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15 comprises stroma and epithelium cells, the latter group consisting of columnar secretory

cells and basal non-secretory cells. A proliferation of these basal cells, as well as stroma
cells gives rise to benign prostatic hyperplasia (BPH) which is one common prostate
disease. Another common prostate disease is prostatic adenocarcinoma (CaP), the most
common of the fatal pathophysiological prostate cancers. Prostatic adenocarcmoma

20 involves a malignant transformation of epithelial cells in the penpheral region of the
prostate gland. Prostatic adenocarcinoma and benign prostatic hyperplasia are two
commeon prostate diseases which have a high rate of incidence in the aging human male
population. Approximately one out of every four males above the age of 55 suffers from
a prostate disease of some form or another.

25 To date, various substances that are synthesized and secreted by normal, 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 (HSPI). Both PSA and PAP have

been studied as tumour markers in the detection of prostate disease but since both
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|m'runosu1r§pressant drugs such as cyclosporin A (CsA) FK506, and rapanycin.
Known classes of inmmunophilins isaaliid§ of ¥ird tibips, and FK506 bi ndi ng
proteins, such as FKBPs. closporin A bin to cyclophilin while FK506
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androgen-inducible in androgen-dependent prostate cancer cells (e.g., LNCaP cells).

These genes serve as markers suitable for detection, diagnosis and prognosis of prostate

20 disorders. This invention provides methods and screening assays for the detection and
diagnosis of prostate cancer. The primary screening assays detect an alteration in the
expression level of genes associated with prostate cancer. In particular, this invention
provides for the use of immunophilins, such as FK-Binding Proteins (FKBPs), e.g.,
FKBP54, as genetic markers for the detection, diagnosis and prognosis of prostate

25  disorders. Immunophilins are proteinslthat serve as receptors for the
immunosuppressant drugs such as cyclosporin A (CsA), FK506, and rapamycin.
Known classes of immunophilins include cyclophilins, and FK506 binding proteins,
such as FKBPs. Cyclosporin A binds to cyclophilin while FK506 and rapamycin bind
to FKBP. These immunophilin-drug complexes interface with a variety of intracellular

30 signal transduction systems. Immunophilins are known to have peptidyl-prolyl

-isomerase (PPIase) or rotamase enzyme activity. It has been determined that rotamase
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cotransfection studies in COS cells showed that androgen receptor activation was
20 enhanced by FKBP54,

In one embodiment, the invention provides a method of assessing whether a
subject is afflicted with prostate cancer, by comparing the level of expression of the FK-
binding proteins, e.g., FKBP54 marker in a sample from a subject, to the normal level of
expression of the marker in a control sample, where a significant difference between the

25  level of expression of the marker in the sample from the subject and the normal level is |
an indication that the subject is afflicted with prostate cancer. In a preferred
embodiment, the marker corresponds to a transcribed polynucleotide or portion thereof,
where the polynucleotide includes the marker. In a particularly preferred embodiment,
the level of expression of the marker in the sample differs. from the normal level of

30  expression of the marker in a subject not afflicted with prostate cancer by a factor of at

least two, and in an even more preferred embodiment, the expression levels differ by a
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portion of a polynucleotide under stringent hybridization conditions, where the

20 polynucleotide includes the marker. The level of expression-of the marker is
significantly altered, relative td the corresponding normal levels of expressioh the
marker, is an indication that the subject is afflicted with prostate cancer.

In another embodiment, the invention provides a method for monitoring the
progression of prostate cancer in a subject, including detecting in a subject sample at a
25 first point in time the expression of the FKBP marker, e. g., FKBP54 marker, repeating
- this detection step at a subsequent point in time, and comparing the level of expression
detected in the two detection steps, and monitoring the progression of prostate cancer in
the subject using this information. In another preferred embodiment, the marker
corresponds to a transcribed polynucleotide or portion thereof, where the polynucleotide

30  includes the marker. In another preferred embodiment, the sample includes cells

obtained from the subject. In a particularly preferred embodiment, the cells are

~collected from skin or blood tissue.
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that the therapy is efficacious for inhibiting prostate cancer in the subject.

20 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 the FKBP
marker, e.g., FKBP54 marker in each of the aliquots, and selecting one of the test

25 compositions which induces a lower level of expression of the FKBP marlcer, e.g.,
FKBP54 marker in the aliquot containing that test composition, relative to other test
compositions.

In another embodiment, the invention provides a method of inhibiting prostate
cancer in a subject, including obtaining a sample including cells from a subject,

30 separately maintaining aliquots of the sample in the presence of a plurality of test
compositions, comparing expression of the FKBP marker, e. g., FKBP54 marker in each

of the aliquots, and administering to the subject at least one of the test compositions
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afflicted with prostate cancer an antisense oligonucleotide complementary to a

polynucleotide corresponding to the FKBP marker, e, g FICBP54 marker.

20 In another embodiment, the invention provides a method of inhibiting prostate
cancer in a subject at risk for developing prostate cancer, including inhibiting expression:
of a gene corresponding to the FKBP marker, e.g., FKBP54 marker.

In another embodiment, the invention provides a use of an antisense
oligonucleotide complementary to a polynucleotide corresponding to a FKBP54 marker,

25 in the manufacture of a medicament for the treatment of prostate cancer.

In another embodiment, the invention provides a use of a compound which
decreases the expression of a FKBP54 marker in the manufacture of a medicament for the
treatment and/or prevention of prostate cancer.

In another embodiment, the invention provides a use of an anti-FKBP antibody in

30 the manufacture of a medicament for the treatment of prostate cancer.



I n anot her enbodi nent, the invention provides a use of ?oc%?%d whi ch
decreases the expression of a FKBP54 marker in the manulac f a

medi caNene2/f418 t he treatnment and/or prevention of proPfCATESODAHFEEr. | n

anot her enbodi nent, the invention provides a use of an anti-FKBP anti body
in 30 the manufacture of a nedicanent for the treatnent of prostate
cancer. 20MN 20 WD 02/ 44418 PCT/ USO- @4536' - 6a 5 Other features and
advant ages of the invention will be apparent fromthe follow ng detailed
description and.gl aLng. Bri.ef scription of th awing. Eig .lAis a bar
chart depicti ngoﬁ?‘?ékeg&fﬁépdgfiv@i%%?ﬁPg@’«g%‘fvﬁg{‘@?gﬁ]a% ERRF?'%&@?%@" growt h and
PSA productdwisy ddidied deseeibtion Mdaélaihsat 20, 000 cells/well in a 24 well
plate with 1 m of nmedium Cells were treated with DHT as shown, and cell
grow h was determ ned by

3-(4,5-dim J - ravigedi phenyl tetrazol i um brom de (PITT) assay
on day 3: n%ﬁgb%%h@g%% T e b/ Usoss 44586 - 9 F) g. 1Bis a graph
depi cti®ng the eFfgetA ixvd bddidiam depittingthewfftct af dihpdvatestostedormt (DHT)odn thikCaP
cells plated at 1. 06 cell s/ jn.a 175 sk. l.I's r treated
Wth or v Byt st s AP e R p e AR
preparat i oplaRRAHP DM 3P AeiBhe Cefls Wwefb tredtddSwith bm&ﬁam,dﬁmmggmad he
procedure Tor RNA sanple pr?e’g?r ation, Affymetrix Genechlgp{;é ri di zations

and anal ysfeterniined bygi(4,5-dimefhylthiszel-2- e chiphrgyheteazelipm ds MFIH 1 e of
PSA in resgsgg;g %%’ .10 androgen treatnent. The nRNA frequencies are plotted
on the Y-aXI's) 2 %’he DHT androgen treated and untreated cells for each
time p¥int plotted on the X-axis; Fig. 3B is a bar chart depicting the
expression profile of FKBP54 in response to androgen treatnent. The nRNA
frequencies are plotted on the Y-axis, and the DHT 15 androgen treated and
untreated cells for each tine point plotted on the X-axis;



Fig. 4A is a bar chart denonstrating the quantitative RT-PCR anal ysis of
PSA. Copy number is plotted on the Y-axis, and the DHT an@rloMa¥s MBeat ed
and untreawed2eellss for each tine point plotted on the Xpg¥hRoy Al 9- 4B
is a bar chart denonstrating the quantitative RT-PCR anal ysis o]tj "EKBP54.
Copy nunber is plotted on the Y-axis, and the DHT androgen treated and
untreated cells for each time point plotted on the X-axis; 25 Fig. 5is a
bar chart denonstrating the transcriptional activation of androgen

receptor (AR) b US] - | | h re transiently transfected
Wi t hIo GRE((eI b?_ucyr ?{%rl:it%elrly%%%gl? %‘#&’gﬁ% %f%*@%!ﬁaﬁ@% %rﬁwgl?e‘iﬁd@rg"encodi ng
FKBP54 (bl ackprodustis) oOENEaP tollspdatecat 1(x0ttcellfaes In a THecd?QRist. Calshuyer €

treated with or, w t.nout .10-' f e synt hetic _androgen, R1881 for 20 hrs.
Bars represent \Qlevsl %rnmé?ouémP@a@ﬁt%?@@‘tﬁw’iaﬁémﬁﬁimﬁents + SD.

'1.0 W X005 prpabioh44d PSRGRAKSE) / 44536 -8 Detailed Description of the
I nvention The invention relates, in part, to newy discovered correlation
bet ween t h& expression of selected nmarkers and the presence of prostate

cancer in a subjegy o | &EIF%; ' ophiljns.s as the FK hinding
proteins (FKBPs), qiégg?@aé%%{g@é{? e sgit{ﬂgﬁ% &'9 0T w%maﬁwewatwn,
synonymous| y Adfymetrik&enechip HybkiBRaons daEBRAYsit;s a nenmber of the

i mmunophilin famly. Qher FK binding proteins include, but are not
limted to, FKBP12 (Hi dalgo et al. (2000) Oncogene 19: 6680-6686, Genbank

Accession No. AF 20718 baFHBR R Btif D ; ta.
G yst a: I og%ﬁg%Bi%gg. O)a. %t]ezil | o pig%ﬁ%%\é 71, chfgs??%ﬁf\f@’gﬁéﬂf'gg%), and

FKBP52 (Y. B Gequenciers plotted pr thet Blaxig ama @i BAY,

CGenbank Accesasd® B i f . expr i.on of the FK
bi ndi ng pr ot iﬁn %;dr\*li()eeart, e. ét% ¢?§a}$@|§g§%rﬁ°§¢lﬁ§tpk'Eﬁglgﬁlggg%ox%(gﬁﬁé%%% - be

i ndi cative of a predisposition in the subject to prostate cancer and/or
di agnostic of the ent i resence of prostate cancer in a
subj ect. The invent .g%qg gg?‘ﬁ%&@%@%&"@éﬁg’f?&?%’éﬁn,m@l@ of FKRBF&In responpmigs f or
det ecti ng 15 andirogqy tesatmerst. Tiie BRNARQuedcid HSpRHE] g@ﬂﬁqr_a;dg, Ad 3V HhEe or

subj ect, ?pdagggohgds aﬁf a(nﬁr ef Ifé%éé'{ réglét he i ncidence of prostate cancéer in a
sampl e or “suBeCE LT eéi &n cetls fqrsach @me pointpigitgiion thad-axigient i on al so
provi des net hods by which prostate cancer my be treated using the FKBP

mar ker, e.dg., FKB§54. ) o
1g. 4A is a bar chart demonstrating the quantitative RT-PCR analysis of PSA.

Copy number is plotted on the Y-axis, and the DHT androgen treated and untreated cells
for each time point plotted on the X-axis;

20

Fig. 4B is a bar chart demonstrating the quantitative RT-PCR analysis of
FKBPS54. Copy number is plotted on the Y-axis, and the DHT androgen treated and

untreated cells for each time point plotted on the X-axis;

25 Fig. 5 is a bar chart demonstratiﬁg the transcriptional activation of androgen
receptor (AR) by FKBP54 using COS-1 cells that were transiently transfected with
GREelbLuc reporter construct and 0.1 pg expression vector encoding FKBP54 (black
bars) or empty vector (white bars). The COS-1 cells were treated with or without 10° M

| of the synthetic androgen, R1881 for 20 hrs. Bars represent the mean of at least three
30 independent experiments + SD.



The present invention is based, at least in part, on the i st | ON Of
'relusds’eg In

the genetjc 20 marker, FKBP54, which is differentially e

sanpl es f&v 2tifogen dependent prostate cancer cells. AGHBYIA$I366800
known genes was screened for expression androgen dependent prostate cancer
cells (see Exanple 1). Those genes wth statistically significant (p<0.05)
di fferences between the di seased and norfal tissues were identified. This
differential expression was observed either as a decrease in 25 expression,
or an increase in expressi onDetaifedDesoriptioniof theofnvemtésie sel ect ed genes in

andr ogen depende ps e cer cells wa sessed b neChj p anal ysi s,
as described in ealrrrlg%gi%&‘. re%éﬂ Rils % d}fﬁ’zy ?dfgscPﬁ%?cgggéeygﬁo%Sé{;\ggegi @‘ﬁ in
LNCaP prost axpresdoic ef scletted markiers gindwhb poésehddCofPproslateScatieer i@ RbREALGHI On
of PSA were responsive to a natural androgen receptor (AR) |igand, DHT

I )
LNCaP and arP@rticylap4puanngphiligy sychras theyER binding protsins(FKBES), leign KR Theg. |

Kokonti s £t “« » ‘ = e RS s, (1991)
J Steroid Bit(e}lclzrll i E%iﬁ.?ﬂwp@%?gf?ﬁiwﬁgggﬁg?n&%éFler?gnIﬁgﬁ%ﬁa. ) f%é’g%“ | ec.
Cel | . Endocrmeiaper of glie immgnophilin &ngilyt. j Ofter FK binding I8)teins idcladdymut 2@0mt WO

02/ 44418 PCY{ 4 Bi0l . 1: 6379- : t t al.. (1992
Endocr i nol ogy %%éé’ﬁﬁp%é{ﬁ%é ¢ %cgh&gp 03 Fcogiﬁﬁﬁ%éﬁgﬁewg&g@§@ 64; :
sw nnen et aVo. Aﬂ_gfgmom);mnm (DAéiaaZxaya?g%ﬁBket AADHD0) ﬁaa.aa;;isfwz@@nq% Beptrol,
e P eared Bt 3 RECRlessioh e E s gt s’ onaensior Vaepenetint
prost at exwang el (et} Bxp ASaRso-5045888, RnbiucAdRldd0 s 7ag! eased i n

expression in androgen dependent prostate cancer ordingly, the
present inventi ofhpaeletier]gvalpof exprassion of the WK bik@iRg grotein nfackey, ¢.g., FKBPBWA or

COnn o PO, bieoSar 65PN TN & SRy A G 05

pol ypepti des, as’ a nar e presenc
cancer. The cRXBP and/ok diagnastig.of théBRiédndesorymedntib]l presenos be pedstaté Bamcex ient

and/ or severjty .of, di sease.,. The rker, e.q., FKBP54 marker can be
useful int ﬁ@%?%@??‘r’éﬁ?n s %PWE?&F%KEE@?HE%‘%L §r8-i e Btheds foredetgoting acy
of a tremt meiY pfedénce ajiCabisenckofpidsiateOfancé ' EHBRpleN B Lftfect,Carfdt m ﬂégg) ot
mar ker can al sQ be used .in screening assays to identify conpoung 15 or

agents that PRyistng e dngdencesof presigie ¢ameerniay & samplecon $idjest ssmgeths tRKBP | n
one aspect, fhgerl HYERKEP4P B 1 _ . s FKBPS4 mar ker
whose quantity or é(’:? | Vi tﬁpi'lgﬁéclgreégtog? é%%gvﬁg%lﬁgﬁl%c}sgb eﬂ@%—?ﬁ TONBLS CARGeL
cancer. The nriyBR treated using the FKBP marker, e.g., FKBP54. '

The present invention is based, at least in part, on the identification of the genetic

20 marker, FKBP54, which is differentially expressed in samples from androgen dependent

prostate cancer cells. A panel of 6800 known genes was screened for expression
androgen dependent prostate cancer cells (see Example 1). Those genes with
statistically significant (p<0.05) differences between the diseased and normal tissues
were identified. This differential expression was observed either as a decrease in

25  expression, or an increase in expression. The expression of these selected genes in
androgen dependent prostate cancer cells was assessed by GeneChip analysis, as

 described in Example 1. FKBP54 was found to increase in expression in LNCaP

prostate cancer cells. The growth of LNCaP cells and the production of PSA were
respousive to a natural androgen receptor (AR) ligand, DHT, LNCaP and are suitable

30 model for gene expression profiling. (See e.g., Kokontis et al. (1994) Cancer Res. 54:
1566-1573; Schuurmans et al. (1991) J. Steroid Biochem. Mol. Biol. 40: 193-197;
Swinnen ez al. (1994) Molec. Cell. Endocrinol. 104: 153-162; Cleutjens et al.(1996) J.



mar ker, e.g., FKBP54 marker of the invention may be nucleig. aci d | ecul es
(e.q. DNA, cDNA, or RNA) or pol ypeptides. The FKBP nark 0 FKBP54
mar ker canw?Dzheqigi t her increased or decreased in quantitye ?fUS@ﬁhB}’e' ty.in
prostate cancer tissue as conpared to non-prostate cancer tissue. For
exanpl e, the gene designated "FKBP54" (accession nunber W42031) is

i ncreased in expression |evel in androgengdependent prostate cancer cell
sanpl es. Both the presence of increased or decreased nmRNA for thi S gene,
and al so incr roqCEi-RASH I oL.eif S gene
25 serve as rﬁ?ﬁgﬁgg %ﬁ ?jostatg %gir@ee?appstg?g ‘%Clcgl,%ilgﬁﬁ) Qgé”% &5? eased
| evel s of thet aF@ﬂrﬂwkb&n; 38: @A59-66BPSWimmen kedl. (11996)1‘1331dbmmt1l30n4£68€

i ncreases anqt dlg) reases of a nmgnitude that is statistically significant
as conpared to appropriate control sanples (e.g., sanples not affected
with pr OSt at e canggfah.intefhaPéntbl; ﬂ{ealfrbétat%ﬁcﬁicrﬁq g&PRAN BBAY Rnowid H&hE QF’

mar ker , gK BP54 marker is increased or decreased félative to control
30 sanpl es by 8¢ imRligated jn prostate cancer,gvas igeluderl to sgeen mpdrogen dq@ndeit grastateror e.

Simlarly, onRen&KbilsePsal Wast Q&eag@ f . the.fact that a
preferred det ercl:t I on Srrgtshow% fgg@@tﬁtsbe\c%i e f} n %&%@ﬂg’&r?’ m?"b Y8005
PCT/ USO .1/ 44513E8r\dhmfahoat¢tecanesmeﬂs ng detection values are above the m ni num
detection limt of Measur enent, of t ative am)unt of
an RNA or protei nAr?ﬁ!r;r Igwe} Rﬁ%se tqﬁv%lﬂf’? Bt o ke 1y gﬁ&? F?&%edwk
the art (seetheDYA orSDNA OﬂRKBPS4I\)/aiBE Ic?ﬁé!;goﬁmmeNﬁggﬁil d!.@ Sﬁ@%atﬂséencgded

nua ri

Mol ecul ar _ Cl on' ng:t@ Labor a orfy
Har bor Lab} aP8IPEPRESH s 8 %F%Wsinﬁﬁe?ﬁﬁlﬁfﬁewl%@eﬂtwstﬁte&ﬁnﬁm‘g THar bor ,

NY, 1989; amERHm 4 | et al.
John Wley & Sonslélﬁd%lé)g‘3 S \é&ﬁ%ﬁﬁmﬁm‘ﬁ\%@gf@s&t%r trl gp(?ftﬁc})%af%cl ude

RNA ext ract i deFKER markepeig. D54 supekes sapbensefid[in Maﬂn;enh@’ﬂq:rrosiatzat i on of -
a | abel ed pr n ei ¢ acid ecific
for the tafgg?ﬁc ISlﬁ\& astS g]%er ac%a%g%?%?%ﬁ%mg@lod%%n@%ﬁ i%ﬁg%“mt’ﬁee%ge (e.g.,
Nor t her n bl omarkeg)e. gmng maﬂctehcmhcﬂlsmgjearsed mrscrqaﬁmg assayStetiemtitpeomptinide
protein e?%tractloE roma.c or tis S fol.l owed by ‘hybridization
of a | abeled p?%%’sé’%“’éo A G%EWSFIBB&?#' a@@ﬁﬂﬁcﬂlseﬁ%t%‘%rget protein to
the protein sanplgoncifedahefiveMidnProvilld ths PRBP J&i’@er'@é’efKﬁﬁﬁ’dr‘HnaﬁéP be a

radi.oi sotope, a 15 fl.uorescent conpound, an enzyne, or an enzyme co-factor.
Det ecti on of "&stqyaniity (}Sraétﬂ‘éWdS soTEFlated With hequpsenertforontate cangsr. ahsBKB2

assessed by aehkd) €61 FRBPSS £311@r 048 Hi¥Bntion may be nucleic acid molecules (e.g.,
DNA, cDNA, or RNA) or polypeptides. The FKBP marker, e.g;, FKBP54 marker can

20  be either increased or decreased in quantity or activity in prostate cancer tissue as

compared to non-prostate cancer tissue. For example, the gene designated “FKBP54”
(accession number U42031) is increased in expression level in androgen dependent
prostate cancer cell samples. Both the presence of increased or decreased mRNA for
this gene, and also increased or decreased levels of the protein products of this gene

25  serve as markers of prostate cancer. Preferably, increased and decreased levels of the
FKBP marke;, e.g., FKBP54 marker of the invention are increases and decreases of a
magnitude that is statistically significant as compared to appropriate control samples
(e.g., samples not affected with prostate cancer). In particularly preferred embodiments,
the FKBP marker, e.g., FKBP54 marker is increased or decreased relative to control

30 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



chromat ogr aphy, direct sequencing, or quantitative PCR (in hhwaﬁg of
nucl ei c a%& 4r&g*’ecul es) anong nany ot her techni ques wel | % o) t hose
skilled in"?A¥YA1} . 1 n certain enbodinents, the FKBP genePSTASIN4463. ., the
FKBP54 DNA or 20 cDNA), nay serve as a marker for prostate cancer. For
exanpl e, the absence of nucleic acids corresponding to the FKBP54 gene,
such as by deletion of all or part of trrelog'ene, may be correlated with

di sease. Simlarly, an increase of nucleic acid corresponding to the
FKBP54 gene, \sluelhéage%gvmadsﬂepm\ra@n%@re ablowe themaininmmy detestiondémit of thel at ed
with diseas etg&o%?ction of the presence or nunber of copies of all or a
part of a FKBP gene,™ e.g FKBP54 gene of the invention nmay be perforned

using any nmethod Aiesmrementidfche mlative Typintaf by RNA o ofeHMeMbrEYthd O assess
Sis, in

t he presence .and/.or quanfiity of a of _CcDNA by Southern anal

whi ch total L’JRYAE“%‘?%W%&E%@ F*Xyo’P‘@PégB@W%HWBPéﬂi(@e, &%t Paabroak, Ji,fn%tfs):bai Bi, zed

with a | abel egld Mﬁ%s,(’ﬁ-A%leczﬁaﬁ@l&rm;@??lnﬁc?oyatwhm&%lfiegd. g 3hdnt he probe
sot ope, 4 ent"s

is detected. The |abel group can be a radi ol 1udresc

conpound, an ‘#tbgrkaborstorynCeld Spring Etriord aboratoct Press, okt Sprimpfiardets Nof, DNA
detection WO . - A I [ 44536 _and/ or quantjfication

i ncl ude di recl? gés’é%ég%gieéélfﬂog%%g? %‘%’%%%?? gg@é ,eg% gstuﬁﬁ??l Ly ﬁ&b&ﬁ?&%y and

quanti t at i ve S0@R,1953). iTypicabmethbgologies fok RIN/edetidtioh i haTd RN AR rh i@ EdneR &l SO
enconpasses nﬁﬁl el. J ecul es which are structurally

s o
different frd P%@S%Hgfc":ﬁ%?«gglkg’ré@ég’: }?Yégg’ébweof(ael?@lqd mRbelesave a slightly
5 al t er ed10\UGoRplenRaiaty Ricleddadi@ ndldclle] SFRERIREEY the Eh'%ﬁt‘f@&'?o %\éﬁtr:gcg%dczangr

properties as _the nol ecul es above éﬂegm encoded am no aci d sequ
J:4

whi ch are chdybdngdetgetion offeserebe orthermblotting)l Tysica ueshodofigids for
mol ecul es i nglyde @tk i L ank descri.bed in greater detail in
subsection | S)lrl n 'anStﬁgrﬁggﬁgﬁgﬁ%%@ﬁ%ﬁﬁg? n“B PB#)?%@“PPI‘% fi% B‘ﬁe‘?rgi’ ker,
e.g., FKBP54 hyhddiratiokef 2 ldbeke praler(z.ict, yn antitwdy) spetific ifse ﬁ@fat’r%t ptAéinb e t he
severity of an This. . FKB ker,, e.g., FKBP54 marker is
ei ther incr eg’g(g%h%%‘[g%]e’carnégg%eﬁu?rho%%\ﬁ'fog'ﬁﬁ? ﬁ‘{’%lcgr‘?‘m aj1 bed rpdigisptepe acancer
tissue inlsa fillwsieseent ¢dn@iound, aaicnbhe, 2 Sh bh2ylecoXactHe LM RInVof sﬁ&:ﬁﬁ@l at ed
wi th the degree .of (?GV?I’,I ty . of prostate_cancer. In yet anotohe aspect, the
i nvention pr &%teBand preleix piid molecules mayglso bejesmssed baigebelesttopheresis,amofurhy  or
activity is ZLhroffafdeipdl &red debudhcld ' | . f devel opi.ng .nrost ate
activity 1S bk n'agr%{l?e?, 8t deuéhclgS br ddln@taﬁ%@ﬁt(m thE o438 bFndidid 9l

molecules) among many other techniques well known to those skilled in the art. '

In certain embodiments, the FKBP gene itself (e.g., the FKBP54 DNA or
. 20 cDNA), may serve as a marker for prostate cancer. For example, the absence of nucleic

acids corresponding to the FKBP54 gene, such as by deletion of all or part of the gene,

may be correlated with disease. Similarly, an increase of nucleic acid corresponding to

the FKBP54 gene, such as by duplication of the gene, may also be correlated with

disease.

25 Detection of the presence or number of copies of all or a part of a FKBP gene,

e.g., FKBP54 gene of the invention may be performed 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 analysis, in which total DNA from a cell or tissue sample is

extracted, is hybridized with a labeled probe (e.g., a complementary DNA molecule),

30  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



e.g., FKBP54 marker is either increased or decreased in activity or
quantity in direct correlation to the likelihood of the d@uepap et of
prostate c@pfsdh @ subject. It will also be appreciated g/‘%ﬁe skilled in
the art that the FKBP marker, e.g., FKBP54 of the inventi jH>36
conveniently be provided on solid supports. For exanple, 20

pol ynucl eoti des, such as nRNA, nmay be coupled to an array (e.g., a GeneChip
array for hybridization analysis), to aresin (e.g., a resin which can be
packed into | unm..for.. col.um..chr omat ography), or .a matrix (e.g., a
nitrocel | ul o%Iel&@ﬁH}’Wﬁf’%}}(’n%‘fl?‘i‘?ﬂeq‘??%ﬁeS’t‘encg#gaEe;J§ie§§f9PhPﬁ@13i gAWYBNI i zati on of
mol ecul escomhtoemRoyraty, il duaBtiEBVIECR Sk is ot Q¥R M ¥ ot .
noncoval ently, permts a discrete analysis of tHe presence or activity of
25 each marker in dedaysstien alsp eapprapassey nuclsic aciduapd grotgin Imyoleaileaovhidk sre
conpl ement ar Wit @uraiD &1 frake rtion.of t FKBP marker, e g.,
FKBP54 mar ker may ai gdjlv% l}atirﬁ%%{an iaetcﬁlggﬁlgéfntggd af’?vfee @ntv?ﬁﬁ]ﬁ Pé@&lﬁt?yons
on the ar riy 2ltqied nueleigacidey dvdnhgdid setjuzsat), biit tihichitare eeaaPle@roperties as the

pol ynucl eot i racted fraom kin cell sanple froma subject. The
hybri di zat i og‘?"g‘?&%é& 33’8& ﬁ%%'t ieﬂ%@e‘? ABHRe Aeid seapangen gt which @re changed onlinin

| ocation on 36n¢seential aminocadid besidlRE)eCseeh nldbulel Uschde alMIRS tsO%%&lg\?J“ Ity
of the marker, in. the sanple .can be ascertained. In a preferred enbodi nent,

a " GeneChi p" IETFRE 1ns2reshy dstalldn sybsestiondt ri x) . Similarly, Western anal yses
may be perforned @n dnbiePLid MR, 02/ 444 Uso1/ -12
anti bodi es specific for t ﬁééﬂelé:ﬁ%%gﬁﬁ’ yﬁe%!t\ﬂlr%‘éﬂfse%. ?@Eé@%{er’nﬁg'ki >4
hybri di zetP t &agkerthoseqwanttimylactivitydscerreatof with.th severdistiof pastatelesanés ity ve
PCR was used ' e pression of the target. marker. The
transcription _g/gﬁi%#f%%ﬁ%%s&ﬁ%g £ eﬁénchaéﬁ‘ijg’étd@Hera‘ﬁoq‘EQBW, or
denonst r at i ngctivityi meprbsarencimnér fissas e 9efasiion hANS hithel h&tivel \Sﬁikgagﬂeﬁr' ot
anal ysi s of tcge eggreaz d %55%4 qprotei n further confirned the ti
dependent i n&PEdat i ﬁ’ﬁr_ o0 §e¥CHY <Of; prostpfe apessedaeyedianether aspect, tEhe
presence of iFBIRSApionideihe FKBIMAKeNS; .%‘I@Pﬂ%ﬂ!&ﬂ&%ﬁ%ﬁg an't:xw SNSLIY &
howed t ? ard N

transi ent_cot rarisf ection  studies in cells s roge
recept or Hct FUEFLPGA Wikhsa Bl ihe sebies) forrd@pkpingimrostate \ahder.alThe REBRppaEeENt t O

one skilled ikl thenps i | rker. e.d., FKBP54 narker
protein or nucIg eic ac‘% 3@% égcét}ﬁgieg{é:g%g%{&geecq%gﬁfﬂfg%ﬁ%’gyt% Rl %dﬁ%ﬁ’t;
portion of tReTelaticnde thflilslihdaduifdint dévelogtent afipreledtecdncarin puttjeses (e. 9.,

for hybridizati OR)y:1f orti.Q f the rker which is 7, 10,
15, 20, 25, 30, 3_? , WIH428_§° %%%?ﬁ@?’p@ﬁ? oL 35 Rarhe BRBeomwtier c'.,
nucl eoti des BKBRF# 06 tedivtatiommap s@ivenieitty B€provided on solid supports. For example,

20  polynucleotides, such as mRNA, may be coupled to an array (e.g., a GeneChip array for

a

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
covalently or noncovalently, permits a discrete analysis of the presence or activity of
25 each marker in a sample. In an array, for example, polynucleotides complementary fo
the full length or a portion of the FKBP marker, e.g., FKBP54 marker may individually
be attached to different, known locations on the array. The array may be hybridized
with, for example, polynucleotides extracted from a skin cell sample from a subject.
The hybridization of polynucleotides from the sample with the array at any location on
30 the array can be detected, and thus the presence or quantity of the marker in the sample
can be ascertained. In a preferred embodiment, a “GeneChip” array is employed

(Affymetrix).  Similarly, Western analyses may be performed on immobilized



15 sufficient for detection purposes. The FKBP, e.g., FKBP54 nucleic acid
and protein narker of the invention may be isolated frorGiMAYt 005 ue or

cel | of wowhigst- 'n a preferred enmbodi ment, the'tissue,i ate cells
or tissue. However, it will be apparent to one skilled ?Pném%oqéﬁ%that

other tissue sanples, including bodily fluids (e.g., urine, bile, serum
| ynph, saliva, nucus and 20 pus) and-o[Qz[ ti ssue sanples may al so serve as
sources fromwhich the markers of the ifivention nmay be isolated, or in

which th , P yity, tit f.1h Kk f th
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i nventi oA. Wedstermvblot ahilgsie ofethk erxpressed FICBRSM pedteianfukthed onfiRed ithe time

conbi nati on,w éfgﬁi he marker of ..the invention in the nethods, panels, and
kits of the'PRUEHE MSFFasein expressignHayelsuyibe presepee oirandrgenn Theawesgaee ot hods

of maki ng apKBESY & eslid fatvrs ,%%léﬂfﬂeﬁfbnﬂfé%&ﬁﬁﬁh&%&atﬁﬁﬁgﬁt m&ﬁctﬁﬁ <

assessi ng whether a patient is afflicted wth pros{ate cancer.

met hod, a p¥tedies in (P$ cosHondiowgd t that medresaBPreraptioe ractivatipn, WD efRinédd Iy - 13 2
0 WY 2005 [gp4iSOL/ 44536 FKBPS4 marker is isolated (e.g., by purification
froma cell 1n ich it is expressed or by transcription and translation
of a nudPei ¢ aciltiwdlhelsdbegppdrentpo oneskillddrin the/at thiat 1he eifire FRKBRIGhAEr, AW

nmet hods. A rate referably. a. | such as,a mpuse, rat, rabbit,
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additional tine with the isolated protein or protein fragnent,
vert ebr at e BbRdBREafor sEAPle, MpeRion of sheymarker wdighhis 7ol 04 B9,120, 25, 36 362 n

W ih an | e T S e A0 pL B iisfof T UnAEE B LRngh e | ot
of met hdls Mﬁdieq&ﬁmvdﬂdctionperpasda Hybridomas formed in this 10 manner are
whi chpr oduce antBHTLBRy EoRIKER 4 gusier ok i Bl Riieh of e Jorean Fg
protein f risgissnted ffoRtaiyi®né boeelbddsubfeel. URESprataret dRibBEintERE ehdsshbisS
met hod and ﬁggtzilttc)%glils? gr tissue. However, it will be apparent to one skilled in the art that other
tissue samples, including bodily fluids (e.g., urine, bile, serum, lymph, saliva, mucus and
20 pus) and other tissue samples may also serve as sources from which the markers of the
invention may be isolated, or in which the presence, activity, and/or quantity of the
markers of the invention may be assessed. The tissue samples containing one or more of
the markers 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
25 obtained, stored, and/or preserved.
Several markers were known prior to the invention to be associated with prostate
cancer, e.g., PSA. These markers are not included with the marker of the invention.
However, these markers may be conveniently be used in combination with the marker of
the invention in the methods, panels, and kits of the invention.
30 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 the FKBP marker, e.g.,



made using such hybridomas. The invention provides nethods of identifying
prostate cancer, or risk of 15 devel oping prostate cancer2ifnsay $008j ect .
These net hodsozavel ve isolating a sanple from a subject ¢g TS0y B2 npl e
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quantity, and/or activity of the FKBP marker, e.g., FKBP54 marker of the
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prostate cancer. The levels of the FKBP marker, e.g., FKBP54 marker in the two

20 samples are compared, and a significant increase in the marker in the test sémple
indicates the presence or risk of presence of prostate cancer in the subject.

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

25 act1v1ty of the FKBP marker, e.g., FKBP54 marker of the invention in the sample
relative to a second sample from a subject known not to have prostate cancer. The level
of the FKBP marker, e.g., FKBP54 marker in the two samples are compared, and a
significant increase in the marker in the test sample is correlated with the degree of
severity of prostate cancer in the subject,

30 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., a sample

containing prostate cancer cells or blood cells), detecting the presence, quantity, and/or



the marker protein in the subject. In this manner, the subject may be
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The invention al so provides nethods for diagnosing rogen-depe
pr ost at et af@RAer Iha subieeh; These muthodginvebig, fonveritkers that eteaignificantly dagessedr om a

subj ect  ( €.ifexpréssaRlabiiy | Qb stk r_cells or. bl g%g.cells)
who is suffering fsroﬁag?‘gg}t?ght%ea can?:tgdlrh?ﬁE&%@?ﬁ%ﬁ%ﬁ’?@ﬂ’@%éﬁe 161;{-0(2 8L on
of the FKBPIRNAeer DalAy corrpypBpdiag to the decreased marker (e.g., by gene therapy), to

thereby increase the levels of the marker protein in the subject. For markers that are

significantly increased in expression or activity, the subject may be administered mRNA

20 or DNA antisense to the increased marker (e.g., by gene therapy), or ma}:' be

administered antibodies specific for the marker protein, to thereby decrease the levels of

the marker'protein in the subject. In this manner, the development prostate cancer in a
subject may be prevented.

The invention also provides methods of assessing a treatment or therapy for

25  prostate cancer condition in a subject. These methods involve isoléting a sample from a

subject (e.g., a sample containing prostate cancer cells or blood cells) suffering from

prostate cancer who is undergoing a treatment or therapy, detecting the presence,

quantity, and/or activity of the FKBP marker, e.g., FKBP54 marker of the invention in

the first sample relative to a second sample from a subject afflicted prostate cancer who

30  is not undergoing any treatment or therapy for the condition, and also relative to a third

sample from a subject unafflicted by prostate cancer, The levels of FKBP marker, e.g.,

FKBP54 marker in the three samples are compared, and significant increases or



10 marker in the presence and absence of. androgen and conparing the
difference in expression of the FKBP marker, e.g., FKBPIorgaykeoosi n the
presence wodaggnce of androgen. The prostate cancer cgﬁ-&] &l 8sndrogen
dependent if the expression of the mnmarker is increased in tﬁe presence of
androgen conpared to the absence of androgen. The invention al so provides
met hods for determning the efficacy of_androgen 15 wi thdrawal treatnment
in a subject afflicted with prostate cancer. The nethod involves detecting
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marker, e.g., FKBP54 marker at a subsequent point in time occurring after the
subject begins androgen withdrawal treatment. The level of expression of the
20 . FKBP marker, e.g., FKBP54 marker detected at the first and second time points
is compared. A decrease in the level of expression indicates that the androgen

withdrawal treatment has decreased efficacy.
The invention also provides pharmaceutical compositions for the treatment of
prostate cancer. These compositions may include a marker prdtein and/or nucleic acid
25 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. Altemately, these compositions may include an
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
30  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.



The invention further provides kits for assessing the swtza@“At f each
of a 10 I|ty of conpounds for inhibiting prostate cancer |n a

subj ect . gL?C‘H #HBs include a plurality of conpounds to HREEBE#36and a
reagent for assessing expression of the FKBP marker, e.g., FKBP54 marker.
Modi fications to the above-described conmpositions and methods of the

I nvention, according to standard technigtes, wll be readily apparent to
one skilled in the 15 art and are neant to be enconpassed by the
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st randed foﬁ%en?ﬂ’b\mc% mg, 13 gag AR eWibbe Hradi prenkioronp sifled rthe A
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Thi s al phabétical representation can be

As used herein, the terms “polynucleotide” and “oligomicleotide” are used

interchangeably, and include polymeric forms of nucleotides of any length, either

20 deoxyribonucleotides or ribonucleotides, or analogs thereof, Polynucleotides 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 (nRNA), transfer RNA, ribosomal RNA, ribozymes,
cDNA, recombinant polynucleotides, branched polynucleotides, plasmids, vectors,

25 isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes, and
primers. A polynucleotide may comprise modified nucleotides, such as methylated
nucleotides and nucleotide analogs. If present, modifications to the nucleotide structure

may be imparted before or after assembly of the polymer. The sequence of nucleotides

may be interrupted by non-nucleotide components. A polymucleotide may be further

30 modified after polymerization, such as by conjugation with a labeling component. The
term also includes both double- and single-stranded molecules. Unless otherwise

specified or required, any embodiment of this invention that is a polynucleotide
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ress at Oxfaord n| verS| e YEHiecthage of
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replicate copkﬂ:lsnd)lﬁeat p@hwmmom@escnw@hera@ PCR or gene cloning, are
col l ecti veI y 2 0 NAY 2005 WD OE 44418 PCT/ USO /44536 -18 referred to
herein as!>repli cft |59H° progucy incpides-anaming geid ée.gis peptide orpelypesidehgenerated

hybri di zat i omheﬁgag@hégmﬁnsoﬁ%&la@s{mg%{eaern or Northern blot anal yses (see,
e.g., Sanbrook, J., Fritsh, E. F., and Maniatis, T. Mdlecular Coning: A

Labor at ory Manual A “mebe”ahen uses i thp eontext Oﬂapbouclmﬂomyau@ohdumramg
Har bor Labor %ﬁlgéﬁﬁcﬁroﬁééthapﬁl Iﬂoﬁﬁéd B¥a '}@{&R{ to d¥Yct a%arget prl:sent in a sample of

interest by hybridizing with the target. Usually, a probe will comprise a label or a

20 means by which a label can be attached, either before or subsequent to the hybridization
reaction. Suitable labels include, but are not limited to radioisotopes, fluorochromes,
chemiluminescent compounds, dyes, and proteins, including enzymes.

A “primer” includes a short polynucleotide, generally with a free 3’-OH group
that binds to a target or “template” present in a sainple of interest by hybridizing with

25 the target, and thereafter 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”
consisting of “upstream” and a “downstream” primer, and a catalyst of polymerization,
such as a DNA polymerase, and typically a thermally-stable polymerase enzyme.

30 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

replicate copies of a polynucleotide, such as PCR or gene cloning, are collectively
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i vi dual cel T o £2F) e@ﬂ‘ﬂ’d?‘@"éh?%ﬂ’ﬂd&%m Reulsy thatds oapaBly of inseringiQagtorf or
vectors of fmoretpelymedcotidey alito0s okt @¥IRIERRMBPIRY CdfebéneaBlifery RLREILL Ste
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a WD 02/ 44418050Paes, biogo peTinglading netsal@obmegs andemthetiThelypreogeny
may not necapdpiotdins; PGHoBRRPhEREE! Yol SpttaHasd: ifidi m c
or total DNA cqnpl eme%t) to the %?lygi_na' péreﬁ?p{)?gﬁgag%@ o%nhaqcﬁér.ialg‘,’elpa '
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20 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.
A “vector” includes a self-replicating nucleic acid molecule that transfers an
25 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 vectors that function primarily for the replication of nucleic acid and
expression vectors that function for transcription and/or translation of the DNA or RNA.
Also intended are vectors that provide more than one of the above function.
30 A “host cell” is intended to include any individual cell or cell culture which can
be or has been a recipient for vectors or for the incorporation of exogenous nucleic acid

molecules, polynucleotides and/or proteins. It also is intended to include progeny of a



I nclude but are not limted to bacterial cells, yeast ceIIs “insect cells,
animal cells, and 5 mammalian cells, e.g., murine, rat, Qigrigy 26§ human
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descri bed be t "Different
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aspect, it ieqiredis mclidé fReRokt abquehbat tol Bind: BNAI PRSmeREEHEE ¥crﬁt{‘oh”es
or preferlsbl}énlo times higher_or |ower than the 30 expression

det ect ed LalopSGAueRSE ok Hbqsome, kinding.iFor examnle.a bagtesiabexwemsith vcto
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i ncludes a cemgungd,of él)%)mgr rH”Eab%%‘abtb‘;S‘; tManualn 2nd, ed., Cold Spring Harbor

Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989).

20 Similarly, a eukaryotic expression vector includes a heterologous or homologous
promoter for RNA polymerase II, a downstream polyadenylatioh signal, the start codon
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.

5 “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.
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

30  expression level detected in a control sample. The term “differentially expressed” also
includes nucleotide sequences in a cell or tissue which are expressed where silent in a

control cell or not expressed where expressed in a control cell.
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pol ynucl g9t i ; o i : . ann l.ng d those
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pol ynucl eot irﬁ)%%h% hybridi zati on can occur between one of the strands of
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(the degree that Hybeidjatiymuehetivih deani SeV\Pe@aas Wder2 LoRdifotdN 62 Qifferent
“stringency”. The stringency of a hybridization reaction includes the difficulty with

20 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
remain hybridized to each other, whereas molecules with Iow 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,

25 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.

When hybridization occurs in an antiparallel conﬁguratibn between two single-
stranded polynucleotides, the reaction is called “ahnealing” and those polynucleotides
are described as ‘“complementary”. A double-stranded polynucleotide can’ be

30 “complementary” or “homologous” to another polynucleotide, if hybridization can occur
between one of the strands of the first polynucleotide and the second.
“Complementarity” or “homology” (the degree that one polynucleotide is
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metastatic cancer (MC), to distinguish this condition from organ-confined prostate

20  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” inchides 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

25 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

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

30 only those markers which are either increased or decreased in quantity or activity in

subjects afflicted with or cells involved in prostate cancer. In other embodiments, a
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The term “isolated nucleic acid molecule” includes nucleic acid molecules which

are separated from other nucleic acid molecules which are present in the natural source
20 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
3’ ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic
25 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
of the cell from which the nucleic acid is derived. Moreover, an “isolated” nucleic acid
30 molecule, such as a cDNA molecule, can be substantially free of other cellular material,
or culture medium when produced by recombinant techniqp.es, or substantially free of

chemical precursors or other chemicals when chemically synthesized.
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In another preferred embodiment, an isolated nucleic acid molecule of the

invention comprises a nucleic acid molecule which is a complement of the nucleotide

20 sequence of a marker of the invention i.e, FKBP54, or a portion of any of these
nucleotide sequences. A nucleic acid molecule which is complementary to such a
nucleotide sequence is one which is sufficiently complementary to the nucleotide
sequence such that it can hybridize to the nucleotide sequence, thereby forming a stable
duplex.

25 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
used as a probe or primer. The probe/primer typically comprises substantially purified
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide

30 sequence that hybridizes under stringent conditions to at least about 7 or 15, preferably
about 20 or 25, more preferably about 50, 75, 100, 125, 150, 175, 200, 225, 250, 275,
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reading frame enclgdaidggiog tMcklﬁlElegt?Aey 4%3 ¢=:[nim(=?seotQ t];le tFIr[](eBP gene, e.g., FKBP54 gene .it
20 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 FKBP gene,

e.g., FKBP54 gene may exist within a population (e.g., the human population). Such
genetic polymorphism in the FKBP gene, e.g., FKBP54 gene may exist among
individuals within a population due to natural allelic variation. An allele is one of a

25 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 polypeptide encoded by the nucleotide sequence.

30 As used herein, the terms “gene” and “recombinant gene” refer to nucleic acid

molecules which include an open reading frame encoding a marker polypeptide of the
invention.
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occurs in nature
remain hybridized to each other. Preferably, the conditions are such that sequences at

least about 70%, more preferably at least about 80%, even more preferably at least ahout
20 85% or 90% homologous to each other typically remain hybridized to each other. Such
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
25 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. Preferably, an isolated nucleic acid molecule of the
invention that hybridizes under stringent conditions to the sequence of the FKBP gene,
e.g., FKBP54 gene. As used herein, a “naturally-occurring” nucleic acid molecule
includes an RNA or DNA molecule having a nucleotide sequence that occurs in nature
30 (e.g:, encodes a natural protein).
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biological activity. In one embodiment, the protein comprises an amino a01d sequence

at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or more homologous

20 to a marker protein of the invention.

An isolated nucleic acid molecule eneoding a protein homologous to a marker
protein of the invention can be created by introducing one or more nucleotide
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

25  deletions are introduced into the encoded protein. Mutations can be introduced into the
FKBP gene, e.g., the FKBP54 gene of the invention by standard techniques, such as site-
directed mutagenesis and PCR-mediated mutagenesis. Preferably, conservative amino
acid 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

30 replaced with an amino acid residue having a similar side chain. Families of 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
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20  anucleotide sequence of the invention. The term “coding region” includes the region of

the nucleotide sequence comprising codons which 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

25 not translated into amino acids (i.e., also referred to as 5’ and 3’.untranslated regions).
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
30 of the coding or noncoding region. An antisense oligonucleotide can be, for example,
about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nuclectides in length. An antisense nucleic

acid of the invention can be constructed using chemical synthesis and enzymatic ligation



30 of the coding or noncoding region. An antisense oligonucl eotide can be,

for exanple, about 5, 10, 15, 20, 25, 30, 35, 40, 45 org@gOngweHsoti des in
| engt h. W oantdisense nucleic acid of the invention canggﬁg%}swct ed

usi ng chem cal synthesis and enzymatic |ligation WO 02/4 - fite W2
PCT/ USOl / 44536 reactions using procedures known in the art. For exanple;'
an antisense nucleic acid (e.g., an apjgsense oligonucleotide) can be
chemi cally synthesized using naturally occurring nucl eotides or variously

modi fi ed nygh&Rhl | | ncr.eas e _biological stability of the
nol ecul es or to |é%gégﬁédegﬁég&%glglthes?rg‘bitl{aﬁ% Olet%éamfﬁpﬁnwl?lﬁraﬁ@d

bet ween t helegnt s emtisenan dligemsteotide)l eirC baCtitbicallydsyntihRe@ AR Befithy
derivatives. and acri dqixﬁe subst j té\t ed nucl eotides can be used.” Exanpl'es of

modi fi ed nitSPESEBqBUCleqfdes 1of Wronsly wadified Bckotidess designesnte someasenthsl ei c
ARG ety : . ) 4 " i
aci d i ncl udsologichlQsilifyost the nRvlecileR P44 ?xfdééas? ?gﬁ%&%%@&hbf%ﬁg@h;ﬁﬁy%?;i 3

hypoxant hi ne, xantine, 4-acetylcytosine, b5- I'oX
5- car box¥ né?ﬁ??dabﬁtwm?ébﬁ phtisenserang gerisd nnelpicHeil§, e.g., phosphorothioate derivatives

o oy G g bl D gL, LS AR AR RS

i nosi ne, N6-isopenteny eni ne,
2, 2- di met hyvhjchasemée Bed et geptratbethe natisehssaiubllc0hdia Thdlgde 3;%}&%%&14@ ne,
y

5-net hyl cytasine, .N6: adeni ne,. Z-. get hyl guani ne, 5-net hyl am nonet uracil,
5- et hgxygrﬁ%@é‘?‘ﬂg -'@P?ﬂ%f‘aél?ﬁ%ﬁla- ymmﬂx%waqm%s‘ﬁ-mwlcytosine, 5-
5' - met hoxy qearbenytiyeionymstiag) | ’wgbl'lr,mtﬁ%ﬁﬁﬁﬁétgyl?é@%@%?gh%gﬁﬁj@?, 5.

N6- i sopent enyl adeni ne, uracil-5-oxyacetic “aci
pseudoutbcicAtooxymeidslapdnomethyiigeilst dihlydepraildtetayD-galdctisplqueside, inosine

2- t hi our aciNg-isdndrpd 4L, 13 L uraci | racil-5- gxyacetic, acid

net hyl est elrl\fG ﬁé%%%@gd%g’c éﬁfl %H@%P%me‘,/) ,'“?:ﬂi‘?élf‘ﬂwg’ gzszﬁ{%ﬁw ne, 2-

3- ( 3- ani no1Eethyladenineh Sxpethplgyanine BantthylcyRens) Wme'ﬂﬁ}d?aoﬁnéjim({gﬁm i-ne.

Al ternati Vgtlné(h lé\be' aenél sgg e nucl g)lgmacin% can be produced biologically
using an 2 exp eSS0 R VY BRI GYRIREh “amAderemenemetiythivisenl, swtre| oned
in an anti $enmanosylquessing, i Pandhox§carbEiVhiAREG! 'ﬁﬁfétﬁo&?@a&i?i%—in%ﬁ@ﬁ%fd

nucl ei c Sac'N% will be of an antisense “orientation to a tar % acid
of i nt ePesto-aReDisyldening.t wEzeil-Troxyseeticol dcithi (), wylpBewsinen) pselisuradl,i sense

nucl ei ¢ acigdedsiecc Ul e g | o0 . dyphcal ly adm njstered 25 to a
subj ect or a ener at ed i%&gci)séd&’ StJSr(}]\I;l‘alti]l %?&Pﬁgelgm?i b?’ﬁ%f”f)éc’% t ﬁqbr"“{?f"ﬁd %0
J g A ] y ny
cel | ul ar niagthylanaeil.aracilefraryscctilacid mettgil exer purasil-K a¥xy adetit aiid (¥, 5th8thyl-
i nvention b by 4 nhi:bi 4\ £Xpression of the protein, e.g., by ~ -
i nhi bi ting ﬂ’fgﬁg“{g?i %t(? A3 E )égfi’é{’ﬁ?l’%l%}i‘)o}‘ﬁac‘%ﬁégpﬁw, and 2,6-dlarhinopurine,
Alternatively, the antisense nucleic acid can be produced biologically using an

20 e}.(pression vector into which a nucleic acid has been subcloned in an antisense
orientation (i.e., RNA transcribed from the inserted nucleic acid will be of an antisense
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

. 25 1o a subject or generated in situ such that they hybridize with or bind to cellular mRNA
and/or genomic DNA encoding a marker protein of the invention to thereby inhibit
expression of the protein, e.g., by inhibiting transcription and/or translation. The
hybridization can be by conventional nucleotide complementarity to form a stable
duplex, or, for example, in the case of an antisense nucleic acid molecule which binds to

30 DNA duplexes, through specific interactions in the major groove of the double helix.
An example of a route of administration of antisense mucleic acid molecules of the

invention include direct injection at a tissue site (e.g., in skin). Alternatively, antisense



hybri di zati on can be by conventional nucl eotide conplenentarity to forma

stable duplex, or, for exanple, in the case of an anti set\-ﬁw%?i c acid
nol ecul e Whiaghy i nds to 30 DNA dupl exes, through specifigc interactions in

the maj or groove of the double helix. An exanple of a rbtF/ESYfHSs36

adm ni stration of antisense nucleic acid nolecules of the invention
include direct injection at a tissue site (e.g., in skin). Alternatively,
antisense 20 W 2005 WD 02/41418 PCT/ USA™/ 44536 -29 nucl ei c acid nol ecul es
can be nodified to target selected cells and then adm nistered

syst eni cal | yucleieqcidsmglsnles campe madifiedite taigat selestadagells nd shan aderiistered

nol ecul es ¢ : dirbl h L f: 1 : i e tors or
ant i gens. exoy Somica ot Sae ) IR KRR LS Stifel Hbl G

anti sense nueddified such thahibeyspacdsallpbind pa redesom or Sntégehs bxalessad wha sdtedsddnd t o

cell surface_gpeceptors or_apti.gens. The antisense .nuclei¢ acid nplecul es
can al so be cglfélﬁu{/tg?eeoe'ft"bbé’eﬁ?lgg%gﬁ?’ngj‘"&?@%%@@r"saﬁ‘és@? ef:‘)‘éﬁs kR Peptides Tor
achi eve sufahiisdddaatwhich biadead ool slirfsee RéRPlotndr MiSetf TLarBdss 8088ic acid
nol ecul es, vecgtor-constructs _in _which the antisense nucleic acid nn1ecu|e

i's placed uffdFeU9iear alie Pedelivered torGelnpsipg the|vectory daseibed)ergin. oRp eelticver e
preferred. kfficheny &lraddlRifIonSsRAHbAESH tzhef[alﬂﬁséﬁg‘:f hﬁ)%ﬁf'es,nv&ltoq': c%nﬁﬁ.{é:% iR

mol ecul e of the invention 1s an a-anoneric nucleic. acid nolecu
a- anoneri ¢ raiethe apiiseaseamictaieipeid plepsle is placed imped thebtomiret ofsmstenglppbil ds

wi th conpl er&eggﬁﬁy WH} ?Eéfg!? contrary to the wusual R-units, the
pr er are %d.
ral'l’e 0

strands run p 0 ea éer (Gaultier et al. (1987) Nucleic Acids.

Res. 15: 6625- 6641 yet Bnethanéms@iimentnthe laglienscm@diai® h@é e ofahs vemigy | Se a
2' -0 15 nmethyl ribonucl.eotide (|nhoue et al. (1987) Nucleic Acids Res.
15: 6131- 6148%/ ap, p-apomere palric-agidampleavlan A b graomerie pacleic agid mplpgdy forms

FEBSLett. 215 z . o ' - ti.sense,nucl eic
acid of the%?%%gg?o{%ﬁa ftgalllgeéwl%)rgdzs;‘gn@ Q%B%%w gg?@%@t fx(?:net%ﬁﬁt ecul es
wi t h ri bonueies Seunitstthe sttapdsiingiarailebto exelp athee(Gafultidr eawll (1982) Fidigt A&k anded
nucl ei ¢ aci S S . Lo which .they 20 have a conpl enent ar

regi on. Thuge,es'rfggggzé??gsﬂ?)(' gﬁg@ ,anh%f’ﬁﬁeef’ e ae db@?k?ﬁ‘laélg cal\acfig)g?qngg};eianzxo-

Hasel hof i5 amebti3dribantiettiRB@hoddtetid BO87P AbrcoRl Ukids AResD e 5Us18H.6148) or 2
catal ytically. cl e: b}ﬁ&m transcripts of the FKBP54 gene of the’invention,
to thereby cﬁﬁ‘l‘ﬁr’ﬁﬁ%ﬁ‘?‘?" W Easlegie Grove gf &. ﬂﬂ&@.F@?‘$4%bZ$$ﬁé2?ré%)ng specificity
for a marker prot@isin #beedeAgodikhe!n Afisth AR 463 G0 haaag. yoqn the

nucl eotide sequence of a gene of 25 'the invention, disc rern.
exanpl e, a d®EEYME. i Ribopimes arecataylimRINA nole@ildswath Bdohucknseetivignshichiateed i n

whi ch the nugleal ijaemggﬁl%le%ﬁathggd RehdiY %ci%i, Len' & mRNA, to which they
20 have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes

(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to

catalytically cleave mRNA transcripts of the FKBP54 gene of'the invention, to thereby

inhibit translation of this mRNA. A ﬁboZyme having specificity for a marker protein-

encoding nucleic acid can be designed based upon the nucleotide sequence of a gene of

25 the invention, disclosed herein. For e)lcample, a derivative of a Tetrahymena L-19 IVS
RNA can be constructed in which 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

30 used to select a catalytic RNA having a specific ribonuclease -activity from a pool of

RNA molecules. See, e.g., Bartel, D. and Szostak, J.W. (1993) Science 261:1411-1418,



conplenmentary to the nucl eotide sequence to be cleaved in a marker

protei n-encoding nRNA. See, e.g., Cech et al. U.S. Paten2 ONdAY 200887, 071;
and. Cech WD 0aks18). S. Patent No. 5,116,742, Alternativel Yec1TWysidsgnscri bed
froma gene of the invention can be 30 used to select a catalytic RNA

havi ng a specific ribonuclease activity froma pool of RNA nolecules. See,
e.g., Bartel, D. and Szostak, J.W (1993)¢pSci ence 261:1411-1418. WO

02/ 44418 -30 2 0 MY 2006 PCT/ USO1/ 44536 Al ternatively, expression of FKBP
genes, e.g., the nucleot|
sequences co;rgl en‘gﬁg%ﬂ, ggr@‘ﬁgﬂéﬂ‘égu atory rg%ﬁ%bﬁev %ﬁgm}%é °, t he
pronot er and blt@hhmmwmﬁ mmlebbdtms&qulepnee cbaiplamdntesjz Itdmielﬁegﬂaﬁohaie 162{ svent

o't cancer 168 B A e oble BhopEbafion il CEng #m@'s%ﬁﬁmé v
Acad. Sci. Qﬁ&ieﬂﬁﬁaﬂﬁmpﬁﬁﬁi dYHB@rgcné- i) targ 983k Bseéga?eyﬁ ﬁllﬁ&&)e ol

yet anot herﬁenbodl ment, the nucleic_acid nolecules of t resént e)ntlon

can be notli fEgander (iug Bgs S(6xi68t8#; Helrgar Crasiadt(}99) Aphd&i@’hdmd Bac&ﬁb% to
i mprove,  e.3%; and MGh&L Etgl ngb%%g%gyi,ﬁb%ﬁglmqsor solubility of the

mol ecul e. For exanpl e] eox phosphat e backbone of the nucleic
aci d nol ecul es cdn Ysbanmhhrfenﬂ)ddmnt,ghmaueibm anﬂbmméeul&u@f mbcpr@a@htdﬁxvérﬁ%

Hyrup B. et ( Q nic.& Medicinal Chem 5-23). As

used herein, 91% RS (gar%rgréd E‘a@ﬁ b%ﬁeemﬁ e8P or P]E'ﬁSPﬁ G’kb°¥‘%¥%ﬂnt’r@ve,

nucl ei ¢ aCI &g thecstabmtg hyboBatib]l 615 soluBiliedioF tht hﬁolééiﬁéyrFﬂDE%nﬁh at e
natura

backbone re}P e @?l pseudopepti de backbone and only t
15 nucl eb §1§8 H&@S? B?H%‘ét& bagklonge ok the nurleir Reite melecpidasan de tmeérﬁedhovm to
all ow for %@g&hﬂ‘el }gepmgrduglleﬁa{,dl&n(sgg % %“d WAI gﬁ cho(’)nqdn:5 % :ﬁgg; "tﬁpq" I‘fd

lonic strength. The synthesi’s of orrers an
st andar d solq/@'ﬂp‘ﬁ'a’s‘é(k)eét%de Assl;sndﬂvsmtbGMmO‘bSpm rﬂe&ﬁ:radikm JriPNAsp B.

t al 199 f d,, S
Ta670 675, S6epRReTisk LY BRACTEE, T st Snenh g dsemimbosg phowheieons.
For exanpl e buckBhiAs mamﬁh&eﬂsleﬁ aﬁ%ns&fﬁdp&lﬂf&e bagkband 'zﬂﬁ”%m@g% sfogjlor natural
uci ng

sequencebstspemflc nodul at expressi on by, for exanple,

transcri HCIS?batS?%?@Ir&tﬂnSﬁ’r 3‘;’? %F“%rbaPlfhWE iof PREAS has et shavanto @Msfqrf t he
nucl ei ¢ aci epeBiceBtbrafizaon TKBREA aﬁd%NAﬁfﬁ@E’Pémﬂfi’tfh? o%‘?o»@‘?%mb'gﬁgn%ﬂ éh&‘f"e g

anal ysi s of single base pair nmutations in gene
PCR 25 cl anpy#iagsis 8§ PN tqligopiers care be rpecformed emmnﬁ@d%emdjqﬁﬁhel Peptide

conbi nat i on syAthdkiPh®cols as described in Hyrup B. et al. (1996) supra; Perry-O’Keefe et al.
Proc. Natl. Acad. Sci. 93: 14670-675.

20 - 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
gene expression by, for example, inducing transcription or translation arrest or inhibiting
replication. PNAs of the nucleic acid molecules of FKBPs, e.g., FKBP54 can also be
used in the analysis of single base pair mutations in a gene, (e.g., by PNA-directed PCR

25 clamping); as ‘artificial restriction en:zymés’ when used in combination with other
enzymes, (e.g., S1 nucleases (Hyrup B. (1996) supra)); or as probes or primers for DNA
sequencing or hybridization (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, by the

30 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

molecules of the invention can be generated which may combine the advantageous



enzynes, (e.g., Si nucleases (Hyrup B. (1996) supra)); or as probes or
primers for DNA sequencing or hybridization (Hyrup B. et gI0 WM& 2005) supra
Perry- QO Ke ga). In another enmbodinent, PNAs can be ified,
to enhancea{(ﬁoezl lFmst ability or cellular uptake), by attacﬁlg%jspvﬁéffm i c or
ot her hel per groups to PNA, by the 30 formation of PNA-DNA chineras, or by
the use of |iposones or other techniques 3gf drug delivery known in the art.
For exanpl e, PNA-DNA chineras of the nucleic acid nolecules of the

i nvention can_be gener d i conbi ne t he_advant ageous 20 MAY 2005
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PNA segnmeid tbjnmdmeyhommgpma rén chusrcd aPabetwaden ahe PNA%ﬁ)th6 B‘pélﬁi) of DNA

Alternatlvely s with a 5° DNA segnent
and a 3' PNAWE et(‘gepg'rgégwcgf ‘Kglﬁseﬁ/ %%7%’ NA; Boreyass @ra/ilen
Chem Lett. 5buﬂ1&dlﬁr d dkpviise nidﬂn@ﬂb%o@ﬁ@@@hiﬁ%ﬁfc%olfeaﬂe Q\hﬂ‘lg@guﬁlhﬁoéehl%@

i ncl ude ot her 81p2£% ( groups.  such_as peptid or targeti %ost

cel | receptor§di i segmenh £hing Rhce ¢ a(ﬂ??ﬁj S@r%nsp‘b‘tqmﬁwchsschhmccel I

mb , ! b USA
56, 6553 6536, Lonm 1 5 o yifhe STANR S i ap B oA C et Gy 052

20 PCT Pubii &kl el W7W%8qwd&/1%éeml50®w%ibﬁ2l4) barrier (see, e.g.,
PCT Publ i cation thw)gxg{)&cﬁﬂé% thb %llgmf:feoﬁ)& may dlgCﬁltl t%%teép%gg an be

modi fied with hybrlgll zation- triggere gava dpd STRYRS et
al . (1988) BwnchTm:mm@amee ﬁ, ﬁﬁaax@é'tﬁ)g Tost celht&ceptafsainl \m}o)ii@ﬁ@géi}ts fa'éﬁﬁatu@ g.

Zon (1988) Pharm . Res 549 this en the ol 1gonucl eotide may be
conj ugat ed t gﬁé 8{tha§1:°sﬁr§} % IIBem%rémeg see zf%yelg‘?t?lﬂ%er eh b o) dirpeVatl. Acad.
Sei. USA 86:6553-6556; Lemaitre et al. (1987) Proc. Natl. Acad. Sci. USA 84:648-652;
20 PCT Publication No. W088/09810) or the blood-brain barrier (see, e.g., PCT Publication

No. W089/10134). In addition, oligonucleotides can be modified with hybridization-
triggered 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
25  triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent).
Finally, the oligonucleotide may be detectably labeled, either such that the label is
detected by the addition of another reagent (e.g., a substrate for an enzymatic label), or
is detectable immediately upon 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.
30



25 triggered cross-linking agent, transport agent, or

hybri di zation-triggered cl eavage agent). Finally, the oli g(anéYe%ﬁl de may

be det ect WPY2#dbel ed, either such that the label is detectmesoippsishe

addi ti on of another reagent (e.g., a substrate for an enzymatic |abel), or

I's detectable i mmedi ately upon hybridization of the nucleotide (e.g., a

radi oactive | abel or a fluorescent |abel32(-.e.g., a nol ecul ar beacon, as

described in U S. Patent 5,876,930. 30 'o My Zoos. WD 02/ 44418
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fromwhich the marker erlve or su
chem cal preéﬂﬁh@rsste@unqwmer chem cal s when chem cal |l y synt hesi zed The

| anguage 4" subst anti § ee .0 el,l ul mat.erial " includes preparations
of marker® pr ot ei nﬁlglnaivégte‘% Pﬁ%ﬁ oP@?et‘P ior Welpgically aetpveopertian |t§¢rgpf is
conmponent s ofulistatieldy free bf emmirlxﬁétemil drSothds Poaffinding p&&@iﬁmﬁ‘oﬂ?wel é’allI r
produced. In_one enbog%rrent f'he | anguage "substantially fre Pl

material " i n8FYE Ol Vhigh dhe masksriereteist ds derivedavr sybstansislly Hece ﬁbnut
30% (by drychémieAll predtirsdid Br Hﬁ:@#@ﬁeﬂfi’iﬁﬂg %fﬂén((ﬁlleﬁl?ctaﬁ]gfs% g%%e%z 0'%"% | Anguage ©

“contaminating protein"), nore erably | ess
non- mar ker pr %’i”éﬁaﬁtlalb’tfrqelOfﬁdhéarmatpméT mcaidleypﬂcp&ratlddsmlﬂ nﬁhcwbro”tﬁﬂ{qﬁ?fwhlch
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nedi - | t
pr e:‘ gp]ab: y | ces!ﬁl U%Sn{f?zﬂ# er%g epaaton ek matksr projgin Pa‘flégﬁesﬁ Iﬂ%ﬁﬁ Fiouti B0%BY% of
the vol une ofbyt &y weiRh®)idf nodSmkePBfc¥ih QBlso referred to herein as a “contarmnatmg

protein”), more preferably less than about 20% of non-marker protein, still more

:

20  preferably less than about 10% of non-marker protein, and most preferably less than
about 5% non-marker protein. When the 1ﬁarker protein or biologically active portion
thereof is recombinantly produced, it is also preferably substantially free of culture
medium, i.e., culture medium represents less than about 20%, more preferably less than

| about 10%, and most preferably less than about 5% of the volume of the protein

25 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
embodiment, the language “substantially free of chemical precursors or other chemicals”

30 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



The | anguage "substantially free of chem cal precursors or other chem cal s"
I ncl udes preparations of marker protein in which the protelﬂlw' I™ar at ed
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synthesis of the protein. In one enbodinent, the | anguage "substantially
free of chem cal precursors or other chem cals" 30 includes preparations of
protein having | ess than about 30% ( by c_Ir3¥_vvei ght) of chem cal precursors
or non-protein chemcals, nore preferably~l ess than about 20% chem cal

precursors or_non-protein chem. cals., stjll nor referably | ess than about
D006 cher cal’ PECRRoB B R0 SR A Tiseisciid mor! ALY 55 Dioa P ecis chsmmica
non- protei n gheNisoal 6t noRpbtédR Shenmeab.er abl y | ess than about 5% cheni cal

precursors or non-protein chem cals. As used herein, a "biologically active
portion" of a mar Ksruspd Beteiny a; ‘higlegieallyaactive pgriiont’ offa marker peoteiprintledas a

conprising am | i Cl . . r derived
rom the am naiaeROHS RAUIGER EHvsRkabhnd P SRR S ichtly RO iy

am no aci ds tthanderived firgid the @myndracidiséquengeradittke markeaprbteinwhich idudecfawtr one
activity of . r.pratein., Typicall bi ol ogi cal,l. ctive portions
conprise a dganrr%’i%ﬁg%&s Wg? ?I}e @?ﬂtlﬁnéﬁgfnaﬁgﬁ’f“@% %@ﬁ’@b&aﬁfﬁf RBe Aghiyrof a
protein. A binmdrkgipeatihy Tapicalise bROsitalp a@tﬁveapdméﬂ@%mp@ig@habﬁaﬁxad? nRfifvith

pol ypeptide which is, for e€< mpl e, 10, 25, 50, 100, "200 or nmore am no 10
aci ds in | endt FFStEsI SHYBAP &ledﬁﬁ‘%mﬁ%?m-i dnbiolomicallygeties postion of 8 matkehe

used as tar ggféteinfcan bél ﬁkﬂsfyﬁﬁitﬂig vﬂﬂﬂ{‘fssfo‘f‘/@i.c%g;gl@hg%{ {0, qOWd@e% mare amino

protein-nediated activity. I'n a preferred marker protein s
encoded b0 t keidrkBlenghn &iologically activkBPBiong ofie markerqrdtein @ntbedisedad argetshe

mar ker pr ot eigy. : Iadly h ogous to . a marker, praiein encoded by
t he FKBP genef&s,dezel?:])i.ﬁ,Flg &%&&gﬂlﬁ%%ﬁ@% q’l’%r i pﬁgte{nﬁ@ei%tef‘&ﬁté‘fl onal activity
of the marker profenmpreforet] atitfotiEnent) marked proteciscnsedbdesiChe WKBH geneflalglr al
allelic vari afﬁ 0. ,or nﬁ&la enesi)s . as dcﬁécri bed in detail in subsection I
above. AccordrHgrigens Tnomst FBbodimsais: the marker protera isabsigntiallyihemolosgupioot ei n
whi ch conpri semaker piifl @nésded 15CHIEREBP YenbLass. FREM5460% . 5R%ct£AY8he’ 5%
80% 85% 90% 95% 98% or rmrbg,ehorml oggélfg fo the am ng&ac" %ﬁ;%ea%gsr@g

encoded b¥ t Kenctipesh aghyile of thegmarkep protsimpget djffers. inTamiget asidrieguendeedysetoc ent
identity of tRraAMe : f | el.Gy - acld se ces, the
sequences are ali gne%l)c ?ﬁﬁggﬁﬁ qrr]gﬁng oﬁ%%rﬁgs%ésnx%frﬁg%s%éﬁ]( g %’.kb,se%é)g;ie aP3R be

i ntroduced i A\gerdingly, boanethsf embédiment, thednaker eratain iaaprudeia sihichodonpriséseinC
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di sregar ded
or more homologous to the amino acid sequence encoded by the FKBP genes, e.g.,

- 20 FKBP54 gene.

To determine the percent identity of two amino acid sequences or of two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps
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

25  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
least 70%, 80%, or 90% of the length of the reference sequence. The amino acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are

30 then compared. When a position in the first sequence is occupied by the same amino
acid residue or nucleotide as the corresponding position in the second sequence, then the

molecules are identical at that position (as used herein amino acid or nucleic acid



25 conparison purposes). In a preferred 'enbodi nent, the If@% %sa
reference sequence aligned for conparison purposes is at 0

pr ef er abl WQ 2EI®t 409% nore preferably at |east 50% eVEWUSHY-E536
preferably at |east 60% and even nore preferably at |east 70% 80% or
90% of the length of the reference sequence. The am no acid residues or
nucl eotides at corresponding ami no acid-pdsitions or nucl eotide positions
are 30 then conpared. When a position in the first sequence is occupied by
the same ami figentityT ds requivelont tr amiml edd imtemmkeid heidc ChbmelpeRdi NTLO YekdehON i N
the second seguence, then the nolecules.are ideptical at_that position (as
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i ntroduced for optim I gnment WO sequenc of
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package (avaPMiSSER ngorppmated into the\GNE gragrams i) the GGG softwarp packagB(asitahle 62

matri x or aW@QW@ | | . .10 , 6, or 4
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sequences of r tagl ' be a,.query
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20 The nucleic acid and protein sequences of the present invention can further be

used as a “query sequence” to perform a search against public databases to, for example,
identify other family members or related sequences. Such searches can be performed
using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al. (1990) J.
Mol. Biol. 215:403-10. BLAST nucleotide searches can be performed with the

25 NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences
homologous to nucleic acid molecules of the invention. BLAST protein searches can be
performed with the XBLAST program, score = 5 0, wordlength = 3 to obtain amino acid
sequences homologous to marker protein molecules of the invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in

30 Altschul et 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.,
XBLAST and NBLAST) can be used. See hitp://www.ncbinlm.nih.gov.



Mol . Biol. 215:403-10. BLAST nucl eotide searches can be perfornmed with the
25 NBLAST program score = 100, woidlength = 12 to obt ai n@QuMAeMSde
sequences whepi@gous to nucleic acid nolecules of the i ' . BLAST
protein sear chesﬁ%an be performed with the XBLAST progr gelncemsjécog}gg:’g 50,
wordlength = 3 to obtain am no acid sequences honol ogous to marker protein
nol ecul es of the invention. To obtain ga_%%ed alignnents for conparison
pur poses, Gapped BLAST can be utilized as~described in 30 Altschul et al.,
(1997) Nucleic Acigs .Res,. 2%%17 :36389"3402' en utjlizing BLAST and
Gapped BLAST progr alte2YPHE? 889 RIOVIdeh Shimsut aF Rsion maskernsalsiie: A9 asyskksgvinns
(e.g., XBLASY nmaker NBIATHc Bafteilf® o S‘9isi ? RiohdpMé AChY | V.
20MAYM WO 02/ 44418 PCT/ USO f44536 -35 %%rgqfﬁ\%gnﬁog{n al s% Eiragé\% (r?eog’pggl nmeric
or fusion mart®sFatiyelyilisked to agongragkeraobipeptiden A kwrket plolypeptids” pncdedss ' or

"fusion protejdn 'ﬁﬁsanaanﬁﬁrﬁ ent | jvely |in a
non- mar ker pgﬂld%peegg(i{g(}gv n "mar 5@%5@%&%@‘%&’?&@%@? %nxspglgyﬁﬁ%ésge
havi ng an &nigeoe.avliatas eduemuarlen polypeptidy” inblndés<Bpblgsapeide hevigg an HKBBEidS
gene, whereas " non-narker. | ypepti.de” .i.ncl udes .a pal pti de .having an
ani no aci d sség‘l‘f’élﬁ%ca°°%%??’é‘£"b§ﬁ%liangp°§%“ et % RE SR Homologens tmheal | y
honol ogous t antrver proteitk e g. ph Qireteid, which-is dfRERRIR k&N plotendliahd Sheat if rom
mar ker pr ot ei .an(g whi¢ch is derived fromthe sane or a different organi sm
Wthin a mar KSFVEd Sopnths ssme; o & didfersns opgsatsm. d WVithim acmarkes fisind proteirt theor a
portion of a gedepfiddPéft & r ' . a rarker. fusion’
protein conpri ses?gt %%aﬁrfbg%dga bti%oﬂjgf ?a‘fﬁonégt{ ?\r}ggggﬁll%%n' 0 aap’f?gfrf?gr
protein. V9t Hmpodiveent, asinerkenfusioniproteintrompeisen dt dqast aitei bielogichlly k@i¥s poftion
po

i ntended to jedi t rker pol tjde.and the nqn-parker

pol ypept i de adrfg %géergjrétgﬁ f‘&%ﬁ% Ql?eotlﬁglgg ﬁm&%ﬁg{gﬁ? ee‘fﬂeol?%‘?ﬂvﬁgx E‘gﬁedp@%@‘iﬂdi de
can be fused todndibae Meat direninatksr polyfeptide and thesn@fmbiker PBIvkestidedry RREY kgle. 15
For exanpl e\,M#an 0{1e efﬂgtgdi nt, the fusion protein is a GST-marker fusion
protein in Tpe torfach pihRts  Thedipnanaker polwep ths fsed tetheNriermirusor G-he
GST sequenceasrmifCdT the kah@er folRleplids can facilitate the purification of
reconbi nant marker_ proteins. I n another enbodinent, the fusion proteinis

a marker Bt ot ei n @Gﬁféwlﬁgmaon%m?f&i@ﬂﬁl 6@0@@0_3 ipgotein iseq)(STemariier fitson
N-term nus. Ifo@Rl idwhidiOfle fiallef chuelces FRMARL %@etggﬁ‘%tten% | lsﬁ%t‘ethee)é&ts’fs' on

and/or secretion of narker proteins can be increas roug
het er ol ogous S§@upneds. sughdhsien pBtaits singacilitate the gucifisativneovetdmidagmindrkert he
art. ' '

proteins.
In another embodiment, the fusion protein is a marker protein containing a
20 heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian
host cells), expression and/or secretion of marker proteins can be increased through use
of a heterologous signal sequence. Such signal sequences are well known in the art.
The marker fusion proteins of the invention can be incorporated into
pharmaceutical compositions and administered to a subject in vivo, as described herein.
25 The marker fusion proteins can be used to affect the bioa'vailability of a marker protein
substrate. Use of marker fusion proteins may be useful therapeutically for the treatment
of disorders (e.g., prostate cancer) caused by, for example, (i) aberrant modification or
mutation of a gene encoding a markerprotein; (ii) mis-regulation of the marker protein-

.encoding gene; and (iii) aberrant post-translational modification of a marker protein.
30



The marker fusion proteins of the invention can be incorporated into
phar maceuti cal conpositions and adm nistered to a subject gi I, as
descri bed herein. 25 The marker fusion proteins can be ugﬁ“i“() ect the
bi oavai | aBQ 0¥4418f a marker protein substrate. Use of narkefu§dniap
proteins may be useful therapeutically for the treatnent of disorders
(e.g., prostate cancer) caused by, for exanple, (i) aberrant nodification
or nutation of a gene encoding a nmarkecggotein; (ii) ms-regulation of the
mar ker protein- encoding gene; and (iii) aberrant post-translational

nodi fication of angR: ot,el 2 2144418 PCT/ USOL/ 44536
-36 Moreover, the mroﬁgg-?lﬁs%%ﬁ&f)ﬁ%?%%%gg@stggﬂt?{\é])vglm’ﬁ]@ﬁ E4h He Uie€Psas

i Mmunogens tHpENegaRe toaprodusenanitiemagiven pmitein antibdatdel msa bﬂmj@bt,sﬂébﬂ)@ﬁ%' .mérRer

purify mark Lp: Ligands and in screenjng assays to identity.

nol ecul es Vﬁ rgﬁﬂ{ E\i{ﬁ%‘lﬁlst af’%em PRYEIE: AFSBYS Jp e kE’PYeﬁP]Gﬁ evhichy inhibit ther ker
protei n subsintezdction of Pheailesr pRitein wathBhiREr gibieBdubstrfé. fusion protein of the
i nvention_is proggyc dbi\%/ st andar d reconbi'nant DNA techni ques. For exanple,
DNA fragngnts co lrﬁ%.“¥ » & arkegehimerie ar fusismymyetsin ofths dupeaticess modudet @t ed
toget her i Nn-didmARRL +RoREEAMITBRNAE M i C l.onal\gechni gues, .for,. exanpl e
by enpl oyi ng_bl unt - e%ded_ or g?&atgé%{r@gﬁ'dgﬁy%?é#‘%ﬁhb%%awg% icgfing for the
restricti on HHeeRe Pelypertideonequengss oarp diégatedir tageyited pinifeinge i r d¥eé¥danckO with
filling-in R as. appropriate, al kaline.phgsphatase treatnment
to avoid u%f gg%g)g{ﬂe?ﬁcgﬁ%ﬂ?eﬁg,sﬁ%ﬁgd' eyﬁ’étwﬁ?%thq'ﬂﬁfenﬂ &hottsgger-ended

enbodi ment , temenf fei bgatigeneestrivion RarEyO URSHRE n Lonal. t i ques
conarisuses i o 5 it G, 00

i ncl udi ng, a nmat ed synt hesi zers. Alternatively,
gene fr ag?re:ﬁlgn%'ﬁh Oﬂgclgﬁ%ﬁ‘%/q E8i%ott 2pRFPpEatandlisatine phosphatasewtreatmenti e avoide t o
conpl ement anhdew@b Sn ,eahweeggmﬁ D CUt i ene, 15 fragnments whi ch can
subsequent |y be an%?gl'eaé)and t earrp.i%bgigﬁ't ;thg%lﬁglgﬁflgbg lﬁﬁFﬁg}i‘q 108c8f0C
sequence (&80 be synthasizadl by, coguentions] teelmiques ircliding/biteiea DNBA QY R8YsizEeS
Ausubel et g ' .sons: 1992).. Moreover, many expression vectors
are COmmer ci a}ﬂamg. é?ﬁ{dg%{%ﬁlﬁ%atuoglo%egfﬂ f&%’&ﬂ@ GorbfsFaHedoleging @nchor a
GST pol ypeptprise)s whictegive mise 1o @bfiplen@neeflioterhase Bithedf kb SaibelRive! éé&]gd
into such a exehés‘ifgol? vect or suTh that the 20 fusion noiety Is |ITnked
in-frame'to aﬁgJ rRErD o euliseauently; b apnealed andrreamplifiedyie generdie mcliimeiiti t at e
secretion amend ssqueideqBeeDforeRANSECERYES PrBlob S LN AR oiBLOLE! NSO
I nterest. Si ggﬁ#@se ugnces are ? pi cal | yrcﬁg%lgg'?é@{efg%&%dggy’ 8@%’ guﬁ?obel
hydr ophobi ¢ & o illgy Snpensh 1992 Ylareqvat, Inyany! expressior weutort hre ddBirhéreially Ot ei n
: available that already encode a fusion moiety (e.g., a GST polypeptide). A marker
protein-encoding nucleic acid can be cloned into such an expression vector such that the

20 fusion moiety is linked in-frame to the marker protein.

=le]
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A signal sequence can be used to facilitate secretion and isolation of the secretéd

protein or other proteins of interest. Signal sequences -are typically characterized by a

core of hydrophobic amino acids which are generally cleaved from the mature protein
during secretion in one or more cleavage events. Such signal peptides contain

25  processing sites that allow cleavage of the signal sequence from the mature proteins 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
embodiment, a nucleic acid sequence encoding a signal sequence can be operably linked

30 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,



during secretion in one or nore cleavage events. Such signal peptides
contain 25 processing sites that allow cl eavage of the si @ﬂaﬂkﬁe@ence from
t he matur ins as they pass through the secretory p hus, the

i nventi onqﬁgpggiginé; to the described polypeptides having @Wﬁfsggequence,
as well as to polypeptides fromwhich the signal sequence has been
proteolytically cleaved (i.e., the cleavsge products). In one enbodinent,

a nucl ei c aci d sequence encodi ng a signaFP’Sequence can be operably |inked
30 in an expression vector tq a protein of interest, such as a protein
which is ordiﬂ?@ﬁeﬁ@ﬁbﬁequ@@érléﬁ%ewnﬂx opeansriaply deaverlc The prodein sen thea.  The

si gnal SequelBeereQdirﬁcpmﬁgﬁC{rﬁﬁéi 8 %&u&d&ﬁmﬂﬂ%&&:ﬂ: by U %?%érﬁnzgg] f%ftthMY

eukaryotic host into expression vector is trans
2003 WO 02/ AMtenstively,/ sosignpd 58¢uensT camdbet linkked itgnthk 1seigine of éntéersst using a

subsequent |y unrently cleaved. Th r of ei n then be readily
purified f roﬁ?c)({u lgcge%%l%%%’ﬁlf%ﬁ’s ‘“ﬁﬁﬁ‘f%‘i’rﬁ‘l&g ﬁgwfhﬁe@%‘gﬁ@?@a- net hods.

Al ternatiwely, thEhspgealt inemtionasociitals thivakads of iHeempried ?xiofbix%f of fber est
using a sequence whjch facilitates purjfication, such as with a GST

donmai n. 5 Th&VSRETEYRIch {ration 8n eitharAepnists {mietics) orpas antegonists torthe markesr
proteins of tHhgeind NV | ' | ' ' s (JT .GS) or
as ant agoni s?s_ tltl)§ t hﬁﬁh&ﬁﬁ&%ﬁ%‘%{%&?ﬁgﬂ%ﬁ?gﬁe&ﬁﬁbﬁg&@e lg’ré'%g@%éer%%s can
be gener at ed PPt mutatige aetrimcatien gf 2 marker pwten. Aoiagonistafihe marker proteinsoahi on
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nat ur al | y1010 oomerinig fong of @ hiarlodr peoteinr Karanfpedist of a niikérPratgdrtas inhiit eherGar ker
protein can inhi bIL% onc%é{or r}:o e of tB(e actjvities of. the naturally
occurring foft¥of }!’?ea Fieso ptﬁlﬁtnéT“ﬁal yoocrgine npfi B eyKeFepTOtelny By for
modul ating asxaggle,Vedmpehtivly HEdiRiting! & Bdtivity S mAREChbletn. gﬁé,oﬂie%ls
effects can be elicited by %'re,ajtmant with a’variant of  Iimted -fdnction.
In one enbod&ioReinal cifpctpeandre elisitechby tipjtment with & varians of imitedBwnctian. alnsmbs et
of the biol ogj : MYAR S : . rLi f f, t.h
protein has fgﬂél\%g*}m%?tag%% F%al%:to gﬁi%&éetcgﬁ%tjﬂi?&?a%%gﬁﬁgé %dgg%r%fggl %@ﬁ‘%1°%kf h the
nat ur al | ylsocedivitiesgf fhematudllyt drevmingkfenm of the piotein Way fewet sidoéffatsine kebject

protein which,functjon as, either rker pr.ot in. oni sts m netics) or as
mar ker prot elrerllatg"r?t%%g%)#?‘g?tsw@b eﬂgg?a&@rﬂcwrf’@d?w ?@ﬁ%@ﬁﬁ‘ﬁb"r&’ Hbi nat ori al
libraries of nutaWasanteoffa mirkeingrateir0whivht fandtion 4 citheMBal&F pRiteth SlgBnibigr
mar ker protein, 20. gg)?l_)ni st .or antagoni st activity. In one enbodinent, a

vari egat ed | (BIRSHGS)I S a5eKker Profein ntaponists sanrheddéntifigd iy sereeningspmbinatorial

conbi nat or i alibAkeASE RTINS, lg. [ REnJAHEN Riflar@Ciod o SYRler 3RMein | 1Br ﬁxﬁﬁéﬂgﬁqtéi{ a
variegated gene |library. A variegated library of marker protein variants
20 ~agomist or antagomust activity. In one embodiment, a variegated library of marker

protein variants is generated by combinatorial mutagcﬁesis at the nucleic acid level and
is encoded by a variegated gene library. A variegated library of marker protein variants
can be produced by, for example, enzymatically ligating a mixture of synthetic
oligonucleotides into gene sequences such that a degenerate set of potential marker
25 protein sequences is expressible as inciividﬁal polypeptides, 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 .vaﬂety of methods which can be used to produce
libraries of potential marker protein variants from a degenerate oligonucleotide
sequence. Chemical synthesis of a degenerate gene sequence can be performed in an
30 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



can be produced by, for exanple, enzymatically ligating a m xture of
synthetic oligonucleotides into gene sequences such that a degenerate set
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ol i gonucl eot Reed1a7¢).known in the art (see, e.g., Narang, S. A (1983)
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20  techniques, which are amenable to high through-put analysis, for screening large gene

libraries typically include cloning the gene library into replicable expression vectors,

transforming appropriate cells with the resulting library of vectors, and expressing the

combinatorial genes under conditions in which detection of a desired activity facilitates

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

25 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 identify marker variants (Arkin and Yourvan (1992) Proc. Natl. Acad. Sci. USA
89:7811-7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331).

An isolated marker protein, or a portion or fragment thereof, can be used as an

30 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
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Accordingly, another aspect of the invention pertains to anti-marker protein

20 antibodies. The term “antibody” as used herein includes immunoglobulin molecu,leé and
immunologically active portions of immunoglobulin molecules, i.e., molecules that
contain an antigen binding site which speciﬁcally binds (immunoreacts with) an antigen,
such as a marker protein.- Examples of immunologically active portions of

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

25 by treating the antibody with an enz'yme 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
site capable of immunoreacting with a particular epitope. A monoclonal antibody

30 composition thus typically displays a single binding affinity for a particular marker
protein with which it immunoreacts.
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technol ogy figbmAk b monocl onal anti body hybridomas is well known (see
generally R H Kenn , I n Monocl onal Antibodies: A New Dinension In 20

Bi ol ogi cal Anal yske, te¢hinelogn fujroilsding) gnofioelpnal aiibedyoybridbeies Yo (8%e) ; E.
A. (see generally R. H. Kenneth, in Monoclonal Antibodies: A New Dimension In
20  Biological Analyses, Plenum Publishing Corp., New York, New York (1980); E. A.
Lerner (1981) Yale J. Biol, Med., 54:387-402; M. L. Gefter et al. (1977) Somatic Cell
Genet, 3:231-36). Briefly, an immortal cell line (typically a myeloma) is fused to
lymphocytes (typically splenocytes) from a mammal immunized with a marker protein
immunogen as described above, and the culture supernatants of the resulting hybridoma
25 cells are screened to identify a hybridoma producing 2 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; Gefter

30 et al. Somatic Cell Genet., cited supra; Lemer, Yale J. Biol. Med., cited supra; Kenneth,
Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will

appreciate that there are many variations of such methods which also would be useful.
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ant i body pha%ngélﬁﬁ)al ath-marker protein antibody can be identified and isolated by screening a

recombinant combinatorial immunoglobulin library (e.g., an antibody phage display
20  library) with marker protein to thereby isolate immunoglobulin library membere that
bind to a marker protein. Kits for generating and screening phage display libraries are
commercially available (e.g., the Pharmacia Recombinant Phage Antibody System,
Catalog No. 27-9400-01; and the Stratagene SurfZ4AP™ Phage Display Kit, Catalog No.
240612). Additionally, examples of methods and reagents particularly amenable for use
25 in generating and screening antibody' display library can be found in, for example,
Ladner ef 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 91/17271; Winter et _
al. PCT International Publication WO 92/20791; Markland ef al. PCT International
Publication No. WO 92/15679; Breitling et al. PCT International Publication WO
30 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/Technology 9:1370-1372; Hay et
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Completely human antibodies are particularly desirable for therapeutic treatment
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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
polypeptide corresponding to a marker of the invention. Monoclonal antibodies directed
30 against the antigen can be obtained using conventional hybridoma technology. The
human immunoglobulin transgenes harbored by the tfansgenic mice rearrange during B

" cell differentiation, and subsequently undergo class switching and somatic mutation.



(1987) J. Inmmunol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci.
USA 84:214-218; Nishimura et al. (1987) Canc. Res. 47:99%—&%; zd%gd et
al . (1985)_ 20 Nature 314:446-449; and Shaw et al. (1988) J. |- ncer
Inst. 80: %88248%%H): Morrison, S. L. (1985) Science 229:PCWUSILRGE O et
al . (1986) BioTechni ques 4:214; Wnter U S. Patent 5,225,539; Jones et al.
(1986) Nature 321:552-525; Verhoeyan et al. (1988) Science 239:1534; and
Beidler et al. (1988) J. Intniunol. 141:-4053-4060. Conpletely human
antibodies are particularly desirable for therapeutic treatnent 25 of
human subj ectThus,Swing sach abedingmeciis chsibIeaﬂlmﬁﬁlcel$ﬁdﬁ@eﬁﬁ@ﬂ§g@éﬁ1mg{@,QEAvmi ch
i ght

are incapabl f expressi endogenous. | nqgl opul i n heavy and | ig|

chai ns g_enes_,ag%&E m@ﬁ?%ﬁscgﬁ' a@)?_b’?&éeév %ﬁh’ﬁ%‘&g@' %ﬁﬂrqu%g herpen ?ﬁlt@ég'é%. The
transgenic nseeLéiberg AndENz&ed995) MDReP Wnilfhol 85 85.08) Wid:y cﬁgﬁl‘é& 81‘[§I:&E.’ion
antigen, e.g., all or a portion of a polypeptide corresponding to a marker

of the i nventof 8Hs tasBrRiesibfrrl Praducingoktrean afitibediceend3bumarminesoecloat aatitiddisn can

munogl obul fad FRelsaily B bRRting iy SRl 0BT S Hotea SRR 26 U Shur f ng
B cell diffdeient 5683da5; AhS. Peloned 569,825 UiRicPaentCh,865010 4nahUIy, Puteht
somati ¢ nut atd Qa. t 03 WD 02/44418 PCT/ US01/44536 -43 Thus, using
such a technitsqsag’,golg't Ollnsa%gté%rf’ bHO@WB‘e%FB%ME%%Lﬁ%‘Pép@m i?gﬁF’PWtugé\f)u can bg | gA
and | gE ant i langtiged.toFprovite GuBENi 8iibodicd Mirectb® CAHARLOGY sél%te@raﬁgéi%gfﬁgig unman

ant i bodi es,- Sﬁ’g‘? Lonherg and Huszar (1995) Int. Rev. Inzn:unol. : 93).
For a det ai | S§RRICE{ Muylghto that deseribed ghowmol ogy for produci ng human

ant i bodi egp and hu e At {hd] 5 . Or qQt B roduci n

SUch ant i bodi es. - SonptEgChiRRR AMIRETWERL KRB ) ED BlpRLoRETe s

U. S. Patent BeBEZeE28ngla Gehpignenefefeded a8 I'gnidaddeldctfon.” Phi €iié apfrobed5a806.

I n-addition, e C : eni.x,.. I nc. (Freemont,. CA), can be

engaged to pr ggéwmndﬁuanﬁlﬁaﬂ? ﬁ(g% |ag§n[;t oty G &qn 'ﬁ§f’trﬁ%?d§ells2é‘é?de‘i’:? grds Gen

using technetlegionsif i doatpldtely thuatan datlsddyrec gaziigethe $8n& TS (REperd BN

ant i bodi es \A,?'bﬂjgr.%%gglni ze @gl %gied epitope. can be generated using a

techni que ref@ & %Ogyg‘%'r % ection.” In this approach a selected

non- humani1bnoc! ORA! anitakkee!frotén tntiBodi(d A AR ity 36 pbysiiigle the
y i tope

selection of ,a conpletely human_ anti bo recogni zing the sane ep
(Jespers et iPlate ajmarker projeineeh s Bryontion: Wogtagdmy . tedlgiques,asich -asnaffimity

o oo Bkl BB RELy A R SRS Gy R,
the purification of natural marker proteins from cells and of recombinantly produced
marker proteins expressed in host cells. Moreover, an anti-marker protein antibody can -

20  be used to detect marker protein (e.g., in a cellular lysate or cell supernatant) in order to
evaluate the abundance and pattern of expression of the marker protein. Anti-marker
protein antibodies can be used diagnostically to monitor protein levels in tissue as part
of a clinical testing procedure, e.g., to, for example, determine the efficacy of a given
treatment regimen. Detection can be facilitated by coupling (i.e., physically linking) the

25 antibody to a detectable substance. Eicamples of detectable substances include various
enzymes, prosthetic groups, fluorescent materials, luminescent materials,
bicluminescent materials, and radioactive materials. Examples of suitable enzymes
include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or
acetylcholinesterase; examples of suitable prosthetic group complexes include

30 streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein  ~ “isothiocyanate, rhodamine,

dichlorotriazinylamine flucrescein, dansyl chloride or phycoerythrin; an example of a



chromat ography or i mrunoprecipitation. An anti-marker protein antibody can
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expression of genes to which they are operatively linked. Such vectors are referred to
herein as “expression vectors”. In general, expression vectors of utility in recombinant

20 DNA techniques are often in the form of plasmids. In the present specification,

“plasmid” and “vector” can be used interchangeably as the plasmid is the most

commonly used form of vector. However, the invention is intended to include such

other forms of expression vectors, such as viral vectors (e.g., replication defective

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

The recombinant expression vectors of the invention comprise a nucleic ac.>id of
the invention in a form suitable for expression of the nucleic acid in a host cell, which
mmeans that the recombinant expression vectors include one or more regulatory
sequences, selected on the basis of the host cells to be used for expression, which is

30  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



15 vectors). Other vectors (e.g., non-episonmal mamralian vectors) are
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185, Academic Press, San Diego, CA (1990). Alternatively, the recombinant expression

vector can be transcribed and translatéd in vitro, for example using T7 promoter

regulatory sequences and T7 polymerase.
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Expression of proteins in prokaryotes is most often carried out in . coli with

25  vectors containing constitutive or iﬁduéible 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

30 of the recombinant protein by 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



described herein (e.g., marker proteins, mutant forns of marker proteins,
fusion 15 proteins, and the |ike). The reconbi nant expreggbgﬂ“yﬁﬁ%ors of
the invention can be designed for expression of marker pr S

pr okar yot WO @/44¢askaryotic cells. For exanple, marker propeiggoGaseoe
expressed in bacterial cells such as E. coli, insect cells (using
bacul ovi rus expression vectors) yeast cells or manmalian cells. Suitable
host cells are 20 discussed further in CGggddel, Gene Expression Technol ogy:
Met hods in Enzynol ogy 185, Academi c Press, San Diego, CA (1990).
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'20 One strategy to maximize recombinant protein expression in E, coli is to express
the protein in a host bacteria with an impaired capacity to proteolytically cleave the
recombinant protein (Gottesman, S., Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, California (1990) 119-128). Another
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted into an
25 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.
In another embodiment, the marker protein expression vector is a yeast
30 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,



California (1990) 60-89). Target gene expression fromthe pTrc vector
relies on host RNA polynerase transcription froma hybri g&@ylzgg fusion
pronoter.wwzg‘?hsgene 15 expression fromthe pET |I1d vect0r i on
transcription froma T7 gnlO-lac fusion pronoter nedi at SETNSHH8expressed
viral RNA polynerase (T7 gnl). This viral polynmerase is supplied by host
strains BL21(DE3) or HM5S 174(DE3) from a resident prophage harboring a T7
gni gene under the transcriptional conttd{ - of the lacW 5 pronoter. 20 One
strategy to paxim.ze r i rotein expression jn E. coli is to
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In another embodiment, the recombinant. mammalian expression vector is

120 capable of directing expression of the nucleic acid preferentially in a particular cell type
(e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue-
specific regulatory elements are known in the art. Non-limiting examples of suitable
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert e al.
(1987) Genes Dev. 1:268-277), Iymphoid-specific promoters (Calame and Eaton (1988)

25 Adv. Immunol. 43:235-275), in particillar promoters of T cell receptors (Winoto and
Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Baneri et 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),

30 and mammary gland-specific promoters (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 promoters



For exanple, commonly used pronoters are derived from pol yg g@ovi rus
2, cyto alovirus and Siman Virus 40. For other suitabl r I on
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of Sanbrook, J., Fritsh, E. F., and Maniatis, T. Mlecular Coning:. A
Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring
Har bor Laboratory Press, Cold Spring Har#®f, NY, " 1989. |n another
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Another aspect of the invention pertains to host cells into which a nucleic acid
20 molecule of thq invention is introduced, e.g., FKBP genes, such as the FKBP54 gene
within a recombinant expression vector or a nucleic acid molecule of the invention
containing sequences which allow it to homologously recombine into a specific site of
the host cell’s genome. The terms “host cell” and “recombinant host cell” are used
interchangeably herein. It is understood that such terms refer not only to the particular
25 subject cell but to the progeny or potential progeny of such a cell. Because certain
modifications may occur m 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, a marker
30 protein of the invention can be expressed in bacterial cells such as E, coli, 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.
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acid can be identified by drug selection (e.g., cells that have incorporated the selectable

20 marker gene will survive, while the other cells die). |
A host cell of the invention, such as a prokaryotic or eukaryotic host cell in
culture, can be used to produce (i.e., express) a marker protein. Accordingly, the
invention further provides methods for producing a marker protein using the host cells
of the invention. In one embodiment, the method cdmprises culturing the host cell of
25 invention (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 isolaﬁng 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
30 animals. For example, in one embodiment, a host 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
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encoding nucleic acld into the male pronuclei of a fertilized oocyte, eg., by

' 20 microinjection, retroviral infection, and allowing the oocyte to develop in a
pseudopregnant female foster ammal Intronic sequences and polyadenylation signals
can also be included in the transgene to increase the efficiency of expression of the
transgene. A tissue-specific regulatory sequence(s) can be operably linked to a transgene
to direct expression of a marker protein to particular cells. Methods for generating

25 transgenic animals via 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 and 4,870,009, both by Leder et al., U.S. Patent No.
4,873,191 by Wagner et al. and in Hogan, B., Manipulating the Mouse Embryo, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar methods are

30 used for production of other transgenic animals. A transgenic 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
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20 the gene of the invention to allow for homologous recombination to occur between the

is a

exogenous gene carried by the homologous recombination nucleic acid molecule and an
endogenous gene in a cell, e.g., an embryonic stem cell. The additional flanking nucleic
acid sequence is of sufficient length for successful homologous recombination with the
endogenous gene. Typically, several kilobases of flanking DNA (both at the 5’ and 3’
25 ends) are included in the homolégous’recombmation 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
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
30 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
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transgene encoding a selected protein and the other containing a transgene encoding a
recombinase.

Clones of the non-human transgenic animals described herein can also be

produced according to the methods described in Wilmut, I ef al, (1997) Nature

25 385:810-813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669.

In brief, 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

fused, e.g., through the use of electrical pulses, to an enucleated oocyte from an animal
of the same species from which the quiescent cell is isolated. The reconstructed oocyte
30 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. _
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or nucleic acid corresponding to a marker of the invention. Such compositions can

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, ie., 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



5 suitable for adm nistration. Such conpositions typically corrprl se the
nucleic acid nolecule, protein, or antibody and a phar madtQtMRYa20s
accept abl wooanui1er. As used herein the | anguage "phar MBGRYYh o/ A6
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bi ndi ng par paRhtepfl, tdg T nds of the present i_nvention
may be obt albned T om hy avg‘ﬁm% firddeithal” “sihastaticous, o q (e.g., inhalation),

transdermal (topical), transmucosal and rectal administration. Solutions or suspensions

20 used for parenteral, intradermal, or subcutaneous application can include the following
components: a sterile diluent such as water for injection, 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

25  acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of
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

enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

30 Pharmaceutical compositions suitable for injectable use include sterile aqueous

solutions (where water soluble) or dispersions and sterile powders for the

extemporaneous preparation of sterile injectable solutions or dispersion.  For
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20  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,

25  the preferred methods of preparation are vacuum drying and freeze-drying which yields
a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof, |

Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral

30  therapeutic administration, the active compound can be incorporated with excipients and
used in the form of tablets, troches, or capsules, oral compositions can also be prepared

using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is
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20 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

25 protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated deiivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.

30 The materials can also be obtained commercially 'from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected

cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutically
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delivery system that targets such compounds to the site of affected tissue in order to

20 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

25 employed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initially
from cell culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the IC50 (i.e., the concentration of
the test compound which achieves a half-maximal inhibition of symptoms) as

30 determined in cell culture. Such information can be used to more accurately determine
useful doses in humans. Levels in plasma may be measured, for example, by high

performance liquid chromatography.
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?P&Xr; 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 medium
having recorded thereon a marker of the present invention.

As used herein, “recorded” includes a process for storing information on
25 computer readable medium. Those skilled in the art can readily adopt any of the
presently known methods for fecording information on computer readable medium to
generate manufactures comprising the markers of the present invention.

A variety of data processor programs and formats can be used to store the marker
information of the present invention on computer readable medium. For example, tﬁe'
nucleic acid sequence corresponding to the markers can be represented in a word
Processing text file, formatted in commercially-available sofiware such as WordPerfect

and MicroSoft Word, or represented in the form of an ASCII file, stored in a database

30
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hybrids of thegetif aifo@e isequets hferendliog edred Mt @8 dfh MRge fRssa. sdhgn
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conput er r d3daBEEs apned fsidentHy fvemsaly o saions o theseararogsafithe Bivendioprwhitng
conmput er readaphLe | ' -eon a marker of the present
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mar kers of t helnpos embodimest theo mray\cunibe aisyd 0d ashal ogepé @RPSA6n B AAMFBHS taand
formats can _be used t.o store the_marker infor |on of the present

i nvention di cHTHARHSTE seeqicty Rf gensmin B ATaYa Tnanmer, ugdo Abpuf 86Q0 grary

sequence Ccorr esRobkinfilthiRobdl aSRYHETcE XPRsdieh. ! TRIsQIRWE AlprbRlcto i dbveloped
processing text file, formatted 1n conmercially-availabl'e software such as
Wor dPer f ect showing a battery of genes specifically expressed n 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

20 expression of a baitery 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 example, 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

25 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. If an agent is administered therapeutically to treat one cell

type but has an undesirable effect on another ceil type, the invention provides an assay

to determine the molecular basis of the undesirable. effect and thus provides the

30 opportunity to co-administer a counteracting agent or otherwise treat the undesired

effect. Similarly, even within a single cell type, undesirable biological effects can be
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expr essi on10 Thhes expredsionndfothérsganss SPMEishing lcblY or LIRSS LHE Jgﬁé’%'mfzﬁéfg &3
ablre: d

expression of a b tt?ry of genes in the tissue 1's ascertain

genes can be é‘?‘%‘ﬂg’@d B selestiomef dtesraty melepular tasgets fox fheearstininteeversion afthe

| evel of expreushad o Qowhdfeam!thetnndiHeSed §at&§eful, for exanple, in
ascertaining the relationship of” gene expression between or anobng tissues.
Thus, one tissue cdieleapdsalsy weefulfomhstérminifid Sl - mitialePeessioN PaeHS Hbreldra
second tissue termned, .In this cqoptext, . the effect of one cell 25
type on anot héI?&g ggll?essl ‘gxpré)r;:ﬁ‘%f‘%ds glg?f‘g%({]f%lsaolﬁ?%l’ﬁ’d?c{?éla battery of genes that eould

det er mi ned1s Sietve as dedodéoutan eirgettor diagt®eik ot thefBEufr @M Ritioh0 know the ef fect
of cell-cell interaction at the 1evel of gene expression. |If an agent is
adm ni stered therapeutically to treat one cell type but has an undesirable
ef fect on anotiePrédétlvelMBBeint he i nvention provides an assay to determ ne
the nol ecul ar basi g _of the undesirable, effect and thus provides the. 30
opportunity to co- AdfiHpssnkinvention peerinete Mg dighhof predidtiver medieing rig alvhiche

undesired diagnostic assays, prognostic assays, pharmacogenetics and monitoring clinical trials are
20 used for prognostic (predictive) purposes to thereby treat an individual prophylactically.

Accordingly, one aspect of the present invention relates to dizignostic 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
25  developing a disorder, associated with increased or decreased marker protein expression
or activity. 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
of a marker gene can be assayed in a biological sample. Such assays can be used for
30 prognostic or predictive purposes to thereby phophylactically treat an individual prior to

the onset of a disorder (e.g., prostate cancer) characterized by or associated with marker

protein, nucleic acid expression or activity.
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can be assayed in a bi ol ogi cal sanple
prognostic oPOIQ!P Brle oF ereprefseblys mapociheale An mhmphnytibaﬁjz | vl frypridng @erddT

i ndi vi dual p(éé)r Fhe or F(ab’)p) 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

20 (ie., physically linking) a detectable substance to the probe or antibody, as well as
indirect labeling of the probe or antibody 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
bi.otin such that it can be detected with fluorescently labeled streptavidin. The term

25 “biological sample” is intended to include tissues, cells and biological fluids isolated
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 dctectlmarker mRNA, protein, or
genomic DNA in a biological sample in vitro as well as in vivo. For example, in vitro
techniques for detection of marker mRNA include Northermn hybridizations and in situ

30 hybridizations. In vitro techniques for detection of marker protein include enzyme
linked immunosorbent assays (ELISAs), Western blots, immunoprecipitations and

immunoﬂuorescence. In vitro techniques for detection of marker genomic DNA include
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That is, the detection netho nven ah be used to det ect
mar ker nmRNA, pr otldierinvestion géﬁmcemwes kitsafob ldaﬂeotglg:mle pfesepteof Makiek iPaas

well as in . technl etection of marker
MRNA i ncl ud\eﬂnﬁo%lcﬁer n Eeabrl dle’z‘gll? Ign@l gﬂtd qg?‘@&l"@f‘?&?‘i‘%ﬁ% ageng
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determining the amount of marker in the sample; and means for comparing the amount

20 of marker in the sample with a standard. The compound or agent can be packaged in a

suitable container. The kit can further comprise instructions for using the kit to detect
marker protein or nucleic acid.

2. Prognostic Assays

25 | The diagnostic methods described herein can furthermore be utilized to identify
subjects having or at risk of developing a disease or disorder associated with aberrant
marker expression or activity. As used herein, the term “aberrant” includes a marker
expression or activity which deviates from the wild type marker expression or activity.
Aberrant expression or activity includes increased or decreased expression or activity, as

30 well as expression or activity which does not follow the wild type developmental pattern
of expression or the subcellular pattern of expression. For example, aberrant marker

expression or activity is intended to include the cases in which a mutation in the marker
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mar ker protein. or cleic,acid., 2. .Prognaqstic says, 25 The _dj agnostic
met hods desc?ﬁ%’é‘ﬁd G B SRS %Pﬁ%‘?%&’ée%é’r%é;icz%@ geog’-i HENA o geremicect s

having or at DN/ks dbtedied,ehpbin ghepdbnea s L ket bEAEIA R nAASE GLALS didkhbdic
aberrant __mapker expression or activity. As used herein, the term
“aberrant*® i 148U haymeeer atouisk of deiloripg AcdiFease wr wisorder desociatesk withom

OVl Ly | T SO 08 B et MR AL o RIS s e
as expr essi opioingicat sanyle gbaimed Fotesubirot of intekasty Fdrexmiple, 4 tepisanipledanbeent al
pattern a biological fluid (e.g., blood), cell sample, or tissue (e.g., skin). |
Furthermore, the prognostic assays described herein can be used to determine
20 whether a subject can be administered an agent (eg., an agonist, antagbnist,
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 subject can
be effectively treated with an agent for a disorder such as prostate cancer. Thus, the
25  present invention provides methods for'determining whether a subject can be effectively
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
nucleic acid expression or activity is diagnostic for a subject that can be administered
30  the agent to treat a disorder associated with increased or decreased marker expression or
activity).



of expression or the subcellular pattern of expression. Fo&JﬁéiFﬁbﬁ,
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t hat cange adm mh Sdefth@d embodiments, detection of the alteration involves the use of a
probe/primer in a polymerase chain reaction (PCR) (see, eg., U.S. Patent Nos.
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 ql. (1988) Science 241:1077-1080;
and Nakazawa et al. (1994) Proc. Natl. Acad. Sci. USA 91:360-364), the latter of which

25 can be particularly useful for detectfng point mutations in the marker-gene (see
Abravaya et al. (1995) Nucleic Acids Res -23:675-682). This method can include the
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

30 such that hybridization and amplification of the marker-gene (if present) occurs, and
detecting the presence or absence of an amplification product, or detecting the size of

the amplification product and comparing the length to a control sample. It is anticipated



30 the agent to treat a disorder associated wth increased _or decreased
marker expression or activity). 20t AY2005 WO 02/ 44418 PCZOUSKY 2808536 - 64
The net hodwoeb/sjdhe | nventi on can al so be used to detect ggﬁﬁbg‘ﬁ 4qg:,t()erations
in a marker gene, thereby determning if a subject with the a (ered gene
Is at risk for a disorder characterized by m sregulation in marker protein
activity or nucleic acid expression, sucks as prostate cancer. In preferred
enbodi nents, the nmethods include 5 detecting, in a sanple of cells fromthe

subj ect, the axa0 [ sence of a.genetic alteration characterized by
at |east one tgét an ;aﬁ?/glfla’ i Iﬁ‘a%?[’fee‘%etsﬁrﬂ’ge {89 ?ﬁ%BFq?’FE}“W a&’P&gﬁ@mneﬁﬁ%H% ng a
mar ker - pr ot eicopjunctidnheittany-«fXips teskaii@ies dfed! HLddietik e muBfioas déBRbaMRIER.E

such genetic alter %ions can Ee detected by ascertaining the existence of

at |east one of 1) 'eHaf¥p amphfcaiononethgds Hshdensed] wistainsdsseqvasae sephanticar
gene; 2) an gohfellion.Ckr NE1950)®LE. A MGLess ] 19%? 899894-‘i’§'fs§eﬁ-ax%8' i'oh';%? a
substitution of one or nore nucleotides of a marker gene, 4) a chrornosomal
r ear r angen®ntangflifigatioar systemg@weoh, ). Yaut al t@920)i Rimc.i Marl hdratleSs] USH 868173-

messenger R S 6L kar neg, .6 efs ant di ficatjon of a
mar ker genyfst IZ?E?%&%’? %aesgr{e%aflcﬁ’a?'ﬁg'ngp%t %18% %’f"afeﬁ]é"o oﬁﬁwﬁl\ﬂ‘mﬂ) t he
presence of athemuclkid stid wpplifipAtion methed) foloWe® byahoRR&SAGE bf ANALLPRASCT | Pt
of a marker ). a non 15 wil &%/é)e | evel of a marker-protein, 9)

ene, .8 LI
allelic | pssqﬂ&"‘é“%‘fskf&te @ies il kegwn o\ Biose epenlitia thestt. t Fhse detetiinval
nodi fi cati on sehenfes @€ kedpechdIRt Bidhal At @B Sdetdchss orelifele acighf%ﬁcﬂﬁf iPshdl 9€
nunber of assays known i1n the art which can be use or detecting
al teratiohd iMOlsculssaRepressahia very lovenmmbesy bi ol ogi cal sanple is a tissue

(e.g., skin) or SRTRE Qb S 6 . vent ji,anal ans frgm

subject. . 20 In g%ar%?glitn en‘%%ﬁ%ﬁ%ﬁ%&?%&?%&rﬁ%ﬁtq%@egﬁ?é??@ﬁc%hw ves
tU hg UISZ'et of t abepﬂeméiegrbmhemhoxgs Entqgnmglgs eengag rrcltleraeag@t j;aﬁt&n(sllngr eﬁ%ﬁpcl:% ebg:i? ,
or . al ter nat 1Pl B3Rty IR R shefbid [RB A Dbrre o of more |
Landegran et rediictich9@8Jonucleasee il fdfoend ORAsth apes Nakazanfitd aby gél994)
Proc. Natl| . %&gd. Sci, USA 91:360-364), the latter of which 25 can" b

particul ab y S(FEEPRRorsstyand cpmpatedq Difdsrercesin Hasmsnt lepgthisives hetwken sagpieands ee
Abravaya et abntrdlI989R)indluateittAichd s ReSamiR: Ce%- %@eove-l;mhﬁutgjg tg??&lu&?c%

I nclude the steps of  collecting a sanple of s froma s .
i sol ati ng nudP&iiEc HRZImER (s¢e, fogswample, U.SyRaenbNob5#98,53 1) aan bhasaklol sorf t he

sanpl e, cont ' [ Wl I ] Qne ar _.nor.e prinmers which
speti {1 cal | ﬁﬁ“y%??’a%?%%&é%ﬁﬁ% AR bbbl oS g TSt gt
site.

20 In other embodiments, genetic mutations in a marker gene or a gene encociing a
marker protein of the invention can be identified by hybridizing a sample and control
nucleic acids, e.g., DNA or RNA, to high density arrays containing hundreds or
thousands of oligonucleotides probes (Cronin, M.T. et al. (1996) Human Mutation 7:
244-255; Kozal, M.J. et al. (1996) Nature Medicine 2: 753-759). For example, genetic

25 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
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

30 mutations. This step is followed by a second hybridization array that allows the
characterization of specific mutations by using smaller, specialized probe arrays

complementary to all variants or mutations detected. Each mutation array is composed



30 such that hybridization and anplification of the marker-gene (if

present) occurs, and detecting the presence or absence oR (aMA% I fication
product, WO 0dietting the size of the anplification progigiysyngsssenpari ng
the length to a control sanple. It is anticipated 2 0 MAY 2000 WO 02/ 44418
PCT/ USOL/ 44536 -65- that PCR and/or LCR nay be desirable to use as a
prelimnary anplification step in conjuggtion with any of the techniques
used for detecting nutations described herein. Alternative anplification
met hods i nclyfdgs I i epl icati.on. (CGuatellj, J.C et

al .., (1990) Pr Birael brobeiYoft N ¢ f‘.ﬂ?ﬁﬁ‘ﬁg@%‘&lﬁ#ﬁié‘a‘%}w%r%ﬁ?scw {the rther 5
anpl i fi cat i complesmentary ko mubinygeret al ., (1989) Proc. Natl. Acad. Sci. USA

86: 1173 1177), Repl i . (Lizardi, P.M | . (1988) Bi o- Technol 0
01157 o1 hiy “BOREPTR GBS B Vi OhocHBeAstRE PO Byint ho

detection ofthé bt eampbé fb&dto EREREULRerési (R rﬁﬁﬁé}n.ﬁ%e&&"@%tlsctkﬂﬁ Loh9pt hose
of skill in the art. These detection schenes are especially use g P?Sr t he
det ecti or® of°OFBETRE dheseapcnen of hessamples mshiker] githothec crespanding veisdajpei N

{rom a sanplotooh; sbadd, ! Biidiby e UBETL reoolhE biliFn s Bhisn ensy e
cl eavage patiecbpigyes Fovelepedniny. daxasnupd eGitett (@9IT)OPrdNAGE Al 3bedysy
enfonuct easae SN Saber L1HT it Noti 488" S0 UBRTisAb Rt inlysontnplated
Sanpl 6 and COnt Lo, DNA il mat po et NeAberkihe bRGERAL, LAl e NI wiEh "
the use B ?8‘3%#8% thesragnastic asspyolJ9RSY Bicreahniquss 18¥d4R) linsludinSseqReheing No.

5,498, 531) ¢gnm e, f speci fi | gns by
devel opnent gr F%'sib%ggoﬁé%}? o:g’yﬁ'g’gﬁs%%g]gt&g{a@?%?u@ﬁatfcﬁ’ ﬁf’hé& Og%ié]r%nt s,
genetic mut Slohem <t iah @986 Ueév. 'Genratpr.a3@i2B162)cad Geiffin Al K@ooPy apgi n of
the inventi OC%%%_E{%II ger)%irsf:#ﬁd& hybri di zing a sanpl e and control

nucl ei ¢ aci ds, ‘0 high density arrays contai ni ng hundreds
or thousands of Othérgnethedsefor detecting’ BRREoRCHORE Barbdr T, uman
Mitation 7:  244-255: Kgé}a?l . MJ. et al. (1996) Nat Jrggnﬁ/:?éi@g?%é&%%ﬂg Iy
753-759)"° FOPUS Mpier oy tiseinyention include ds rin rwehiple profestionefromenieaviaged i n
two di mensi agents Rrusad fo Gt &liSthatehdd 8Ly inIBGRIAY 'ﬂ}k{i}qﬂj SidSpdescri bed
in Cronin, MT. et al, supra. Brief |t3’,g sam?iﬁ?st lﬁ%l’l i za@?gﬁte&?q‘l& 8%
probes can B¥YHEEA ¥o(188AnSaience 230 1262) b getechetieart PRlinitne af “Sddpiteh and
control 10 tR&MgE? %aFFpo PR TRRSINREDs cgil}%msleeﬂjyeﬂ]y%%%iz?ﬁ/g H;ab‘%'le%ﬁ’ RNASE"
DNA containing the wild-type marker sequence with potentially mutant RNA or DNA
20 obtained from a tissue sample. The double-stranded duplexes are treated with an égent

which cleaves single-stranded regions of the duplex such as which will exist due to
basepair nﬁsmatches 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
25 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
the mismatched regions, the resulting material is then sepafated by size on denaturing
polyacrylamide gels to determine the site of mutation. See, for example, Cotton et al.
(1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al. (1992) Methods Enzymol.

30 217:286-295. In a preferred embodiment, the control DNA or RNA can be labeled for
detection.



arrays of sequential overl apping probes. This step allows the

i dentification of point 30 nutations. This step is foll OV\&FWY%COHd
hybri di zatwomnaisigy that allows the characterization of ﬁ@ﬁ%ql%ﬁsﬁm ations
by using smaller, specialized probe arrays conplenentary to al'l Vvariants
or nutations detected. Each nutation array is conposed WO 02/44418 -66 t O
MAY 2005 PCT/ USQO /44536 of parall el pro_béa]_sets, one conplenentary to the
wi | d-type gene and the other conplenentary to the nutant gene. In yet

2Tt can be used t ot dfeBing” cufbdimelt dhe SHHRNER olfmet JHriGe CaBAOR AR Fons
by 5 conpar imgephaeiae (aefeegrife falbthatoh8dbeserPair &f dd&blehs&aﬂgedCENrAGQQQPﬁégng
uadae

wi | d-type (cq‘ﬂ)tl\y ol ).' sequence. Exanp|les of sequencing reactions Inc

those based ofPNA BESIRMEY EPae sRAvSsElinefingd ysteramier dpteeting: and mapping Pinic.
Natl. Acad. btati K I d,  Sci.<, USA
74:5463) . |t Hiltatidls dn %ﬁ%ﬁ%ﬁ%éia{tﬂhg‘gtﬁ"%%ﬁésag){/%ﬁlﬁeﬁg sratiiB ne 2l
sequenci ng® preazankiprEg. celhcloavesta lof Gédl mismatchés udrthe thyintigint DN Al sigoedlhdec

assays ((199 itatechnj gyes 19 44 I ncl udi ng.,sequencj mass
spectrometry (& gg—? eLgl. g i,sq‘g@flef 3‘1 & %%gl Igﬁg}a&%ﬁ%?ﬁﬁ%?f 82 @3.94)@@27056’1@'!}5;
Cohen et al . 161$9B)662)y . Accortingat &1 exendfiary 2ArbbaienBNOprobé bise oft adhark£1993)
Appl . Biochen2. Biotechnql . 38:147-159). O her netheds for detecting

mut ati ons i n SEHENFfaciger 2 YRS MEE seavienes Ayhybridizsd e ekeNA rastodher DNAL he

I nvention in | ' | : | s used
Lo Qet oot B e A S R i AT AR s, o,
al . (1985)0 S@nd Heecloayage pupdycts, [ihanye aar b detedied fiom elestrbptionesis prbtotels sretiec h

cl eavage" SR}\&E%'?SQW&% 'en@’ﬁghtg%tqg&%l@t%?gof formed by hybridizing

(1 abel ed) contain e WP e marker sequence with

pot ential |y mut anin Rib&r embbaiteat, alitaiindint slostophbriess HbHRTWE. bel 184 to
doubl e- st rang(gdﬁ?yu | exes are treated with an ggent whi ch cl eaves

si ngl e- st r and& elglf‘t?ﬂgn%‘f* TRATECT BTPFSE SSBeS PRI P Skt protein pk thedyentign.
basepai r m sipat eR@splbSiNEE Brdnd&oniHnhSd S he heRhq L ce,
RNA/ DNA dupl exes can bﬁé@t r eat e_g Wth %hgggnlaﬁ’?%ﬁ%q%?bﬁeiﬁgdwggﬁgd
with Si niicl difsaencss i elshraphoreticl obilige Yetwegn tritanti andawild dxper eydleinsacidsn

e e RO e o O s Y OGBS (b B
di gest m snatteheBX B bHs andfHayashdi (§892)i Geneof Anal. Tech. Appl. 9:73-79). Single-
stranded DNA fragments of sample and control marker nucleic acids will be denaturéd
and allowed to renature. The secondary structure of single-stranded nucleic acids varies
20  according to sequence, the resulting alteration in electrophoretic mobility enab]és 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
(rather than DNA), in which the secondary structure is more sensitive to a change in
sequence. In a preferred embodiment, the subject method utilizes heteroduplex analysis
25 to sepérate double stranded heterodﬁplex 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
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing
gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature 313:495). When

30 DGGE is used as the method of analysis, DNA will be modified to insure that it does not
completely denature, for example by adding a GC clamp of approximately 40 bp of
high-melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is



the m smatched regions, the resulting material is then Seﬂ%ﬁdﬂﬁ’ size on
denat uri n%&({)ol acrylam de gels to determ ne the site of on. See, for
exanpl e, 2018t al . (1988) Proc. Nat! Acad Sci USA 8PCIBEDI4Eabeeba et
al . (1992) Methods Enzynol. 30 217:286-295. In a preferred enbodi nent, the
control DNA or RNA can be | abeled for detection. 2 0 MAY 2005 WD 02/44418
PCT/ USOl / 44536 -67 In still another embd®i+rent, the mismatch cl eavage
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Cbt o’ T s o Samle 10T TRbsen il e KBRS B8 i Chem 200l & ot
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cells cleaves T at T mismatches (Hsu et al. ) rci nogénesi's
15: 1657- 1662imitsdciop selpqiiye obigamicloptidp hebridizstibndielretive amppficttionpars sdectine a

mar ker  seq 2, 1.4 . 1 S nce, J4s _hybridized.to a
CONA or ot e exntlon, Rottbiaiphel BRablcliSfiod BIMERGEwy oS pithalen By Bife ¢ 1
S DNA m;js][ratlmw:nemahﬁoneiapjmed ce‘lﬁ'aﬂylm(} then hymwaaglem Eﬁr@éﬂﬂlﬂ& #ﬂdﬁr mﬁﬂitiolﬁgn be
etecte rom.el ectr. or,esi.s pr.ot.oco or the, I ke, See, for exa e,
U s pa ent R BEERSUTAG BRGPS st matehis found (Seils ehak IO Nanre
el ect r ophor e32461 687 Salkii ey al( 1989 r4tS BRIt ,Qcadi.c Qt&ﬂmi BoRYS G | ARG Iggrgleggérﬁrﬁ .

genes or genes encoding a_narker g)r otein o e I nventi‘on.

singl e strarRiiseRflwtidet are hyped: PR smpEiahiarged PN onsauintber df diffetent 5
huc of o 587 guitafoRhha el ldouydBiidey e REARE Yo Bt A AAig RhertplfGnd e

al so Cot t on Kybeidizsd withlabeleRemgetTBIAL25- 144; and Hayashi (1992) Genet. Anal .

Tech. App!. 9:73-479). .Single-,stranded fragments of s | e and control
mar ker nucl ei ¢ adl g%na&ﬂvfﬂy’ baile{feﬁg? ‘éoam%ilﬁﬂa%?qd : °1(°6yr.@’ I“']éPe“FlﬁeOII1
secondary stselective BCRf arfiplififlatiors miayiske HsedUial eurfurlGbtl iR iHeCsallt fveRtdl ng to
sequence, the.resulting alteration in electrophoretic nobility enables the

|
det ecti on ofOs8pEHclgotides yped aspramern forgwpecifip anmiificationgmey cerryrte mutatiaheFed or

det ect ed 15 Wi Y .be enhanced
by using ISRNAlhﬁl(r_érs_g?ﬁlg?d ?ﬂ%ﬁ%ﬁ’ Fﬂ‘lﬁﬁaﬁvﬁiﬁ%h{hﬁg%g gfg%éniggr@eig rsu{;:?)léi}%r?@aﬂor e
sensi tive t dwhridigating (Gibbs etefi Ei988) Nucleia AvidstRasr EH2437eDHiSentt the etralid]j ect

met hod utilipgeg 1S .25 to separate double stranded
het er odupl ex m)flrebg{u ggggﬁér{%ﬁ%&%%} gqprgq{éagegggxpﬁtﬁor@ DERTRY R S P eo BT 1 i ty
(Keen et al requd Pbjyniarase dxtefision (Prosmpr (1993) Tibtech 11:238). In addition it may be
desirable to introduce a novel restriction site in the region of the mutation to create
20 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
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

25 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
described herein, which may be conveniently used, e.g., in clinical settings to diagnose
subjects exhibiting symptoms or family history of a disease or illness involving a marker

30 gene. _ ‘

Furthermore, any cell type or tigsue in which marker is expfessed may be utilized

in the prognostic assays described herein.
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mutation to create 20 cl eavage-based detection (Gasparini et al. (1992)

Mol . Cel | 1%Pr obes &ongxample,jand st by westod dimitatin, gemes dncluding entiedigeesst d
anplificatio \/ u&% efor Lfication
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anpl i ficati ondentified. Thus, to study the effect of agents on marker-associated disorders (e.g.,

atyring gradient to

l—.‘ ad'd 2

20 prostate cancer), for example, in a clinical trial, cells can be isolated and RNA prebared
and analyzed for the levels of expression of marker and other genes implicated in the
marker-associated disorder, respectively. The levels of gene expression (e.g., a gene
expression pattern) can be quantified by northern blot analysis or RT-PCR, as described
herein, or alternatively by measuring the amount of protein produced, by one of the

" 25  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
physiological response of the cells to the egent. Accordingly, this response state may be
determined before, and at various points during treatment of the individual with the
agent,

30 In a preferred embodiment, the present invention provides a method for
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist,

antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug
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mar ker - associ at ed di sorder, respectively. The |levels of gene expression
(e.g., a gene expression pattern) can be quantified by northern bl ot

anal ysi s or RT-P@R, aMéesdd éfoldatndenr €in, or alternatively by nmeasuring the

anount of protei r)HPr oduced, by one of t he
¢ present invention provides for both prophylactic and therapeutic methods of

.20 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
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

25 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
how a subject’s genes determine his or her response to a dmg (e.g., 2 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
30 treatment with either the marker molecules of the present invention or marker
modulators according to that individual’s drug response genotype. Pharmacogenomics

allows a clinician or physician to target prophylactic or therapeutic treatments to



25 net hods as described herein, or by neasuring the levels of activity of
mar ker or other genes. In this way, the gene expression [hityayn20sn serve
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Met hods of_ Treatnent The present invention provides for actic
and t her affeufiF‘E’fe‘f?Etlﬁ GrRregsion lopel}, faraxamgles 2 suaskerqotgin, piager pomteif agonist or
suscepti bl e umhked pHbERY Sdocflst Rekt Beh Be i o LLh aberrant
mar ker expr essi on pgr act i \{gl ty. %\Ei't E&r egareggo??e%}%%ﬁtﬂgrsoﬂ%% actiEPERyae
t herapeut i c A8¥¥Ssbadeterminadrhased onsarshning essayeddseribedyhetrin, Saaaplks 6Bddelits
tailored or | 4 aﬁggpo e obtained fromthe field, of °
phar rracogeno;r}?gg?.ﬁdh&% i ﬁllallfcgpxmaneggunmunosuppressants such as rapamycin, and
analogues of rapamycin, such as CCI-779 and analogue described in U.S. 5,362,718,
20  incorporated herein by reference, FK506, macolides of FK506 and rapamycin (Dumont,
F. et al, "The Immunosuppressive Macrolides FK-506 and Rapamycin Act as
Reciprocal Antagonists in Murine T Cells", J. Immunol. 144: 1418-1424 (1990),

synthetic amnalogues of rapamycin and FK506 (R. S. Coleman et al, "Degradation and

a!

Manipulations of the Immunosuppressant FK506: Preparation of Potential Synthetic

25 Intermediates," Heterocycles, 28, pp. 157-161 (1989) and U.S. 6,200,985, incorporated
herein by reference.

6. Therapeutic Methods

Another aspect of the invention pertains to methods of modulating marker
30 protein expression or activity for therapeutic purposes. Accordingly, in an exemplary
embodiment,. the modulatory method of the invention involves contacting a cell with a

marker protein or agent that modulates one or more of the activities of a marker protein
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" Degr adat i ffc1&B@cid molecule as therapy to compensate for reduced or aberrant marker protein

20 expression or activity.
| Stimulation of marker protein activity is desirable in situations in which marker
protein is abnormally downregulated and/or in which increased marker protein activity
is likely to have a beneficial effect. For example, stimulation of marker protein activity
is desirable in situations in which a marker is downregulated and/or in which increased
25 marker protein activity is likely to have a beneficial effect. Likewise, inhibition of
marker protein activity is desfrable in situations in which marker protein is abnormally

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

30 7. Pharmacogenomics

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
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For exanpl e, st{lrruFBaﬂgﬁtt%&grraa?&%lF f%'oc cgtaél Q/g-te gs act on the body (altered
drug action) or genetic conditions transmitted as single factors altering the way the body

20 acts on drugs (altered drug metabolism). These pharmacogenetic conditions can accur
either as rare genetic defects or as naturally-occurring polymorphisms. For example,
glucose-6-phosphate  dehydrogenase deficiency (G6PD) is a common inherited
enzymopathy in which the main clinical complication is haemolysis after ingestion of
oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and consumptlon of

25 favabeans. '

One pharmacogenomics approach to identifying genes that predict drug
response, known as “‘a genome-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

30 sites on the human genome, each of which has two variants) Such a high-resolution
genetic map can be compared to a map of the genome of each of a statistically

significant number of subjects taking part in a Phase II/III drug trial to identify markers
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exanpl e,. BYH alreg respanshat e dehydr ogenase deficiency (G6PD) is a comon
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major determinant of both the intensity and duration of drug action. The discovery of

20 genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT
2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation

as to why some subjects do not obtain the expected drug effects or show exaggerated
drug response and serious toxicity after taking the standard and safe dose of a drug,
These polymorphisms are expressed in two phenotypes in the population, the extensive

25  metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among
different populations. For example, the gene coding for CYP2D6 is highly 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 the}} receive standard

30 doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic
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
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CYP2C19) has *PRltsetionssitedhtheqyshawtahis epplication; arevigprmoyated b@rblpéxyu-sfeﬂancmot obtain

t he expected drug effects or show exmﬁ
Example 1: Identification and characterization of Marker cDNA
20 (i) Methods and Materials
(a) Cell Cultures

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 seram (Life

25 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

30  charcoal (Hyclone, Logan, Utah) for 24 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



drug response and serious toxicity after taking the standag dﬂﬂglfe dose
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popul at i oWO ®H&18xt ensi ve 25 metabol i zer (EM and poor m®CIRIS01/24586 ( PM) .
The prevalence of PMis different anong different popul ations. For

exanpl e, the gene coding for CYP2D6 is highly pol ynorphic and several

mut ati ons have been identified in PM wilch all |lead to the absence of
functional CYP2D6. Poor netabolizers of CYP2D6 and CYP2C19 quite frequently
experience esHgyeyaidetbzen stdatie e pomt o BintiRedhll FTHARIWA2rd &méptreﬁ%x%hlée
standard 30 doses. If_a netabolite is the active therapeutic noiety, PM
show no t her& f‘cforPrSEAsﬁé%e, as denonstrated for the anal gesic effect of -
codei ne nedi ated by its CYP2D6- fornmed netabolite norphine. The ot her
extrene are the so called ultra-rapid 2 0 My 2005 WD 02/ 44418

PCTI US01/ 44%B)cCelliGramth afswilys zer s who do not respond to standard doses.

Recently,. the nolecul ar .basps of ra-rapid t abol i sm has been
i dentifiéd to be qu¥ t%vﬁ?%% ‘bf_e’r?_gh;ﬁwﬁ? igﬁ%wml_ﬂ%r% Bi vadisyat H00Rt hod
termed the ‘teliyiwelbwprecslate®im P6-Helll Jlates for@@MsRR L kbkitzed: with Dﬁ?.“Ah&y enes
t hat predi C&}s,\?\fv&l‘iﬁ" response. For exanple, the gene expression of an

ani mal dose Wagaddpd(te. epch weelhand incubateds euB T fornfonk &s. -Abthe atdof of
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of the abovdispblze thecelie Rintdsosere sybReqRallEread 8a PRte4sARr hios7daingr M ne
approprigte dosage and treatnent reginmens for 10 prophylactic or

t herapeutic treatnent an individual. This know edge, when applied to dosing
or drug sel gej Poa.ELISAN avoi d adverse reactions or therapeutic failure and
thus enhance therapeutic or prophylactic efficiency when treating a

subj ect with a mhlupeiHication @EB‘E@V@SMWM wsira AaEBISA. Brixiflyas 96-walldNhwad or

i dentified i d i bed_herein. 15
i i nvent Pt Rl (add ol IR & abes SREECN LR AR 8 ims Tebbkripm csomioen:
shoul d not (e) cemsithiiee d°@STHel platt iwag wadltRl WiBNverRE Sl tirddd ar{dqﬁﬁfbsﬁa%am

patents and 8§bLi§$¢ied_patent ]?£pl i cations cited throughout this
appl i cat¥oon 199 pbof Yleckingfutter PBB 0H5% Beens2® land ED A% BS A-rndPI0S%L

\aent {1 cal NaRJpRA 100 B! RBIElchRln e, Bl Mite's SRN uR: ks VE0AIS: 2
incubated with 1:1 mixture of mouse anti-human PSA and Eu-labeled anti-mouse IgG
(10 ng/antibody each/well for 1'/2 bs at RT). The plate was then washed four times W1th
water. 100 ul of Delfia Enhancement Solution (PerkinElmer Wallac Inc (Norton, OH)

20 was added to the plate was read using a Victor reader according to the manufacturer's
instruction.

(d) RNA extractio:; and preparation
Total RNA was isolated from LNCaP cells ﬁsing the Qiagen Rneasy Midi Kit
25 following the manufacturer’s recommendations. For polyA (+) selection, the Promega
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 temﬁlate for
30  synthesis of double-stranded cDNA using thelGibcoBRL cDNA synthesis kit, with an
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
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15 poly (A) RNA was isolated with an oligo dT selection step (Promega PolyA tract

mRNA Isolation System IV, Madison, WI).

(e) Chip Hybridization and Analysis
Affymetrix Genechip™ technology was used to monitor the expression of about
20 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, hybridizatidn, and
analysis. Hybridization cocktail was made using 10 pg of fragmented cRNA, 2X MES
buffer with BSA, herring sperm DNA, control prokaryotic transcripts for internal
control, and biotinylated control oligo ‘948 (for chip quality control). DEPC-water was
25 added to bring the volume to 200 pl. Prior to hybridization, the hybridization cocktails
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, about 250,000 25-mer oligonucleotide
probes with 20 probe pairs per gene. Array hybridization proceeded overnight at 45°C
30 with 50 rpm. Following hybridization, the arrays were washed and stained using the
manufacturer’s recommendations and procedures. (Affymetrix Expression Analysis

Technical Manual). Non-stringent wash buffer (20X SSPE, 1.0ml of 10% Tween 20,



(d) RNA extraction and preparation Total RNA was isolated from LNCaP cells
using the Q agen Rneasy Mdi Kit 25 followi ng the manuf ac€d MAY 2005
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recomended procedures fromthe Q agen kig. Followi ng RNA extraction, all
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il lustrates the geggral sche used for sanple preparation, hybri |za?i on,
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CRNA,  2X MEShese genes in the statistical computing package S-plus. The potential effects of two

experimental factors (treatment and time) and the interaction of both factors on the
expression level were evaluated in the analysis of variance model, and the p-values for
20 the main effects (Pyeatments Piime) and for the interaction(Pineract) Were obtained. Only
those genes that were statistically significant (p-value <= 0.05) for the treatment factor
and/or the interaction were considered for the time being. First, the average was taken
for baseline and experimental replicate mRNA frequencies of the 705 genes that passed
this p-value criterion. Average frequencies obtained for each gene were then
25 standardized across all samples to havc’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.
30 Natl. Acad. Sci. USA. 96: 2907-2912). Several public databases such as Genecards and
Swiss-Prot were used for gene annotation (See e.g, Rebhan et al. GeneCards:

encyclopedia for genes, proteins and diseases. Weizmann Institute of Science,
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FKBP54-R (reverse pnmer) CTGGGCTTCACCCCTCCTA (SEQ ID NO: 5), and
20 FKBP54-P (probe) ACAAGCCTTTCTCATTGGCACTGTCCA (SEQ ID NO: 6). -
Samples were prepared using a reagent mix of manufacturer supplied RT-PCR
components [(SX TaqMan EZ Buffer, manganese acetate (25 mM), dATP (10mM),
dCTP (10mM), dGTP (10mM) and dUTP (20mM), rTth DNA polymerase (2.5U/ul),
AmpErase UNG (1 U/pl), primers (final concentration 1uM) and RNA (50ng)],

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

(D

standard curve generation and subsequent quantitation of sample RNA was prepared.
Primers and probe for GAPDH were included in the kit (GAPDH forward and reverse
primers 10puM, GAPDH probe 5 uM). p-actin was also used for standard curve
generation, and dilutions were made for both genes that ranged from 5 X 10° copies to' 5
30 X 10' copies. The assay was performed on a Perkin-Elmer/Applied Biosystems 7700

Prism, and the PCR cycling parameters were chosen based on the manufacturer’s
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(i) Tissue Microarray Construction and Analysis

(0

_)

20 To investigate the presence of FKBP54 in solid tumors, tissue mlcroarray
analysis was performed on multiple human normal (i.e., control samples) and prostate
diseased specimens (Clinomics, Inc.). Following fixation in 10% neutral buffered
formalin, tissues were selected, trimmed, and placed In a processing cassette. The
cassette was then placed in a processing basket on a Shandon Hypercen’cer*"i‘| tissue

25 processor in which the tissues were exp;)sed 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 were carried out under vdcuum at
40°C except for the paraffin steps which were at 58°C., Following processiilg, the
tissues were removed from the cassettes and embedded in paraffin blocks. The resulting

30  blocks were sectioned at 5 um and mounted on glass slides. The slides werc heated at

58°C for 30 minutes prior to staining, Antibody o-FKBP54 (Affinity erqagents) was
titered to a 1:150 dilution using DAKO® Antibody Diluent. Staining of test specimen
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ant i body, anlt@? 15 rabbit-lng égﬁpf)g }\?\ith hor ser adi sh per oxi dase

(Transduction Labdy determingethhgifect of IRKBESDI therttamacriptionst dctieity vAskEgch
times with T ot el tected by  usi n .enhanced

chemi | uni nes%&g{g?g(e%tm%@@ék gﬁ]er? gfaélflsg Y tfaflftg%ie@s ¥ EPEHFT sgmstruct
Const r uct i on cemtdiniugalaydioger? Gecbptor NMegdhbed @ eindnb CalOHEE SANE @n ObxJréBIRE 4 vidioSO! i d
tunors, tissue mcr g lysis was performed on nultiple human nor nal
(i.e., cont rSPCO?érhgpﬁgé;) %@%ﬁ&@%‘tf@e Piqt%del&s%ﬂe]é plgs At Adensyiof @162 cellsnc. ) .
Fol | owi ng1sf i pat wel ik B- 6 Wéd-Rbe lefmrcSHtahﬁr%‘f@%icﬂ%rng%ﬁgﬁ%d Y& 51%ovine

selected, trimmed, and placed in_a processing casset
serum. The next morning, medium were replaced with 2-ml DMEM. Indicated amount

of DNA in 100 pl of DMEM was mixed with 6 pl of PLUS reagent (Gibco) and
incubated at room temperature while 4 pl of lipofectamine was mixed with 100 ul of
DMEM. After 30 min of incubation, the two mixtures were combined together and
20 added dropwise to each well. After incubation with DNA for 4 hours, 2 ml of phenol
red-free DMEM containing 10% charcoal-stripped fetal bovine serum was added and

cells treated with indicated chemicals for additional 24 hours before being harvested.

(k) Luciferase Assay

25 Luciferase activity was deterr;ﬂned using Promega's Steady-.Glo Luciferase
Assay System. Briefly, after 24 hours of treatment, cells were harvested by scraping in
Iml of PBS. 5 pg protein from each sample in a total of 100 ul PBS was mixmed with

100 pl of Stable-Glo reagent (Promega), and luminescence was determined in a

luminometer (Wallac, 1450 MicroBeth Counter) after 5 min.
30 -



cassette was then placed in a processing basket on a Shandon H¥’percent erT™M
ti ssue 25 processor in which the tissues were exposed to 2 & MAY 209 ¢
buffers oweozasiH ! hour processing cycle (10% Neutr al Btf,%é%ﬁg#;ég{ mal i n,
70% 95% 100% et hanol, xylene, and nelted paraffin enbédding a). A
steps were carried out under vacuum at 40C except for the paraffin steps
whi ch were at 58C. Fol |l owi ng processing,esthe tissues were renoved fromthe
cassettes and enbedded in paraffin blockS. The resulting.30 bl ocks were
secti oned aﬁ]i)ERe%ﬁpd nount ed on gl ass slides. The slides were heated at

58C for 30 nutes prior to staining. Antibody a-FKBP54 (Affinity

Bi oreagents) was titered to a 1:150 dilution using DAKQ(r) Antibody

D luent. Staini of test speci n Z 0 MAY 2005 WD 02/ 44418 PCTI US01/ 44536
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(AR), OdB- 1Wasitestedyayieg thenedcedirbs descahed dutsectionst(a-d. Cefogibwth eanFTAICE
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DoAY E SRR 1%k h i

vector encodi ng 1 cells were plated in 6-well plates at a
density of 2 x1(BigceAl shob thef theesrowktn oR LNCAENEEIR wsﬁsﬁxhﬁﬁtéa'\@/'écxmi ni ng
e

10% charcoal -stri .fetal bovipe serum_ The next norning, i um wer e

repl aced wi zfnﬁlmffﬂi% dP?Fa‘?‘?PS‘E‘E?&t maRest 10 w DA was chosen fgnfheqmmf\nhes

m xed with épkrigént®lBdSau ' Hale re erature
perifién {s8asfeil rdtfasP ulatfry ge?fe%gl\%ﬁ 1%%”@5&% uﬁ??il

while 4 | of |ipofectam ne was nixed with 100 of

i ncubat i'on, PrEfRe gk and was theseferecissted ire thet pryesmh etudy ptio2 Go alkd edcrdgepi se
to each weldxperthb@ Ik RS [ it f ur.s, 2 i of pheno
red-free DVEM cont ai ni ng&%%gcr:%%?c%g - s{’r%‘%g)ég(ﬁlgbél? “ﬁﬁ\)??f‘éasggr"&ﬁl €& added
and cel | s qepensientimanuen (FigdI B P84 sigrahivesdatedtat asadelytas 9D Ak aRdHHaGRELSmBET OF €

bei ng harvagi&dyad bhsdrY& 8836 285EY These results demonstrated that LNCaP are

responsive to DHT

20
Genechip Hybridization and Analysis
Affymetrix Genechip™ technology was used to monitor the expression 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
25 analysis and the details of hybridizatiori are described in section (€). To obtain reliable
data, total RNA was prepared in duplicate from LNCaP cells treated or not vyith 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
30 reproducibility. Only those genes that were called “present” in either the baseline or the

experiment in at least one time point and in either replicate passed the initial data



25 Luciferase activity was determ ned using Pronega's St eady-GI’o Luci f erase
Assay System Briefly, after 24 hours of treatnent, cells2MeMay pgsvest ed by

scrapi ng iWo obMls©f PBS. 5 g protein fromeach sanple in of 100 |
PBS was m xne Wllth 100 | of Stable-d o reagent (Pr orrega?c,{/g#g‘”“

| um nescence was determined in a |umnoneter (Wallac, 1450 M croBeth
Counter) after 5 min. 30 2 0 MAY 2005 WO_,02/ 44418 PCT/ USQ /44536 -82 (ii)
Results DHT stinulates the growh of -LNC<§ “cells and PSA production LNCaP

cells are widely.us as _tumpr, nodel s because they maintain 5 .
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1809- 1818) . hffial fAeA(MBLE). their ability to proliferate, to express
differentiated secretory function, and to control processes such as lipid
synt hesi s and accunul ation, all renmain androgen responsive. To ascertain

whet her LNCa@fd'tﬂti%{ﬂ%ﬁé@fs%?z(e watté&re conditions could be used to exan ne
S,

andr ogen-regul ated gen response of LNCaP to androgen treatnent 10
was tested using Theagsesscegprodnsibiig,c thiebeckfficiesteof | wniatigm-(CV) elthe Gt h

and PSA production e studied, Fig. 1A shows that 1 growt h of LNCaP
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grow h-stinulatory effect. PSAis a w delty used 15 C%ostate mar ker ang was
Sia :

therefore teS¥REgMeRtal Hesigh.asiorway enalysisrafgprianse (ANQGY 4) was nsef toaltsemineent .
n response R Lhdkgid @%ﬁflé%“c?ﬁcs Scﬁ% ~er59?i B%e!se‘ﬁ e85 h]%:ﬁggsasl%q r%/sﬂ(litgb%% ﬁg a4

dependent manner (Fig. sl gna etecte S earl
the maxi n#l 9f%6vignificance invel show that 2906 @anessert signiffivestadueds ahdregahetmeinatntat ed

that LNCaP a resp t nechi bridi.zati on and Anal ysis
Affymetrix e%ﬁ%%’h‘?éﬁ?%cﬁfﬁé %fé§/°a%‘i/§és{‘e$§§8 “5}8‘%%% Hndfogen g‘ﬁ?ﬁ’é&%‘? %
about 6000 tnd V4 pergtwerd significgerias td both @RRAAGEerit FackorHal WhdinteastdoR 90y DHT
in LNCaP cells Fi 2 illustrates,t hequ_eneral schenme used for sanpl e

prepar at i on, ABETEFcEWRiednsens OB idgaiffied; dhe, 242 genegethat I‘%ef%fSiFTﬁﬁcanﬂY
hybri di zat i omcatiRtedemeké BEE alohe $REI P BordsRikredTO Obtain reliable data, total

RNA was p{separed I n duplicate fromLNCaP cells treated or not with DHT
Rapid Classification of Expression Profiles using Self-Organizing Maps

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

20 adaptation of the self-organizing map (SOM) algorithm developed by Kohoneh and

Tamayo et al. (supra), mRNA frequencies of each gene were avera%ed within

treatment/time subgroups, and the averaged frequencies over all subgroups were

- standardized such that the mean of the averaged frequency was set to zero, and the

standard deviation equal to one. Based on standardized mRNA frequencies for each

25 gene, a 6 by 6 matrix of 36 clusters was generated and visualized.

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
30 interaction between androgen and time by ANOVA analysis were clustered using an
adaptation of the self-organizing map (SOM) algorithm developed by Kohonen and
Tamayo et al. (Supra). The results showed that Cluster (1,1) included genes that shared



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 Affyne@0 Mayh2ss.

Ther ef orewrd e2iy4@f biological replicates for a total of ;%&/ _&Qﬁ wer e
generated for each experinent to ensure 30 reproducibility: @ﬁﬂe those
genes that were called "present” in either the baseline or the experinent
in at |east one tine point and in eithe[gégplicate passed the initial data
2 0 MAY 2005 WD 02/ 44418 PCT/ USO01/ 44536 -83 reduction filter. Qut of about
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classification and to understan ot ent 1 aF ™ une inggpect
genes, exXpr expstrelhsapmigsi aigtaiedtawslatioely Jemest éamsistént patizen egudhduethetme-

vere o ust er Sess oy e By o st R FEBEET rS bt etk |
al gori t hm dehontsomeichehlyedicn 29 hettspnkkre ﬁmb%leéxp?éssed(a%gﬁxﬁﬁatefﬂ\%éé ﬁ%&ﬂ%ﬂ cies
ubgr oups, an he

of each gene v&ernga?grgg d wwthin treatnment/tinme s

aver aged frequ8ifcPes*8ver: al | subgroups were standardized such that the
mean of the averaged frequency was set to zero, and the standard deviation
equal to one, Based on standardi zed nRNA frequencies for each 25 gene, a 6

by 6 nat f x Qrersigatpie RE-BER quolysiscf RN snpdesd vi sual i zed. |dentification

of Andr ogen-r egul gL HEBEVERT-BER @R4 I Wi i og and to understand the

potential functi 3% OP ang}'ggt@g FRd QIsg u@gfltg c r%m 916 gene expression changes
from the GeneChip analysis as described in section (g). The results for qualitative RT-

PCR are shown in Fig. 4 A and B, demonstrating the increase in RNA levels for PSA
and FKBP54.

20

'Praduction of FKBP51 was regulated by androgen
To demonstrate that the protein production of FKBP54 was regulated
byandrogen, Western blot analysis was performed as described in section (h). The
. Tesults show that DHT upregulated the FKB54 expression in 2 time-dependent manner
25  (blot not shown). Similarly, a synthetic androgen, R1881 could also upregulate the
FKBP54 expression (blot not'shown), suggesting that the FKBP54 is regulated through
androgen receptor. Interestingly, the protein level increased after 24 hs, which was 12 hs
later than the transcript, suggesting that protein synthesis was required for the induction.
The expression of FKBP54 was studied in several androgen-independent prostate cancer
30 lines and was found present in all cell lines studied (Tsu-prl, PC3, PC3-mm2, DU145,

data not shown). The level of FKBP54 in hormone-independent lines was higher than
non-treated LNCaP cells.



genes, expression profiles of the 705 genes found to be regul ated by
androgen and/or an 30 interaction between androgen and ti n (oMAREMEA
anal ysi s wewngo ¢d/445iser ed usi-ng an adaptation of the sel f.'-orgp(pli 'J}%g}gp
(SOM) al gorithm devel oped by Kohonen and Tanmayo et al. (Supraf?. RS
results showed that Custer (1,1) included genes that shared 20 MAY 200' 5
WO 02/ 44418 PCT/ US01/ 44536 -84 a simlar pgstern of induced expression upon
androgen treatnent, while cluster (6, 6) included genes that had a pattern

of repressed expresgi n, t r.eat nent t hat, are indyced in
response to andr oge?h@Pt};@% ?%a%i}fd“ %g%f%hqae%mﬁ'nv%%ﬁﬁoé? g%g‘,%%teﬁ'nalﬂm alysigg dipese
prostate speci fésoltashoyethal R&MAours pestiDHT wipdedry, dsetbvél agasBPss #RpK&ior O
oresent I n 1 CEERELRARAeBG Y LG e s Ao dRpP S dp RPIOREREALY Aeld
present. In r gem” : P88 3P GRPTORHR =
0.0000, pt,,, 701B68%osRDRTEEPObure.= WitBRBEI1 HBRISRRE thepe i bidk] .
control at 12 hours.,ZPand mai r%f@ai ned its high expreés?%%%h%gggﬁ%yﬁ%hgs
where it was® i Aldcderreaser bk FeBRFY expression( RAg hems. posi-Ril 88 | stmuRBR5 4and
expression tipt, : 0. A =0, 4: Pinteract = 0.3818) in the
10 control sarrp?lg‘gh%&trll 3?2"&@%%%?“8?31'?"’3‘%1"8"%@3%%?"1’88%& stent pattern

t hroughout the tine- course. However, upon androgen-treatnment, FKBP54 was
rapidly induced 2-fold at 6 hours and peaked at 24 hours, where it was
over - expressed approxi mately 4-fold relative to baseline (Fig 3B). 15
Quantitative RT-PCR anal ysis of RNA sanples Quantitative RT-PCR was al so
used to confirmthe gene expression changes fromthe GeneChip anal ysis as

described i i section (g). tAY¥edeQumtiiativstxpiession heveleofKBPIAR are shown in
Fig. 4 A and B, denonstrating the;misie L8R 1Rl s for PSA and
FKBP54. 20 Production of FKBP51 was regul at e? by aélgﬁrrcglgen To denonstrate
that the protein production of FKBP54 was regul ated byandrogen, Wstern
bl ot anal ysis was performed as described in section (h). The results show
that DHT upregul ated the FKB54 expression in a time-dependent manner 25

(bl ot not shown). Simlarly,| Tamsyi) het | d DHUSHgRMtIRISS | KI8T Sadub®ion |
upr egul ate the FKBP54 expré¢ssion (hlot fnot shaown) sugdesting that the-
FKBP54 is regul ated through| androgen rgceptor. Interest|ingly, the profein
| evel increased after 24 hs,| which was 42 hs later tharf the transcripg,
suggesting that protein syn r(l)esi S _was rquusired for the iinducti on.
. 1.8
2 9.0 5.3
6 9.8 5.9
12 8.0 5.0
24 - 12.0 20.1
48 ' 23.0 272
72 30.2 344
15 Additionally, some prostate cancer cells were identified as being sensitive to a

rapamycin analog, CCI-779 (data not shown). Other rapamycin analogs as described in
U.S. 5,362,718, incorporated herein by reference, may also be used. The presence of
FKBP54 in cancer patients indicates that these patients may respond well to the CCI-779
treatment,

20 FKBP54 itself, may therefore also be a potential drug target for small molecule

because it has intrinsic isomerase activity. Inhibitors of isomerase activity can be readily



The expression of FKBP54 was studied in several androgen-in l _
prostaltoe cancer 30 lines and was found present in all cell ﬁ’oé&??ﬁﬁdl ed

(Tsu-prl, P¥QO2BEISmp DUL45, data not shown). The | evel ROT/E46BRA6I N

hor none-i ndependent |ines was higher than non-treated LNCaP cells. 2 0 MAY
2005 WD 02/44418 PCTI US01/ 41536 -85 Table 1 summari zes band density val ues
fromthe Western blot analysis. These resifits show that 24 hours post-DHT
exposure, the |evel of FKBP54 expression "increased approximtely two-fold,

and conti nuedstreeredcusigs @ High aloughpuieoehdt wimgOtmotrypdinhau i@ﬂf&"sﬁﬂﬁc
exposure. Wth R1881 stinulation, there was an approximte 1 ol d™

i ncrease in FRE®#EC adoryg tha relensed 4 pitoeniflinedy abserbandeansasuremants,

approxi mately 30-fold increase 72 hours post-R1881 exposure. 10 Table 1:
Quantitative Expression Levels of FKBP54 wth DHT and R1881 Stinul ation

Ti me (hr) DHT $wimsokistashewdey s@iringlofPravuticOBleBdcabeinBmaSvith HiRi-BEBP5328. 05. 0

2412. 020. 1 .4823. 02 . 234..4 15 Addoi tionally,,K sone prostate cancer
cell's wereidenti flﬁg%uééﬁ%& TEBn %otlt}go tl‘?%ﬁ?&?r‘i?ﬁ?lﬁm%éﬁl@gﬁﬂthf@

(data not shownjhod@X dfenorhmap prastite) afd Pro@aicasdeSERETARE o aYisue q"‘i?‘%aﬁ{éé&
I ncor porated herein %qreference, may al so be used. The presence 0 P54

in cancer pat FEHFRING ERECELEIS s RT ehas pl@ﬁpb,edﬁysﬁc?gxp@)d Wi@'»_ldllgt ?Trglm
o o 7580 S L o Gl 6 L L
activity. |nhFi%ryheseas eginns avith aderiocarcipomarwire geaardlly yoritidd Avith o eridfe
Y2005 10 staining in both the nuclear and cytoplasmic epithelial elements in the 3 to 4+ range
(data not shown). '
FKBP54 potentiates AR transcriptional activity
To determine the effect of FKBP54 on the transcriptional activity of androgen
15 receptor (AR), COS-1 cells were transiently transfected with a reporter construct
containing androgen receptor response element along with an expression vector
encoding FKBP54 as described in section (j). As shown in Fig. 5, transfection of .
FKBP54 had no effect on the reporter activity but increased AR activity in the presence

of androgen by more than 30%., demonstrating that FKBP54 potentiates AR
20  transcriptional activity.

In summary, these results show that immunophilin FKBP54 was found to be
androgen-regulated (by both DHT and R1881) and highly expressed in prostate tumor
specimens relative to normal tissue. Moreover, tissue microarray results showed that the

25 expression of FKBP54 correlated with Gleason score. The transient c?transfection
study demonstrated that AR activation by androgen was enhanced by FKBP54,
suggesting the functional role of FKBP54 in androgen receptor activation. The FKBP54
candidate ARGs may be useful for understanding the molecular mechanisms leading to
the proliferation, differentiation, and function of the normal and disefzsed human

30 prostate. Collectively, these results demonstrate that FKBP54 can be used as a
diagnostic marker and is important for prostate tumor growth. The involvement of

FKBP54 in prostate cancer as demonstrated herein, and modifying the expression of



18 PCTI U$01144536 -86 screened using a high throughput format using
chynotrypsin as an i somer specific protease and nonitori &0 iRy 2008 eased
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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

dextrancoated charcoal (CT-FCS). The cells can be incubated in the presence a test

—

20 compound with or without Tet and the growth rate of the cells is measured. A compound
shows differential inhibitory activity in cells treated or not with Tet will be considered
as a potential therapeutic compound that mediated its function through FKBP54 and

therefore selected for further verification.

25 Example 3: Detection of FKBP Maricers
To evaluate the role of FKBP markers, e.g., FKBP54 in cell growth and the
effect in tumor inhibition, the growth rate of cells transfected with FKBP54 Tet-on
expression vector, in the presence or absence of Tet will be determined. Altered growth
will confirm the role of the FKBP54 in the regulation of tumor cell growth and assure
30 the therapeutical value of immunophilin. The presence and expression levels of the
FKBP54 marker can be assessed using standard molecular biology techniques as
described in Sambrook ez al, (1989) supra.



FKBP54 (up-regul ated or downregul ated) may provide a therapeutic effect in
deterring the progression of prostate cancer. This m)dlflcatlon may be by
ei ther existing agents, such as rapanycin, or novel agentg i MNID06i ed by
the screeg} Ud;ﬁ’zf/ﬂ?fsh()ds of the invention. 5 Exarrpl e 2: Screening for
Conpounds for the Treatment of Prostate Cancer. TRel/UBNA481d
protein sequence of FKBP54 is available in the public database Genbank
wi t h accessi on nunber U42031. The publicati ons and sequence dat abases
provide those skilled in the art with th8genes needed to prepare the
transfected cell lines 10 useful in for the follow ng screeni ng assays.
Test conpounds pdi®nthealdetpciienfand fcblﬂntttaie)lt rcéaRﬂ?@ntsmmemrdhaatuelmnmds can

INcaP col | o) SAsrHomerr 68, RRpP Ao B0 [P CRY Btufites, Babe P phimets

expressing FtKﬁPSdeqtuvenyhbymrdmetméTKBPMt ﬁﬁdlﬁeyaéld BEn (bEeaes@@eay%@dnon the
Cl ontech) The iagsfect ed d@JSICaP cel I re cul tured 15 under suitable
condi ti ons (’8“’5“ T eaPeRe’ @ r’@a’flqeés‘ﬁ rPrRFWFJ Uaber drome dFenbrnls Lansessioant ed

with 10%s f efudlbes JR0SET UPhd FiSRbrs chniY éonga!ciéh l{lﬁle 11'(99&39/ ik 1ei Sﬁcrn? gllnﬁg cin,

and 100 units/ni, penicillin.” To exam ne the ef ec S of sterol can
be cul t ur ed JoBfitiong fat allow relRetivedndridizationn Qnea thybridized, B¢ EGIeip raeidrmnad

W th dextray ( ne cel ls t the
presence a teggﬁ%%&gg%a%gn?ed% 51%8%/\1;?% Hadii tgﬁt?iﬂf‘ﬁgat‘b?&‘&?% 'ﬁ 8’[“ t he
cells is rreaslalegdamdb\synﬂrqsmursmg RER waiphifittoneThd ahplifidd ;ﬁb&lﬁlﬂ:)éarﬁﬁé HMt‘e&t)éd' n
cells treat Pfgr i&dered as a potenti al

Tet b
t her apeuti c co%%dm ?‘a by ﬁa{lelﬁ‘gmpﬁﬂf’@alsuagé%?ﬁa atign ity ghidinnr kppaide ander UV
t her ef or &0 sdighctmbrmwerwffm&e&nﬁylmdahbﬁ% Q&is céﬁbém?égpilﬁ 1§be1%§{g,§ﬁ&écﬁ9 cf}f

FKBP Markers, To evaluate the ro P nmarkers,
growth and tieromstneally-labeled megleqtides. ihe amplification QIQ@WMH cemtlendfe ombel to

transfected t rLesence .or
absence of 'Izéeﬂﬁaslvrgﬂlﬁ:@%dﬂ_ Z%gr‘%&%egé(%ﬂ? @ﬁ—l ed tmﬁg‘é\ﬁ% P E&Tal’ ?ojlé)ﬁvfu?% FPEREOR | o of
the FKBP54 in t héthegubthodsofor dﬁtecummtheqméslen@rmwprﬂassioﬂsemrsa)faﬂe RSPS54

t herapeutic L muno The and ression | evel s of
t he |:|<BP54EH“‘I}£€lJ ﬁglé‘g% dgk °t£‘sgs§‘§sﬁe%ﬁ‘ﬁ% SRV @iﬁ%rmmuapé‘a?cﬂon

t echni qués assayde For lebﬁﬂplbﬁbysaﬁihg%ﬁﬁ-mm4 adtibS&@é tS dBredt: th@%r%%@%m

02/ 44418 P( 1/ 44536 88 For. the detection and _guantitation
speci es, he- 4, marker; ggpressed in a cell sample. Anti- FKBP54 antibodies can be

immobilized onto a selected surface exhibiting protein affinity, such as a well in a

polystyrene microtiter plate, Then, a cell sample suspected of containing the FKBP54
marker, can be added to the wells. After binding and washing to remove non-speclfically

20 bound immunocomplexes, the bound antlbody may be detected. Detection can be
achieved by the addition of a second antibody specific for a different region of the
FKBP54 marker protein, that is linked to a detectable label.

Example 4: Detection of FKBP Markers in Solid Tumors

25 To determine whether FKBP, e'.é., FKBP54 was effected at different stages of
tumor growth, RNA can be isolated from normal prostate glands and prostate tumors
with different Gleason grades. Solid tumors were scored using the Gleason scoring
system (See e.g., Bostick (1994) Amer. J. Clin. Parh. 102: S38-56, incorporated herein
by reference). The total RNA can be extracted and be examined for the level of

30  expression of FKBP54 in these different tumor stages using the affymetnx microarrays,
as described in Example 1.



corresponding to the FKBP54 marker can be isolated and anplified. Pairs of
primers that selectively hybridize to FKBP54 nucl ei c aci d Z&hipaye2008si gned
based on th@ Oggﬁh?otide sequence of this marker, which are available from
Genbank, ace¥tEN 5 nunber W2031. The primers can be cor®GHUSRI/4E¥h t he

i solated nucleic acid under conditions that all ow sel ective hybridization.
Once hybridized, the nucleic acid:prinmer _conplex can be contacted-with one
or nore enzynes that facilitate tenplatefégpendent nucl eic acid synthesis
usi ng PCR anpkfflcg%ion. The anplified product can be.detected, for
exanpl e by gel*d¥@SHphoresis and visualization with ethidi um broni de
under UV 10 |ight. mak iV e (N i . s _can he
integrally | abel 'edTlve\néstEﬁh?lg%%no@Eg?%illrg%gg%é%:bggﬁ%é ?%Blg{lggylﬁlg@f) @b@?%@g,
the anplifi catiuiine pxpstirenttionmanyesqubleaispo tedspecific xmbadimichisrofalie Mivedsiahi zed
under the appropl:i L1l ation ectra, follow ng separation. O her

met hods for dé‘?%f:‘l’?“‘tn%ef?% @S’P segﬁi%%%gﬁc?‘%%?@&é it‘bwe & mr@sgﬁ hiheHrbpxing

mar ker i nclsudelaited ecti ng t he FKBP54 marker protein by an ELI SA

i nununodet ecti on -15 assay. ‘For exanple, by using anti-FKBP54 antibodies to
detect the presence of the FKBP54 marker expressed in a cell sanple. Anti-
FKBP54 anti bodi es can be immobilized onto a sel ected surface exhibiting
protein affinity, such as a well in a polystyrene mgrotiter plate. Then,
a cell sample suspected of containing the FKBP54 marker, can be added to
the wells. After binding and washing to renove non-specifically 20 bound

i mmunoconpl exes, the bound anti body may be detected. Detection can be

achi eved by the addition of a second antibody specific for a different
region of the FKBP54 marker protein, that is linked to a detectable | abel.
Exanpl e 4: Detection of FKBP Markers in Solid Tunors 25 To determ ne

whet her FKBP, e.g., FKBP54 was /effected at different stages of tunor .
growt h, RNA can be isolated fromnornal prostate glands and prostate tunors
with different G eason grades. Solid tunors were scored using the d eason
scoring system (See e.g., Bostwi ck (1994) Anier. J. din. Path. 102:
S38-56, incorporated herein by reference). The total RNA can be extracted
and be exam ned for the |Ievel of 30 expression of FKBP54 in these different
tunor stages using the affymetrix mcroarrays, as described in Exanple 1.
2 0 MAY 2005 WO 02/44418 PCT/ USO01/ 44536 -89 Equi val ents Those skilled in
the art will recognize, or be able to ascertain using no nore than



routi ne experinentation, many equivalents to the specific enbodi nents of
the invention described herein. Such equivalents are intended to be
enconpassed by the following 5 clains. 2 0 MAY 2005 -90 CIZ0riay 2005 A

met hod of assessing whether a subject is afflicted by prostate cancer, the
met hod conprising conparing: a) the |level of expression of an FKBP marker
in a sanple froma subject, and b) the normal |evel of expression of the
marker in a control sanple, wherein a sP§nificant difference between the

| evel of expression of the marker in the sanple fromthe subject and the
normal level is an indication that the subject is afflicted with prostate
cancer. 2. The nethod of claim1l, wherein the |evel of expression of the
mar ker in thglaiganmple differs fromthe nornmal |evel of expression of the
marker in a subject not afflicted with prostate cancer by a factor of at

| east about 21. 3\ mEi@droFakeekind whbthera subjeehRragilidtedts grédak cificeg R essi on of
the marker in the sanple differs fromthe normal |evel of expression of

the marker in amuhpdeampring egmpariéged with prostate cancer by a factor of
at least about 3. 4. The nethod of claim11l, wherein the | evel of expression

of the marker i) thelevilameksrelSorPSSRAIIERP BArkieies bimfle e RE@SENCHI N the
sanple of a protein corresponding to the marker. 5. The nethod of claim4,

wherein the presence of e protein.is tected.usin reagent which
specifically bi d SR FFel&f&f‘@ie?ﬁm%‘.’&gﬁg’aﬁﬁrﬁ%l06‘%“&5%‘?1?%@5, wherein the

reagent is selected fromthe group consisting of an antibody, an anti body
derivative, and amwlentin beipyificaapdiffotencebetWhen tie idvetioDdéxpedssiofo thewher ei n t he

| evel of expression of the marker in the, sanple is sessed by detecting
the presence in tﬁ@“@gdﬁﬂ§ﬁﬂmp 6?%ﬁ§%$ﬁ%@&mgﬁ@Fyﬂﬂﬂﬁzﬁf &@mﬁp&ﬁ@WFion
thereof, wherein thg d aBRef ishedicRalwitisbaeicdfcercompri ses the marker. 2 0
MAY 2005 -91 8. The nethod of claim7, wherein the transcribed

olynucleotide is an nRNA. . 9. The thod of claim?7, wherein the
F r a% scribed pgol Vhraetgt ofelain 1awggqgfthe 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 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,



10. The method of claim7, wherein the step of detecting further conprises
anplifying the transcribed pol ynucl eotide. 11. The nethod of claiml1,
wherein the | evel of expression of the marker in the sanpR@ My aagessed by
detecting the presence in the sanple of a transcribed polynucleotide which
anneals with the marker or anneals wth a portion of a polynucleotide,
wherein the pol ynucl eotide conprises th® marker, under stringent

hybri di zati on conditions. 12. A method for nonitoring the progression of
prost at e can8erThemathod vbflen 7, whereimshd trenscobgt palymgleotijie detreraRNAg i 0 a
subject sanple at a first point in tinme, the expression of an FKBP marker;
b) repeatinggst i L i e, C ring the

| evel of expr9 'esygllpeol?ll}:%@?é)gf %ﬁ?ﬁ‘gg?’g{ﬁlgﬂgkr%ﬁggﬁMlgrrllu(f%g Hg%s‘e’% &(’ﬁ?‘mni toring
t he progression of prostate cancer in the subject. 13. The method according
to any one oflOcThg mgthed phclaim 7ywhereindhe plep pbdategtingdurthesspoptisest o a

transcri bed polwﬁ&&%tthgg crif?&{é{ilgﬁhc‘ié&%ﬁgm’ wherein the pol ynucl eotide
rker. ~14. 0

conprises the nm e e according to any one of clains 1 to
13, wherein the sanple conprises cells obtained fromthe subject. 15. The
met hod accor dil nbhe Betiag obpleinpil, wheremghg level afaxprehsier phthe imarkes|in thear e

wner oin the col PRTAT SRR A0 ing Bt CEh BERTRGE BB S Ty e

efficacy of a tpdympieotide whidhi dnntals githrsinatker 61;393@1@&18 whith a?pdi'ti?ﬂ 6ci, the
met hod conprising conparing: 2 0 MAY 2005 -92 a) .expression of a FKBP54
marker in the fP‘ﬁ%‘i‘ucée&HﬂF’é” eigitheRplyRusigotide corapaiyes dhe atker. upderpr ovi di ng at

| east a portionyfiodndRybAlEsAIN cbRdilibfs, Subj ect, and b) expression of the
FKBP54 marker in a second sanple obtained fromthe subject follow ng

provi sion of the portion of the therapy, wherein a significantly |ower
| evel of exprésAingsihest for monggriRe thejprogrpssioni preptate saseRIn & el ative to the

first sanple, igy t’it%%w%“hﬁa@%‘t he therapy is efficacious for

i nhi biting prostate’cancer In t bj ect .

a) detecting in a subject sample at a first point in time, the expression of an
FKBP marker;

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.

13. The method according to any one of claims 1 to 12, wherein the marker
corresponds to a transcribed polynucleotide or portion thereof, wherein the

polynucleotide comprises the marker.

14. The method according to any one of claims 1 to 13, wherein the sample

comprises cells obtained from the subject.

15. The method according to any one of claims 1 to 14, wherein the cells are

collected from the prostate gland.
16. The method according to claim 14, wherein the cells are collected from blood.

17. A method of assessing the efficacy of a therapy for inhibiting prostate cancer

in a subject, the method comprising comparing:



18. A method of assessing the potential of a test conmpound to trigger
prostate <cancer in a cell, the nethod conprising: a) maintaining separate
aliquots of cells in the presence and absence of the testzﬁmo%; and b)
conparing expression of a FKBP54 marker in each of the aliqu , erein a
significantly enhanced | evel of expression of the FKBP54 marker in the
aliquot maintained in the presence of tf2-test conpound, relative to the

al i quot maintained in the absence of the test conpound, is an indication
that the test gorppesdopoSsEKBES4 fackapir tetfiretlsample dbtdig@efromghdr ost at e

cancer in a cell. 19. A nethod. for identifying_a conpound useful for
treating prostat e SERRgFIOr I ppiding %@aswp?%lagaﬂheghqrw ©xpe 8d4eSn | evel of
a FKBP54 marker inpma cell in the presence of a test conpound; and b)
conparing the expression neasured in step a) to the expression of a FKBP54

marker in a cell in the absence of the caonmpound, wherein the conpound is
useful for treadi §EPISFH™ %ftge EXRESF Mkt 1 Reccand spwpls dhtpingd fspmdhe t he

FKBP54 marker in f [EBSWRE nPdvitiBE of B8 ho RIS hetaSy! OWEr than its
expression |evel i{ri:lsjf e aﬁxs}e e \8%1 tﬁe t (s)t corrpounceif.aﬁ%’ 0 MAY 2005 -93 20.

The nethod of claim19, wherein the expression level is determ ned by
measuring the | WheEd piignfsgntlyrlovpplerrpbsaprassionedf thomarkern thesersidof ~ ¢l ai m

19, wherein the aﬁgﬁ) B I ' t: ' : ing. the levels of
the protein of §[ éﬁ%%gg&%ﬁig%ﬂ ‘S%&ag"llﬁgelmrr@? 8§M(t)}%a‘€gﬁ§|ﬂ§ga@g§s wherein the
cell is a prostéefieadausder inhéliting @Bstatk cartdnddtheaubjectent i f yi ng a conpound

useful for treating prostate cancer, conprising a) neasuring an activity

of a FKBP54 q@rkgxﬁevtﬁhy @fa‘é@ésgingghe%ﬁﬁerﬁfa?ﬁp?&?to&%@u}l& ?osk}figggmgg%{%; and b)

conparing the ac measur step a eve Ivity of the
FKBP54 mar ker ic¢antéreénaksinhe nethddwentpesingconpound, wherein the conpound is
useful for treating prostate cancer when the activity of the FKBP54 nmarker

in the presenc ea)otméimginﬁl?gsstepgﬁ{g)a?ﬂﬂgts io? ccl:lpsv}ﬁ e It}"él&nlcé Znd absence of the

test compound; and
b) comparing expression of a FKBP54 marker in each of the aliquots,

wherein a significantly enhanced level of expression of the FKBP54 marker in
the aliquot maintained in the presence of the test 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.

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

comprising:

a) measuring the expression level of a FKBP54 marker in a cell in the

presence of a test compound; and

b) comparing the expression measured in step a) to the expression of a

FKBP54 marker in a cell in the absence of the compound,

wherein the compound is useful for treating prostate cancer when the
expression level of the FKBP54 marker in the presence of the test compound

is lower than its expression level in the absence of the test compound.



activity in the absence of the test conpound. 24. The nethod of claim 23,
wherein the cell is a prostate cancer cell. 25. A nmethod for determ ning
the efficacy of androgen withdrawal treatnent in a subject 9ifjgkctomg With
prostate cancer, conprising: a) detecting in a subject sanple at a first
point in time, the expression |level of a FKBP54 marker; b) repeating step
a) at a subsequent point in time occurrPhg after the subject begins
androgen withdrawal treatnent; and c) conparing the | evel of expression of
t he FKBP54 mapkEnsmedihbeof eldim 9, whapia thd exanessioh, leweh & determanedebyr ease in t he

| evel of expression.indicates fhat the a n i t hdrawal treatnent has

decreased effi clgﬁﬁf}‘rl%ﬂ}\?&?vejﬁﬁém-ﬁgﬁ ?fgt.he %i@%%ﬁ né?{il(m%fnti sense ol i gonucl eoti de
conpl ementary to a pol ynucl eotide corresponding to a FKBP54 marker, in the
manuf act ur e @fl. Ehamdihod e olaich 09, whdreinttheeatpresiondéve isadetaingneddsycer . 27. Use

of a conmpound whi ch .decreases e expressi f FKBP54 marker in the
manuf act ure of ‘QCWE}P%MHYS? BﬁtﬁFﬁé"taF‘é’ fh?&ﬁfﬁ%?fgmé’fkebreventi on of
prostate cancer. 28. Use according to claim 27, wherein said conmpound

decr eases t h@2eXipr msthod of clafm MNFhatintthecdlKBRplostae karcer @3l. Use accordi ng
to claim27, wherein said conpound decreases the expression of the FKBP54

mar ker pr ot ei,R. . [ } in the nuf acture of a
medi canent f (% ? {Xﬁf@étbﬁ%ﬁ (#élﬁ@ "%]5 ﬁ?lggﬁgntd?@%%lggogﬁﬁ_eaﬂng pmﬁ% cancet,

comprising

a) measuring an activity of a FKBP54 marker in a cell in the presence of a

test compound; and

b) comparing the activity measured in step a) to the level of activity of the

FKBP54 marker in the absence of the test compound,

wherein the compound is useful for treating prostate cancer when the activity
of the FKBP54 marker in the presence of the test compound is lower than its

activity in the absence of the test compound.
24. The method of claim 23, wherein the cell is a prostate cancer cell.

25. 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 FKBP54 marker;

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 the FKBP54 markers detected in

steps a) and b),

wherein a decrease in the level of expression indicates that the androgen

withdrawal treatment has decreased efficacy.



26.

27.

28.

29.

30.
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Use of an antisense oligonucleotide complementary to a polynucleotide
corresponding to a FKBP54 marker, in the manufacture of a medicament for

the treatment of prostate cancer.

Use of a compound which decreases the expression of a FKBP54 marker in
the manufacture of a medicament for the treatment and/or prevention of

prostate cancer.

Use according to claim 27, wherein said compound decreases the expression
of mRNA of the FKBP54 marker.

Use according to claim 27, wherein said compound decreases the expression
of the FKBP54 marker protein.

Use of an anti-FKBP antibody in the manufacture of a medicament for the

treatment of prostate cancer.



