a@nNandeahg empeaes(ofeﬁ&)ﬂeCel |

gf;r ZglaZgS??ud Hé’%ﬂ%g%)eﬁ bfer Wé t%gélé) rg@rom ll\rlleef\ysg)gglﬁc %’rl‘rlﬁ et Fal ot er.

( 1987) Genes Dev. 1: 26 8-277), lymphoid-specific promoters (Calame and Eaton (1988)

20 Adv. Immunol. 43:235-275), in particular promoters of T cell receptors (Winoto and
Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Banerji ez al. (1983) Cell
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter; Byme and Ruddle (1989) Proc. Natl. Acad. Sci. USA
86:5473-5477), pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916),

25 and mammary gland-specific promoteré (e.g., milk whey promoter; U.S. Patent No.
4,873,316 and European Application Publication No. 264,166). Developmentally-
regulated promoters are also encompassed, for example the murine hox prorﬁoters
(Kessel and Gruss (1990) Science 249:374-37 9) and the O-fetoprotein promoter
(Campes and Tilghman (1989) Genes Dev. 3:537-546).

30 The invention further provides a recombinant expression. vector comprising a

DNA molecule of the invention cloned into the expression vector in an antisense

orientation. That is, the DNA molecule is operatively linked to a regulatory sequence in
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the host cell's genome. The terns "host reconbi nan cell"
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20  or potential progeny of such a cell. Because certain modifications may occur in

succeeding 'generations due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but are still included within the
scope of the term as used herein.
A host cell can be any prokaryotic or eukaryotic cell. For example, é marker
- 25 protein of the invention can be expressed in bacterial cells such as E. col, insect cells,
yeast or mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells).
Other suitable host cells are known to those skilled in the art.
Vector DNA can be introduced into prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the terms
30 “transformation” and “transfection” are intended to refer to a variety of art-recognized
techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, including
calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated
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of the invention. In one embodiment, the method comprises culturing the host cell of
20 mvention (into which a recombinant expression vector encoding a marker protein has
been introduced) in a suitable medium such that a marker protein of the invention is
‘produced. In another embodiment, the method further comprises isolating a marker
protein from the medium or the host cell.
The host cells of the invention can also be used to produce non-human transgenic
25 animals. For example, in one embodirr;ent, ahost cell of the invention is a fertilized
oocyte or an embryonic stem cell into which marker-protein-coding sequences have
been introduced. Such host cells can then be used to create non-human transgenic
animals in which exogenous sequences encoding a marker protein of the invention have
been introduced into their genome or homologous recombinant animals in which
30 endogenous sequences encoding the ma1:ker proteins of the invention have been altered.
Such animals are useful for studying the function and/or activity of a marker protein and

for identifying and/or evaluating modulators of marker protein activity, As used herein,
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protein to particular cells. Methods for 20 genera ans ®ani mal s
via enbryo nBEHSEReats Eussneciicaegilaiprsequence(s)aan be opanbly linked to a

transgene to direct expression of a marker protein to particular cells. Methods for

20 generating transgenic animals vi_a embryo manipulation and microinjection, particularly
animals such as mice, have become conventional in the art and are described, for .
example, in U.S, Patent Nos. 4,736,866 a_nd 4,870,009, both by Leder ez al., U.S. Patent
No. 4,873,191 by Wagner ef al. and in Hogan, B., Manipulating the Mouse Embryo,
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar

25  methods are used for production of other transgenic animals. A trans genic founder
animal can be identified based upon the presence of a transgene of the invention in its
genome and/or expression of mRNA corresponding to a gene of the invention in tissues
or cells of the animals. A transgenic founder animal can then be used to breed

. additional animals carrying the transgene. Moreover, transgenic animals carrying a

30 transgene encoding a marker protein can further be bred to other transgenic animals

carrying other transgenes.
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endogenous gene. Typically, several kilobases of flanking DNA (both at the 5° and 3’

ends) are included in the homologous recombination nucleic acid molecule (see, e.g.,

Thomas, K.R. and Capecchi, M. R. (1987) Cell 51:503 for a description of homologous
recombination vectors). The homologous recombination nucleic acid molecule is

25 introduced into a cell, e.g., an embryonic stem cell line (e.g., by electroporation) and
cells in which the introduced gene has homologously recombined with the endogenous
gene are selected (see e.g., Li, E. et al. (1992) Cell 69:915). The selected cells can then
injected into a blastocyst of an animal (e.g., a mouse) to form aggregation chimeras (see
e.g., Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A Practical

30  Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) pp. 113-152). A chimeric embryo
can then be implahted into a suitable pseudopregnant female foster animal and the

embryo brought to term. Progeny harboring the homologously recombined DNA in
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20 Clones of the non-human transgenic animals described herein can also be
produced according to the methods described in Wihhut, L et al. (1997) Nature
385:810-813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669.

. Inbrief, a cell, e.g., a somatic cell, from the transgenic animal can be isolated and

induced to exit the growth cycle and enter Gy phase. The quiescent cell can then be

25 fused, e.g., through the use of eléctricallpulses, to an enucleated oocyte from an animal
of the same species from which the quiescent cell is isolated. The reconstructed oocyte
is then cultured such that it develops to morula or blastocyte and then transferred to
pseudopregnant female foster animal. The offspring borne of this female foster animal

will be a clone of the animal from which the cell, e.g., the somatic cell, is isolated.
30
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further include additional active agents. Thus, the invention further includes methods

20  for preparing a pharmaceutical composition by formulating a pharmaceutically
acceptable carrier with an agent which modulates expression or activity of a polypeptide
or nucleic acid corresponding to a marker of the invention and one or more additional
active compounds.
| The invention also provides methods (also referred to herein as “screening

25 assays’) for identifying modulators, 7. e.", candidate or test compounds or agents (e.g.,
peptides, peptidomimetics, peptoids, small molecules or other drugs) which (a) bind to
the marker, or (b) have a modulatory (e.g., stimulatory or inhibitory) effect on the
activity of the marker or, more specifically, (c) have a modulatory effect on the
interactions of the marker with one or more of its natural substrates (e.g., peptide,

30  protein, hormone, co-factor, or nucleic acid), or (d) have a modulatory effect on the
expression of the marker. Such assays typically comprise a reaction between the marker

and one or more assay components. The other components may be either the test
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20 A pharmaceutical composition of the invention is formulated to be compatible
~ with its intended route of administration. Examples of routes of adminis'tration' include

parenteral, e.g., intravenous, intradermal, subcuténeous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions
used for parenteral, intradermal, or subcutaneous application can include the following

25  components: a sterile diluent such as water for inj ection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of

30 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases,

such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be
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absor pti on, fimtonic agents, for example sugars, polyalcohols such as manitol, sorbitol, sodium

20  chloride in the composition. Prolonged absorption of the injectable comf)ositions can be
brought about by including in the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active
compound (e.g., a fragment of a marker protein or an anti-marker protein antibody) in

25  the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions
are prepared by incorporating the active compound into a sterile vehicle which contains
a basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions,

30  the preferred methods of preparation are vacuum drying and freeze-drying which yields .
a powder of the active ingredient plus any additional desired mgredlent froma

previously sterile-filtered solution thereof.,
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20 permeated are used in the formulation. Such penetrants are generally known in the art,

and include, for example, for transmucosal administration, detergents, bile salts, and

fusidic acid derivatives. Transmucosal administration can be accomplished through the

use of nasal sprays or suppositories. For transdermal administration, the active

compounds are formulated into ointments, salves, gels, or creams as generally known in
25 theart.

The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will

30 protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems.

Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
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determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose
20 therapeutically effec_tlve in 50% of the population). The dose ratio between toxic and

therapeutic effects is the therapeutic index and it can be expressed as the ratio

LD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While
compounds that exhibit toxic side effects may be used, care should be taken to designa
delivery system that targets such compounds to the site of affected tissue in order to

25  minimize potential damage to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans, The dosage of such compounds lies
preferably within a range of circulating concentrations that include the ED50 with little
or no toxicity. The dosage may vary within this range depending upon the dosage form

30 employed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initiallty

from cell culture assays. A dose may be formnlated in animal models to achieve a
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20 Conputer readabl e nmedia conprising a nar S) of the present invention
is also provided. As used herein, "conputer readable nmedia" includes a

medi um that gagoRfiuter Readable Means and Arrays

20 Computer readable media comprising a marker(s) of the present invention is also

provided. As used herein, “computer readable media” includes a medium that can be
read and accessed directly by a cbmputer. Such media include, but are not limited to:
magnetic storage media, such as floppy discs, hard disc storage medium, and magnetic
tape; optical storage media such as CD-ROM; electrical storage media such as RAM and
25 ROM; and hybrids of these categories such as magnetic/optical storage media. The
skilled artisan will readily appreciate how any of the presently known computer readable
mediums can be used to create a manufacture comprising computer readable medinm
having recorded thereon a marker of the present invention.
As used herein, “recorded” includes a process for storing informationon -
30 computer readable medium. Those skilled in tile art can readily adopt any of the
presently known methods for recording information on computer readable medium to

generate manufactures comprising the markers of the present invention.
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allows a profile to be devel oped
In one embodiment, the array can be used to assay gene expression in a tissue to

Ons©O

20  ascertain tissue specificity of genes in the array, In this manner, up to about 8600 genes
can be simultaneously assayed for expression. This allows. aprofile to be developéd
showing a battery of genes specifically expressed in one or more tissues.

In addition to such qualitative determination, the invention.allows the
quantitation of gene expression. Thus, not only tissue specificity, but also the level of

25  expression of a battery of genes in the tissue is ascertainable. Thus, genes can be
grouped on the basis of their tissue expression per se and level of expression in that
tissue. This is useful, for examplé, in ascertaining the relationship of gene expression
between or among tissues. Thus, one tissue can be perturbed and the effect on gene
expression in a second tissue can be determined. In this context, the effect of one cell

30 type on another cell type in response to a biological stimulus can be determined. Such a
determination is useful, for example, to know the effect of cell-cell interaction at the

level of gene expression. Ifan agent is administered therapeutically to treat one cell
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for diagnosis or ther aIPeut ic . intervention. 20 VI. Predict
more genes in normal and diseased cells. This provides a battery of genes that could

N

serve as a molecular target for diagnosis or therapeutic intervention.
20

VI. Predictive Medicine

The present invention pertains.to the field of predictive medicine in which
diagnostic assays, prognostic assays, pharmacogenetics and monitoring clinical trials are
used for prognostic (predictive) purposes to thereby treat an individual prophylactically.

25 Accordingly, one aspect of the present irivention relates to diagnostic assays for
determining marker protein and/or nucleic acid expression as well as marker protein
activity, in the context of a biological sample (e.g., blood, serum, cells, tissue) to thereby
determine whether an individual is afflicted with a disease or disorder, or is at risk of
developing a disorder, associated with increased or decreased marker protein expression

30 oractivity. The invention also provides for prognostic (or predictive) assays for
determining whether an individual is at risk of developing a disorder associated with

marker protein, nucleic acid expression or activity. For example, the number of copies
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can be. polyclonal, or nore preferably, ronoclo | ntact aﬁ'iclubody, or
a fragnent t her'eofA preferred agent for detecting marker protein is an antibody capable of binding

20 to marker protein, preferably an antibody with a detectable label. Antibodies can be

polyclonal, or more preferably, monoclonal. An intact antibody, or a fragment thereof

(e.g., Fab or F(ab’)7) can be used. The term “labeled”, with regard to the probe or

antibody, is intended to encompass direct labeling of the probe or antibody by coupling
(¢.e., physically linking) a detectable substance to the probe or antibody, as well as

25  indirect labeling of the probe or antibocfy by reactivity with another reagent that is
directly labeled. Examples of indirect labeling include detection of a primary antibody
using a fluorescently labeled secondary antibody and end-labeling of a DNA probe with
biotin such that it can be detected with fluorescently labeled streptavidin, The term
“biological sample” is intended to include tissues, cells and biological fluids isolated

30 from a subject, as well as tissues, cells and fluids present within a subject. That is, the
detection method of the invention can be used to detect marker mRNA, protein, or

genomic DNA in a biological sample in vitro as well as in vivo. For example, in vitro



(e.g., Fab or F(ab')2) can be used. The term"l abeled", with regard to the
. probe or antibody, is |ntended to enconpass direct Iabeling @% tz% pr obe
or anti bodﬁ, Oéﬁg‘ﬁm ing: (i.e., physically linking) a deteCta bst ance
to the pro f ti body, as wel | as 25 indirect |abeling RET/USMAB9Sbe or
antibody by reactivity with another reagent that is directly Iabeled.
Exarrpl es of indirect |abeling include detection of a primary anti body
‘using a fluorescently |abel ed secondary afZrbody and end-1abeling of a DNA
- probe with biotin such that it can be detected with fluorescently |abeled
‘st rept avi di n.teqtréques fondeteptien ofgharker mBMNA wrcluds Northandhgbh'xdmatmme hnwlﬁz difussues,
cells and bi ect as tissues,
cells and fl EI}%QH&?Ié%IIeSnIf h gm&toﬁ?%'ll a %QBO% Iecpofh& Eér Rrpfgin IB‘éIP ‘E?Wﬁlenet hod

of the inventlinked azmnuhesodmadas‘saysc(ELEAs),ﬁmektefn BB AmnRinehREMitains a§NoOM C
l e i itro @s well as in vivo. For exanple, in

DNA in a biol.ogica
vitro 2 0 MAY n%@ﬁ"@ pd 1’7”?@??@5@‘19312%%3011912 of markar ganemi¢ BNAdimchudei on
of marker SIRWyutigh Hﬁﬁld\ﬁhbﬁse rmnIB&'%dré'zﬁ%Jo%b‘}m?qggs P a8iblbn cIe} bry di zati ons.

In vitro techniques for detection of marker prot | i nked
i munosor bentPre§ipeludeintraducing ipgosa erbjechi @bsledlammmlparamlhmdyatﬂoﬁéb&:@]@l

I munof | Uorestﬁ@ﬁﬁﬁrodggaﬁ’ﬁ 0L EGRA1, 3%“???1 QL 38t erw B%nwggep%ﬂﬁelafpg@nom c DNA

i nclude 5 Sout hern zations. Dfiya
det ecti on of Sn’ejektsxanbpldaﬂeeiedlbymahdaiéxmagm@wdmu sinto’a subject a |abel ed

anti-marker antib the anti pody can be |labeled with a

radi oactive mar kelcin&ﬂ% I’%‘ﬁ’é@ﬁ'ﬁh‘@%ﬂﬂ%ﬂéﬁ?‘? opiiging Pr§%1%?°%ﬁmthe

detected by stasased. AMREanvely, B8 BiotiEm] i cal
Sats] afigely, sdlﬁbleeﬁl@o@_ ﬁ]ug@‘v]&] (K o I‘%ﬁ‘{’ 3&

sanpl e contai ns protein nol ecules fromth 10 tes Vel Y,
t he bi ol ogi caIFSt§‘éIHfﬁt@f genonse PN moferniss i&\omaﬂmlt@ESWJeotnAnmefeﬁaismolsgi@alect or

DNA A f d I I I
o2 e o semp S IAShSh o5 Rl cnd pRR RS uBlsFect T ant bt

IS a serum sanpl e | SO at e | n anot her
enbodi nent, the ménkueiberfemboldiment, rth@inc&xodbﬁmhﬂr ingolee 6BtaIniY a cdabrel 0gi cal

sanple (e.g. r e cancer froma control subject, 15 .
cont acti ng { ol c@n@ Sg’?ﬁ)ga(ﬁ’& EOII\'PI‘I‘I e%a(?ﬁ?}'cﬁr}ﬂﬁs%?l’lﬁgf@?ﬁae swbiest. det ect i ng
mar ker  piot. e:bntacﬂﬂf@%e cﬁlttrogeﬂﬁ;ﬂb iAW eonspéuhd bf‘z?éenf &ﬁalﬁé 688 Q&ng{x)xreﬂﬂrker

protein, nMRNA or. I s _detected in bi ol ogi cal sa
conparing t h@™PFs d’FgBWRPrN*?)f%‘PIéIh@“hWeW of areolr praviia, mRNher
cont ol Samplgenihid DIYASs BN ESENETOiol R Blngl AL bihyp AR O, ASAOLRI © DNA

in the test sa 20 The invention also e asse n&%? cting
the presence W ?ﬁﬂr‘kfém MRNA Obgqmpm@BNAmathpbmqum;ﬂ«wuhltbaprbshﬁcé(bit can

conprise a | %P&k&%&%?&% 8f geﬂggﬂé DNA in the test sample.

20 | The invention also encompasses kits for detecting the presence of marker in a

biological sample. For example, the kit can comprise a labeled compound or agent
capable of detecting marker protein or mRNA in a biological sample; means for
determining the amount of marker in the sample; and means for comparizig the amount
of marker in the sample with a standard. The compound or agent can be packaged in a

25  suitable container. The kit can further comprise instructions for usmg the kit to detect

marker protein or nucleic acid.

2. Prognostic Assays

The diagnostic methods described herein can furthermore be utilized to identify
30  subjects having or at risk of developing a disease or disorder associated with aberrant
marker expression or activity. Asused herein, the term “aberrant” includes a marker

expression or activity which deviates from the wild type marker expression or activity.
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sanpl e can b#r a subject having or at risk of developmg a disease or disorder associated with

20 aberrant marker expression or activity. As used herein, a “test sample” includes a
biological sample obtained from a subject of interest. For example, a test sample can be
a biological fluid (e.g., blood), cell sample, or tissue (e.g., skin).

Furthermore, the prognostic assays described herein can be used to determine
whether a subject can be administered an agent (e.g., an agonist, antagonist,

25 peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate)
to treat a disease or disorder associated with increased or decreased marker expression
or activity. For example, such methods can be used to determine whether a sﬁbject can
be effectively treated with an agent for a disorder such as prostate cancer. Thus, the
present invention provides methods for determining whether a subject can be effectively

30 treated with an agent for a disorder associated with increased or decreased marker
expression or activity in which a test sample is obtained and marker protein or nucleic

acid expression or activity is detected (e.g., wherein the abundance of marker protein or



a biological fluid (e.g., blood), cell sanple, or tissue (e.g., skin).
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20  there are a large number of assays known in the art which can be used for detecting

alterations .in a marker gene. A preferred biological sample is a tissue [(e.g., skin)] or
blood sample isolated by conventional means from a subject,

. In certain embodiments, detection of the alteration involves the use of a
probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos.

25 4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a
ligation chain reaction (LCR) (see, e.g., Landegran et al. (1988) Science 241:1077-1080;
and Nakazawa et al. (1994) Proc. Natl. Acad, Sci. US4 91 :360-364), the lat:er of which
can be particularly useful for detecting point mutations in the marker-gene (see
Abravaya et al. (1995) Nucleic Acids Res .23:675-682). This method can include the

30 steps of collecting a sample of cells from a subject, isolating nucleic acid (e.g., genomic,
mRNA or both) from the cells of the sample, contacting the nucleic acid sample with

one or more primers which specifically hybridize to a marker gene under conditions
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20  specific ribozymes (see, for example, U.S. Patent No. 5,498,53 1) can be used to score

for the presence of specific mutations by development or loss of a ribozyme cleavage
site,

In other embodiments, genetic mutations in a marker gene or a gene encoding a
marker protein of the invention can be identified by hybridizing é sample and control
2 nucleic acids, e.g., DNA or RNA, to Méh density arrays contz;ining,hundre'ds or
thousands of oligonucleotides probes (Cronin, M.T. et al. (1996) Human Mutation 7:
244-255; Kozal, MLJ. et al. (1996) Nature Médicz'ne 2:753-759). For example, genetic
mutations in marker can be identified in two dimensional arrays containing light-
generated DNA probes as described in Cronin, M.T. ez al. supra. Briefly, a first
30  hybridization array of probes can be used to scan through long stretches of DNA in a
sample and control to identify base changes between the sequences by making linear

arrays of sequential overlapping probes. This step allows the identification of point
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()

cher methods for detecting mutations in the marker gene or gene encoding a
marker protein of the invention include methods in which protection from cleavage
agents is used to detect mismatched bases in RNA/RNA or RNA/DNA heteroduplexes

20 (Myers et al. (1985) Science 230:1242). In general, the art technique of “mismatch
cleavage” starts by providing heteroduplexes of formed by hybridizing (labeled) RNA or
DNA containing the wild-type marker sequence with potentially mutant RNA or DNA
obtained from a tissue sample. The double-stranded duplexes are treated with an agent
which cleaves single-stranded regions of the duplex such as which will exist due to

25  basepair mismatches between the control and sample strands. For instance, RNA/DNA
duplexes can be treated with RNase and DNA/DNA hybrids treated with S1 nuclease to
enzymatically digesting the mismatched regions. In other embodiments, either |
DNA/DNA or RNA/DNA duplexes can be treated with hydroxylamine or osmium
tetroxide and with piperidine in order to digest mismatched regions. After digestion of

30  the mismatched regions, the resulting material is then separated by size on denaturing
polyacrylamide gels to determine the site of mutation. See, for example, Cotton e al,
(1988) Proc. Natl Acad Sci USA 85:4397; Saleeba ef al. (1992) J\leﬂzods Enzymol,
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Res 285:125-144; and Hayashi (1992) Genet. Anal. Tech. Appl. 9:73-79). Single-

20 stranded DNA fragments of sample and control marker nucleic acids will be denatured
and allowed to renature. The secondary structure of single-stranded nucleic acids varies
according to sequence, the resulting alteration in electrophoretic mobility enables the
detection of even a single base change. The DNA fragments may be labeled or detected
with labeled probes. The sensitivity of the assay may be enhanced by using RNA

25  (rather than DNA), in which the second;u'y structure is more sensitive to a change in '
sequence. In a preferred embodiment, the subject method utilizes heteroduplex analysis
to separate double stranded heteroduplex molecules on the basis of changes in
electrophoretic mobility (Keen et al. (1991) Trends Genet 7:5).

In yet another embodiment the movement of mutant or wild-type fragments in

30  polyacrylamide gels containing a gradient of denaturant is assayed using denaturing
gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature 313:495). When
DGGE is used as the method of analysis, DNA will be modified to insure that it does not
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20 reduce polymerase extension (Prossner (1993) Tibtech 11:238). In addition it may be
desirable to introduce a novel restriction site in the region of the mutation to create
cleavage-based detection (Gasparini et al. (1992) Mol. Cell Probes 6:1). It is anticipated
that in certain embodiments amplification may also be performed using Taq ligase for
amplification (Barany (1991) Proc. Natl. Acad. Sci USA 88:189). In such cases, ligation
25 will occur only if there is a perfect match at the 3’ end of the 5* sequence making it

possible to detect the presence of a known mutation at a specific site by looking for the

presence or absence of amplification.

The methods described herein may be performed, for example, by utilizing pre-
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent
30  described herein, which may be conveniently used, e.g., in clinical settings to diagnose

subjects exhibiting symptoms or family history of a disease or ijllness involving a marker
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particular cell. For exanple, and not by way I mtat , geénes,
i ncl udi ng mageEs cngefidg agagtker protein of the invention, that are modulated in cells by

20 treatment with an agent (e.g., compound, drug or small molecule) which modulates

marker activity (e.g., identified in a screening assay as described herein) can be
identified. Thus, to study the effect of agents on marker-associated disorders (e. 2
prostate cancer), for example, in a clinical trial, cells can be isolated and RNA prepared
and analyzed for the levels of expression of marker and other genes implicated in the

25 marker-associated disorder, respectively. The levels of gene expression (e.g., a gene
expression pattern) can be quailtiﬁed by northern blot analysis or RT-PCR, as described
herein, or alternatively by measuring the amount of protein produced, by one of the
methods as described herein, or by measuring the levels of activity of marker or other
genes. In this way, the gene expression pattern can serve as a marker, indicative of the

30 physiological response of the cells to the agent. Accordingly, this response state may be

determined before, and af various points during treatment of the individual with the
agent.
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4, Methods of Treatment:

The present invention provides for both prophylactic and therapeutic methods of
treating a subject at risk for (or susceptible to) a disorder or having a disorder associated
with aberrant marker expression or activity. With regards to both prophylactic and

25  therapeutic methods of treatment, such treatments may be specifically tailored or
modified, based on knowledge obtained from the field of pharmacogenomics.
“Pharmacogenomics”, as used herein, includes the application of genomics technologies
such as gene sequencing, statistical genetics, and gene expression analysis to drugs in
clinical development and on the market. More specifically, the term refers the study of

30 how a subject’s genes determine his or her response to a drug (e.g., a subject’s “drug
response phenotype”, or “drug response genotype”.) Thus, another aspect of the

invention provides methods for tailoring an individual’s prophylactic or therapeutic
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invention. or nark&r  nhdphaddic Makeder di ng to that individual's drug '
response genotype._ Pharnmacogenom cs allows a clinicisan or physician to
target prophyl act i® 9 asnesh YQDEOI@P@X%%?W@WfOIsmBY@QUSIW@bwaIa m)st

benefit f d |
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dlagnostlc or prognostic assays as descri bed herein on of a
prophyl act!f ¢ 2B5ILHGBACCWPaiop E-the mapifestation of sianptems tlessacieristin of)ihe sl;ffm&mm;

characteri stiga®er fBRudlilf&EBAL dul that a disease or disorder is prevented or,-alternatively,

delayed in its progression. Depending on the type of marker aberrancy (e.g., increase or

decrease in expression level), for example, a marker protein, marker protein agonist or
marker protein antagonist agent can be used for treating the subject. The appropriate

20  agent can be determined based on screening assays described herein.

6. Therapeutic Methods

Another aspect of the invention pertains to methods of modulating marker
protein expression or activity for therapeutic purposes. Accordingly, in an exemplary
25 embodiment, the modulatory method of the inveﬁtion involves contacting a cell with a
marker protein or agent that modulates one or more of the activities of a marker protein
activity associated with the cell. An agent that modulates marker protein activity can be
an agent as described herein, such as a nucleic acid or a protein, a naturally-occurring
target molecule of a marker protejn (e.g., a marker protein substrate), a marker protein
30 antibody, a marker protein agonist or antagonist, a peptidomimetic of a marker protein
agonist or antagonist, or other small molecule. In one embodiment, the agent stimulates

one or more marker protein activities. Examples of such stimulatory agents include
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protein actiWi © Jeufupippsdn whichy 3 markergm dowrregiateth andVokiarwhich increased

marker protein activity is likely to have a beneficial effect. Likewise, inhibition of

20 marker protein activity is desirable in situations in which marker protein is abnormally
upregulated and/or in which decreased marker protein activity is likely to have a
beneficial effect.

7. Pharmacogenomics

25 The marker protein and nucleic acid molecules of the present invention, as well
as agents, or modulators which have a stimulatory or inhibitory effect on'marker protein
activity (e.g., marker gene expression) as identified by a screening assay described
herein can be administered to individuals to treat (prophylactically or therapeutically)
marker-associated disorders (e.g., prostate cancer) assoéiated with aberrant marker

30  protein activity. In conjunction with such treétment, pharmacogenomics (i.e., the study
of the relationship between an individual’s genotype and that individual’s response to a

foreign compound or drug) may be considered. Differences in metabolism of
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fava beans.

20 One pharmacogenomics approach to identifying genes that predict drug
response, known as “a genon_le-Wide association”, relies primarily on a high-resolution |
map of the human genome consisting of already known gene-related markers (e.g., a
“bi-allelic” gene marker map which consists of 60,000-100,000 polymorphic or variable
sites on the human genome, each of which has two variants.) Such a high-resolution

25 genetic map can be compared to a ﬁap ’of the genome of each of a statistically
significant number of subjects taking part in a Phase II/III drug trial to identify markers
associated with a particular observed drug response or side effect. Alternatively, such a
high resolution map can be generated from a combination of some ten-million known

. single nucleotide polymorphisms (SNPs) in the human genome. As used herein, a

30 “SNP” is a common alteration that occurs in a single nucleotide base in a stretch of

DNA. For example, a SNP may occur once per every 1000 bases of DNA. A SNP may

be involved in a disease process, however, the vast majority may not be disease-
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I\l-acetyltrans%%r ascggez}oé%l]\?@T 15 2) and, cytochrone P450 enzynmes CYP2 and

CYP2CI 9) has SR W%P?%PE‘FS&W in'two phenotypes in the population, the extensive
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among

20  different populations. For example, the gene coding for CYP2D6 is hi ghly polymorphic

and several mutations have been identified in PM, which all lead to the absence of

functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite frequently
experience exaggerated drug response and side effects when they receive standard
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic

25 response, as demonstrated for the analgesic effect of codeine mediated by its CYP2D6-
formed metabolite morphine. The other extreme are the so called ultra-rapid
metabolizers who do not respond to standard doses. Recently, the molecular basis of
ultra-rapid metabolism has been identified to be due to CYP2D6 gene ampliﬁ.cation.

Alternatively, a method termed the “gene expression profiling”, can be utilized
30 toidentify genes that predict drug response, For example, the gene expression of an

animal dosed with a drug (e.g., 2 marker molecule or marker modulator of the present
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nodul at or identified by one of the exg%l\gﬁ‘rﬂsscr eeni ng assays descri bed
herein. 10 Thigansle@nUdéntificatibn ahd SharaklebiBhtich 6th MarkhiecHRA owi ng exanpl es
whi ch should not be construed as limting. The contents of all references,
patents ant gidVetdwdsandMaterialspp) i cations cited throughoit this
application, @feejupiRerated herein by reference. EXAMPLES Exanple 1:

I dentification and characterization of a Marker cDNA 15 (i) Methods and
Mat eri al s Human prostatic cancer cell lines LNCaP, DU-145, PC-3, and Tsu-prl were

obtained from ATCC. LNCaP cancer cells were maintained in humidified atmosphere

of 5% CO; in air in RPMI 1640 medium supplemented with 10% fetal calf serum (Life
20 Technologies, Inc, Rockville, MD), 3 mM L-glutamine, 100 pg/ml streptomycin and
100 units/ml penicillin. Other lines were maintained in DMEM containing 3 mM L-
glutamine, 100 pg/ml streptomycin, 100 units/ml penicillin, and 10% FCS in
humidified atmosphere of 5% CO,. To examine the effects of steroids, cells were
cultured in RPMI 1640 medium containing 5% FCS treated with dextran coated
25 charcoal (Hyclone, Logan, Utah) for i4 hs before treatment. Cells were grown in the
absence or presence of 10 nM DHT for 0, 2, 4, 6, 12, 24, 48, and 72 hs. They were
collected and frozen at each time point. Two hundred pl of medium were collected from

each flask for PSA assay.

30 () Cell Growth Assays

To verify the effect of DHT on the growth of INCaP cells, cells at 3,000
cells/well were plated in 96-well plates for 24 hs before treatment with DHT. After 72
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15 i nstruti On ?’(ﬁ’}l RNA extraction and preparation

(d) RNA extraction and Dreparation
Total RNA was isolated from LNCaP cells using the Qiagen Rneasy Midi Kit
followipg the manufacturer’s recommendations. For polyA (+) selection, the Promega
20  PolyATract kit was used according to manufacturer’s procedures. Briefly, LNCaP cells
were collected by centrifugation and the RNA isolated using the buffers and
recommended procedures from the Qiagen kit. Following RNA extraction, all samples
were frozen at -80°C. One microgram of poly A(+) RNA was used as template for
synthesis of double-stranded cDNA using the GibcoBRL ¢cDNA synthesis kit, with an
25  oligo dT primer incorporating a T7 RNA polymerase promoter (10 minutes at 70°C for
priming, 65 minutes at 37°C for first strand synthesis with Superscript I RT, followed
by 150 min at 15.8°C for second strand synthesis with E. cols ligase, E. coli polymerase,
and RNAse H). The double-stranded cDNA was purified by Solid Phase Reversible
Immobilization (SPRI) using the methods described by De Angelis et al. using
30 Perseptives paramagnetic beads (See, De Angelis et al. (1995) Mic. Acid Res. 23: 4742-
4743.) Approximately 50 ng of double-stranded cDNA was used as template for in
vitro transcription to make labeled cRNA (16 hours at 37°C, 'Epicenter T7 RNA
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control, and biotinylated control oligo 948 (for chip quality control). DEPC-water was

added to bring the volume to 200 pl. Prior to hybridization, the hybridization cocktails

20 were heated to 99°C for 10 minutes, and then 37°C for an additional 10 minutes before
loading into Hu6800FL arrays (Affymetrix GeneChips™). The Hu6800F1 array is
comprised of 6800 known full-length genes, aboﬁt 250,000 25-mer oligonucleotide
probes with 20 probe pairs per gene. Array hybridization proceeded overnight at 45°C
with 50 rpm. Following hybridization, the arrays were washed and stained using the

25 manufacturer’s recommendations and procedures. (Affymetrix Expression Analysis
Technical Manual). Non-stringent wash buffer (20X SSPE, 1.0ml of 10% Tween 20,
and water) at 25°C, and stringent wash buffer (20X SSPE, 5M NaCl, 10% Tween 20,
and watér) at 50°C were used for the wash steps. The arrays were then stained with
strepavidin-conjugated phycoerythrin (SAPE, Molecular Probes), followed by

. 30  biotinylated anti-strepavidin and a second round of SAPE for signal amplification at 25

°C. Each Stain. step was done for 10 minutes. All arrays were then scanned using the
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this p-value criterion. Average frequencies obtained for each gene were then

20  standardized across all samples to have a mean of zero and a standard deviation of one.

A modified version of the original self-organizing map (SOM) algorithm developed by

Kohonen et al (Self-Organizing Maps, Second Extended Edition edition, Vol. 30. NeW

York, 1997), created using the MATLAB toolbox, was then applied to the standardized

expression values to generate a 6 by 6 matrix of 36 clusters (Tamayo et al. (1999) Proc.

25  Natl. Acad. Sci. USA. 96: 2907-2912). Several public databases such as Genecards and

. Swiss-Prot were used for geme amnotation (See e.g., Rebhan et al. GeneCards:

- encyclopedia for genes, proteins and diseases. Weizmann Institute of Science,

Bioinformatics Unit and Genome Center (Rehovot, Isracl), 1997. World Wide Web

URL: http://bioinfo,weizmann.ac.il/cards, and Appel et al. (1994).A new generation of

30 information retrieval tools for biologists: the example of -the ExPASy WWW

server.Trends  Biochem.  Sci.  19:258-260 World Wide Web  URL:
http://www.expasy.ch/sprot/).
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subsequent quasmpEtaat ITONGOL{1 Y @riktldAs ¢oinl hﬁm@éxﬁﬂﬁé@QpM) and RNA (50ng)],

following manufacturer’s recommendations. In addition, GAPDH control samples for

standard curve generation and subsequent quentitaﬁon of sample RNA can be prepared.
20  Primers and probe for GAPDH were included in the kit (GAPDH forward'aﬁd reverse
primers 10uM, GAPDH probe 5 pM). B-actin can also be used for standard curve
generation, and dilutions can be made for both genes that ranged from 5 X 10° copies to
5 X 10! copies. The assay can be performed on a Perkin-Elmer/Applied Biosystems
7700 Prism, and the PCR cycling parameters can be chosen based on the manufacturer’s

25 recommendations. RNA of samples can be normalized to GAPDH and B-actin and

quantified.

(h) Western Blot Analysis
To demonstrate that the protein production of ID (e.g., ID-1 and/or ID-3) can be
30 regulated by androgen, Western blot analysis can be performed. For Western blot
analysis, LNCaP cells can be plated in 6-well plate at 1 x 105 cells/well in charcoal

stripped serum containing medijum, Cells can be treated with a suitable amount of
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detected by Nas! nced .chem | um nesdence detection syste

(i) Tissue M Croar F%c%o%%@frrlﬁ%ﬁ%ﬁg‘ﬁtﬁgu%ﬁﬁﬁ@i@“T@-To i nvestigate the role
of ID, e.g., ID1 or ID3 in solid tunors, tissue mcroarray analysis can
be perforned Jul tiple hunpn normal (i.e., control sanples) and prostate.
di seased spegﬁg‘ésﬁgeW’i"ﬁffﬂ?’@f’s’f"fﬁf‘.")‘.“"ﬂeﬂ’ﬁ"b(ﬁlsng fixation in 10% neutr al
buf f er ed 15f or mal i Mo ihveaaEIRSHE Ml BETS S £CHR L nd placed in a
processi ng cassette. Theglﬁcassette p’an°iﬁﬁoﬁlt%ggggﬁ%ld%%g@’gimﬁmﬁﬁﬁet
on a Shandonmﬁl}.’ﬁ_ﬁ erheqerormedsenmubliplednueaaswomal (e ytontil sdepléd) sRdprosal) be
exposed 10 aqfeise® IpAmi(ERhGnRY She. lg‘cﬁlor\}v%lgr fixation in 10% neutral buffered

formalin, tissues can be selected, trimmed, and placed in a processing cassette. The

cassette can then placed in a processing basket on a Shandon Hypercenter™ tissue

20  processor in which the tissues can be exposed to a series of buffers over a 16 hour
processing cycle (10% Neutral Buffered formalin, 70%, 95%, 100% ethanol, xylene,
and melted paraffin embedding media). All steps should be carried out under vacuum at
40°C except for the paraffin steps which should be at 58°C. Following processing, the
tissues can be removed from the casseites and embedded in paraffin blocks. The

25  resulting blocks can be sectioned at5 pin and mounted on glass slides. The slides can
be heated at 58°C for 30 minutes prior to staining. Antibody a.-ID (e.g., anti-ID-1 or
anti-ID-3) can be titred to a suitable dilution, e.g., 1:150 dilution using DAKO®
Antibody Diluent, Staining of test specimen can be performed employing HIER in pH
6.0 citrate buffer with no pretreatment. Tissues can then be stained using the Ventana

30 ES® Automated Immunohistochemistry Stainer, involving the use of a standard indirset
immunoperoxidase protocol with 3,3’-diaminobenzidine as a chromagen. Grading of

the immunohistochemical staining is based on the intensity of the cytoplasmic staining
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serum can be added and cells treated with indicated chemicals for additional 24 hours

before being harvested. !

20
(%) Luciferase Assay
' Luciferase activity can be determined using Promega's Steady-Glo Luciferase
Assay System. Briefly, after 24 hours of treatment, cells can be harvested by scraping in
Iml of PBS. A suitable amount of protein, e.g., 5 pg from each sample in a total of 100
25 pl PBS can be mixed with 100 pl of Stable-Glo reagent (Promcge;,), and luminescence

can be determined in a luminometer (Wallac, 1450 MicroBeth Counter) after 5 min.

(ti)) Resnlts

30 DHT stimulates the growth of LNCaP cells and PSA production
LNCaP cells are widely used as tumor models because they maintain

responsiveness to androgen (Horoszewicz et al. (1983).Cancer Res 43: 1809-1818). For
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t he general gg e4sBaf or sanple preparation, hybridization, and 20

anal ysis and the details of hybridization are described in section (e). To

obtain réfiable data, total RNA was prepared in duplicate fromLNCaP cells

treated or n@fené@hwﬂ'ﬂw}_dizaﬁon dnd Analysis

Affymetrix Genechip™ technology was used to monitor the expréssion of about

- 6000 full-length human genes in response to a natural androgen DHT in LNCaP cells.
Fig. 2 illustrates the general scheme used for sample preparation, hybridization, and

20 analysis and the details of hybridization are described in section (€). To obtain reliable
data, total RNA was prepared in duplicate from LNCaP cells treated or not with DHT

for 0, 2, 4, 6, 12, 24, 48, and 72 hs as described in section (d). CRNAs were prepared

and hybridized also in duplicate to Affymetrix chips. Therefore a set of biological
replicates ‘for a total of 30 samples were generated for each experiment to ensure

25  reproducibility. Only those genes that W'ere called “present” in either the baseline or the
experiment in at least one time point and in either replicate passed the initial data

- reduction filter. Out of about 6000 genes represented on the chip, 4491 passed this
initial filter (75%).

30  Statistical Analysis of Replicates

To assess reproducibility, the coefficient of variation (CV) to the mean

frequencies of two replicates at each time point were compared. The results showed that
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Cl assification of Expression Profiles using Self-Organizing Maps For rapid
classification and to understand the potential function of candidate

genes, expr dbgiid ClpsificatiasofExprasion Wrofilen asing Self©rcanibing Megps at ed by

andr ogen and/ or i nteraction between androgen and tinme by ANOVA anal ysis
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genes found thensen o€ gisl vtededteqratyousyschittiieds, aBA the standard deviation equal to
one. Based on standardized mRNA frequencies for each gene, a 6 by 6 matrix of 36

clusters was generated and visualized.
20
Identification of Androgen-regulated genes
For rapid classification and to understand the potential function of candidate
genes, expression profiles of the 705 genes found to be regulated by androgen and/or an
interaction between androgen and time by ANOVA analysis were clustered using an
25 adaptation of the self-organizing ma'I; (SOM) algorithm developed by Kohonen and
Tamayo et al. (Supra). The results showed that Cluster (1,1) included genes that shared
a similar pattern of induced expression upon androgen treatment, while cluster (6, 6)
included genes that had a pattern of repressed expression upon androgen treatment.
Genes that are induced in response to androgen clustered together in Cluster (1,1) and
30 included prostate specific antigen (PSA), the most widely used 'diagnostic marker for
prostate cancer. Elevated PSA levels are often detected when cancer is present. In

response to androgen treatment, PSA expression (Pyeatment = 0.0000, Ptime =0.8682, Dinteract



i nteraction between androgen and time by ANOVA anal ysis were clustered
. using an 25 adaptation of the self-organizing map (SOM al @d MY rMBevel oped
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for conpounds Useful in the Treatment of Prostate Cancer The cDNA and
protein sequences 1D-1 or 1D"3 are available in the public database Genbank
with access E@cnmm&e Ssreemmﬁ cemplottGB Uskul in eBOTLéatiehd/of ProStatd Cancer
publ i cations and ﬁ}ge‘f bases%ﬁ o]ﬁcgl &Eose skilled in the art with
the genes neede by H’esefl}‘ &% ett Of e arepyqilablegn thapublia for t he
fol | owi ng sdata‘eame mnaaﬂa\ysh aa’dassﬁozﬁﬁﬁwmdmp% aid k891 M f&@&ﬂbﬂ&o‘r ghe

i ng Dlh or ID-3
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with a vect Ateded BapleBarefthSt resence 20 o
tetraceycl i ne. (Tetﬂgg s;st eﬁ{sgegeg:& gut)%é‘*sfgfgrln °§ enfoﬁ%?‘%m%ﬁgm??l&ﬁgfséﬁ ‘ed

LNCaP cel |'s canTs# cemppunrdscpotentialty waefud & the treattheni afiffodtste Gancei fanlbe’ 5

cul ture fl agdeprifidy HRPM DYE mented with 10 t al calf serum
(FCS), 3mM L-gl ut %P é’rés?’g’% rﬁw W%’ ?‘iej F°os TrHCeLTRYs ? lﬁ’lpﬁéﬁﬁms ) which
penicillin. aIB@taéioamIlsé'ectddaNﬂi iemtar capatié ef eiptletsing @Dl So:a®I3 in the presence

- 20 of'tetraceycline (Tet-on system, available from Clontech). The transfected LNCaP cells

can be cultured under suitable conditions (e.g., in T175 culture flasks in RPMI-1640
medium supplemented with 10%; fetal calf serum (FCS), 3mM L-glutamine, 100 pg/ml
streptomycin, and 100 units/ml penicillin. To examine the effects of steroids, cells can
be cultured for 2 days in RPMI 1640 medium containing 5% FCS pretreated with

25  dextrancoated charcoal (CT-FCS). The cells can be incubated in the presence of a test
compound with or without Tetracycline and the growth rate of the cells can be
measured. A compound that demonstrates differential inhibitory activity in cells treated
with Tet versus those not treated with Tet is a potential therapeutic compound for the

treatment of prostate cancer.
30



be cultured for 2 days in RPM 1640 nedi um containing 5% FCS pretreated

- Wwth 25 dextrancoated charcoal (CT-FCS). The cells can be ! tm in the
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differential inhibitory activity in cells treated wth Tet versus those
not treated with Tet is a potential ther utic conpound for the treatnent
of prostate cancer. 30 20 MAY 20 WO 02/ 44%17 PCT/ US01/ 44495 -85 . Exanpl e
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met hods for detecting the presence and expression D 25
mar ker s i ncl dubridizedche ng:lmhemdipnmr écamplen mnaerazsnﬂaytedimtﬁlnmSAr more enzymes

| rmunodet ect 'R} GohfYs template-dependent nucleic acid synthesis using PCR amplification. The

=

amplified product can be detected, for example by gel electrophoresis and visualization
20 with ethidium bromide under UV light. Alternatively, if the amplification products can
be integrally labeled with radio- or fluorometrically-labeled nucleotides, the
- amplification products can then be exposed to x-ray film or visualized under the
appropriate stimulating spectra, follovs.ling separation.
Other methods for detecting the presence and expression levels of the ID
25 markers include detecting the ID marke;' proteins by an ELISA immunodetection assay.
For example, by using anti-ID-1 or anti-ID-3 antibodies to detect the presence of the ID
markers expressed in a cell sample. Anti-ID antibodies can be immobilized onto a
sélected surface exhibiting protein affinity, such as a well in a polystyrene microtiter
plate. 'Then, a cell sample suspected of containing the ID markers can be added to the
30 wells. After binding and washing to remove non-specifically bound immunocomplexes,

the bound antibody may be detected. Detection can be achieved by the addition of a



For exanple, by using anti-1D-1 or anti-ID-3 antibodies to detect the
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different % i 0 gflete Plaebwt h. Solid tumors were scored usi ng the

d eason scoring system (See e.g., Bostwick (1994) Aner. J din. Path. 102:
S38-56, incorporated herein by reference). RNA can be isolated from nornal
prost at e gEXAEPledid Detestion oEIN Markersin Solid dhfk@sent G eason grades. The

total RNA can b e exam ned for the 10 | evel of expression
of IDin these g???%r entei %ﬁarr%?ng LS ﬁ~§i>.ﬂ]81t°ﬁpéﬁ¥°ﬁ§@ﬁ€ﬂﬂtdlﬁﬁemarrays, as
descri bed sag®afiwher growky Solidheinirs werbesed skii ] A

recogni ze, or(?be a’glﬁ é scertajn ugri ng no fgrigée t laeaho%}ggor%{#ﬁy#gm(se‘?
exper i ment &80 &S @9 M’U%ﬂ- énfdnt Bath. HO25 3556, iincorporaied hereiri 1y of t he
i nvention ref@%ade).TOGA Reh 8 DsolaRdCho b’ﬂngail fRL3. ALed ntended to be :
encorrpassegiétby the fol lowing ¢l aiIEn'g. h AY %@@@?r%fag‘??ﬂmorawﬁh met hod
of assessi fTmEGieasongrades dde total RINAIchn be dxthactedl et B exafaiaor tehe et hod

conpri SignNO1eoOIBFakth /atk; of .expression.of a marker in a sanple
from a subj ec@%@%‘f@ﬁ%ﬁdﬁﬁé@e@a nggg‘g?ré Yusipg thefemgBup consi sting

of one or mixrearrays; 4sidesaribed in Ekdnfpde enti ati on (1 D) nmarkers, and b) the

Z=)

. nornal |evel of expression of the marker in a control sanple, wherein a

significant difference between the | evel of expression of the marker in the
Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
15 routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following
claims.



sanple fromthe subject and the normal level is an indication that the

- subject is afflicted with prostate cancer. 2. The nethod of claiml,
wherein the |evel of expression of the marker in the sanpl @ gliMafenes from
the normal |evel of expression of the marker in a subject not afflicted
with prostate cancer by a factor of at |east about 2. 3. The nethod of
claim1, wherein the |l evel of expressiog7of the marker in the sanple
differs fromthe normal |evel of expression of the marker in a subject not
afflicted widjpostate cancer by a factor of at |east about 3. 4. The

met hod of clal'm‘f,' wherein the | evel of expression of the marker in the
sanple is assess [ IeR: a. protein
co;nr)espondi ng' t oﬁ ﬁ?g% ga%?tfg%gélﬁgw%lﬁtgeﬁ%ﬁﬁ%?gsfdf@ﬂcgﬁla%y}?g&v\%tgrc g‘igcﬁr’ttﬁee presence
of t-he protein imethed emh@ikingscongpariagr eagent whi ch specifically binds with
the protein. 6. The nethod of claim5, wherein the reagent is selected from

the group consi sty f | n.antiho derivative, and_an

ant i body fragnerall?&Eé;fﬁv%k?ef%g%rt%ﬁ%%{j%?y%lﬁ%Fan Sa\r/ﬂr?i‘%lg?w 3 el%\)’@ered? the
expressi on of t herkarikesledted frtv@ ths giopp eonsisting SEs6€6r Ihgrdiﬁhiﬁbﬁbir@ig theh f
presence in the_gs | e of transcri bed polynucleotide or portion thereof,
wherein the tra%%ﬂ%ﬁl%ﬁﬁli?hﬁ’@a@&?% conprises the marker. 8. The nethod
of claim7, wherein the transcribed polynucleotide is an MRNA. 2 0 MAY 205
-88- 9. The net hydhoforaladievellof ewprEgbmof the niatles e b chaebl RAhyRUwhaeld de is a
cDNA. 10. The method of claim 7, wherein the step of detecting further
conprises anpl i Ryighgficanbdifiermnee petmean sl lgval of expression of the mpkerisithod of
claim1l, wherei WHdels j : E%E < le is
assessed by det gacl%lpﬁgﬂﬁg{epsrg{)seencgqﬁﬁh%eaﬂsegrgr{)ﬁe 0 d&gdrt]tobg}}l%st@% %%%@P

pol ynucl eot i de whaf€livtedwehlpsostatd éancére mar ker or anneals with a portion of a
pol ynucl eoti de, wherein the polynucl eotide conprises the marker, under
stringent hybri di i it . . Of j -further
conpri sing c}ghpgl:l%%é:tﬁg% Sft.)ﬂ%hf ie’\(}’gf ﬂ%l%%%exlgtr)egé) glg %‘;n}g?sho %t(eihglélﬁmplf%mo at | east
two | D markers samgipbffesiftdny theadmbl)letdl ef axprassion ofitied mafkeeipd @bjdcon of at

| east two I D markers..in sanoples of the sane type obtained fromcontrol
subj ects not af M E&lé%te%y“ PEalE eancg g factor of & least about 2.

3. The method of claim 1, wherein the level of expression of the marker in the
sample differs from the normal level of expression of the marker in a subject

not afflicted with prostate cancer by a factor of at least about 3.

4. The method of claim 1, wherein the level of expression of the marker in the
sample is assessed by detecting the presence in the sample of a protein

corresponding to the marker.

5. The method of claim 4, wherein the presence of the protein is detected using

a reagent which specifically binds with the protein.

6. The method of claim 5, wherein the reagent is selected from the group

consisting of an antibody, an antibody derivative, and an antibody fragment.

7. The method of claim 1, wherein the level of expression of the marker in the
sample is assessed by detecting the presence in the sample of a transcribed
polynucleotide or portion thereof, wherein the transcribed polynucleotide

comprises the marker.

8. The method of claim 7, wherein the transcribed polynucleotide is an mRNA.



wherein the | evel of expression of nore than one of the markers is

- significantly altered, relative to the correspondi ng nornal |evels of
expression of the markers, is an indication that the subjed0iMayajols i ct ed
with prostate cancer. 13. A nethod for nonitoring the progression of
prostate cancer in a subject, the mnmethod conprising: a) detecting in a
subject sanple at a first point in tineggthe expression of a marker,
wherein the marker is selected fromthe group consisting of the narkers
ID-1 and I D3 or ' J 0N t ' [ )

subsequent p%i ntThi%r?q ???rdewéﬂgp%)%ﬁgg}ﬁ t%sgtsrﬁ%ﬂﬁ}g\ﬁ)gﬁg C%?E(giigraec?sw%n detected
in steps a) and b), and therefrom m)nitorintg t he progression of prostate
cancer in thd0sUiieapsthodofrlaymy7,onjepren thgostemo @F@tlﬁ&ﬁﬁgﬁr gQepiiHsng to any
one of clainms 1- . j esponds to a transcri bed

pol ynucl eoti de or 61%%@?%}3&200@0@&393?@&{' he pol ynucl eoti de conpri ses
the marker. 15. The nethod according to any one of clains 1-14, wherein the
sanmpl e conprilsddiegrsthed ofrlaimmbaviieramthenleve v pxpressioneof tihmarker othieaccor di ng

to any one of cl_aj .1- rejn.the cells ar collected fromithe
prostate gl and. S%[?gls&fr%égsr%rsé e%ﬁ dg%g%é%t?lﬁBretsgncgﬁ‘&glﬁ’esag’ﬁ’llec?% tﬁ%nsir?tieg, wher ei n
the cells are @oiymeleoddd whithheatk witB theAndRéndnaéalawiRapontibnidre ef fi cacy
of a therapy for inhibiting prostate cancer in a subject, the nethod

conprising comp@ei¥yelegtide wheesin thspobmugleptidecomprises the markery underp| e
obtained fromt Qﬁl)@ém%\%{qp&haﬁ corkﬁ’ticﬂ{sp\/i ding at | east a portion of the
t he

therapy to the subject, erein marker is selected fromthe group
consisting of the markers ID-i_and ID-3, and b) expression of the marker in
a second sanpPe Tdwtasthediof¢lam 1.Hurthensorprising PR provi si on of the
portion of the therapy, wherein a significantly enhanced | evel of

expressi on of tQApthH¥BEEbS bxprédIon ifi BEAFpIEGHMt Boast tflodD MarkeR the first
sanple, is an indication that the therapy is efficacious for inhibiting

prostate cancer independentyigndct . 19. A method of assessing the potential of
a test compound to trigger prostate

b) the normal level of expression of at least two ID markers in samples of the

same type obtained from control subjects not afflicted by prostate cancer,

wherein the level of expression of more than one of the markers is
significantly altered, relative to the corresponding normal levels of
expression of the markers, is an indication that the subject is afflicted with

prostate cancer.

13. A method for monitoring the progression of prostate cancer in a subject, the

method comprising:

a) detecting in a subject sample at a first point in time, the expression of a
marker, wherein the marker is selected from the group consisting of the

markers ID-1 and ID-3 or a combination thereof;
b) repeating step a) at a subsequent point in time; and

c) comparing the level of expression detected in steps a) and b), and

therefrom monitoring the progression of prostate cancer in the subject.



cancer in a cell, the nethod conprising: a) maintaining separate aliquots

. of cells in the presence and absence of the test conpound; and b)
conparing expression of a marker in each of the aliquots, @EuRY PMShe
marker is selected fromthe group consisting of the markers ID-1 and | D 3,
1 0 MAY 2005 -90 wherein a significantly reduced | evel of expression of the
marker in the aliquot maintained in thgypresence of the test conpound,
relative to the aliquot maintained in the absence of the test conpound, is

an. i ndi cat i on4! e mdihey SeataifiO IR M BEBRRRS P2 e B ED afler | OF

triggering prostate cancer iIn “fying a

conpound usef ul cbn'esnonésatq algarpcobddyiotymateotide orpxmmltlﬁrea@.wlﬁ)elmlaésurl ng the
expression |evel rker selected fromthe markers ID-1 and ID3 in a
cell in the pr e?é’r}e’é‘a]& 1de GOURIISE} SIRAKET and b) conparing the expression
measured in step a) to the expression of a nmarker selected fromthe

mar kers | D- | 1andmelhaéihd>ma@oahﬂ1g tol anytone ofiblamne b 14f whérbi@ thosapgiled, wherein

t he conpound is useful %reatl ng ostate cancer when the expression

| evel of a narké?“gﬁﬁgﬂF 80 ?Hﬁ@#ﬁ%n Sk¥EY- 1D-1 and ID-3 in the presence

of the test conpound is higher than its expression level in the absence of

the test conpeéurithe éhodieordhdithngfone oftkingdl-19hehatin thheelRaps essi on | evel
is determ ned by _ne ring the | evels of mMRNA of a marker selected from
the markers | D follgq,{g(ffjrg_rg e prostaig@lantht hod of claim 20, wherein the
expression level is determined by neasuring the levels of the protein of a

mar ker sel ecti@d ThHeanethb®adtBdied & dnk-ond o8 BKlirhdX-35, Whereihlike callshed of claim
20, wherein the cell is a prostate cancer cell. 24. A method for

i dentifying a corpestedifroddilerd.-f or treating prostate cancer, conprising a)
measuring an activity of a marker selected fromthe markers ID1 and ID 3

in a cell iniBhes pedfRTRsdEsitg RGO BOL AdrapyTor MhibiMyprdRaR cancer

in a subject, the method comprising comparing;:

a) expression of a marker in the first sample obtained from the subject prior
to providing at least a portion of the therapy to the subject, wherein the
marker is selected from the group consisting of the markers ID-1 and ID-3,

and

b) expression of the marker in a second sample obtained from the subject

following provision of the portion of the therapy,

wherein a significantly enhanced level of expression of the marker in the
second sample, relative to the first sample, is an indication that the therapy is

efficacious for inhibiting prostate cancer in the subject.

19. A method of assessing the potential of a test compound to trigger prostate

cancer in a cell, the method comprising:

a) maintaining separate aliquots of cells in the presence and absence of the

test compound; and

b) comparing expression of a marker in each of the aliquots, wherein the

marker is selected from the group consisting of the markers ID-1 and ID-3,



-91 b) conparing the activity neasured in step a) to the level of activity
of a marker selected fromthe markers ID-1 and ID-3 in the absence of the
test conpound, wherein the conpound is useful for treating -po%ﬂa?@cancer
when the activity of a marker selected fromthe markers ID-1 an 3in
the presence of the test conpound is higher than its activity in the
absence of the test conpound. 25. The_ ggthod of claim 24, wherein the cell
is a prostate cancer cell. 26. A nmethod for determining the efficacy of

dr ithd - ' ' ffLi ith :
Comr sl ng: ) et BerRg sEacehfhy fedu POk o et bRt HE et e

expr essi on | evelalighiot maifairicd in thetpeésende dfhie te8Y Jodtpousid,Selaticé RGhEr om t he
group consisting,.of I1D.1 _aad ID%; b) repeating step. a) .at. a subsequent
point in time odbAvetimginigined in theabsense atthe tesk gorpowNdissgdndigatiandhatnal
treatment; and Gle COMHMPoRAd bE&RedsEY b pBlenAARDER RO ected in
steps a) and b), ?/\/nerei 0an Pnc?esase ipn etnﬁe Ie@gg&g?é)%rfg@%?gﬁ%eﬁq?%di cates
that the androgenll. withdrawal treatnent has decreased efficacy. 27. Use of
an ID protein in the manufacture of a nedi canent for the treatnent of
prostate canggr. rggﬁ]ﬁﬂ in the
manuf act ur e g? ékg%teh %ﬁr{e@a&?@fylﬁ t he @?é‘gtﬁ%ﬁltég)?g%{nggg’%@ggéﬁégr wher ei n
said marker is cemprismged in the cells of a subject. 29. Use of a conpound
that increases the expression of a marker selected from the markers

ID-land 1D 3, i . Of ' e t, of
prostate cancer Q) HE%-S 8% fngghﬂb%é&algg%?g?% %o@%]leét?%ﬁégf thﬁh@?%%rgﬁ?ﬁe
conmpound i ncr eaard IR3panaselldn thefpreseiidofaf tegaomhpoaidsand. 31. Use accordi ng

to claim29, wherein the conmpound increases expression of the marker
pr ot ein.

b) comparing the expression measured in step a) to the expression of a
marker selected from the markers ID-1 and ID-3 in a cell in the absence of

the compound,

wherein the compound is useful for treating prostate cancer when the
expression level of a marker selected from the markers ID-1 and ID-3 in the
presence of the test compound is higher than its expression level in the

absence of the test compound.

21. The method of claim 20, wherein the expression level is determined by
measuring the levels of mRNA of a marker selected from the markers ID-1
and ID-3.

22. The method of claim 20, wherein the expression level is determined by
measuring the levels of the protein of a marker selected from the markers ID-
1 and ID-3.

23. The method of claim 20, wherein the cell is a prostate cancer cell.

24. A method for identifying a compound useful for treating prostate cancer,

comprising

a) measuring an activity of a marker selected from the markers ID-1 and ID-

3 in a cell in the presence of a test compound; and



25.

26.

27.

28.

29.
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b) comparing the activity measured in step a) to the level of activity of a
marker selected from the markers ID-1 and ID-3 in the absence of the test

compound,

wherein the compound is useful for treating prostate cancer when the
activity of a marker selected from the markers ID-1 and ID-3 in the presence
of the test compound is higher than its activity in the absence of the test

compound.
The method of claim 24, wherein the cell is a prostate cancer cell.

A method for determining the efficacy of androgen withdrawal treatment in a

subject afflicted with prostate cancer, comprising:

a) detecting in a subject sample at a first point in time, the expression level of
a marker, wherein the marker is selected from the group consisting of ID-1
and ID-3;

b) repeating step a) at a subsequent point in time occurring after the subject

begins androgen withdrawal treatment; and
c) comparing the level of expression of markers detected in steps a) and b),

wherein an increase in the level of expression indicates that the androgen

withdrawal treatment has decreased efficacy.

Use of an ID protein in the manufacture of a medicament for the treatment of

prostate cancer.

Use of a marker selected from ID-1 and ID-3 in the manufacture of a
medicament for the treatment of prostate cancer wherein said marker is

expressed in the cells of a subject.

Use of a compound that increases the expression of a marker selected from
the markers ID-1and ID-3, in the manufacture of a medicament for the

treatment of prostate cancer.



30.

31.
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Use according to claim 29, wherein the compound increases expression of
mRNA of said markers.

Use according to claim 29, wherein the compound increases expression of

the marker protein.



