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target tubulin proteins, but such drugs have many
undesirabl e side effects due to tubulin's invol vient
in dividing, but also non-dividing cells. An increase
in specificity would result fromtargeting only those
proteins that are required during mtosis and have no
role in non-dividing cellular processes. A cell-based
phenot ypi ¢ screen perforned at Harvard Nbdical Schoo
led to the first identification of an anti-m
sMITOTIERROGRIISIOY| GENES @U&M@THQ%@F MODULATING
tubulin, but instead acts byMKFOBISi ng the mitotic

ki nesin protein Eg5. Oher small nolecule inhibitors
of Eg5 are currently clinical trials for the treatnent

of cancer. Hi gh- throwﬂg&rﬁm%ﬁmtﬁwvi de an
alternatlve for r api entirtrcacron or novel

ther apey At URE el Yiher i 1ot AR Flleor! LELr drugs target

ceIIuI Ince axanes

ot her n1crotubu|e inhibitors activate th |nd

c fhalydiy prateinsg Brt sychcdugs haye WP“@%‘&@F\% ecty gue to
pat hway may i ncrease the understandi ng of the
mitcinalin’s bl v ng in dévidiness biut dlsoencrpdpriduigscells. cAndrgrease in
cells and also help in the understanding of how

I 8pbEifRNgowbald ek frbr Jsrgeting mly devw proteing ted at®required
identify proteins that are critical to the activation

Ofdutrﬂl% mitosis and have no role in non-dividing cellular processes. A cell-based

phenotypic screen performed at Harvard Medical School led to the first
identification of an anti-mitotic small molecule (monéstrol) that does not target
tubulin, but instead acts by inhibiting the mitotic kinesin protein Eg5. Other
small molecule inhibitors of Eg5 are currently clinical trials for the treatment of
cancer.

High-throughput siRNA screens provide an alternative for rapid
identification of novel therapeutic targets that, if inactivated, affect cellular
processes of interest. Since taxanes and other microtubule inhibitors activate the
spindle checkpoint, identification of novel components of this pathway may
increase the understanding of the mechanism by which taxanes induce apoptosis
in cancer cells and also help in the understanding of how resistance té these drugs

arises.



spi ndl e checkpoi nt. Such proteins would provide
targets for use in the discovery of effective cancer

wo berapseii cs with decreased side effects. Brip€T/US2007/003974
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Sunmary of the Invention In one aspect, the invention
features a nethod for identifying a candidate

t herapeuti c conpound by contacting H PKlI, H PK2, or
USP32 with the conpound to be assessed. In this
aspect, the biol ogi cal activity of H PKI, H PK2, or

oi of ogi et pipep I8 iFEHg pideit; BRSRRL K/ i Ggriyation of the

the, c nds are identified that reduce the
bisBF&’g? GEF‘HS{‘PP(/ ng'ﬁglbf’rqlﬂﬂﬁlwmﬁ Fﬂ(?‘“‘g‘rta{@% for ys¢ inrthe discovery
enbodi nent, the conpound that reduces the biol ogical
actﬁeffelcyivefcanh@r tHeRigieuties Mdth desreassidxide sffectsandi dat e

compound for the treatnment of a proliferative di sease

(e.g., colon cancer, breast cancer, prostate cancer,

| ynphorma, | eukem a, nelanoma, ovarian cancer,

pancreati c cancer, que“i'l?ﬂ ,ﬁggﬁgf}hew %lpt?o‘;orgm ng

aspect, the cont actr'TTg-r:a' m xture

or ac based ture rec nt. cell

any " of Inipneaspgeh e Tusetibe fetuen mﬁgﬁei Sk idertifYipe grcandidate

H PKI or H PK2 can be, for exanple, a kinase activity
oith¢sapemtie compound\by eondacting HADKd; HIRK 2, @r §6SP32 with the
aspects, the biological activity of USP32 can be, for
exampoundaoyecdssassedadii thist aspect, thebivdbgigabadtivity yf HIPK 1,
anot her aspect, the invention features a nethod of

| $APK 3, YrISA32 contacting the compound is compared with the biological

activity of HIPK 1, HIPK2, or USP32 absent the compound. Compounds are
identified that reduce the biological activity of HIPK 1, HIPK2, or USP32. In this
embodiment, the compound that reduces the biological activity of the HIPK 1,
HIPK2, or USP32 is a candidate compound for the treatment of a proliferative
disease (e.g., colon cancer, breast cancer, prostate cancer, lymphoma, leukemia,
melanoma, ovarian cancer, pancreatic cancer, and lung cancer).

In the forgoing aspect, the contacting can be in a cell-free mixture or a cell
based mixture (e.g., a recombinant cell).

In any of the forgoing aspects the biological activity of HIPK1 or HIPK2
can be, for example, a kinase activity or binding activity.

Also in any of the forgoing aspects, the biological activity of USP32 can
be, for example, a protease activity or a binding activity.

In another aspect, the invention features a method of identifying a

candidate compound that ameliorates a proliferative disease. In this aspect the



candi dat e conmpound that aneliorates a proliferative
di sease. In this aspect thenethod includes contacting
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cell derived froma disease nodel) with a candi date
compound, conparing the expression of at |east one of
H PKlI, H PK2, and USP32 with the expression of the
gene or genes in a cell not contacted with the

candi dat e conmpound, and identifying a conpound which

at.es e expression one of .the genes.
| eha g g §oRlep Bt 3 YL pp cElicontnn i 45 abgBEipodel or a
reduction in di sease-specific properties. Also in
t wgllfdﬂrg@drfgm@sqaé@pasq medelpvih ¢ eandidate sempound; egmparing the
using a mcroarray (e.g., a nucleic acid or protein
mexpeoessicayof atl IsagtasnecsfOHIRK | aHIPKR, ahd &JSPB2withothe expression of
features a nethod of treating a proliferative di sease

i 'ﬂh@géﬂ@bﬁ%ném éJQéI'I‘So@é%t%b&td%itﬂghé‘&ﬁd}hh@ éc% S&nd and
HI PK or USP32 to the subject 'S as

i bitar _can truc
o Sty b Rraibheds Bl hiomeld e abtefufete® lgaf%ne of the
forth in SEQID I\IOs. 1-9). By a "conpound,"” "candi date
c&¥Pe¥nd, " or "factor" is meant a chemical, be it
naturally occurring or artificially derived. Conpounds
may i ndhuble fofgming aspauitctheeapréssam caobe psgessatbby reduction in
synthetic organic nol ecules, naturally occurring
OldipakE-spetifieropertivdc| ei ¢ aci d nol ecul es, and

conponents or corrbl nations thereof.

Also in the forgoing aspect, the expression can be measured using a
microarray (e.g., a nucleic acid or protein microarray).

In yet another aspect, the invention features a method of treating a
proliferative disease in a subject including administering an inhibitor of HIPK 1,
HIPK?2, or USP32 to the subject. In this aspect, the inhibitor can be an siRNA
construct (e.g., sSiRNA constructs including the nucleic acid sequences set forth in
SEQ ID NOs:1-9).

By a “compound,” “candidate compound,” or “factor” is meant a chemical,
be it naturally occurring or artificially derived. Compounds may include, for
example, peptides, polypeptides, synthetic organic molecules, naturally occurring
organic molecules, nucleic acid molecules, and components or combinations
thereof.

By “modulating” is meant either increasing (“upward modulating™) or

decreasing (“downward modulating™) the biological activity of a protein in vivo

or ex vivo. It is important to note that the modulation may be either direct or



By "nodul ating” is nmeant either increasing ("upward
nmodul ating") or decreasing ("downward nodul ati ng") the

woeal7ogisenl activity of a protein in vivo or eRCT/USDNT/003974
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It is inportant to note that the nodul ati on may be
either direct orindirect. It will be appreciated that
the degree of biological activity provided by a

nodul at ory conpound in a given assay will vary, but
that one skilled in the art can determ ne the
i fi.cant ch in t |.evel

isticall n g
b iRt df Vil e AHyesiAGa haE A doesee of BislpBibSs ity provided by a
i ncreases or decreases biological activity. By
" medilatary € ontpasngl iess gbien assayrwa vany.dnstrthat one skilled in the art
protein or nucleic acid level or activity in a cell, a

cehh dexérndiat thestadistieally sighéficit ahtngd i thexienpl @fbxswgical activity
a change nmay be due to increased or decreased RNA

StR{ildkbAlfied 4 %Bﬁiﬁdugxtg' tsf}gt uﬁf@cfs‘é Br dE&ea8E! bid ‘I’ﬂ %1951 abctivity. By

translation. Pref t |scange|s at

Y. S% 100 00/ 5009
ofedigtoR gt Fufstiop & peatth shanes itbr %fﬁﬂomé%w doid level or

contrrol ,condition "cell-free mxture” is neant
eRptivitidnagellsa fltffwt,dm?eceﬂhswqmetanthEgé example, such a change
condi tions include experinents conducted with cell

extayabe gpewo imcreasest andécaxtasedRINIA statlility] trapsarthtizing protein
and/or artificial conpounds. By "cell-based m xture"

| depRAfatioAN oL HARSIATBA! Profedatlyethis Bhadi @rm@ary% 89%910%, 25%,
Ilve cells, dead cells, or fixed cells,

r5@6/0 rﬁg%agb%c 9900% .| 00928t ever’ dd%e gf H}Frgggflﬂlteqev?l %f expression

i1 ‘an exdgenous nucl @i ¢ ac are ce
?IﬂGEfEd t,0 expre rotei n of interest or cells

S
BRI uRdRT ontE réjr‘PE’EJ%Struct to detect a certain

bi ol ogi cal activity. . .
By “cell-free mixture” is meant experimental conditions done in vitro.

These conditions include experiments conducted with cell extracts, with
substantially purified ceil products, and/or artificial compounds.

By “cell-based mixture” is meant an experiment conducted in the presence
of live cells, dead cells, or fixed cells.

By “recombinant cell” is meant a cell engineered to contain an exogenous
nucleic acid. Examples are cells engineered to express a protein of interest or
cells which contain a reporter construct to detect a certain biological activity.

By “kinase activity” is meant the activity whereby an enzyme
phosphorylates an amino-acid residue on a protein substrate.

By “proliferative disease” is meant a disease that is caused by or results in
inappropriately high levels of cell division, inappropriately low levels of

apoptosis, or both. Cancers such as lymphoma, leukemia, melanoma, ovarian



By "kinase activity" is neant the activity whereby an
enzyne phosphoryl ates an am no-acid residue on a

w@r@vevss2substrate. By "proliferative di sease"PCEHUIBaN03974

a disease that is caused by or results in

i nappropriately high Ievels of cell division,

i nappropriately low |l evel s of apoptosis, or both.

Cancers such as | ynphoma, |eukem a, nel anonsg,
ovariancancer br east cancer pancreatic cancer, and

Iun Ecer are all ex Eﬁﬁ)*lferatlve dlfase.l £
ﬁrp feaSBFa“‘i%n%%!% °?‘}&°&r URg Gnseess Al Fiamples o
' is neant a polypept|de with the activity (e.qg.
kPﬁ%@Y%YQQISF%C of human HIPKI. An exenplary Genbank
accessi on nunber corresponding to the nucleic acid
sequend@y SHIPKRK ori‘holiMddon2Gf Gntenactarg proteinl kingse 1” is meant a
Genbank Accessi on nunber corresponding to the

PYb ide8v IR IS ROVt ( é‘lgp*ﬂmds‘é AAVHGY 3¢ Buntdn HIPKL. An

iS also meant a pol ypeptide with at | éast 50% 60%

B S S c%;rx}ineasfsﬁﬂéﬁ?%gtg B i
e seaey AL s ML s 560 a8 D EvPePley ﬁﬁa@rﬁﬁﬁgﬁession

strl ngency conditions to a nucleic acid of H PKl .

" HupkZr correshondingdathe pohineptideiseguencst ef HIRKhds Mz_689909 By
is meant a polypeptide with the activity (e.g., kinase
aHIPK I §)alsd niamea pdlyieptidexwithlat1éasEs0%660%CT0%s 80P, 90%,
nunbers corresponding to the nucleic acid sequence of

X??é@é?&%“ﬂ%ﬁ‘%‘?@ ?‘?‘%ﬁé@%@ﬁﬁ% B TPy s Haitionally

o S%dd% t%xen Il_" ,Fitfﬁ)ﬁi 5' ﬁne&g as a polypeptide encoded by a nucleic acid
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that hybridizes under high stringency conditions to a nucleic acid of HIPK 1.

By “HIPK2” or “homeodomain interacting protein kinase 2 is meant a
polypeptide with the activity (e.g., kinase activity) of human HIPK2. Exemplary
Genbank accession numbers corresponding to the nucleic acid sequence of
HIPK?2 are NM_022740 and AF208291 and exemplary Genbank Accession
numbers corresponding to the polypeptide sequence of HIPK2 are NP_073577
and Q9H2X6. By HIPK?2 is also meant a polypeptide with at least 50%, 60%,
70%, 80%, 90%, 95%, or 99% percent sequence identity to the HIPK2
polypeptide. Additionally and alternatively, HIPK2 is defined as a polypeptide
encoded by a nucleic acid that hybridizes under high stringency conditions to a
nucleic acid of HIPK2.

By “USP32” or “ubiquitin-specific protease 32 is meant a polypeptide

with the activity (e.g., protease activity) of human USP32. An exemplary



and QQH2X6. By HI PK2 is al so neant a pol ypeptide with
at least 50% 60% 70% 80% 90% 95% or 99% percent

waeguesssel i dentity to the H PK2 pol ypeptide. PCT/US2007/003974
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Additionally and alternatively, HPK2 is defined as a
pol ypepti de encoded by a nucleic acid that hybridizes
under high stringency conditions to a nucleic acid of
H PK2. By "USP32" or "ubiquitin-specific protease 32"
is neant a polypeptide with the activity (e.qg.,

rot eas activit f human US | ar.yGenbank

D CiBERE ARt inien himer SHBRSRONinG to Ale AIEIPL & sFauehce of USP32

sequence of USP32 is NM 032582 and an exenpl ary
GEnbAAK0FE TS and an exrpRaydeerankndcaession tlh@ber corresponding to

poI ypepti de sequence of USP32 is NP_1 15971. By USP32

| shapekypeptide sequaicepeIUSH32 i¢ NIP_atl 50F4s BypU%P3@0%talso meant a

70% 80% 90% 95% or 99% percent sequence identity

opad,
%g%*?%ﬁ*;?% gégggst)ghe go?@ g7ed c( geYd, 3383/5 gbesgal or 99% percent

e?%’lﬂe%%ﬁﬁéeﬁnwﬁf'ttﬁsﬁéﬁ’féfgo@wﬁﬁ 'éttfﬁﬁstﬁ@)sagaa tifpatively,

ression’ is meant the anount of a nucleic_ acid or
p é%xslﬂq fingdasrineb@peplids epepded @ﬁaﬁMIP@CId that hybridizes
expression may result fromchanges in transcription of
nmihder highrsttingency odnditionetana nuclale geuldef USR33f ei t her
nucl eic acids or proteins. By "nucleic acid" is nmeant

an ol i gynegxpresdioh’y Bnedht theRONOEAL G MG¢18ic04cid or protein being
deoxyrl bonucl eic acid, or analog thereof. This term

LIS 1 B R kB G i

transcription of mRNA, translation of protein, or degradation of either nucleic
acids or proteins.

By “nucleic acid” is meant an oligomer or polymer of ribonucleic acid or
deoxynbonucleic acid, or analog thereof. This term includes oligomers
consisting of naturally occurring bases, sugars, and intersugar (backbone)
linkages as well as oligomers having non-naturally occurring portions which

“function similarly. Such modified or substituted oligonucleotides are often
preferred over native forms because of properties such as, for example, enhanced
cellular uptake and increased stability in the presence of nucleases.

By “mitotic progression” is meant the passage of a cell through the cell
cycle.

By “mitotic index” is meant the percentage of cells undergoing mitosis at

any chosen time.



I i nkages as well as oligoners having non-naturally
occurring portions which function simlarly. Such

wonai7ip®sdl or substituted oligonucl eoti des are PET/®82007/003974
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preferred over native forns because of properties such
as, for exanple, enhanced cellul ar uptake and

i ncreased stability in the presence of nucl eases. By
"mtotic progression” is neant the passage of a cel
through the cell cycle. By "mtotic index" is meant

t he pergentage of cells .yndergoing m.tosi s at an )
chosen tppirﬂ?.“gPPbt%ﬁ?]H peBpHe pBY yB%lb'gFH%‘!]e g‘iag“}ftﬂts Eéﬁ‘l“? @By chain of
fragment” means any chain of nore than two anino

adners thap gwodineine asidgpgegandlessnfpastransiabienal owdifieation (e.g.,
(e.g., glycosylation or phosphorylation), constituting
alglyausyhtidn of pliosphiorylatiby), aonstititing #10 by patofdenaturally-occurring
peptide, or constituting a non-naturally occurring

b : ti S hercent g i .
oA o HepheR) b Eonstiing B AL hat A1) pdurrfle potFpeptide or
cal cul.ated by known net hods, including but not limted
t(?epﬁgg'e descri bed in Conputational Ml ecul ar Bi ol ogy,

Lesk, A. M, ed., Oxford University Press, New York,

1988; Bihscagseentidentityf’ nfifsa vuclaicpcid 96 pelymeptidetssquences can be
Smth, DD W, ed., Academ c Press, New York, 1993;
Coemlityecalénlntedsby kobwiemetrals, Dattadingdnit not liGhitéd tothose described
A M, and Giffin, H G, eds., Humana Press, New

J 8h Cpik8RBha SRNERR8r BicioE] Bedk) ADVERY. 20xBhidl UWersity Press,

von Heinje, Acadenic Press, 1987; and Sequence

é{&géc tsyi(') oﬁrkg? %%%TB;‘O@&%%&? 1%91,,,%%? ra‘;lH)@er?odn%e Pr%ects, Smith, D.
W, ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, .
Part I, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, Academic Press, 1987; and .
Sequence Analysis Primer, Gribskov, and Devereux, eds., M. Stockton Press,
New York, 1991; and Carillo and Lipman, SIAM J. Applied Math. 48:1073,
1988. |

Methods to determine identity are available in publicly available computer
programs. Computer program methods to determine identity between two
sequences include, but are not limited to, the GCG program package (Devereux et
al., Nucleic Acids Research 12:387, 1984), BLASTP, BLASTN, and FASTA
(Altschul et al., J. Mol. Biol. 215:403, 1990). The well known Smith Waterman
algorithm may also be used to determine identity. The BLAST program is
publicly available from NCBI and other sources (BLAST Manual, Altschul, et al.,

NCBI NLM NIH Bethesda, Md. 20894). Searches can be performed in URLs



New York, 1991; and Carillo and Lipman, SIAM J.
Applied Math. 48:1073, 1988. Methods to determ ne

WO d@pisgl are avail able in publicly avail abl e POVPE2087/003974

prograns. Conputer program nmethods to determ ne
identity between two sequences include, but are not
limted to, the GCG program package (Devereux et al.,
Nucl ei ¢ Aci ds Research 12:387, 1984), BLASTP, BLASTN,
and FASTA (Altschul et al., J . MIl. Biol. 2 15:403,
1990?1. '{E%e | 1. known Smth Waterman al gorithm may
asBeh B8 R IQWIng o i ne identity. The BLAST program
is publicly available from NCBI and ot her sources

{ Bttrgfwarwdchi plmaihgov/BEAST/unfiashedgonamehsal;ssda,
Ml. 20894). Searches can be perfornmed in URLssuch as
t Metpf /BWinomitizy.org/cgi-bin/BlastSearch/blast.cgi. These software programs
http://ww. ncbi . nl mni h. gov/ BLAST/ i ui fi ni shedgenon®e. ht

| BhatcR’similar sequences by assigning degsrees of homology to various
htt p/ www. ti gr.org/cgi-bin/BlrastSear ch/ bl ast~cgi .

T . Sof t ra tch.stm/l ar uences b o
aggﬁght?lﬁﬁ"gg%eﬁ%@é&g fanﬁ‘go ?rorélydffgé%gﬁsoig&serva%ve Slibstitutions
substitutions, del etions, .and other npdifications, .
chveallyinclade substitutiony wdthiy the feligwing groyps: glycine, alanine;
substitutions within the follow ng groups: glycine,
alvalinagisolesicing leudne;aspartig adidughmamicaagdy asparaging, glutamine;
glutam c acid, asparagi ne, glutam ne; serine,

t BeRAe) thecorids] I¥eined ALtifinege and phcAYRIHiAL A rGine.

tyrosine. By "hybridize" is neant pair to forma

doubl ey % @iz%ﬁ'i@ln%énPg{ﬁE% Porif a%ﬂ@l@-%ﬁ%&é@’ complex

pai red rucleobase sequences, or portions thereort,

under .various conditions of stringenc

10 \\&APtaining cgé?%lgmenmymged nucleobase se\tllhergcsé%?br Sbgio’ns thereof,
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under various conditions of stringency. (See, e.g., Wahl. and Berger, Methods
Enzymol 152:399 (1987); Kimmel, Methods Enzymol 152:507 (1987))

By “hybridizes under high stringency conditions” is meant under
conditions of stringent salt concentration, stringent temperature, or in the
presence of formamide. For example, stringent salt concentration will ordinarily
be less than about 750 mM NaCl and 75 mM trisodium citrate, preferably less
than about 500 mM NaCl and 50 mM trisodium citrate, and most preferably less
than about 250 mM NaCl and 25 mM trisodium citrate. Low stringency
hybridization can be obtained in the absence of organic solvent, e.g., formamide,
while high stringency hybridization can be obtained in the presence of at least
about 35% formamide, and most preferably at least about 50% formamide.
Stringent temperature conditions will ordinarily include temperatures of at least

about 30° C, more preferably of at least about 37° C, and most preferably of at



Enzynol 152:399 (1987); Kimel, Methods Enzynol
152: 507 (1987)) By "hybridi zes under high stringency

wa@ooudiobizens” i s meant under conditions of striPQEDE2007/003974

10

15

20

salt concentration, stringent tenperature, or in the
presence of formam de. For exanple, stringent salt
concentration will ordinarily be I ess than about 750
mWaCl and 75 raMtrisodiumcitrate, preferably |ess
t han about 500 mM NaCl and 50 mMtrisodiumcitrate,

P REPE, € Vaind Bgery ﬁ%%ﬁiiﬁg%yaﬁ”“dﬁﬁmﬂwséﬂn time, the

be obt ai ned t he absence of organic solvent
f GPH%%IOM detergeat, %gr,.Sfaemyioﬁyw hltate (SRSyeahicibe inclusion

obtained in the presence of at |east about 35%
f or enoiudinn efichmies DNAg ey wislhkntwn tathosalskilledbdithe art. Various
formam de. Stringent tenperature conditions wll

on&liglaof btyin ge %dsae hEdAPRSHETSY 86mBinihgRéseRibusiédnditions as

C, nore prefe ly of at Ieast about 37 C, and nost

%@E&’é 0} Y BFef@hJe ae?ﬁbchﬂ b%d:%@tﬁé’ﬁ GHH%%@M LPHE C in 750 mM

ararre ers, “suc a 1 on

“Sresris B N e

carrier DNA, are well known to those skilled in the
ahybridigationswvilkoedur a3378tC im §00 oyMalNeChcbmiMi tsisediuny citrate, 1%
conmbi ning these various conditions as needed. In a

PSEIS;r358d formanhide rind FOMps/h Zddriatired salmof gpermtDRA GsDNA).
in 750 MM NaCl, 75 mMtrisodiumcitrate, and 1%SDS

I | | bl
ot B A AR IO B A o 250

< NaF L G et oq SHcRoPh seaing APl
hybri di zati on wi I | occur at 42 C.in 250 nmM
SSDNA. Useful variations on these conditions will be readily apparent to those
skilled in the art.

For most applications, washing steps that follow hybridization will also
vary in stringency. Wash stringency conditions can be defined by salt
concentration and by temperature. As above, wash stringency can be increased by
decreasing salt concentration or by increasing temperature. For example, stringent
salt concentration for the wash steps will preferably be less than about 30 mM
NaCl and 3 mM trisodium citrate, and most preferably less than about 15 mM
NaCl and 1.5 mM trisodium citrate. Stringent temperature conditions for the wash
steps will ordinarily include a temperature of at least about 25° C., more
preferably of at least about 42° C., and most preferably of at least about 68° C. In

a preferred embodiment, wash steps will occur at 25° C. in 30 mM NaCl, 3 mM

trisodium citrate, and 0.1% SDS. In a more preferred embodiment, wash steps



NaCl, 25 mMtrisodiumcitrate, 1% SDS, 50% f or mam de,
and 200 ng/m ssDNA. Useful variations on these

wa@ooudiobszens wi |l be readily apparent to those BRI/UE®A7/003974

in the art. For nost applications, washing steps that
foll ow hybridization will also vary in stringency.
Wash stringency conditions can be defined by salt
concentration and by tenperature. As above, wash
stringency can be increased by decreasing salt

ORISR B} 95 01 5 IR RATANY o SRASHANAILE o, g7 019 50S. 1

ri ngen concentr a

stesvvlll belesthan bout 30
> haRashReleF P haaiTen s Mash SHPS L] O G8|r IngsmM NaCl,
than about 15 MM NaCl and 1.5 mMtrisodiumcitrate.
Stled mjdrtrisodivme citrate carcbB.di% iSEXS. Additional e ationseps these
will ordinarily include a tenperature of at |east

akonditidhs will bofaadilyeippasdititothosd skilad in @koakt. Hgbfidization
and nost preferably of at |east about 68 C. In a

IEAFEARH 8L IR He B3 .
P S USSR 183 L I —

1% SDS In a nost preferred enbodi nent, wash steps
w(PrOQJA’GdrA%ad 88 G5A417:31% hil 3650);, Ausubeket ak. |(§erdmml’rotocols in
citrate, and 0.1% SDS. Additional variations on these
c Muoletilan Bividgdy, Wéilew hutetsgiaeaNen Yiovk (DOBE))sBetgdet@nd Kimmel
in the art. Hybridization techniques are well known to

t t
ST et S T

10 o8B SpotafRins of Wioraetvet Ll AEBbadpe Prial, Tt Spring
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Harbor Laboratory Press, New York). Preferably, hybridization occurs under
physiological conditions. Typically, complementary nucleobases hybridize via
hydrogen bonding, which may be Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding, between complementary nucleobases. For
example, adenine and thymine are complementary nucleobases that pair through
the formation of hydrogen bonds.

By “small interfering RNAs (siRNAs)” is meant an isolated dsSRNA
molecule, preferably greater than 10 nucleotides in length, more preferably
greater than 15 nucleotides in length, and most preferably 18, 19, 20, 21, 22, 23,
24, or 25 nucleotides in length that is used to identify the target gene or mRNA to
be degraded. A range of 19-25 nucleotides is the most preferred size for siRNAs.
siRNAs can also include short hairpin RNAs in which both strands of an siRNA

duplex are included within a single RNA molecule. siRNA includes any form of

10



Mol ecul ar Bi ol ogy, Wley Interscience, New York
(2001)); Berger and Kimel (Guide to Ml ecul ar C oning

wdaeahinpsgaes, Academ ¢ Press, New York, (1987))prCcBED82007/003974
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Sanbrook et al. (Ml ecular Coning: A Laboratory
Manual , Cold Spring Harbor Laboratory Press, New
York). Preferably, hybridization occurs under
physi ol ogi cal conditions. Typically, conplenmentary
nucl eobases hybridize vi a hydrogen bondi ng, which may

ARSI Prstrolb gty SreavER ReotnitE RE ey IR A ilialy purified

For exanpl e, adenl ne and thyni ne are conpl enent arg
nBeVAopsseatially purp AWAs pyrthgnc RNAf sraembisandy produced RNA) as
hydr ogen bonds. By "small interfering RNAs (siRNAs)"

| sveleanhlteredi RN Mathad difféiAromimeuriatly qucabdengRINA by the addition,
greater than 10 nucleotides in length, nore preferably

ggeRitin Eﬁ'@é’htﬁﬁoﬁ ugh £6t hﬁ'@r%.tlbﬂ df‘ii?ﬂ:t(;}- m@P@nH&%Etldes Such
preferably 18, 19 20, 21, 24, or

et ety Bl ot IO&eCZE%%aucf’o Jid S%atsﬁaﬁgus% as o the
otrdesrsthem) eferred srzefor Si RNAs.
P@@ of she 3i 49 2@%}%@(&&% A REIREMRIINGS ong axmers nucleotides of

bot h strands of an si RNA duplex are included within a
s thrgRANANAR seerg by ithas dieRhlAotert thatl e genyi RN AmmolataR¥Afor example,
(proteolytically cleaved products of |arger dsRNA,

Pastntad wt,BOmt] bLeveNFO0 BE6LRHIOrE] dan #1596 BeliNAd to initiate RNAI. (See
synt hetic RNA, reconbi nantly produced RNA) as well as

ar&e%,eéna@g/*tmagmﬁ of bf !(@eLésOREFD?I 131196 966US0 BICTN ot al
bahie . T4o: 307 Ao Armetiieials UEfnioe Her03RILGIN), Grivna

mgtt aelr. I(??ler’*zess %%C %3: 1t7?)951h714 (2006)), and Lau et al. (Science 313:363-367
(2006)). In a preferred embodiment, the RNA molecule contains a 3 hydroxyl
group. Nucleotides in the RNA molecules of the present invention can also
comprise non-standard. nucleotides, including non-naturally occurring nucleotides
or deoxyribonucleotides. Collectively, all such altered RNAs are referred to as
analogs of RNA. siRNAs of the present invention need only be sufficiently
similar to natural RNA that it has the ability to mediate RNAi. As used herein
“mediate RNAI” refers to the ability to distinguish or identify which RNAs are to
be degraded.

By a “microarray” or “array” is meant a fixed pattern of immobilized

objects on a solid surface or membrane. As used herein, the array is made up of

polypeptides, cDNAs, or ESTs immobilized on the solid surface or membrane.

11



end(s) of the 2 1 to 23 nucleotide RNA or internally
(at one or nore nucl eotides of the RNA). Recently it

whas7besrel not ed that | arger si RNA nol ecul es, fBCT/US2007/003974
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exanple, 25 nt, 30 nt, 50nt, or even 100 nt or nore,
can al so be used to initiate RNAI. (See for exanple,
El bashir et al. {CGenes &Dev., 15:188-200, 2001),
Grard et al. (Nature 442: 199-202 (2006), Aravin et
al . (Nature 442:203-207 (2006)), Givna et al. (Cenes

Dey.,. 20: 1709- 1714 (2006 Lau et .al . i ence .

ST MisaSaEY pabsasY AR bosf kerching ey o Peably ipe microarray
RNA nol ecul e contains a 3'hydroxyl group. Nucleotides

i rhasteedgneityrafi kaswieen 18randhb,0gPodieats/cavent i on can al so
conpri se non-standard nucl eoti des, i ncluding

non-natural ly occurring nucl eoti des or
deoxyri bonucl eoti des. Collectively, all such altered

RNAs are referred t ogaefdatADticn of Qe FidhiRRé's of the
present invention ne'aﬂfm-y—ggi'surrm-sn%y—si mlar to
nat ur al o.RNA, t hat .it has,the ability,.to,medi NA|

ho. used ed ) 1 > dhearaif aniind et ibRpE REFIPKT Bha P2 10
di stinguish or identify which RNAs are to be degraded.
Byother $&Parray" or "array" is neant a fixed pattern

of inmmobilized objects on a solid surface or nenbrane.

As usedFigelBiis,a dingraam shpwing thedprotginstructirgmd M IRICE, HIPK2, and
cDNAs, or ESTs inmobilized on the solid surface or

mgatpeme. "M croarray” and "array" are used

i nterchangeably. Preferably, the mcroarray has a

densi t yg:of : abj 0 i1e
Cener | B2 PP sBOk ARG GO IPICChna 2
sl}gygrglcq the relationship of HPKI and H PK2 to

Fig. 3 are graphs showing the level of interaction of HIPK2 with the
indicated proteins, IRS1, and chromosome 11 orf 66.

Fig. 4 is a table and a graph showing the level of interaction of HIPK?2
with the indicate proteins showing the potential phosphorylation of the indicated
substrates by HIPK?2. .

Fig. S is a flow chart showing the organization of a mitotic arrest screen.

Fig. 6 is a diagram showing an overview of the mitotic arrest screen.

Fig. 7 is a table identifying genés identified in the mitotic arrest screen
which were previously known to have a role in mitotic arrest and spindle
formation.

Fig. 8 is a table showing the number of genes identified as having a

particular arrest phenotype.
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ot her kinases. Fig. IBis a diagram show ng the
protein structure of HPKI, H PK2, and H PK3. Fig. 2

WO 200a/0883agr am showi ng proteins wi th whi ch H PKPCBEDS2007/003974
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H PK2 interact. Fig. 3 are graphs showing the |evel of
interaction of HHPK2 with the indicated proteins, IRS
1, and chronosone 11 orf 66. Fig. 4 is a table and a
graph showing the level of interaction of HPK2 with
the indicate proteins show ng the potenti al

21o- P 214 Rl c%ssé%ﬁsg?ﬁ%ﬁ%@@m
mtotic arrest screen. I . 6. is a di agram ShOWI an
oWl cells weated avith taxal éh%trafé alsoseeated with YAPs;

tabl e identifying genes identified in the mtotic

arr est Kigr E@A isvaitablevindaging\penceitiknockdownafiidIRK 2 protein by
role in mtotic arrest and spindle formation. Fig. 8

I gieNabl e showi ng the nunber of genes identified as

havi ng a parti cul ar arrest phenotype.Fig. 9 is a pair

o B igL 9L SR SABL U Gk 2SS s
ﬁ“ﬁsgwg@wﬁéﬁyfw%teg@ﬁéﬁagsﬁbl e indicating percent
Fig. 11 is a graph showing amount of the indicated mRNA found in cells
transfected with either HIPK1 or HIPK2 siRNA at stated intervals after
transfection.
Fig. 12 is a graph showing the percent cell death in cells transfected with
HIPK1 and/or HIPK2.
Fig. 13A is a graph showing percent cell survival of cells transfected with
HIPK1 siRNA.
Fig. 13B is a graph showing percent cell survival of cells transfected with
HIPK2 siRNA.
Fig. 14A is a graph showing the percentage of cell viability in cells treated
with the indicated siRNA construct.
Fig. 14B is a western blot showing the amount of HIPK?2 protein present in
cells treated with the indicated siRNA construct.
Fig. 15 is a graph showing fold increase in apoptosis in response to the
indicated siRNA constructs.
Fig. 16 is a graph showing caspase 3 induction and percentage cell

viability in cells treated with the indicated siRNA construct.

13



Fig. 10Bis a western blot show ng H PK2 expression
levels in cells treated with the indicated si RNA

w@oospisets. Fig. 11 is a graph show ng anountPpOf/US1087/003974
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i ndicated nmRNA found in cells transfected with either

H PKI or H PK2 siRNA at stated intervals after

transfection. Fig. 12 is a graph show ng the percent

cell death in cells transfected with H PKI and/or

H PK2. Fig. 13A is a graph show ng percent cell

survi val. cel sfected with H PKI si RNA. Fig. )
1381 & Higgh 4o SR SR RP e RIt o ip.gel 5 ransficged with
transfected with H PK2 si RNA. Fig. 14A is a graph

s oW FsiRMAper cent age of cell viability in cells

treated with the indicated si RNA construct. Fig. 14B

I's a Wigel8idh grapthsidwingt the penesinigebdf CéIRKGamsfotedwith USP32
present In cells treated with the indicated si RNA

CQRENAUfH thefihficated $t3 é‘o%ﬁﬂ*&yé owi ng fold increase in

apopt osi s I'n response 5¥0 1 I cated si RNA

nduct 6 19,8 Larth iayBlE Refekteg of ARPEERG Cells ranstected

treated with the indicated si RNA construct.Fig. 17 is
a Wit pPKRo; the indispteskstage pheel g¥cler?4ckours after transfection.
transfected with USP32 si RNA.

Fig. 20 is a graph showing the percentage of HCT116 cells transfected

with HIPK?2 in the indicated stage of cell cycle 48 hours after transfection.

Fig. 21 is a graph showing the percentage of MDA-MB231 cells
transfected with HIPK2 in the indicated stage of cell cycle 48 hours after
transfection.

Fig. 22 is a graph showing percentage of cells treated with the indicated
siRNA constructs which are in the indicated stage of cell cycle.

Fig. 23 is a gr_aph showing the expfession of HIPK1 in normal tissues.

Fig. 24 is a graph showing the expression of HIPK 1 in various NCI-60 cell
lines.

Fig. 25 is a graph showing the expression of HIPK2 in various NCI-60 cell

lines.

Detailed Description of the Invention

The invention features methods for identifying compounds which inhibit
the activity of homeodomain interacting protein kinase 1 (HIPK 1), homeodomain

interacting protein kinase 2 (HIPK2), and ubiquitin-specific protease 32 (USP32).

14



Fig. 18 is a graph show ng the percentage of cells
transfected with USP32 si RNA in the indicated stage of

wa@edo7/oesgel e. Fig. 19 is a graph show ng the pePCEDSAQ®003974
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of HCTlI 16 cells transfected with HPK2 in the

i ndi cated stage of cell cycle 24 hours after
transfection. Fig. 20 is a graph showi ng the
percentage of HCTI 16 cells transfected with H PK2 in
the indicated stage of cell cycle 48 hours after

tr cti 1.s a.qr
T ab ik Aaskd e e 8 Fn BBt MSinesheponine kinases
in_the |nd| cated stage of cell cycle 48 hours after
t &igfledt-i The domgpin zgupglra of caph pEoftsin isgapvr and sgefasth in Fig.
cells treated with the indicated si RNA constructs
whiBh are in the indicated stage of cell cycle. Fig.
23 is a graph showi ng the expression of H PKlI in
nor mal Wéﬁﬂ&%at"_}‘lﬂlK?“Hlm %&mmtf{g& e essentlal for the
expreSS| on of HIPK in'various NCI-60 cell “lines. Fig.
h .sho ssion. of HI

Ir\éllYS %&ﬁ? Q 510 V}%fn (%ll% envé@ ?rlner&f:ogg sé t&SPS’n&gfmftﬁgmal cells.
Invent| on The |nvent| on features methods
i deH epsantig] astipidy A4 SRR b HIF R and vﬁgl‘acrw pige &fom their
homeodorrm n interacting protein kinase 1 (H PKl),
hantevaiction withnetbenproteims (e @ FigskZ+se 2 (H PK2), and
ubi quitin-specific protease 32 (USP32). H PKI and HI PK2
are nmenbers of a distinct famly of serine/threonine
ki nases

I._Screening Methods to Identify Candidate Therapeutic Compounds

The invention provides screening methods for the identification of

compounds that bind to, or modulate expression or activity of, HIPK1, HIPK?2, or

USP32.

Screening Assays

Screening assays to identify compounds that modulate the expression or
activity of HIPK1, HIPK2, or USP32 are carried out by standard methods. The
screening methods may involve high-throughput techniques. In addition, these
screening techniques mdy be carried out in cultured cells or in organisms such as
worms, flies, yeast, or mammals. Screening in these organisms may include the
use of polynucleotides homologous to HIPK 1, HIPK?2, or USP32.

Any number of methods is available for carrying out such screening
assays. According to one approach, candidate compounds are added at varying

concentrations to the culture medium of cells expressing a polynucleotide coding
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(Fig. 1A). The domain structure of each protein is
known and set forth in Fig. IB. W find that H PKl,

wolkdrassand USP32 activity are essential for tPer/us2007/003974
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survival and division of cells derived from neopl astic
ti ssue, but not normal cells. This essential activity
of H PKI, H PK2, and USP32 may arise fromtheir
interaction with other proteins (e.g., Figs. 2-4). I.
Screening Methods to Identify Candi date Therapeutic

npauNgds inventd provi des screeni net hods, for
CRAPRIBRT, HIBx 6h R8Pl b e A Pressiorb b for Gheagired, 6 example,
nodul ate expression or activity of, H PKI, H PK2, or
ubptandasd NorthgynAdetgral gsis d Anisnbelet sdy CurvenicdRrarpegls in
conmpounds that nodul ate the expression or activity of
HMPileculdr iBid/ogor, WSS Interstiemue, Nav Mirkp¥9%T ansigiany appropriate
nmet hods. The screeni ng nmet hods nay invol ve
hi - QB]BH i ﬁﬂdl i ’ P .
S é%é’?ﬁ@'lt ec hﬁifgﬁggﬁ ?rg;* ﬁgg cgiﬁtr [ edto?)él?tﬁl? %bgﬁﬁbﬁ‘ rdé%fmon probe.

| s or in.organi such as rns, flies, .veast, .or
| EPregsiL i gRorbs Wsauig S H ¥ e e bR foliyed by
use of pol ynucl eqti des hompl ogous to H PKI , HI PK2, or
ugpantitapiyg B{Riasbyohybridigatian fe oligannelsptideste.g.appya microarray).
out such screeni ng assays. According to one approach,
c Jiketi 1deeleofogamecanpitessaom i tibeprea¢nocan fyihegcandidate compound is
concentrations to the culture nediumof cells

CXBIBRNAD thellelanmehantl 38 acfittgcaltuté RiddiutlIR&RngQhe candidate

USP32. Cene expression is then neasured, for exanple,
molecule. A compound which promotes a change in HIPK1, HIPK2, or USP32

D\

c

expression is considered useful in the invention; such a molecule may be used, for
example, as a therapeutic for a proliferative disorder.

While a candidate compound may be identified through modulation of any
one of HIPK 1, HIPK2, or USP32, particularly promising compounds would
modulate both, or all of HIPK 1, HIPK2, or USP32. It is well known in the art
that the gene expression of a large number of genes can be measured using a
nucleotide microarray. Compounds that modulate HIPK 1, HIPK2, or USP32
could be identified by comparing the expression profile of HIPK 1, HIPK2, or
USP32 from cells treated with a candidate compound compared to a control
sample.

One aspect of this invention is a microarray containing nucleic acid
molecules which hybridize nucleic acids substantially identical to HIPK1,

HIPK2, or USP32 or fragments thereof. Preferably, the microarray would contain

nucleic acid molecules that hybridize nucleic acids substantially'identical to all of
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by Standard Northern blot analysis (Ausubel et al.,
Current Protocols in Ml ecular Biology, WIey

wo ndoenssseence, New York, 1997), using any apprB@I/US81087/003974
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fragment prepared fromthe pol ynucl eoti de nol ecul e as
a hybridi zati on probe. Gene expression can al so be
nmeasured by reverse transcription foll owed by
gquantitative PCR or by hybridization to

ol i gonucl eotides (e.g., on a mcroarray). The |evel of

B FRCR PR 3o TR TS dhersplc YeLanpiies Feature of the

control culture nmedium |l acking the candidate nol ecule.
Alrsmsionnd themsthed efepakyzing datadeompreyionisly ¢pmiuztedmicroarray
USP32 expression is considered useful in the

i experiments, swhelre themlieoahayrbaseti eandiidte dnig sereepteontains HIPK 1,
as a therapeutic for a proliferative disorder. Wile a

CPKAB IR UIPPRUBG SRS di@AE cohGshunds O Y0 feature of thi
modul afi on of @ny ORe fgf@dlfi" g cthg%z’ st Ugc;ngszx"eo is aspect of

o pfRomte B Taeri R BE MDA Tk gy been

the art that the gene expression of a |arge nunber of
gepmpletsd apd 1?@&%&"?@ indhe:arta nucl eoti de nicroarray.
Conpounds that nodulate H PKI , H PK2, or USP32 could

be i dedf désiel, tye ctfeptoof capdidate eopransidsmay,dhithe alternative, be
H PKI, H PK2, or USP32 fromcells treated with a

C vk GRideataRE OB G f poIRgRpRide! frodue@sih LSingSthBRRhfhe géiRral approach
aspect of this invention is a m croarray contal ning ’

USRI OB &V o
immunoprecipitation with an antibody specific for HIPK 1, HIPK2, or USP32.
For example, immunoassays may be used to detect or monitor the expression of
HIPK1, HIPK2, or USP32. Polyclonal or monoclonal antibodies which are
capable of binding to such a polypeptide may be used in any standard
immunoassay férmat (e.g., ELISA, Western blot, RIA assay, or protein
microarray) to measure the level of HIPK 1, HIPK2, or USP32 protein expression.
A compound which promotes a change in the expression of HIPK1, HIPK2, or
USP32 proteins is considered particularly useful. Again, such a molecule may be
used, for example, as a therapeutic for a proliferative disorder.

Alternatively, or in addition, candidate compounds may be screened for
those which specifically bind to and modulate the activity of HIPK1, HIPK2, or
USP32. The efficacy of such a candidate compound is dependent upon its ability
to interact with the polypeptide. Such an interaction can be readily assayed using

any number of standard binding techniques and functional assays (e.g., those
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H PK2, or USP32 or fragnents thereof. Preferably, the
m croarray would contain nucleic acid nol ecul es that

whydwiogizze nucl ei ¢ aci ds substantially identi cedT/U82001/003974
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of H PKI, HI PK2, or USP32 or fragnents thereof. Yet
anot her feature of the invention is the nmethod of

anal yzing data from previ ously conducted m croarray
experiments, where the m croarray based candi date drug
screen contains H PKI, H PK2, or USP32, to identify

candi date. c ounds. A feature of this aspe of the

i %égﬁdlpgfi 8@“‘&3 qt é‘ll'g é“lb‘@s't FORexampig,a caexd?éate compound may be

experinmentation has already been conpleted and is

avestediin witronforiateraction find dinding, with 1K s HIRK2, or USP32 and its

candi dat e conpounds may, in the alternative, be

nebilityad modilace iteuetiviey nits} Yo astayee by ALsthh@drduskas (e.g., those

t he sane general approach and standard i munol ogi cal

t LSRLE h as Western blotting or
[ %ﬁ%pre@?ﬁ%ti on wth an anti body specific for

H PK1, _HI PK2 r USP32. For exanple. .imunoassays

be usednaneaicylar enfhigdimsnt & Andidate SompPURd WpERINGS to HIPK,
H PK2, or USP32. Polyclonal or nonoclonal antibodies
wATIPK 2 05 WaB33 peoteinsonayibegdentiBed msimgpp thromatogeaphyybased

be used in any standard i munoassay format (e.g.,

EtechihiqWiesFer exdrhple, rédombinaay HIBK 1p HIP& 2) orild8 P32 peotkins may be
to nmeasure the level of HHPK 1, H PK2, or USP32

PipRtFied wma&mchﬁﬁmmfﬁ ded bASinRERIDICSK pRes AMSK |, HIPK2,
in the exXpression of PKI, HI PK2, or USP32 proteins

b SR RS PP e e 7t R s B B pancicare

for a praoliferative gﬁégﬁa@%&%a&gg@@%@%%iﬁc for

HIPK1, HIPK2, or USP32 is identified on the basis of its ability to bind to the
polypeptide and be immobilized on the column. To isolate the compound, the
column is washed to remove non-specifically bound molecules, and the
compound of interest is then released from the column and collected.
Compounds isolated by this method (or any other appropriate method) may, if
desired, be further purified (e.g., by high performance liquid chromatography).
Compounds isolated by this approach may also be used, for example, as
therapeutics to treat a proliferative disorder. Compounds which are identified as
binding to HIPK 1, HIPK?2, or USP32 with an affinity constant less than or equal
to 10 mM are considered particularly useful in the invention.

In another embodiment, compounds which inhibit the activity of HIPK 1
and HIPK?2 are identified in a kinase assay. Kinase assays are well known in the

art and measure the level of kinase activity (e.g., serine/threonine kinase activity)
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t hose which specifically bind to and nodul ate the
activity of H PKI, H PK2, or USP32. The efficacy of

wa paii/oes3eandi dat e conpound i s dependent upon i PST/US2007/003974
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ability to interact wwth the pol ypeptide. Such an
interaction can be readily assayed using any nunber of
standard bi ndi ng techni ques and functional assays
(e.g., thosedescribed in Ausubel et al., supra). For
exanple a candi date conpound may be tested in vitro

i nter ctlo bi ndi th Hl PKl .. Or
LeBamafiEtint pRERY | Ty orsembadipat datsk aFtiyityyjs Rispspred by
assayed by any standard assays (e.g., those described
hahespboryraﬁw@rwf papbsteale -8 mb@aph@ﬁwatlcal ebpdPHalbis
conmpound that binds to HIPK 1, H PK2, or USP32
pphbsphoryraionbean e détef i d i Vigrosor in a cell based system. This
chr omat ogr aphy- based techni que. For exanpl e,

r Bﬁ@gﬂ%3 S tdH & be He%&%'edofo@a%gplﬁr Q§1ﬁ?%ﬂ%ﬁlé§es ecific for

puri d”"by standard techniques from cel s engi nee

to e H PKIl.,. H P Qr

| RSP RiCtelns) BRRY Ring RSN PR g o

conpounds is then passed throu h the colum, and a
conpouk@teptal iagppistoand pptag jazludy; orgapapmolecules, peptides,
identified on the basis of |ts ability to bind to the
ppepidpmidet@nopdypeptidds, land emtibodidsahatbimdrto HEPK 1, HIPK?2, or
i sol ate the conpound, the colum is washed to renove

NYSFEIE Grfal ﬁ&kﬁﬂcl@@ﬁﬂé’ efiBbdinE BPK ANHIPK2, 6pm|smd aRf thereby
interest is then rel eased fromthe col unm’ and

?Lérggstee& de@%@q&dg‘(ithﬁ% aé&‘én%f algtlag?}é%gmgllfc%u rrfl‘ﬂy molecules

ropri

p r| fie (g ( 35‘% ot brébll‘lﬁghn‘“p‘e’g g&%é&%& H??Igﬁp‘r JIPK2, or USP32

nay.also be used, for exanple, as
which are known to be enzymes. Other potential antagonists include antisense

molecules.

Polynucleotide sequences coding for HIPK 1, HIPK2, or USP32 may also
be used in the discovery and development of compounds to treat proliferative
disorders. HIPK1, HIPK2, or USP32, upon expression, can be used as a target
for the screening of drugs. Additionally, the polynucleotide sequences encoding
the amino terminal regions of the encoded polypeptide or Shine-Delgarno or
other translation facilitating sequences of the respective mRNA can be used to
construct antisense sequences to control the expression of the coding sequence of
interest. Polynucleotides encoding fragments of HIPK 1, HIPK2, or USP32 (e.g.,
SEQ ID NOs:1-9) may, for example, be expressed such that RNA interference

takes place, thereby reducing expression or activity of HIPK 1, HIPK2, or USP32.
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therapeutics to treat a proliferative disorder.
Conpounds which are identified as binding to H PKl

wolkdragsser USP32 with an affinity constant | esBCT/O82000003974
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equal to 10 nM are considered particularly useful in

the invention. In another enbodi ment, conpounds which

inhibit the activity of HPKI and H PK2 are identified

in a kinase assay. Kinase assays are well known in the

art and neasure the | evel of kinase activity (e.qg.,
serine/{hreoni ne kiknase activi.t f a particul ar

ot ot o rPOiREieR o iBARRER ExpkieRE st RFids theBSurement of
neasur ed by phosphoryl ation of a substnateigﬁ.g., . .
p HBYRESAANTRtSIBrPratein anteractiond e gholflieractipa tVithy theaproteins set forth in
determned in vitro or in a cell based system This

pHigplet)y imhictionadmiteticeasst; add ihductiomobilecckpsimtgontrol.

anti bodi es specific for phosphorlyated proteins, or by

usi ng rgwihNanbiecaldispiRiRefiitaddidAt u@aﬁ?é&i&. Préferably, such
ant agoni sts i ncl ude organi ¢ nol ecul es, pepti des,

ST Ao L ks
SR RO s

i ncl ude smal|l nol ecul es that bind to and occupy the
bidaltions. 3t isquetdrest that these smalll leculed AcrganicuspBRules.
whi ch are known to be enzynes. O her potenti al

ant agoni sts i nclude antisense nol ecul es.

Pol ynucl eoti de sequences coding for H PKlI, H PK2, or
ngégdmygﬂﬁ&bﬁdmg}ﬁ the discovery and

d to treat proliferative

213?1 ° L g elrgi%eal@g%lp 5%0@8%5{!@2 t:apoarbléJ g? ?rzehtigg %npr%ﬁ?érga% %?sorder are

identified from large libraries of both natural product or synthetic (or semi-

hos §

synthetic) extracts or chemical libraries according to methods known in the art.
Those skilled in the field of drug discovery and development will understand that
the precise source of test extracts or compounds is not critical to the screening
procedure(s) of the invention. Accordingly, virtually any number of chemical
extracts or compounds can be screened using the methods described herein.
Examples of such extracts or compounds include, but are not limited to, plant-,
fungal-, proka}'yotic— or animal-based extracts, fermentation broths, and synthetic
compounds, as well as modification of existing compounds. Numerous methods
are also available for generating random or directed synthesis (e.g., semi-
synthesis or total synthesis) of any number of chemical compounds, including,
but not limited to, saccharide-, lipid-, peptide-, and polynucleotide-based

compounds. Synthetic compound libraries are commercially available.
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for the screening of drugs. Additionally, the
pol ynucl eoti de sequences encodi ng the am no term nal
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or other translation facilitating sequences of the
respective nRNA can be used to construct antisense
sequences to control the expression of the coding
sequence of interest. Polynucl eotides encoding
fragments of HIPKI , H PK2, or USP32 (e.g., SEQID

: 1-9) may, for exanple, be expressed.such_that .

| Alisianielyol prarits |f¥g§{5€ﬂg}w Rtg f@“é?ﬁi’é%@?"& ngal,
or activity of H PKI, H PK2, or USP32.Additional
c Pty and apynalgxéractarescaramergially @zaeklieudnraddition, natural and
inmpaired protein-protein interaction (e.qg.,
I Biethetitalty proddcediibraries arépraiiiced oiftdesired,Ad@ording)to methods
induction of mtotic arrest, and induction of
c i rol '

'ik‘ﬁgi&gxoi'n%c%?me. ) b}r ?@dﬁ{?éﬁ%ﬁr?am ﬁ‘ébﬂSPgtzﬁ ggethods.

can at e t herapelt such no

have.,a nol ecpl.ar. i_ght...bel ow 2, 000 dal.t on nor e. .
oFUFbPLRPGF- it st 398 ibTart O ompappd s roadily gdified using
preferably between 400 and 700 daltons. It is
pstandardghemical.tphssical ner bioghemical aaethpds.or gani ¢

nol ecul es. Test Conpounds and Extracts In general,
conpouridaddipa)ithos skilledtin tie art pf drug diszsbiveey and dedeopment
are identified fromlarge libraries of both natural

Pr&HIB) uderstanl MRAY meltidsSRFdefeplicBibh ¢2. %‘?,)ﬁf(&%ﬁi@ﬂereplication,
chem cal libraries according to nethods Known in the

a il i f S ' .
aBlipBsRE eeRtich it Ahd Perhlcph ot 2L B iion thereon
test. extracts or_conpounds is not critical to the )
s OF the ehiginatinneef replicptesiorrrpeath of matsaalslﬁé@aﬂaﬂﬁ@vm for their
virtual ly any nunber of chem cal

activity in treating proliferative disorders should be employed whenever possible.

When a crude extract is found to have an activity that modulates HIPK 1,
HIPK2, or USP32 protein expression or activity, or a binding activity, further
fractionation of the positive lead extract is necessary to isolate chemical
constituents responsible for the observed effect. Thus, the goal of the extraction,
fractionation, and purification process is the characterization and identification of
a chemical entity within the crude extract having activity that may be useful in
treating a proliferative disorder. Methods of fractionation and purification of
such heterogenous extracts are known in the art. If desired, compounds shown to
be useful agents for the treatment of a proliferative disorder are chemically

modified according to methods known in the art.
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nmet hods descri bed herein. Exanples of such extracts or
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fungal -, prokaryotic- or aninmal-based extracts,

fermentation broths, and synthetic conpounds, as well

as nodification of existing conpounds. Numerous

net hods are al so avail abl e for generating random or

directed synthesis (e.g., sem synthesis or total

synt hesj.s d of PRV, auTRer of chem cal conpounds,

i aS ited to, saccharide-, |ipid-,

pepti de-, and pol ynucl eoti de-based conpounds. ) ) .
Synt hetkhe Wﬁﬁggnalsq tratres snetheds ehtrepting ppyoliferative disease in a
avai |l abl e. Alternatively, libraries of natural

c pagiennbly admihiseering compobiadd that amhibitithg aktivity @ftHIP¥H HIPK?2, or
animal extracts are commercially available. In

aqeP3PNThRS HethodyWlss YHINEE tRAdMimsRAEGE 8t HIEK%& HPK2, or

are produced, if desired, according to nmethods known

i e. q. standard extraction and
f?é%‘%%%‘?ﬁén“ﬁ‘éf’h‘gg%. Furthernore, if desired, any

l'ibrary ar. conpound is readily nodified using standard . )
cheni cdtNApmfestersnce gRNA1Y i3 fpem of Rostg@escriptional gene silencing
addition, those skilled in the art of drug discovery
ammitigitadeby phemtradestionyofiduiblesranded RNAEUSRNA ) Short twenty-one
dereplication (e.g., taxononm c dereplication,

bit® kwehsative eleRotideidouble-sttEndERINARY afkeefEddtivieddti dwn-regulating
or any conbination thereof) or the elimnation of

[ %g%ﬂra ‘Eg@fﬁésﬁn i'hmtad?% g}%@r%rgff% é’tj al. ft'gét?i‘é)’:. ﬁgg’g Fé& in mammalian

vity in trea ol rferative di'sof

R T R R O R

H PKI, H PK2, or USP32 protein expression or activity,
oincprpprated §ydefarencs), "l?hpr fumther therapeutic effectiveness of this approach

in mammals was demonstrated in vivo by McCaffrey et al. (Nature 418:38-39.
2002). The nucleic acid sequence of a mammalian gene, such as HIPK 1, HIPK?2,
or USP32, can be used to design small interfering RNAs (siRNAs) that will
inactivate HIPK1, HIPK2, or USP32 target genes that have the specific 21 to 25
nucleotide RNA sequences used. siRNAs may be used, for example, as
therapeutics to treat a proliferative disease.

Provided with the sequence of a mammalian gene, dSRNAs may be
designed to inactivate target genes of interest and screened for effective gene
silencing, as described herein. In addition to the dsRNAs disclosed herein,
additional dsRNAs may be designed using standard methods.

The specific requirements and modifications of dSRNA are described in

PCT application number WO 01/75164 (incorporated herein by reference).

22



fractionation of the positive |ead extract is
necessary to isolate chem cal constituents responsible
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extraction, fractionation, and purification process is

the characterization and identification of a chem ca

entity wiwthin the crude extract having activity that

may be useful in treating a proliferative disorder

Met hods- of fractionation and purification of such

het er oge s extracts are kno inthe art. If .
Heds Reules catyany iy lengdlari 1s mgshprefeablq fpouse siRNA

treatment of a proliferative disorder are chemcally

nowlecwlds tat@rel 2l g te 33nputledtide dsRIN Aswithecharacteristic 2- to 3-

Met hods of Treatnent The invention also features

mahbrasdef3’ toveaidnping epds) prefirablyvbest 8@A2e-dddx§)thymidine or

patient by adm ni stering conpounds that inhibit the

PR, AR S B0 BRSO e s
oSEREIRIVAS o7 B st SRR G b 14 ardar tgyBitfer enhance the

i ntroduction_of doubl e-stranded RNA _S,dsRNA); Short

t skahility pfehe R e the 31 pyerhanss awn stakilized migainst dggradation. In one
RNAs are effective at down-regul ati ng gene expressi on

| emboadixnent th¢ RN#rie stdbilited byadluding puritte B3gleatides, Such as
mammal i an tissue culture cell lines (El bashir et al.,

Naden i di glMosiNS AdRPnativdlg! KIBStihitfdH SPPpRRAINE r%ucleotides by

reference). The further therapeutic effectiveness o

t i L E ier.]g. m.%ﬁio _ e{ir-o S habiRg48 Vie 2angt b 2’-
G HFd pratoes e e RRp b & ZBEpudTRY by
ﬁﬁ%:x%g;)%gyrrexﬂfeeisggle?at%m does not affect {Jlfehef%séiel_r'lchcl)f RNAI. The

absence of a 2’ hydroxy! group significantly enhances the nuclease resistance of
the overhang in tissue culture medium.

siRNA molecules can be obtained through a variety of protocols including
chemical synthesis or recombinant production using a Drosophila in vitro system.
They can be commercially obtained from companies such as Dharmacon
Research Inc. or Xeragon Inc., or they can be synthesized using commercially
available kits such as the Silencer™ siRNA Construction Kit from Ambion
(catalog number 1620) or HiScribe™ RNAI Transcription Kit from New England
BioLabs (catalog number E2000S).

Alternatively siRNA can be prepared using any of the methods set forth in
PCT number WO01/75164 (incorporated herein by reference) or using standard
procedures for in vitro transcription of RNA and dsRNA annealing procedures as

described in Elbashir S.M. et al. (Genes & Dev., 15:188-200, 2001). siRNAs are
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or USP32, can be used to design small interfering RNAs
(siRNAs) that will inactivate H PKI , H PK2, or USP32

wo asogebssgenes that have the specific 21 to 25 PCT/US2007/003974

15

nucl eoti de RNA sequences used. si RNAs may be used, for
exanpl e, as therapeutics to treat a proliferative

di sease. Provided wth the sequence of a manmali an
gene, dsRNAs may be designed to inactivate target
genes of interest and screened for effective gene

eleQb e B EGTbPATR EMGRAR 5 Ylop HorySphGtign Bf dsRNA tha

desi gned using standard nmethods. The specific .

r EQUCFRORGR 19 BsrAuepae of the tasget gmmedargelhificedarnsophida lysate from
in PCT application nunber WO 01/ 75164 (i ncor por at ed
heyrcytidlblastdéderem Drpsojphil eenidRPEs umnd rconditiarsninvehichi the dSRNA
length, it is nost preferable to use si RNA nol ecul es

t habratieSsedilto gchefate STRINAROSF Ao SITNOSabul bﬁ nucleotides, which are

characteristic 2- to 3- nucleotide 3" overhangi ng

ds, . f bl ' - Ly i
c P Bl AFS e o RIAL DAL R B for examplc, g
group. Alternatively, single stranded si RNAs or bl unt
eflsstropbrresinean heyaed (o sepagate the Zlo? IntdiNésransthe RN As can then

stability of the RNA, the 3 overhangs are stabilized
abeaiehsted fegmatiagebslicdsn InraslditidmmcibremiatographRi@\gi size exclusion
stabilized by including purine nucl eotides, such as

adﬁf&ﬁht_@@é}ihﬁ%@ﬁ@_&fdl%ra&ieh@ e} tion, anadffinity piitiftation with

pyrimdine nucl eotides by nodified analogs e.g. '

b bl Be el Rl AT (B A BRI R Yo

S oni 1 Sha R AsdrANAD Fsted pe gel SHEENAPas dhscribed in
Yu et al. or Paddison et al. (Proc. Natl. Acad. Sci USA, 99:6047-6052, 2002;
Genes & Dev, 16:948-958, 2002; incorporated herein by reference). shRNAs are
designed such that both the sense and antisense strands are included within a
single RNA molecule and connected by a loop of nucleotides (3 or more).
shRNAs can be synthesized and purified using standard in vitro T7 transcription
synthesis as described above and in Yu et al. (supra). shRNAs can also be
subcloned into an expression vector that has the mouse U6 promoter sequences

which can then be transfected into cells and used for in vivo expression of the

shRNA.
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the overhang in tissue culture nedium siRNA nol ecul es
can be obtained through a variety of protocols

wo pal7eispg chem cal synthesis or reconbi nant prPOTUSIH0TM3974

10

15

using a Drosophila in vitro system They can be
commerci ally obtained from conpani es such as Dharnacon
Research Inc. or Xeragon Inc., or they can be

synt hesi zed using commercially available kits such as
the Sil encer(tn) si RNA Construction Kit from Anbi on
(cat aI H Scri be(t

Transcr ’fﬁrf‘gﬁ" 8 éargﬁ_?édgth(bgéqwxgé[‘able 1 and the
nunber E2000S). AI ternati veI§/ si RNA can be prepared
ugmgelanyldosequmcwsmfasthset EQADhNQs:461T nunber

WOOL/ 75 164 (incorporated herein by reference) or

usi ng standard procedur eTABLEIIN siIRNADcotisaAfts | pti on

of RNA and dsRNA anneal i ng procedures as described in

Fbashit S M g mpl 188-200, 2001)-
SIRNAS areal so o talr?%?as descrl% E'] in EI bashlr S M

éﬂ:e of the

vtl al bl ast ndpj m Drosophila enbryos

lysate from synic
HIRKZ ondi t i onsCIGEURUGAGIIGRIRNA AV AT (SEQ Ha NO:2)

I

L‘ -

dgenerate si RNAs| of about 21 to about 23 nucl eoti des,
V

t

MSP32r e then | GOGUEAGEHURCHIGAAUATC KSEQID NO:3)
hose of skill fin the art. For exanple, gel

Tectrophoresi s can be USed {0 Separate the 2I-23mt
RNAs and the RNAs can then be eluted fromthe gel

Z'X'Cfﬁg, bl#,ﬁ dgﬁabgqﬁka%qq{/on?go %&1’2}?:2(%/ %ﬂnégﬁaém fumor cells may also

centrifugation, and affinity purification with
amloglodifferantiafion, o8 gomaniticdipsogeniker cells; FarExample, some anti-
nucl eoti de RNAs.

cancer compounds that induce apoptosis in tumor cell lines block differentiation

of adipocytes or other committed progenitor cells. Therefore the HIPK1, HIPK2,
and USP32 siRNA constructs of the invention may be used to treat metabolic
diseases (e.g., obesity and type II diabetes) and neurodegenerative diseases using

the therapeutic methods set forth below.

Therapeutic HIPK1, HIPK2, or USP32 RNAi

Proliferative diseases from any warm-blooded mammal may be treated
using the methods of the invention. Proliferative diseases subject to such
therapies include, but are not limited to, lung cancer, colon cancer, kidney cancer,
bone cancer, breast cancer, prostate cancer, uterine cancer, ovarian cancer, liver
cancer, pancreatic cancer, brain cancer, lymphoma, melanoma, myeloma,

adenocarcinoma, thymoma, plasmacytoma, or any other neoplasm, such
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Short hairpin RNAs (shRNAs) can al so be used for RNA
as described in Yu et al. or Paddison et al. (Proc.
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16: 948- 958, 2002; incorporated herein by reference).
shRNAs are designed such that both the sense and

anti sense strands are included within a single RNA
nol ecul e and connected by a | oop of nucleotides (3 or
nore). shRNAs can be synthesized and purified using

standard.in. vitro T7 transcription, synthesis as.

I BECH RV A3 i e BB, BhafRiGHAA Y b dngrsgsed HIPK1,
al so be subcloned into an_expression vector that has

t KHPKeh o WBP? sxprcspione glYapmcklopded animalstipelpdsebut are not
transfected into cells and used for in vivo expression
ofimited &) Rifndnsacpsesharfses s, shiebi, biods tmice] mtsrdogsetats,
forth belowin Table 1 and the nucleic acid sequences

S gliorliaes, IbabBoSEQr dhMOafnflalsTABLE 1: si RNA constructs

si RNAs that block cell proliferation or survival in

tunor cells may al so block differentiation of

commtted progenitor cells. For exanple, sone anti

cancer conpounds that i nduce apoptosis .in tunor cell

| EHEK D HIRKZ, or LiSEI2 thergpewtics;farBNAies or ot her

commtted progenitor cells. Therefore the HI PKl,

H PK2, ThecadvagstraticeNaf HIRKt, BIPK 2Z; for tUA8P3 2 mecleioacidanolecules
be used to treat netabolic diseases (e.g., obesity and

t ¥OERNA idiheRgiyek)g. AASRINGL R ERRERMIA V& SIRDERP fifayUsd pibvided to
the therapeutic nmethods set forth bel ow. Therapeutic

Hpftent Bk B4t a Proltieratvéiikase. Such nucleic acid molecules may be

administered directly to a tissue or neoplasm or may be provided within an
expression vector, such that the nucleic acid molecule mediating the RNAI is
stably expressed.

For direct administration of HIPK 1, HIPK2, or USP32 nucleic acid
molecules for RNAI (e.g., dsRNA, antisense RNA, or siRNA) or mixtures
thereof, nucleic acid molecules are provided in a unit dose form, each dose
containing a predetermined quantity of such molecules sufficient to silence a
target gene in association with a pharmaceutically acceptable diluent or carrier,
such as phosphate-buffered saline, to form a pharmaceutical composition. In
addition, the HIPK1, HIPK2, or USP32 nucleic acid molecules for RNAi may be
formulated in a solid form and redissolved or suspended prior to use. The
pharmaceutical composition may, optionally, contain other chemotherapeutic

agents, antibodies, antivirals, and exogenous immunomodulators.
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Proliferative diseases from any warm bl ooded mamal
may be treated using the nethods of the invention.
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i nclude, but are not limted to, lung cancer, colon
cancer, kidney cancer, bone cancer, breast cancer,
prostate cancer, uterine cancer, ovarian cancer, |iver
cancer, pancreatic cancer, brain cancer, |ynphons,

nmel anoma, nyel oma, adenocar ci nona, thynonma

| asmagytonma, o0 ny .ot her neop] as suchpraljiferative
G Seacddicrtate BF adiuirion AERERE SbF saampe dabpKgrous,
i ncreased H PKl, H PK2, or USP32 expression. )
Véntrampstay suhtwangous, dopigal, inmadermal nistrapenitonagl tiptrathecal, or
humans, cows, horses, pigs, sheep, birds, mce, rats,
deg ¥jvec aAdministiation, mhphixortss by transhicosaroraransdebi?d means, or
Hl PK2, or USP32 therapeutics for RNAI The
agie Bbmbbahd %QPN% 'a'%t%sté#é&’@anﬁr gygﬁé\ﬁsrﬂuebﬁl Or #anddermal

nol ecul es for herapy (e.g.’, ds , antisense

RNA, .or . si.RNA e _provided t rev.en r treat .
PO EPRliFD be e PRbrafie BelPaRiEhlo fF ptffducdape usedin
be adm ni stered directly to a tissue or neoplasmor

famptatiorie §ugh Penetrants axg eererially knosymin theart, angainclude, for
the nucleic acid nolecule nediating the RNAI is stably
expampbs dor fransmucesdl addunistratioatbilesalfs dddfdsiditlaiderivatives.
or USP32 nucleic acid nolecules for RNAI (e.g., dsRNA,

al ha&iin, dbitbrgérits AN uséd 18 Fdcilitite p&sh&tion. "PranSifucosal
acid nol ecules are provided in a unit dose form each

ﬁgﬁ@g&g%ﬁhﬂ ;rggy Be %9%53"‘%1%32& 38} E;(Xmsie, Bt %Iging suppositories.

es sufficiren
For oral administration, the HIPK 1, HIPK 2, or USP32 nucleic acid molecule for

RNAI is formulated into conventional oral administration forms, such as capsules,
tablets and tonics. For topical administration, the nucleic acid molecules of the
invention are formulated into ointments, salves, gels, or creams, as is generally
known in the art.

In providing a mammal with the HIPK1, HIPK2, or USP32 nucleic acid
molecules for RNAi, the dosage of administered nucleic acid molecules will vary
depending upon such factors as the mammal's age, weight, height, sex, general
medical condition, previous medical history, disease progression, tumor burden,
and the like. The dose is administered as indicated. Other therapeutic drugs may
be administered in conjunction with the nucleic acid molecules.

The efficacy of treatment using the nucleic acid molecules described
herein may be assessed by determination of alterations in the concentration or

activity of the DNA, RNA or gene product of HIPK1, HIPK2, or USP32, tumor

27



target gene in association with a pharmaceutically
acceptabl e diluent or carrier, such as
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conposition. In addition, the H PKI, H PK2, or USP32
nucl eic acid nolecules for RNAI may be fornulated in a
solid formand redi ssol ved or suspended prior to use.
The pharnmaceuti cal conposition may, optionally,

contai n other chenotherapeutic agents, antibodies,

antivirals, and,exogenpus i nonodul at ors. The route .
o FEBRRSTIAS PF AFPOHFt O the Rathology,ps MRt s ASATALed with the
i ntramuscul ar, subcut aneous, topical, intradernal, :

i MeppsA.t oneal , intrathecal, or ex vivo.

Adm ni stration may al so be by transnucosal or

transdermal neans, or the conpound nmay be adm ni stered
orally. For transmucosal or transder nal

a%'g%g&gyitpg,a@enetrants appropriate to the barrier

t re used in the fornulation. Such

penetrant 5. .are.. eral l.y _known.in_ the.a an .

oot uadtodigft g5 By iy oM uidtabdilihnroRfl forpreygating or
bile salts and fusidic acid derivatives. In additian
demslipsatiag adeoplasia ilated todhe inqrsasedynressipn f an HIPK 1, HIPK2,
Transnucosal adm nistration may be through nasal

smrdySP32 ouclexaagpidenokeculss i Bypressiposiectors encodimg antabense nucleic
adm nistration, the HPK 1, H PK2, or USP32 nucleic

agicill ARIGsiles; dsRINABAIRNA§, UriShRN &Sl chithe dediveesd tPells that
oral adm nistration fornms, such as capsules, tablets

OO LSRR B PO STA P RIS ot

acl ecules o

o enE LTS e B PR BB BRI KPRty U2

, HPK2, or USP32 nucleic acid
nucleic acid molecules for RNAi. The nucleic acid molecules must be delivered
to cells in need of RNA. (e.g., neoplastic cells) in a form in which they can be
taken up by the cells and so that sufficient levels of RNAI nucleic acid molecules
can be produced to decrease HIPK1, HIPK2, or USP32 levels in a patient having
a proliferative disease.

Transducing viral (e.g., retroviral, adenoviral, and adeno-associated viral)
vectors can be used for somatic cell gene therapy, especially because of their high
efficiency of infection and stable integration and expression (see, e.g., Cayouette
et al.,, Human Gene Therapy 8:423-430, 1997; Kido et al., Current Eye Research
15:833-844, 1996; Bloomer et al., Journal of Virology 71:6641-6649, 1997,
Naldini et al., Science 272:263-267, 1996; and Miyoshi et al., Proc. Natl. Acad.

Sci. U.S.A. 94:10319, 1997). Other viral vectors that can be used include, for

example, a vaccinia virus, a bovine papilloma virus, or a herpes virus, such as

28



nol ecul es for RNAI, the dosage of adm nistered nucleic
acid nolecules wll vary dependi ng upon such factors
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medi cal condition, previous nedical history, disease
progression, tunor burden, and the |ike. The dose is
adm ni stered as indicated. O her therapeutic drugs may
be adm nistered in conjunction with the nucleic acid
nol ecul es. The efficacy of treatnent using the nucleic

acj d nol ecul es descri bed herei be assess b
EPSITTISAT Jre (TG S8 P aTle, Be VRt ot S llgr Hpman Gene
activity of the DNA, RNA or gene product of HPKI,6
Hillhpapyot 5-U9p3290; Eriedmans Scichon 2441127 5- b28 Lt 1989; Helitis ez al.,
t he pat hol ogy or synptons associated with the

nBipTestiniqghks 6 H08-614,d 988¢ Madstodhet &4 &/, aCutehit©pifiyn iig
anot her therapeutic approach for preventing or

agibieRhAbl ﬁS@%Q'l%?b?SB 6 1 Shdel %Vnﬁ'ﬁﬁ?ﬁj& 1_931; Cometta

expression-of an H'P H PFC2, or USP nucl el ¢ aci

nol e e.. EXpressi on vectqgr ncodi ant L,-, S

gk Ly Wigleie Keid BedPart R Bl ibucey seSfiRizz clop™;

be delivered to cells that overexpress an_endogenous
FPmdersan, fSerence 2 A6ab 400c 1 854 Mocn, Bived Glels 19407-416, 1991
delivery results in the sustained expression of H PKl,
HMA2r eonl. | BR32cimmbgy 7 :280-890p1 289 lbe GabiLaRb#lie efldlg Science
nucl ei c acid nol ecul es nust be delivered to cells in

nesgd:9¥B- G\ 1998; and JORASIR T hest 367! BIS-BBS21995)N Rétroviral vectors
whi ch they can be taken up by the cells and so that
e

DA PR PRl S Y b St TRl Ronenbere

"0 2 PR ERRE M RMEd'923:370, 1990; Anderson et aZ, U.S. Patent No.
5,399,346). Most preferably, a viral vector is used to express an HIPK1, HIPK?2,
or USP32 nucleic acid molecule capable of mediating RNAI.

Non-viral approaches can also be employed for the introduction of an

RNALI therapeutic to a cell of a i)atient having a neoplasia. For example, a nucleic
acid molecule can be introduced into a cell by administering the nucleic acid in
the presence of lipofection (Felgner et al., Proc. Natl. Acad. Sci. U.S.A. 84:7413,
1987; Ono et al., Neuroscience Letters 17:259, 1990; Brigham et al., Am. J. Med.
Sci. 298:278, 1989; Staubinger et al., Methods in Enzymology 101:512, 1983),
asialoorosomucoid-polylysine conjugation (Wu et al., Journal of Biological
Chemistry 263:14621, 1988; Wu et al., Journal of Biological Chemistry

264:16985, 1989), or by micro-injection under surgical conditions (Wolff et al.,

Science 247:1465, 1990). Preferably the nucleic acid molecules are contained
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especi al |y because of their high efficiency of

i nfection and stable integration and expression (see,
e.g., Cayouette et al, Human CGene Therapy 8:423-430,
1997; Kido et al, Current Eye Research 15:833- 844,
1996; Bl ooner et al, Journal of Virology 7

1: 664.1- 6649, .1997: Naldini,et .al i ence. 272: 263:- 267,
T9BRBIn gAY SestPre o At peritni e T GIinalion witha gosome and
94:103 19, 1997). Oher viral vectors that can be used

i PEPAIRNEf or exanpl e, a vaccinia virus, a bovine

papi |l oma virus, or a herpes virus, such

asEpst aluelBir acitimoleciile epression farusexiarRNei gene therapy methods
vectors of MIler, Human Gene Therapy 15-14, 1990;

Ficaf B&directed Stk adgSuitdble préfioterd @59, thehhifnan Rk .
Bi oTechnir%ues 6: 608§’6:‘Ll4, 138%; 'It'gl g?%éhev et aalcfi&o galovirus

[:J [ j hnol 1 55- 1990 anp
THEMYR ARG Vs MRS E6) BE pRpdihionqid prgmgfers); MldRegulated by
Nucl ei ¢ Aci.d Research and Ml ecul ar Bi gl ogy 36; 3. .

1 Py Apprapyaste mamenalpn regulatapeeloment.o Fon gsamplg Af desired,
Moen, Blood Cells 17:407-416, 1991; MIler et al,

Bienhené¢rrs kogyrirtoogef@eatiallp direct ger@éxprassian lim specific cell types,
Sci ence 259:988-990, 1993; and Johnson, Chest

1@dcH 45180 céA$) Tan HichdedMorditecy Eitd 8XSredsdibn of a nucleic acid. The
particularly well devel oped and have been used in

3$0455 e 358 LRGSO & WhiBlian, Hosk Mt gre ohMfarerized as
P ORI GRBRASERY  USpa2 nucloi ¢ acid

nol ecul e capabl e of nedi ati ng RNAI .

Combination Therapies

One or more HIPK 1, HIPK2, or USP32 nuqleic acids may be administered
alone or in combination with any other standard proliferative disease therapy;
such methods are known to the skilled artisan (e.g., Wadler et al., Cancer Res.
50:3473-86, 1990), and include, but are not limited to, chemotherapy, hormone
therapy, immunotherapy, radiotherapy, and any other therapeutic method used for

the treatment of a proliferative disease.

I11. Experimental Results

Experimental results demonstrating that HIPK 1, HIPK2, and USP32 are

essential for the growth and survival of neoplastic cells but not normal cells are

set forth below.

30



Non-viral approaches can al so be enployed for the
i ntroduction of an RNAI therapeutic to a cell of a

w@adorepis2havi ng a neopl asi a. For exanpl e, a nuedEUS2007/003974
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acid nol ecul e can be introduced into a cell by

adm nistering the nucleic acid in the presence of

i pofection (Feigner et al., Proc. Natl. Acad. Sci.

U S. A 84:7413, 1987; Ono et al., Neuroscience Letters
17: 259, 1990; Brighamet al., Am J . Med. Sci.

2 :278 1989' Staubin er .et al, Methods in Enzynol ogy
1 onucoi d- pol yl ysi ne

conj ugatl on l(9 ‘et al Journal of Bio] ogical

Cheni stFyozelatedisreens b bean wtilized to islentifugers products that

Bi ol ogi cal Chem stry 264: 16985, 1989) or by

nmipositivety ec hbgauivmyefegslmegpmgremw throogh nfivedi$ {Fgs. S and 6). In
al, Science 247:1465, 1990). Preferably the nucleic

a¢hé (] RO SiFONA S8 ngl‘dﬂﬁl@lé‘atrﬂitﬁtle 'aﬁ%@i de¥erdehiti e OThe

are administéred in conbination with a |posorre an

pr: I for
R RAEmite e 8 ?Wr SRl ot anG AR O s mrficts
sw taibl e pronoter t he human tomsgal oVi rus
atecitoRs RPEISSSInY, sugfyay th theoAnaghaser Biomaiag fromplex or Polo-
prormters) and regul ated by any appropriate mammal i an
r dikel leinasey Alternativel sahe exitotit atrestfmightioceur institentlyeas a result of

- known to preferentially direct gene expression in

s pestutbatictedf a ngehanicallebmpOnEHNBS theahitstic @9{th@ stiehths the
to direct the expression of a nucleic acid.

S5 EBLFE14 p  44 00

e%ggsné:q%re%be gggghvgtﬁon of heesrpa}gdl% checkpoint pathway, which delays
progression through mitosis until chromosomes have become properly attached to
the mitotic spindle. Treatment of cells with taxanes or the Eg5 inhibitor
monastrol induces a checkpoint-dependent mitotic arrest. This screen identified
regulators of mitosis and structural components of the mitotic spindle required for
normal mitotic progression.

In the second screen, siRNAs required for spindle checkpoint function
were identified. The spindle checkpoint pathway is irnportapt for accurate
chromosome segregation in human cells. This pathway monitors attachment and
tension of kinetochore-microtubule interactions, and inhibits anaphase onset until
all kinetochores have become properly aligned at the metaphase plate. Many
tumors exhibit defects in mitosis, including elevated rates of chromosome

missegregation and multipolar spindle formation. In most cases, the specific

molecular defects responsible for these abnormalities remain uncharacterized.
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One or nore H PKlI, H PK2, or USP32 nucl eic acids may
be adm ni stered al one or in conbination with any other
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are known to the skilled artisan (e.g., Wadler et al.,
Cancer Res. 50:3473-86, 1990), and include, but are
not limted to, chenotherapy, hornone therapy,
i mrunot her apy, radi ot herapy, and any other therapeutic
met hod used for the treatnent of aproliferative

nt al, Res eri ment

ERREer  titing R Y BBt Shayy it Uy iEAASH of I RBIEZF pathway

essential for the growth and survival of neoplastic
c&ayslegdito ppregiatian of expecssion afespindlecheskpeint serpenents,
for nodulators of mtosis Two rel ated screens have
beesultihg in aberant regatdticnyofitheechpckpoint $n hbatan tumors. In other
positively or negatively regul ate progression through

NMch @S ifdtidfbnom@fid)may [ead® dn indteated (?Sﬁhlrébr%r checkpoint

t hat produce a mtotic arrest were identified

P gERRE TP Ll S8 be e [ Sebrbar D ARRLES 150, then parcal

such as th hase- Pronoti ng, Conpl ex or PoI ol i ke

kiRHBHIONN %IP‘HQFE‘I 3& opf s1gRalng; may leadto sglegtiveolethality in cancer
indirectly, as a result of perturbation of a

meeHani cal conponent of the mitotic spindle, such as

the mtotic notor protein Eg5. In this case, the

m t ot i qnahiseBbay,cells Sesrentiisecte H4AUSIROEASfand then treated with
activation of the spindle checkpoint pathway, which

del\ @ S0 RhAHSES A d- @ﬁ@él%*&h&‘ ddeg,%haemwoue%%sgaﬁ@%s that

have becone pr

reduce the mitotic index were identified. If an siRNA inactivates the checkpoint,
cells exit mitosis and return to interphase. However, the nuclei are generally
abnormal in structure due to the aberrant exit from mitosis. The aberrant nuclear
structure serves as a morphological “signature” of the perturbation of the
pathway. This screen also identified siRNAs that arrest cells in interphase, prior
to mitosis. In this case, the cells arrest in interphase, but the nuclei have a normal
morphology, as they arrest prior to the point at which taxol acts. Thus this
screening method has identified siRNAs that target the specific pathways of
interest, and siRNAs that inhibit cellular proliferation through other mechanisms.
The entire set of 10,000 siRNAs have been screened in both assays
(representing a total of 60 384-well plates). The screen identified Polo-like
kinase, a known mitotic regulator, as a strong hit in the screen, thus validating the

approach. Additional genes identified in this screen that were known to be
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the mtotic spindle. Treatnent of cells with taxanes
or the Eg5 inhibitor nonastrol induces a
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identified regulators of mtosis and structura
conmponents of the mtotic spindle required for nornal
mtotic progression. In the second screen, siRNAs
required for spindle checkpoint function were
identified. The spindle checkpoint pathway is

C TRYE B o B SRR R TR 2 a7 SRR O VAR identifica

ki netochore-nicrotubul e interactions, and inhibits
andprb seswicdan mHPHE agrest (figeBbchor es have becone

properly aligned at the netaphase plate. Many tunors
exhi bi tindefexctosconfinm thatithe gened idéntifiedinthe abovaseasens were
of chronbsone m ssegregation and mul ti pol ar spindle

f gnvBIVEQ T nifosi®)Expefitfints Wife pRFfokied wWith 884itRinal siRNA
defects responsible for these abnormalities remain

u i : it . I

¢ RERSRES SEl B0 SR prt P AN BEPRR B EER 0 i¥ge of

upre ulgfii on of expressi.on of spindl e checkpoint ) )
cORFRASHH TEPicaeN FTRTOFSIOR BBA TARNS BEEPRIPEVas cxagained with the
checkpoint in human tunors. In other cases, mtotic
abhuantigene iAssaynf(senospeatta kne. ). nEargat genasoyare fwther validated,
checkpoint signaling for cancer cells to be able to

S edier g possibly, witls tieedegreé of knotkédwhavds @drrélatedowith@m expression
of spindle checkpoint signaling my |lead to sel ective

lt ?ﬁ-@ﬂie‘ préduled ﬂfﬂH%Lanélllssm ékﬁ&tﬁb %o @?ég%ﬁ-\,t\nﬁﬁﬁilsém\é? compound

ansfected wth si RNAs an en treat taxol to

| DO PoReSl @G BPEKRAUL - 4ERoBHRoeTs 164 ot oS

Methods

The Qiagen druggable genc;me siRNA library (10,000 siRNAs targeting
5,000 genes) was reformatted into 30 384-well plates. For both screens, cells
were transfected with siRNAs and then fixed and stained with DAPI (to stain
DNA) and fluorescent phalloidin (to stain the actin cytoskeleton). High-
throughput automated microscopy was used to identify siRNAs that increase the
mitotic index (in the absence of taxol), or that decrease the mitotic index (in the
presence of taxol).

The positive control for the screens conducted in the absence of taxol
contained an siRNA that targets the kinetochore protein Hecl which induces a
strong mitotic arrest in cells. This positive control was performed in each of the

screening plates to measure transfection efficiency. In the screens conducted in
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reduce the mtotic index were identified. If an si RNA
i nacti vates the checkpoint, cells exit mtosis and

WO ed0anes3ep i nt er phase. However, the nucl ei ar ePCT/US2007/003974

10

15

20

generally abnormal in structure due to the aberrant
exit frommtosis. The aberrant nuclear structure
serves as a norphol ogi cal "signature" of the
perturbation of the pathway. This screen al so
identified siRNAs that arrest cells in interphase,

prjor to mtasis. In this case, th ll.s arrest in .

" e PEssBEe of ol eelisy Bt Bre shisbcs of SHRIA ABieshi Bifpsis due to the
as they arrest prior to the point at which taxol acts. ]
Tharolt¢apendentagtiviagionafitbe spindle ¢bpekpaiay Tramsfectionef an siRNA
target the specific pathways of interest, and si RNAs

t hhat targetbatknoet spiadlepclodckpeimtprotein,iviad@leatih és reversal of the
mechani snms. The entire set of 10,000 si RNAs have been

S GhRGHE drredt, 00 1iataRs *¥As GEERNERRE ﬂ&e@;ﬂsg{, gtllgloa)f A gain, this

384-wel | plates). The screen identifie

ki nase, a knogwn mtotic, reqgulator, .as strong.hit Jn

¢ OSSR W fide nEieh e e i W Btpfsiaetuacy of
genes identified in this screen that were known to
b&TaRsEICHOR- i n nitosis are set forth in Fig. 7. 375

Si RNA constructs were identified which resulted in

m t ot i Appnoasthately d 6 jurs prioota transfectionf ¢ells whed plates in
genes identified in the above screens were involved in
MOMaVRm Meded ?msnlt% okl RalRyh@mEES) ihtiRdstekérieddf penicillin,
Si RNA constructs (Fig. 6). Furthernore, the

r ' W) , e of r d.:tar .
g%h'@f){o dh a&?bﬁ%ﬂ%&?é&m&ﬁ%!ﬁ e g/lgge% V(\gi’a%?( sifé éelggr bottom;

ene’ expr essi on pheno s examn

GERARIESCSSRRATHE) HatrodPBce ks pates i 10096 £RT: per well 20-

degree of knockdown was correlated with an expression
30 pl total volume per well) the night before the transfection. This usually

yielded approximately 20-30% confluence by the next moming (the confluency is
deliberately low for transfection because it is better for subsequent image-
processing steps).

Approximately one to four hours prior to transfection 30 ul OptiMem
medium without FCS was added to existing media in each well. Wells were
aspirated, apd 35 pl of the previously described OptiMem medium (with
ahtibiotics, without FCS) was added and the cells were returned to incubator.

For fixation and staining, 2x fix/stain cocktail was added at an equal
volume to the media in well. The 2x fix/stain contains 2 ml 37% formaldehyde,

2 pl tritc-phalloidin, 0.2 mg/ml in DMSO (Sigma P-1951), 0.5 pul Hoechst 33342

stain (Molecular Probes H-3570), 200 pl 10% Triton X-100, and 7.8 ml phospho-
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profile produced in HeLa cells in response to the
anti -topoi sonerase conpound canptot hecin (Carson et
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Q agen draggabl e genone si RNA library (10,000 si RNAs
targeting 5,000 genes) was reformatted into 30
384-wel |l plates. For both screens, cells were
transfected with si RNAs and then fixed and st.ai ned
with DAPI (to stain DNA) and fluorescent phalloidin

h ' kel
R B35 ERRL Sl 85y BRIy B s or 20
increase the mtotic index (in the absence of taxol),
ofminygs anskwashed twie tofhree tines with RBS. t he presence’ of

taxol ). The positive control for the screens conducted
i n t he Sxheenessiofis bfithel expeninénteder@rawtombited. hAgain the final
targets the kinetochore protein Heel which induces a

sturaa@&c@ﬂomtdlﬁnéwsé ho w Eﬁéﬁ a,euTéurﬁamea'st %lyepﬁwxhs)b.s pl GTS

V\BS performed 1 n each € Screeni ng

ure tr on e f|C|enc In the screen
diluget aad a‘ﬂ?%éﬁé Bo%H A3 wellsjqusce plats fabGene AB-1055)
absence of siRNA, arrest in mtosis due to the

t avith 8@epboflransfection abcloailgier iphate Apidrabiont d Dgdkgfaxtia volume was
Transfection of an si RNA that targets a known spindle

chagkP b Aok @r%xﬁetlr%t e é eﬁgﬁ&ﬂn{a?é’] ) 6 BbuldFost-transfection,

mtOtIC arrest so t saccu ateln

SHBESRAEEL B Sk BN B S o L incutate

of transf ection. Approximately 16 hours prior to
t fan48 bourupestdeansfeatimmefqriphieadtype development before processing. For

the plus taxol screen, taxol was added to a 100-150nM final concentration at
approximately 32 to 36 hours post-transfection and then fixed 24 hours after taxol
addition.

One feature of the invention is the use of time-lapse videomicroscopy.
This custom-built microscope enables a person skilled in the art to simultaneously
image cells at multiple positions on a cover slip or multi-well chamber for periods
as long as a week. The microscope consists of a Nikon TE2000 inverted
microscope, housed in a custom-designed incubator. This microscope allows
measurement, on a cell-by-cell basis, of how a population of cells responds to a
perturbation such as siRNA or drug treatment. Cells were imaged that express
histone 2B fused to GFP, which alfows monitoring of nuclear morphology during
interphase and chromosome dynamics during mitosis. This enables determination
as to whether cells proceed through mitosis normally or abnormally, and whether'

cells undergo apoptosis. In each experiment, typically 100 cells per field were
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Opti Mem nedi a plus 1% fetal calf serum (FCS), in the
presence of penicillin, streptonycin, and gl utamate
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Cor ni ng- Costar 3712). HelLa-H2B cells were pl ated at

10,000 cells per well (20- 30 m total volune per

well) the night before the transfection. This usually

yi el ded approxi mately 20-30% confl uence by the next

nmorning (the confluency is deliberately |ow for

tr.ansf ct| ec s better for subseguent .. . .
s ead Upl5 Rt fids werd 75l Rheay 3HANFEH Rigiding information
hours prlor to transfection 30 m Opti Mem nedi um

wi Ahthebahagioraf up trA00Q cells per exparaeRt.- i n each wel | .

Vel ls were aspirated, and 35 nl of the previously

descri bAﬁeQim'angvwmwl acouifed tdingnhe buttmated micrbsuope, they were
FCS) was added and the cells were returned to

| N$rabedsed anddheddurad t® Aeftimhind i mitdticandéx. XM16‘nal targets can be
cocktail was added at an equal volunme to the nedia in

N | r
vveé more%d Hﬁgégxn (%i/ g%'xgrrgffg‘fe% &s HL B%gé‘hf(og Wacicfj&gl}(aci?y, each
P .1951) Eloechst 33342 ta| n (Mp] ec Iar Pr obes
ng@gg)waszg)@pﬁq:te Iyt senfirgy thepegults ﬁlpe automated
phosphobuffered saline (PBS). The cells vvere t hen
i moedremient, anddmidentifyr ether éeatares 2§ the image tlatdnight not be
washed two to three tinmes with PBS. Sone versions of

t hdeteoted biyths cowputen UF oinétainipl e AGRINAE have ibeah ldentlﬁed that induce
transfection volume was 40m . Each well contained 8

CHANE Rl 73y s A e B R
of transfection cocktail per pI ate and about 10 m of
extra vol une was

HIPKI1, HIPK2, and USP32

Using this screen, we identified HIPK 1, HIPK2, and USP32 as being
essential for mitosis in cells derived from neoplastic tissue. Protein and mRNA
expression of HIPK1, HIPK2, and USP32 was decreased in cells treated with
siRNA constructs to each of these genes (e.g., Figs. 10 and 11). Cell survival was
decreased in cells treated with HIPK 1, HIPK2, and USP32 siRNA (Figs 12-1 4).
This decrease in cell survival was associated with increased caspase 3 activity, an
indicator of increased apoptosis (Figs. 15-17). Treatment with HIPK1, HIPK?2,
and USP32 siRNA constructs resulted in changes in cell cycle distribution (Figs.

18-22).
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added to allow for pipeting |losses. Approximtely 4 to

6 hours post-transfection, 20 m of DVMEMw th 30% FCS
wapa)7apdsebi oti cs were added. Cells were i ncubaredusmn7003974

48 hours post-transfection for phenotype devel opnent

bef ore processing. For the plus taxol screen, taxol

was added to a 100-150nM final concentration at

approximately 32 to 36 hours post-transfection and

then fixed 24 hours after taxol addition. One feature

S.f deon e patifie IBRT Bnd HUFKT 55 BPES: Speantiganee therapy,

person skilled in the art to sinultaneously imge
c éKPEesﬁlOﬂrﬁﬁ HIPKE apddiltRIsd és elevatedoiperariqusigedllines derived from
mul ti-well chanber for periods as long as a week. The
mneophastip ¢eisswon@igs.s2H25x Ni kon TE2000 i nverted
m croscope, housed in a custom designed incubator.
This m croscope all ows neasurenent, on a cell-by-cel
basi s, of how a popul ation of cells responds to a
pﬁyu%rggtlon such as siRNA or drug treatnment. Cells
mere—rﬁaged t hat express histone 2B fused to G-P,
VﬁﬁCh al l ows nonitoring of nuclear norphol ogy during
i b¥nese and chronosone dynanics during mtosis.
Thi s enabl es determ nation as to whether cells proceed

t hr ougfHwinansel linss HECT 1 6(colonestabedrginoama), MR HE (glioblastoma),
cell's undergo apoptosis. In each experinent, typically

10(5495‘41{15% percinohy] DEr Bl ggestatacdtciforha), 4Ad MBIAIMB-231 (breast
wer e sinmul taneously acquired, providing information on

t ngtﬁali\ﬁva&hoeim%&lg) &QP@a&ﬁJi}éi £6n P d&’fde%% T etéﬁlmre

ges were acquired ‘using the automated mcrosc

e TR R

siRNA sequences

The following siRNA sequences were used to inhibit expression of
HIPK]:
15 H1-1: aaGGCTTGCCAGCTGAATATC (Seq ID NO:4)

H1-2: agGGAAGCTGTACACCACTAA (SEQ ID NO:5)

The following siRNA sequences were used to inhibit expression of
HIPK2:
20 H2-1: tcCCGAAGTCTCCATACTAAA (SEQ ID NO:6)

H2-3: 2aGGGTTTGCCTGCTGAATAT (SEQ ID NO: 7)
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scored using one of the exenplified targets as a
control. Additionally, each imge was inspected
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nmeasurenent, and to identify other features of the

i mage that m ght not be detected by the conputer. For
exanpl e, si RNAs have been identified that induce
spindl e abnormalities during mtosis wthout
increasing the mtotic index. H PKL H PK2, and USP32

Usi ng thQi reen, . dentified H PKI HI P

Usras ShEEIPRRIRNA RERgmass byt 25p4 (S apihbit Epfessipn of
from neoplastic tissue. Protein and nRNA expression of
HUS®32:H pk2, and USP32 was decreased in cells treated
wi th si RNA constructs to each of these genes (e.g.,

Fi gs. 101aaaGCOTCASTTACGTUGAATAC (BEQINORB) cel | s
treated with H PKI, H PK2, and USP32 si RNA (Figs

12- 14) .u7d. hc&:&@trmm@mml:)_\mml(sgb YONOsPoCi at ed
with increased caspase 3 activity, an 1ndicator of

i ncreased apoptosis (Figs. 15-17). Treatnent with

H PKI, HI PK2, and USP32 si RNA constructs resulted in
change n cycle distribution (Figs

18- 22) Sﬂqu‘i wingsiRRA ﬁngmmwaawqqu #5@ nggativg grateol:
for anti-cancer therapy, expression of H PKI and H PK2
i s el edaV4tGUACGUUACGEGUAARS AL (SEQ IDANO:10)
neopl astic tissue (Figs. 23-25). Methods Cell I|ines
Hurman cell lines HCTI 16 (colorectal carcinoma), MS59K
(glioblastom),

Transfection of siRNA
Cells were plated in 100 ul of medium the day before transfection.
Lipofectamine 2000 was used to transfect siRNAs at 50 nM final concentration.

Transfection mix was replaced with fresh media 24 - 48 hours later after

transfection.

Western blotting to detect HIPK?2:

Cells were lysed in lysis buffer (50 mM Tris-HC], pH 7.5; 100 mM NaCl;
1% NP-40; 2 mM EDTA; 1 mM sodium orthovanadate; 1 mM PMSF).
Immediately before use, one Complete Mini EATA-free Protease Inhibitor
cocktail tablet (Roche) was added per 2 mLs lysis buffer.

Cells were lysed in the aforementioned lysis buffer for 30 minutes on ice
and then spun for 15 minutes at 14,000 RPM at 4°C to eliminate cell debris. The
supernatant was denatured with 4x NuPAGE LDS Sample Buffer (Invitrogen) at

75°C for 10 minutes and fractionated by electrophoresis (20-50 pg of total protein

38



A549 (lung carcinoma), DU 145 (prostate carcinoma),
and NMDA- MB-231 (breast epithelial adenocarci nona) were
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mai nt ai ned as suggested by the distributor. siRNA
sequences The follow ng si RNA sequences were used to
i nhibit expression of HIPKI: H-I :
aaGCCTTGCCAGCTGAATATC (Seq | D NO 4) H1-2:
agGGAAGCTGTACACCACTAA (SEQ I D NGO 5) The foll owi ng

|s:| IPERNQ' E&uenﬁe@ M&WA Ag%i&t(f%% e%“f\%ogf}c‘) Proteins were

H2- 3: aaGGGTTTGCCTGCTGAATAT (SEQ | D NO
f eansforres entrvitrece]liinse mapabrang (8¢ wm, ﬁhvm*qgen) To block non-
expression of USP32: U : aaGCCTCAGITACGTGAATAC (SEQ I D

i fitbindinS Y WeHbrahdsTwére {rﬁEQaieQ iN®18¢kihgebuffer (TBS

| owi ng si RNA sequence was used as a negative

g S RGBT e o5

T B P RS LER S BRI e o

C%%%%g%gggll\%?ﬁ) overnight at 4°C. Membranes were incubated with horseradish
peroxidase-conjugated secondary antibody in the blocking buffer for 2 hours at
room temperature. After washing, the immune complexes were visualized by

using the Enhanced Chemiluminiscence System (Amersham, Buckinghamshire,

UK).

WST-1 assays

Cells were transfected with siRNA, and media was changed 48 hours after
transfection. After an additional 24 hours of incubation with fresh media, 10 pl
of WST1 reagent was added to each well. Cells were incubated at 37°C for 1
hour, and read on a microplate reader at a wavelength of 440 nm. A reference

sample was read at 690 nm.

Caspase3 assays

Cells were seeded at 0.3 - 0.5 x 10ES cells / well onto 24 well plates, and
transfected with siRNA at a concentration of 20 nM. Twenty four and 48 hours
post transfection, cells were lysed using manufacturer’s specified lysis buffer

(Meso Scale Discovery, LLC). Lysates were analyzed using the caspase-3 assay
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Transfection mx was replaced with fresh nedia 24 - 48
hours later after transfection. Western blotting to

waoleteobs3pll PK2: Cells were lysed in |ysis buffepc(/b8200Wh03974
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Tris-HO, pH 7.5; 100 mM Nadl; 1% NP-40; 2 nmM EDTA,
1mM sodi um ort hovanadate; 1nM PVSF). | nmmedi ately

bef ore use, one Conplete Mni EATA-free Protease

I nhi bitor cocktail tablet (Roche) was added per 2 nLs
lysis buffer. Cells were lysed in the aforenentioned

lysis huffer .30 m nutes, on ice and then sSpun

| R e SheleissySriang ihg aseadS aftairred b 84 MSD Sector
debris. The supernatant was denatured with 4x NuPAGE

L bnaggrgr80Buf fer (I nvitrogen) at 75C for 10 mi nutes

and fractionated by el ectrophoresis (20-50 ng of total
protei nper well) on a NuPACE Bis-Tris gradient gel

(4-12% Invitrogen). Proteins were transferred onto

NigA @8CAdsHy 916 Ritforl OF dells' T e Wdli Epgen) - To
I ¢ binding,

bl ock non Speci t he menbranes were

) G AR ST R e s

tenperature for 30 mnutes, and i ncubated with

nmbeslation wasremevsd and rptpred: Rematnipg adhexsng crllsyvere

overni ght at 4C. Menbranes were incubated with

hanypsimded, ansetrppsid astvity yasgstopped by addition afitieldoad y Trypsinized
in the blocking buffer for 2 hours at room

t @BNS Mard pRole With the Fbiaitbd f168tihg I Sub-PoputatRn M4 ©

vi sualized by using the Enhanced Chem | um ni scence

Syt b SERE FREE SAGHIL A thb € andPklleted, and the supernatant was
decanted. Cells were fixed by serial addition of 0.5 mils cold PBS and (while
vortexing) 2 mls ice cold 95% ethanol. Fixed cells were stained with propidium
iodide and analyzed on a BD FACSCalibur Flow Cytometer. Data were analyzed
using standard methods.

OTHER EMBODIMENTS
The description of the specific embodiments of the invention is presented

for the purposes of illustration. It is not intended to be exhaustive or to limit the
scope of the invention to the specific forms described herein. Although the
invention has been described with reference to several embodiments, it will be
understood by one of ordinary skill in the art that various modifications can be
made without departing from the spirit and the scope of the invention, as set forth
in the claims. All patents, patent applications, and publications referenced herein

are hereby incorporated by reference.

What is claimed is:
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WST-1 assays Cells were transfected wth si RNA, and

medi a was changed 48 hours after transfection. After
wa@nooaaessei onal 24 hours of incubation with freBtr/uszioapo3974

10 mM of WBTlI reagent was added to each well. Cells

were incubated at 37C for 1 hour, and read on a

m cropl ate reader at a wavel ength of 440 nm A

reference sanple was read at 690 nm Caspase3 assays

Cells were seeded at 0.3 - 0.5 x 10E5 cells / well

onto 24 well plates, and transfegted with siRNA at a

concentration of 20 nM Twenty f IM$d 48 hours post

transfection, cells were |ysed using nmanufacturer's

speci f iClaimyki A wethad foridensifsing a cendidgte therapgutic compound

Lysates were anal yzed using the caspase-3 assayfrom

Mesmptisihg the stepy ef’y(a) @odtachiagdiRIE widt the adposnditp be assessed;

MSD Sector |mager 2400. FLCS assays for distribution

of(by 8BbInpatifgithe bidlokicay abfvity of darHIFR 1 Weith thébidtbgical activity of
transfection of cell’'s with sTRNA, the floating cell

p j V. nd .r i ned,. I ni .
D3RI BbRY tREnt SR EBhyRARG ShE'ERenlRIBE R Mnprnd yhich
was st opped.by addition of nedia. Trypsinized cells )
\AéF‘é“‘if‘é&B@ g’wﬁswaﬁi metiviy of said HIg{ i Waeeeip said compound which
sub- popul ation in a pol ycarbonate FACS conpati bl e

t aeducasithe diologidal ettty af daididIRK b ds axandidaesompound for the

decanted. Cells were fixed by serial addition of 0.5

Mtfeabdbtt HESpedliferaive diseadel exing) 2 ms ice cold 95%
et hanol. Fixed cells were stained wth propidium

Claim 2. The method according to claim 1, wherein said contacting is in a

cell-free mixture.

Claim 3. The method according to claim 1, wherein said contacting is in a

cell-based mixture.

Claim 4. The method according to claim 1, wherein said contacting is in a

recombinant cell.

Claim 5. The method according to claim 1, wherein said biological

activity of said HIPK1 is kinase activity.

Claim 6. The method according to claim 1, wherein said biological

activity of said HIPK1 is binding activity.
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i odi de and anal yzed on a BD FACSCal i bur Fl ow

Cytoneter. Data were anal yzed using standard net hods.
WOTHERBYBODI MENTS The description of the specpT/wS2007/003974

enbodi nents of the invention is presented for the

purposes of illustration. It is not intended to be

exhaustive or to limt the scope of the invention to

the specific forms described herein. Although the

i nvention has been described with reference to severa

Skl TR -oTbé O] AtpoRere BErlant. b ettt erative

made w t hout departing fromthe spirit and the scope
ofdigaase insalpeted froma sroupreansisting qfh solansganger, breast cancer,
AUpat ents, patent applications, and publications

r pirestatecamhcerrigimphonea, Heulediyia, nociapoxnaj edarigh cancer, pancreatic
reference. What is clainmed is:Cains Claim1l1. A nethod

f @antéteRhil lvhd Bascegandi date therapeutic conpound
conprising the steps of: (a) contacting HHPKI with the

conpound to be assessed; (b) conparing the biol ogical

activity of said HIPKI with the biological activity of

said H PKI absent said cqonpound, and (c) identifying a
conpourfdaiffi & hArpgthodsfor gdenifyingn Gﬂ!“(hé’)éiq thergpeyiticmapound

H PKlI ; wherein said conpound which reduces the

bicompyising thesteps of: (@) contadtibg PKIPK2 wdthcthedicapeund to be assessed;
conmpound for the treatnment of a proliferative disease.

Ci(b) cdmparifig thebivldgital a¢tivitg of Saidl HIPK with HeChidlSELAR activity of

contacting 1s in a
said HIPK2 absent said compound, and (c) identifying a compound which
reduces the biological activity of said HIPK2; wherein said compound which

reduces the biological activity of said HIPK?2 is a candidate compound for the

treatment of a proliferative disease.

Claim 9. The method according to claim 8, wherein said contacting is in a

cell-free mixture.

Claim 10. The method according to claim 8, wherein said contacting is in

a cell-based mixture.

Claim 11. The method according to claim 8, wherein said contacting is in

a recombinant cell.
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cell-free mxture. Caim3. The nethod according to

claim1l, wherein said contacting is in a cell-based
wooorwpss21 Cl ai m 4. The met hod accordi ng to cl ap@r/U$2007/003974

wherein said contacting is in a reconbi nant cell.

Caimb5. The nmethod according to claim1, wherein said

bi ol ogi cal activity of said H PKI is kinase activity.

Claim6. The method according to claim1, wherein said

bi ol ogi cal activity of said H PKl is binding

activity,. C ai Th t hod ,accordin oclaim1l,.. .
wher o1 (L1t 7, Ee FoT pecooBi L Half & RuferBin Taig bigfogical
group, consi sti ng of . col on cancer, breast cancer,
paetyity of saisb HIPKRyiskinasg actizitiveri a, nel anoma, ovari an
cancer, pancreatic cancer, and lung cancer. Claim8. A
nmet hod for identifying a candi date therapeutic

compound conprising the steps of: (a) contacting H PK2

Wi th tlgafAN0 UNHe hitth6d a8ssiantisio ¢181m B RARrERGsdil Biological
bi ol ogi cal activity of said H wi th the biol ogi cal

I
acgti.vi . SAl l. . said conmpound, and (c)
[ %é*ﬁ?ﬁ;%’.f%é‘dzﬁgg%dgr% @\Eggg{l?’@ames t he bi ol ogi cal
activity of said H PK2; wherein said conpound which
reduces the biological activity of said HPK2 is a

candi dat e conmpound for the treatnent of a o ) )
prol i f &laimé. dThe msthodhe¢aording thhelaim 8, schexeinmvadd prpliferative
to claim8, wherein said contacting is in a
disease is selected from a group consisting of: colon cancer, breast cancer,
prostate cancer, lymphoma, leukemia, melanoma, ovarian cancer, pancreatic

cancer, and lung cancer.

Claim 15. A method for identifying a candidate therapeutic compound
comprising the steps of: (a) contacting USP32 with the compound to be assessed;
(b) comparing the biological activity of said USP32 with the biological activity of
said USP32 absent said compound, and (c) identifying a compound which
reduces the biological activity of said USP32; wherein said compound which
reduces the biological activity of said USP32 is a candidate compound for the

treatment of a proliferative disease.

Claim 16. The method according to claim 15, wherein said contacting is

in a cell-free mixture.

43



cell-free mxture. Caim10. The nmethod according to

claim8, wherein said contacting is in a cell-based
wooorwps21 Cl ai m 11. The nmet hod accordi ng to cl pE™U82007/003974

wherein said contacting is in a reconbinant cell.C aim

12. The method according to claim8, wherein said

bi ol ogi cal activity of said H PK2 is kinase activity.

Claim 13. The nethod according to claim@8, wherein

said biological activity of said H PK2 is binding

activity, . ai 4. The nmethod accordi ng.to, claim.§, .
aher of rClaiRy TR me B Pt fREnd B el By, o2t Pif cgntacting is
group consisting of: colon cancer, breast cancer,

priBat GallebasgddBiXture nphona, | eukeni a, nel anoma, ovari an
cancer, pancreatic cancer, and lung cancer. C ai m 15.

A nethod for identifying a candi date therapeutic

compound conprising the steps of: (a) contacting USP32

W th t helagdNR UTHe fethBd a2 e85dRE to CRIMCIIRAéreth §418 contacting is
bi ol ogi cal activity of said USP32 with the biol ogi cal

agtivj A i 4;;USP32 absent said conpound, and (c)
[ gér?tljie%rln%n%ﬁg%#pound whi ch reduces the bi ol ogi cal

activity of said USP32; wherein said conpound which
reduces the biological activity of said USP32 is a
candi date conpound for the treatnent of a
prol i f elaimvid. dTbe asethodlagronding torblaimek S ovhererosaid igological
to claim15, wherein said contacting is

activity of said USP32 is protease activity.

Claim 20. The method according to claim 15, wherein said biological

activity of said USP32 is binding activity.

Claim 21. The method according to claim 15, wherein said proliferative
disease is selected from a group consisting of: colon cancer, breast cancer,
prostate cancer, lymphoma, leukemia, melanoma, ovarian cancer, pancreatic

cancer, and lung cancer.

Claim 22. A method of identifying a candidate compound that ameliorates
a proliferati{/e disease, said method comprising the steps of (a) contacting a cell
with a candidate compound, (b) comparing the expression of at least one of
HIPK1, HIPK2, and USP32 with the expression of said gene or genes in a cell not
contacted with said candidate compound, and (c) identifying a compound which

modulates the expression of at least one of said genes.

44



in acell-free mxture.C aim17. The method accordi ng
to claim 15, wherein said contacting is in a

waedd7/obss3ed m xture. C aim 18. The met hod accopdi/ng200T003974
claim15, wherein said contacting is in a reconbi nant
cell. Caim19. The nethod according to claim 15,
wherein said biological activity of said USP32 is
protease activity. Caim20. The nethod according to
clai m 15, wherein said biological activity of said

USP32 i5_bi ndi act i,vi Claiqn 21, The ngthod . .

accor o\t a3e Eheifiptiod e et 22, Shospby yHE EPfession is assessed by
di sease is selected froma group consisting of: colon
cEgshuctionip dlisqase-speeific propsttise cancer, |ynphona,

| eukem a, nel anoma, ovarian cancer, pancreatic cancer,

and | ung cancer. Caim22. A nethod of identifying a

candi dat e conpound that aneliorates a proliferative

di seas€laimid. "EHORGHRINSF EIRIMR 2 MehertRPsi@tell @ contained within
contacting a cell with a candi date conpound, )

c ' expression of at |east one of H PKl,
rf@@g?hgﬁﬁbgghsz with the expression of said gene or
genes in a cell not contacted with said candi date
conmpound, and (c) identifying a conpound which
nmodul at es the expression of at |east one of said
genes. Glainm233 Thehmethadhoficlaim@2aiwhezein spid cell is derivied from a
expression is assessed by reduction in
didseaserneli fi c properties. Caim24. The nethod of
claim 22, wherein said cell is contained within
Claim 26. The method of claim 22 wherein said expression is measured

using a microarray.

Claim 27. The method of claim 26, wherein said microarray is a nucleic

acid microarray.

Claim 28. The method of claim 26 wherein said microarray is a protein

microarray.
Claim 29. A method of treating a proliferative disease in a subject

comprising administering an inhibitor of HIPK1 to said subject, wherein said

inhibitor of HIPK 1 is an siRNA construct.
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an ani mal nodel. daim25. The nethod of claim 22,

wherein said cell is derived froma di sease nodel .
w@@i7/093381 The met hod of cl aim 22 wherei n sai dPCT/US2007/003974

expression is neasured using a mcroarray. Caim?27.

The nethod of claim 26, wherein said mcroarray is a

nucleic acid mcroarray. Claim28. The nethod of claim

26 wherein said mcroarray is a protein mcroarray.

Caim29. A nethod of treating a proliferative di sease

in a syhject, copprisi dm. nister] n, kRhihit.or. of .

H e Regh 3 APelod bR B M BeAberiRia fiect

is an siRNA construct.d aim 30. A nethod of treati rhg a )

pcemmrising pdmimistangan nhibyonpEHIPKSt9r5aid sybject, wherein said

adm ni stering an inhibitor of HHPK2 to said subject,

whshiibitor ofiIHI PKithisbart siRMNA ddinPitci.s an si RNA construct.

Caim31l. A nethod of treating a proliferative di sease

in a subject conprising adm nistering an inhibitor of

USP32 to said subject, wherein said inhibitor of USP32

I's an %lghlé TR h¥fod of treating a proliferative disease in a subject

comprising administering an inhibitor of USP32 to said subject, wherein said

inhibitor of USP32 is an siRNA construct.
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