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WO 2006/096140 PCT/SG2006/000053 METHODS FOR ASSESSING
SUITABILITY OF CANCER PATIENTS FOR TREATMENT WITH
HISTONE DEACETYIASE INHIBITORS FIELD OF THE INVENTION 5

Wiheoilashdion is in the field of cancer therapy and provides & (368 GHEPES3
| activity for assessing suitability of a cancer patient for treatment with

higeraeeRcpRSIBNRINE HRASR Y ﬁﬁﬁggﬂﬁi&ﬁgﬁeﬂﬂ%ﬁlﬁﬁbk

("herein cited documents") and all documents cited or reference

herein e dodiNEn HrE HES T S R ENCERYE A2 MMATBERERE for

10 all purposes. There is no admission that any of the various documents
etc. cited in this text are prior art as to the present invention.
BACKGROUND 15 Histone deacetylase inhibitors (HDACIs) have

g@g m%&%ing chemotherapeutic agents and can induce

a range of antitumor activities, including induction of cell cycle arrest,

TSI BISHOATOF drfarchtididivaari Praostanomorifse issies of ByFfetivity for

aeffichgysoftthilte afjeniacpaptiauamy: triehestatintA o) @letylase inhibilors

. (&B%eé%lanilide hydroxamic acid (SAHA) has been established by in vitro
experiments 20 and ongoing clinical trials (4-9). Unlike conventional

motherapeutjc agents thagt often cause DNA damage in both tumor,
A PRRIR TSR0 oA 1C Sy AL S A SR s o
rdéssnadGityhtoctheinal tiahtisseie @ nddopeented, thesheahanisamaf dhisety for

aﬁ'_ru%ﬂlcbr&ggectivity is not understood, though recent studies show that
ACI sensitivity in tumor could be mediated by the activation of the

THERU) l}?ocﬁ&l(?w&%%%%ﬁ ' \g’%"%%%o%‘fe%é‘c%%n ?%EQ.%%%%‘“%}EE l%gcetfdare prior
apoptosis-inducing ligand ( L)(10, 11) or preferéntial induction o
apRRiative pigeeptiinvenislbrmed cells (12). The therapeutic effect of HDACIs
might be mediated through modulation of chromatin structure and
transcriptional activity via changes in the acetylation status of nucleosomal
histones at gene promoters. In addition to chromatin remodeling, HDACIs
( also be linked with non-histone proteins important for

growth and differentiation, such: 1 WO 2006/096140 \
Hestones dzgoiosn osbibietun{GH A ple e pssieisy Hewallsr, #$DNOMRIsng

chBguaRRisione ByResasRIVaHOmMice a range of antitumor activities, inchuding
induction of cell cycle arrest, stimulation of differentiation, and provocation of apoptosis
(1-3). The efficacy of these agents, particularly Trichostatin A (TSA) and
suberoylanilide hydroxamic acid (SAHA) has been established by in vitro experiments
and ongoing clinical trials (4-9). Unlike conventional chemotherapeutic agents that often
cause DNA damage in both tumor and normal tissues, HDACIs display strong tumor
selectivity and cause less foxicity to the normal tissues (2). However, the mechanism of
this tumor selectivity is not understood, though recent studies show that HDACI
sensitivity in tumeor could be mediated by the activaiion of the death receptor pathway
involving the tumor necrosis factor-related apoptosis-inducing ligand (TRAILY10, 11)

or preferential induction of oxidative injury in transformed cells (12).

The therapeutic effect of HDACIs might be mediated through modulation of chromatin
structure and transcriptional activity via changes in the acetylation status of nucleosomal
histones at gene promoters. In addition to chromatin remodeling, HDACIs activity may

also be linked with non-histone proteins important for growth and differentiation, such
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both tumor and normal tissues. Thus, altered gene expression patterns
through histone/chromatin modulation might not be the primary
mechanism to confer cancer selectivity of HDACIs. Alternatively, the

Wil oe/eEletivity of HDACIs could be related 5 to the chrom&§6ia75G2006/000053
modifications that are associated with oncogenic transformation, which in

aarmm\m@xama@ﬁatosﬁ REOGERER, rmmim shRReageshd Lﬂyﬂagracetylanon in

0 IS, &1, innate tumor s res ive mechanism coupled t
g%%og%%ss%ﬁa ing 3431 A% r FRer GENS RaARRYiIR dP?éE?@‘m&lfough

m@m@em@dmbmxgmhmmymmmp@ﬁwsﬁcm% #’1 rfz‘&'ﬁ%f?cancer
ye e 2F1 .The loss o
Me@ﬁ’%}ﬁ I.?IB'A@LQ m&lﬁ%&% é; been repor e H? rf 8 (fﬁhlﬁ])li%e related

Rb, tumor suppressor gene h

ﬁﬁ%@%‘%&?ﬁé&ﬁc@wr@%m@@ggm@g puﬂmmangamanﬂmmﬂuad@y which
imasckulatifigdiee acthabpRbE JosansaiRHR fag rgﬁx%s;_ ek l]mllic%?c]:mc%/geneszs an

dra s%[llgélon factors plays a critical role in Ove cyc
MEMBers bf tRE ESSE S AbABH I remRIptidn sacesenisoriamilng ¢all). As a result,

qprofiterdtiomibpriaguinting:thaeipress el GRRSHIRIHIEd g%d%ogﬂaé%ects of

Pﬁgpmmb%%gressmn (59-60). Hypophosphorylated Rb binds to and
sequesters the transcription factor E2F, resulting in the repression of

li ti SSOCI ted nes Inactivation of Rb results in increased
Eé?FgLﬁél%t|E\?/%iptygl n Sfc?equeﬁt]ﬁa}% %/)g Bh orters rEhguitess fof il tumor
SEppIeSYy ;ﬂ@@rém@wetead;mgaé abatrant m}haﬁohﬁg[@ltgom 656)TWhile Riour

JaliTalgH Iy refin oblasto ctivation can be
Sgg%ged in %@um@?@éﬁ% Ht)y alteratlons P Bhfo i ridiritnief E2F

CRESCHRERY ﬁ%af@ﬁ?né}k;ﬂ w@hfa@ibsgﬁﬁms@amm faorom@aeg@r@wmpfmle in
cyﬁlﬁno@m Celidrdn expression has,. als
e B e B oo gprrol

servegg1 n several types of human tumors inc
i

grg SF 98 il erriebna dBr srerenivmaf grasd temed 177219 phEbe refoyend

prg@stwe@@%Oj E2FI activity through various mechanisms allows tumor
cells to evade cell cycle regulation and proliferate uncontrollably.

Hpwesrotiplayyldisd i oma ﬁh@a@ms%&%%lg&%bﬁfa@sﬁﬁ%d r‘”é‘alﬁmg in
ttherS?eEQ{% t gﬁ F?er Iit&{gtlons gmallc?;nant transformation (20). A
echAnismm 0 protect ab %ﬁﬂwﬁ’ﬁﬁoﬂé}fﬁ&ﬁ%\%lﬂ@rﬁﬁd

fall-safe m
EFIF pegvilo @@eWWIMWmmmpmmeﬁu&wgy 1BAUGING oycie
rOPRRIRHS 1B ells nw% the Rb-E2F
? pathway “will be p%g%&agéﬁf ?g%éggﬁr o %éle a&e #1%59 ption primarily

OGGE%QP:|é?@&gé?ﬁf%ﬁv@bcm%ﬂg@@mpmtbsusathscxmgh nﬁgmjiiaﬁmgofh@pes by
allerpleasion et PonaRARINIG URRSS Ak 2AnERERE NEINIS g Induction of

orpojif%rexpressmn of cyclin D1 and Cdk4. In addition, increased B2F1 expression has
also been observed i m several types of human tumors including breast cancer, non-small
cell lung cancer and salivary gland tumor (17-19). Therefore, the activation of E2F1
activity through various mechanisms allows tumeor cells to evade cell cycle regulation
and proliferate uncontroliably. Accordingly, disruption of the normal Rb-E2F fimction is
regarded as one of the most frequent alterations of malignant transformation (20). As a
fail-safe mechanism to protect aberrant oncogenic transformation (14), E2F1 is also
equipped with a tumor suppressor function by inducing apoptosis. Through this
mechanism, cells with mutations in the Rb-E2F pathway will be predisposed to die and
to be cleared. Indeed, deregulated E2F activity can trigger apoptosis through regulating

the expression of pro-apoptotic genes (21, 22). These include the induction of plo™&F
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2 (23, 24) or Chk2 (25) and subsequently activation of p53-dependent
apoptotic pathway. E2F | also induces the expression of p73 (26, 27),
Caspases (28) and pro-apoptotic BH3- only proteins of Bcl-2 family (29)
and thus induces apoptosis through a p53-independent mechanism To

(B roaligiar 5} g vtbsdipeentig ageivatkauptessanapamisdURIAcS Bithway.

[ inactivated. eutic a hes for fully
Egﬁ\%té? n%g{‘%oﬁé%%‘ggég enauced ef-l-ﬁ}h%{g?é %&e@gﬁfﬁ’é @SB@B@&WP"P totic BH3-
Oféamm@saéﬁdvéfam&zr{%ﬁﬁdm gntiens it AlnYugd B 3Bithdependent

actlvatlori g? e %ﬁgégtm%%%%ﬁwé% %ﬁﬁf@%@ﬁ%m@cm is

elthore discepted Frabtativ el bT remeforatitheaspenih ppesateiior t@ully activating
W thatt totic Bg]-2 family
R L N

ipesvaBéarmechanistic explanation for the tumor selectivity of HDACIs and
15 suggest that HDACIs might preferentially kill tumors with deregulated
RDb-E2FI pathway. We also investigated the transcriptional response of
apoptotic network to HDAC inhibitor SAHA that is affected by E2F1

sanvdvisBnd identified ASKI as an additional target of E2F | that
participates in . ACT-induced cell death. Contrary to an established 20 role

imﬁ&&.ﬁuly ragtdaﬂﬁﬁétﬁaﬂ@mﬂsm%%ﬁé it RAThYGY Mc%u@% of the

induction contrjbutes to SARA- mduced apoptosis throu
o8 pss‘%‘ aﬁ%’eggg é&“ﬁ‘é’&n %F onticsp Gplls twﬁeﬂf@m?cgﬁaﬁgpe@w ot Rb
mhﬁxea&qwawdh@lﬂynﬂk&@ﬁ%ﬁﬁssmmaﬁﬂwméﬁﬂnﬁfé %@Wﬁmﬁ the

e t lstone eagetylase |nh|b|tor the method comprising
pgggstg ?ng %ﬁ ?(’:gf Sam aé‘ﬁ%ﬁﬁ ﬁ%eb'éﬁ gidbigapopiqtic process. Our
r@@éﬁ&utysﬂnn&m@thecdammtctmmpmla@dtaemm@ﬁ 401561861188 MDACESs and

rtp{gp%fgage t WI e method ¢ in _
e ecting a patient wr?é‘ﬁ ssagt/%m gltlL\?; FOPIRIE e [?'E‘%f %lgﬁ{ﬁ@_%b-EZFl
~Pﬁﬁhmther aspect, there is provided the use of a HDACI in the

manufacture of a medicament for the treatment of a cancer patient whose

Véarder Haseatigateeld thositiuastaipeinmatesbafct a6tVibbptotic network to HDAC
inhibitor SAHA that is affected by EZF| activity and identified ASK! as an additional
‘target of E2F1 that participates in HDACI-induced cell death. Contrary to an established

role of ASK1 in regulating its downstream apoptotic sigrialing pathways, we show that

- ASK1 induction coniributes to SAHA-induced apoptosis threugh a positive feedback
- regulation of E2F1 apoptotic activity. |

In one aspect, there is provided a method for assessing the suitability of a cancer patient
for treatment with a histone deacetylase inhibitor, the method comprising assaying a
biological sample from the patient for elevated E2F1 activity.

In another aspect, there is provided a method for selecting a cancer patient for treatment

with a HDACI, the method comprising selecting a patient who has assaved positive for
elevated E2F1 activity.’



In another aspect, there is provided a kit when used in a method as’
defined above, wherein the kit comprises one or more reagents for use in
assessing E2F1 activity in a biological sample. GLOSSARY OF TERMS
This section is intended to provide guidance on the interpretation of the

- I anoty re gsf }Qv?'el d@erc], a .}t t I
A S R B o

S
m\é%ﬁl%?tgnt ore 81 'treur' ent %&“ C 1 Hive T
e‘?ggf é)ﬁ 565 as LSS HEPEI (S KT dPaY S PO G e g PRR IR ARG ARG ve for

hereo maﬁ%ﬂ\’df%nally be found in other sections of this specification.

3a WO 2006/096140 PCT/SG2006/000053 As used herein, the singular
g fngihes asproty dhergds previdedorufeit ravaranered nlasanethod cistalafined above,
woRiEHY thickiteo pRidasss msrasemipnectie fermsainaserticiiSs avtivity in a
bb’lﬁ&‘%ﬁ?}/%ﬁ*ﬁé@nts, including mixtures thereof and reference to "the nucleic

acid sequence" generally includes reference to one or more nucleic acid

sequences and 5 equivalents thereof known to those skilled in the art,
GAAESSARKIOBI ERM erein, the term "about” as used in relation to a.

umerical value meaps, for example, 50% of the numerical value,

Bfo SIS SOTORE SHeREPIE EOMAaHTG: GG BTy EiMionoR! kel words end
phigss peefesrhl pdidn: Bihertecepsiop:he Wakdmalent b epaite Further

from the definition of the invention..10 The term "antibody" means an
R B BT e Bl RO B B e MlEers s Brveiffgad where
appnifeeie greminbecnmprsed tefeppyalanaldiishiiy 66 MA%DS: other sections of

monoclonal in nature. Further, antibodies can be entire immunoglobulins
tdeeFRféc 8% hatural sources, or from recombinant sources. The'

antibodies used in the present invention may exist in a variety of forms,

including for example as a whole antibody, or 15 as an antibody fragment,

or other immunologically active fragment thereof, such as -

complementarity determining regions. Similarly, the antibody may exist as

an antibody fragment having functional antigen-binding domains, that is,

heavy and light chain variable domains. Also, the antibody fragment may

exist in a form selected from the group consisting of, but not limited to:

Fv, Fab, F(ab)2, scFv (single chain Fv), dAb 20 (single domain antibody),

bi-specific antibodies, diabodies and triabodies. As used herein, an-

"array"-includes an intentionally created collection of molecules (e.g.
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probes) which can be prepared either synthetically or biosynthetically. The
molecules in the array can be identical or different from each other. The
array can assume a variety of formats, e.g., libraries of soluble molecules;
wibesrigwohcompounds tethered to resin 25 beads, silica chipsT&Gethenonoss

solid supports. The term "array"” includes, inter alia, those libraries of

Ayaleda asiem Which g.AeRarad by spotting nucleic acids of

ﬁssent_%all any lengt (e.g{.), from | t%n ’ab%%?l%élolﬂﬁ(‘:‘fjeeoﬁld‘éa}ﬁﬁﬁé?ﬁé% fless
Sh G BN %f@ﬁt%ﬁ*ﬁf%? Reerise hérsivciplenhateay dag BISIOAHANes o
phaylive usesbénterchangrabmidhe e a,Caness gg{'l%@t tg)nq{gge&%g%ﬁd q

ient wha is need of anti-cancer treatment. 30 The term may in
i .l\%lgﬁal gseﬁéﬁ%%téﬂ%?%ﬁfr@%ﬂ&%wc@m@r, 8108 Mgloidusidsespented and
Wﬁgtpt@@@ﬁ@@mgﬁmeg@;&qﬂm@%u@%qmﬁy have previously

suffered from cancer or an individual who may currently be suffering from

Aaneet oo Q@Gﬁ@%@tP&TﬁZ@%l@@&%@ aTJﬂ&E“rfé% value means, for
- Vi re e hybridization or base pairing between ’
)&?%’Pw%%%y this E%Eﬁetx%é? va}ﬂﬁ, gge%P% fiEa: Ber etsiemblyd 0%, more

=
nucleotides or nucleic acids, suc
33

T ot §8Yp Rndmapidudfonbly mbteclbens REBYERN 87 word “about” may

b@lig@md@lg@ﬁg@l@agﬂﬁﬁi@ﬂq,@@%ﬂg'bnding site on a single stranded
nucleic acid to be sequenced or amp'lfxlléd. Complementary 5 nucleotides

Tatetegeneipiyody 0 Rtk dnd O/ l%ucﬁr??x?o%éu Wg§g)ﬁ§§tr ?odgdspeciﬁc

eFﬂgA or DNA molecules are said tobe complementar
RUdie StfEs BB Srithedisperndincammisedeofhqmiyplaed mdurdlior may be
mappebpribie nucleotilednsestionssdaleiong Raik east about
20% q;fo gegug}egtides of the othersstrand, ugua%%%g} £ Iglg(l)nust 5163/%%"10111
95%, and more prg%ré%ﬁi}’%ﬂ?‘gb%ﬂ}?%'to Tepsmhedisnustdotivde:optirent

Ingeméon ol amidt inlteveitiyedf fonnaplesneniariv: existswhen RRRNABLdy, or
asON A sfigg \ﬁi;llgllag iq;g%ﬁglgper sele&tive bridization conditions to its ™~
complement. Typically, selective Yol iSnafHY D dF Rk fhemre rueh as
SRR B S sBrne reehasitySouinr, stretehibbat seask:id 1 25 antibody
fripetaotidesmorafeimbly alleast t 75%, and more p efergbly at least
v abgpt (?O%_ ngm Iernentaritﬁgi%%%gse%{ l%‘glrlitlasi’n ,ﬂ%ﬁteitc'er%’?a“@oﬁfﬁiéﬁﬁ@' chain
Peans “ERTirgtEoT Hifs a8 eda frgeeat som soition 4 dompsigieg dGRaYhe
greansistsistaipsivebuohat oiitiay tociseronemLimor, itional. .
(Si%g%ﬁonents. As used herein, the termsa%isfﬁonez’dgggsgl*}é%%"cgﬁgl Fv), dab

ARt PicPetiamiby dinsediftmdimiydafiebasises that

AdEmoye acetyl groups from the E-amino groups of lysine
S usea herem, dn “array™includes an intentionally created collection of molecules {e.g,

probes) which can be prepared either synthetically or biosynthetically. The molecules in
the array can be identical or different from each other. The array can-aé.sume a variety
of formats, e.g., libraties of soluble molecules; libraries of compounds tethered fo resin
beads, silica chips, or other solid supporis. The term “array” includes, inter alia, those
libraries of nucleic acids which can be prepared by spotting nucleic acids of essentially
any length (e.g., from 1 to about 1000 nucleotide monomers in length) onto a subsiza{e.

As used herein, the term array and microarray may be used interchangeably.

The term a “cancer patient” includes any patient who is need of anti~cancer freatment.
The term may include an individual suspected of suffering from cancer, or an individual
suspected of being predisposed to cancer, or an individual who may have previously

sutfered from cancer or an individual who may currently be suffering from cancer.
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20 residues at the N- terminus of a histone. Unless otherwise indicated by

context, the term "histone" is meant to refer to any histone protein,

including H1, H2A, 1-1213, FJ, H4, and H5 from any species to be
wieateti?@eeferred histone deacetylases include class | and P§la&4:206/000053

enzymes. Preferably the HDAC is a mammalian or human HDAC. Human

ﬂ@A@mncm@m&Emy Fh%@ 2 H%%@ 2 oHRAC-5, HDAC-6,

JBAS P5HDACE "9, HDAC-1 D of) S% Py Betiveen
5%8‘1 b“"ES a5 fon i RSiATsen Rebrrer dhec gl asendmef 2 double

Istone deacety

{sggga I@‘gé;%@;l o ith a%ea:lgbhggf;g]eg&qé @ZJ%nd |nh|b|t§qﬁ§ﬁ|¥§ Q;ﬂ‘&ﬁlg site
pllﬁ% & em 9 his gr% ﬁeaac?é%éﬁ ¥ Hoplifisde abipmmylementary

enzyma ic activity. " |t|ng
%?@%&%l&@%@%bﬁ@néfﬁ(mm 0] mieataﬁtytase"m ISRRRVE:ARded RNA

oaqamgm&ﬂ%?e higtPReud RERS lled in the aft n select
J@H ounds on the basigs of the Wn sntruc":“;tlljlrec & éﬁ? Sa?ﬁi%eaﬂand»
ﬁf&&?@&@é@@@#a@é& a@p@pﬁ@@n@c&aademmsﬂﬁwﬁzems

pﬁﬁ@@ﬁ@% lék@t %&m%@ﬁﬁ@%ﬁ% 34 Otfier Qrals gé@%ﬂf atEiéast about

f p.and,8; see ases AAHO00301, XPO
9@%%]%{4%86%’2%%&?% @ ORI 8860380 Ko 6340l 0B AS6eL B other
SikARd5 764G mAtMHIP D 60RBE: Fommriples:ah SUsh-A0MP RIS RS RAINAMIES i

LbBgtgsably, 40 | aptibodies that specifically react with the histone
gﬁeacetéase 59@3%}/&%6% StorSTA m‘%f}a‘és ¥ iffStSAEPleBeitm Typically,

SeeijTAL V‘Hﬁ%ﬁ%@ﬂt%éltecﬁnﬁwmnbstatmﬁcﬁmﬁimwmﬁw&f@ﬂ@ﬁe%ﬁn ty over
. m t If-lif
1% wpat%%IQm%bﬁ§fﬁﬂ&Wﬁé9 Fe?ﬁa A %g%:}g} 668%‘ aég] 6; glra;:a} more

t%l% n.and Chaturvedi, J. CIi. Phar acol
ﬁ%’ﬁBﬁ RYHRL 616%’@!9%‘3@@%% in one embodiment be combined

W|th Lai%table pharmaceutical carriers. Examples of suitable
As usg

PHAMM ARt el Ealfits SPEPRETINES Knewws mrIﬁGChng&ndTEthd@r example, a

cqpiymspiate W%@a}mﬁz@ﬂﬂ&l@ﬁﬁ MRS BTUH Ciplclaaeoélnve\:l%trer more
a d%ﬂlgﬁf)&s varlo%ls types of wetting agents, sterlle solutl ns etc

carriers carP Be to¥mulated by conventional methods and can be
Addminjstered to.the subject at a suitable dose. Administration of the
suitable ciél’rr?%%g? nerlnngy g k%%ﬁ’ BYtifrréit veag intendsdisy refer to any

ong A Eeilis 0 ﬁﬂnmﬁmémmbwwﬂ@bﬁpdfﬂm§®@fﬁl&5g%9ﬁ%ﬂ%me_
redfihaslier m@h@%ﬁﬂlﬁﬁ?ﬂ?? l'gsj&? éo%tqess o r%'@n%%%} n%tgﬁco%égem the term

depends on the nature disease an

"DiSRIAREATHE BHER s Ulsan ool tiviudine MosHDe rEgBNe Wil e
Hietermineddeyitheatending Psician apd e deacetylases include class I and

class 11 enzymes. Preferably the HDAC is a mammalian or human HDAC. Human
HDACSs include HDAC-1, HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6, HDAC-7
HDAC-8, HDAC-9, HDAC-10, and HDAC-11.

The terms "histone deacetylase inhibitor", "inhibitor of histone deacetylase" and
“HDACIs” are used interchangeably and includes compounds which are capable of
interacting with a histone deacetylase and inhibiting its enzymatlc activity. "Inhibiting
histone deacetylase enzymatic activity" means reducing the ability of a histone

deacetylase to remove an acety] group from a histone.

The person skilled in the art can select suitable compounds on the basis of the known
structares (and amino acid sequences) of histone deacetylases, e. g. histone deacetylases
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other clinical factors. As is well known in the medical arts, d'osa_ges for any
one patient depends on many factors, including the patient's size, body
surface area, age, sex, the 20 particular compounq to be administered,
wiinmeoan#hbrgute of administration, the kind of the disease, gef(érfammnmouss
and other drugs being administered concurrently. As used herein, the term

"hyBritizatoniretersia the7propess i whigh é‘,"’Qeé'ﬁl%ﬁﬁ- %an%g%‘ 00301,
ngwg)o}ﬁot'd Q@ﬂln%w%mgﬁto %orm a stable double-strande o1
onnucIe"ot'%‘Efgr.n51 e ternt "hybrdizYieA %&y@%@?@%té&ﬁﬁé@}am \
SV ot o S OO s
5 id,1 i f.the populatign olynucle
e B R s B prmion.
B@M&b@@ioﬁhbﬁoﬁﬂoﬁsimdﬂ,tyﬂpaﬂf&ﬁgwbd@?ﬁé%lg aaggtlkggg h%{r{:t%ate and
I { usually less than abou ‘mM an an’
B A SRS R o oL el b Bueeased
Rirsneim) Gribhde hnteee, mérEiypicaty greciicriamaRpUic396eaANg 1 7.
aferoplnneacass of b UG lralons are spualyperoied
under st ingent conditions, i.e. conditions onderwhe é"?/\ffﬂ
ﬁ%ﬁ%l? Wﬁ%t%@éq@éﬁ@@l@@ﬁ@éﬁb@pﬂﬁmmf&ﬂ carriers are well

Iseouein e 2008, P 006/000053 are
iffere nd%enc?gr diﬁe?éﬁeg E::@j%gances g@g‘%%gﬂ gvfiglg; rérlﬁ%egns_%sw%%? ?élhuu?r}*gns’ such
igﬁe‘?fa%b?%lﬁ%salﬁgﬁ PR RES ?&%@ﬁ@%ﬂdﬁ@ﬂ_@m%ﬂﬁeﬂc“ Such
craERsFscmrayeafientulacedstin ganan oy DHEiZSIO By g&dg}g ggﬁf‘ﬁi%?f od to the
N AR U ehenatl Sps i O fecied

organic solvents
bﬁa%

éﬁﬁ@!@ré’@%n@r@impdnamm,thmapaetumma@@gﬁea%é&?}ég%llgxg?cular,
3 I ditl e selected to be abou

loenaabi SR e sescesiote ApC e
g r{fﬁtﬁ?e?fpg%a‘iiﬁeﬁq 2t éhy Jiingheftepmperendrecfunitied define igRigacentical

; ' ' ' ition). ich,50% of,the prohes
e a6 BN Y AOSEn
Osequence a "‘eq"&ih’é?i&ﬁﬁ’? Ay 15 1A et eddriaiofesagetide maltone patient
densnde omrationy dbetoteastdudin Mie p@cimgesiﬁag?&d%f{}i??!%ené{%% e}%}lﬁ?@he

. ora .
A R & B T Sk RIS 56 AT N B Rssadel of

le, conditions of _
O Pt L bl e ArAlaca SoHABIEOS

allele-specific probe o ) _ ]
As used herein, the term "hybridization" refers to-the process in which two single-

~ stranded poiynucleoﬁdes bind non-covalently to form a stabie double-stranded

poiynucleotide.  The term "hybridization" may alse refer to triple-stranded
hybridization. The resulting {usually) double-stranded polynucieotide is a "hybrid."
The proportion of the population of polynucleotides that forms stable hybrids is referred

to herein as the "degree of hybridization.”

Hybridization conditions will typically include salt concentrations of less than about 1M,
more usually less than about 500 mM and less than about 200 mM.  Hybridization
temperatures can be as low as 5°C, but are typically greater than 22°C, more typically
greater than about 30°C, and preferably in excess of about 37°C. Hybridizations are
usually performed under stringent conditions, i.c. conditions under which a probe will

hybridize to its target subsequence. Stringent conditions are sequence-dependent and
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15 hybridizations. For stringent conditions, see for example, Sambrook,
Fritsche and Maniatis. "Molecular Cloning A laboratory Manual" 2nd Ed.
Cold Spring Harbor Press (1989) and Anderson "Nucleic Acid .

Wwanyishelization” 1st Ed., BIOS Scientific Publishers Limited (P29%B¢wehéatnocs3
are hereby incorporated by reference in their entireties for all purposes

ed’, with regard fo, for example, a probe, is |
%%Zﬁéﬁéﬁ%gﬁégnr%??ﬂ%g‘@“%e ot TS EeBy ot A frguire higher
Briisizatpinkmpratastefnsnesiibsidtatite psolibeafnel asindiect the

' f -hy:reactivi ' he that i irectl
o e e M RULIRRIBIN PR RS o the

HTRBISEREGh S o REE RN Plaprericsidurriaspa by fdse mismatching,

Wi fcvescanty Bbolod Stoptaaia e e e ny one
ith fl tly labeled streptavidin. As used herein, "m \ ;

%/ll,l T %o%%‘?f%%@byfo, T t‘[?ﬁﬁ?éﬁp’ﬂlseﬁteﬁatﬁséﬁﬁtbﬁfﬁcééih’gvﬂ than the

el auidtieg, nviatuf, N RNKY speedidystquéran slodiaarmad ibiap %ﬁ@ﬂé%f()ir)ld pH.

lei id rived from the mMRNA transcript(s). .

o o AR Bty RO, cid

RSRRPHIERSIh 2k BhiAl R aefd the rivetiel ormmapl amRiNdtran shrptareéerseipience

Hueigic-asighdar Qs éwgtggeeﬂﬁiﬁgﬁﬁgﬁNA transcript or a subsequence
thereof has uItin%gately&gerved as a template. Thus, a cDNA reverse

ibagh IRNA; ' 0 /096140
s s e O MO GRS
tgaﬁ/& ﬁ‘%&éﬂﬁé&%ﬁfﬂ%@ﬂéﬁ{ﬁfﬁéﬂ saiR}At aget! 2/ 1a1P dertvbel opemiore of at

leaR NSt @ansCsipne caiantion ef SNChsderved Rreduts iSiRdisaiye:Ofphate,

iginal ipt | le.
B B LA it 02 B0 R B A A probe

hybriderptes ofthesyener genksoeD A r&ﬂ%ﬁ@rﬁ{:ﬂﬁﬁﬁﬂi@f@ﬁbﬁ]@?ﬁﬁ@che and
NLA, i rom the cDNA, DN ifi mt nes,
e oS A B o K R Bress

(1EAN Fdcherd ara Mpdeie divial éhitmdirsiorchlab BrblyPieictitichsi ficcPetsiithers
LanRelBro oum;al %@%&EQ@%&BM&%@%@&&% Hbanucleotides, 0.1

deoxyribonucleotides or peptide nucleic acids (PNAs), that comprise
Psﬂ’r?ﬁ AR%"Byrimidine bases, or other natural, chemically or biochemically

ifi n-natural, or derivatized nucleotide bases. The nucleic acid
T@"’Z&%’%gg&ggbﬁégsf#&m% @h@féexample, a probe, is intended to encompass direct

labeling of the probe by coupling (i.., physically linking) a detectable substance to the
probe, as well as indirect iabeling of the probe by reactivity with another reagent that is
directly labeled. Examples of indirect labeling include detection of 2 primary antibody
using a fluorescently labeled secondary antibody and end-labeling of 2 DNA probe with
biotin such that it can be detected with fluorescently labeled streptavidin.

As used herein, “mRNA” includes, but is not limited to, pre-mRNA transcript(s),
transcript processing - intermediates, mature mRNA(s) ready for translation and
transcripts of the gene or genes, or nucleic acids derived from the mRNA transcript(s).
Transcript processing may include splicing, editing and degradation. As used herein, a
nucleic acid derived from an mRNA transcript refers to a nucleic acid for whose
synthesis the mRNA transcript or a subsequence thereof has ultimately served as a
template. Thus, a cDNA reverse transcribed from an mENA, a cRNA transcribed from
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stranded. References to single stranded nucleic acids include references

to the sense or antisense strands. The backbone of the polynucleotide

can comprise sugars and 15 phosphate groups, as may typically be found

wa RMABLDONA, or modified or substituted sugar or phosphatE Grapseacs3

polynucleotide may comprise modified nucleotides, such as methylated
legtides i nalogs. seq e of nucleotides may be,

b B R b LB i, Sl

Ritfeotide, 2detkyirticrsblivmathd deintstsotige gendsaityidnchidach derived -

pRsBRiemMenE; aomanis ancaty RIS Bl Y %ﬁ(ﬁ%d%i (g et?zﬂ%%ﬁpt ina

deoxynucleoside and deoxynucleotide, or analogs thereot. An

SRR CIBS RS drbigdhevapiss inckide O Epmaeidimirdcolaviffichtraeseripts

b thsegbiin dypeidiz HON O rarppilicatien e RO §ie SmNGENERIA Aanscribed

ligonuclegti y be integer from about 15 to about 100 ]
%ﬁgcrfe% igg}z\}igf eng hmrgjfﬁ%%é]%g BEBEYrRRerr e tEREfHI R mEHifisd DNA,
4polihedptide” and "protein” are used interchangeably and refer to any
polymer of amino acids (dipeptide or greater) linked through peptide
bondecohareiified tqpeplidelbionaisd Wheatherpveiduc edmeatualMsOpolynucieotide,
Sythetical j gr&ol%%_p ides of the invention .may. comprise . )
non-p_eptid%oc%%nponents,%%c %%Osa%o%%glrgteieéi {p&igy a5 ribonucleotides,
¢arpERyarsletidend ethpintidn-pepliic sudstiPAR. Mmagtbecadstd towine and
Pelepide.Ry, the ol hichibe g &Pﬂ{%%ﬁén%%ﬂ# C%Qa%’é% Wil VY el
with the type of cell, Polypeptides are defined herein, in terms of their ’

i A hARRISEHE Sheturde aRieicoprid /696140 double stranded or single
SREIISIC 2096000 hi3sigplestithemis suahiaasay DRIV AL HOURS ABe sense or

nerally not specified, byt may be present ngnetheless. The term
%%ést%% g Sr%?gf%'tock%?ngﬁ% T PRSI RARE 4P RIS afygars and
nheiphitawhprerit isag egiiadlle to ﬁwfmmin@bvﬁr@aﬁ]nmf, {iaaﬁamiﬂﬁ&m ﬂ%sﬁh{ccd
' ti itable mammals that fall within the scope of |
e B R o o SR o

the invention include € not restricte

ey edndEpd asvlectssen! awriretids pigb)zslabbrayetestanimsi{ég: may be

. iHeRRISeMice. KIS AMIBRAIPIASHAASIESS). GaIPARIQD %‘?A%é‘é?d&egn&&%%ﬁde,

dogs) and captive wild animals, (eg. foxes, deer, dingoes). The tefm
deﬁ?%@&?ﬁéﬁ%?g A RrorsRElRetigmisrsedpinsiuds serpipreyibiftiageta and

vﬁﬁiﬁmeqﬁ iﬁalimiﬂﬁ&_ﬁdedﬂﬁf@ﬁidﬂd@@bﬂﬁuéﬁfe@i@%ﬂ%&%ﬂ&hﬁ@%@fe, or analogs
tﬁfé%g(%?rl pt or prOteln .

An "oligonucleotide” as used herein is a single stranded molecule which may be used in
hybridization or amplification technologies. In general, an oligonucleotide méy be any

integer from about 15 to about 100 nucleotides in length, but may also be of greater

iength.

The terms "polypeptide™ and “protein” are used interchangeably and refer to any
polymer of amino acids (dipeptide or greater) linked through peptide bonds or modified
peptide bonds, whether produced naturally or synthetically. The polypeptides of the
invention may comprise non-peptidic components, such as carbohydrate groups.
Carbohydrates and other non-peptidic substituents may be added to a polypeptide by the
cell m which the polypeptide is produced, and will vary with the type of cell.

Polypeptides are defined herein, in terms of their amino acid backbone structures;
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Probes can be either synthesized by one skilled in the art, or derived from

appropriate biological preparations. For purposes of detection of the

target molecule, probes may be specifically designed to be labeled.
wibaanaples ©f molecules that can be utilized as probes inclugeriatzareaotss

limited to, RNA, DNA, proteins, antibodies, and organic 15 molecules. In

SOREEHRQ surface immobilized. Where nucleic
acids (such agsm(%?%l}%ﬁe%%%%& gﬁgggl}%%@yrﬁlgy %’chfiﬁ%&gt Srpikgingrsent
Wﬁeﬂ%@-sspecific manner to another strand of nucleic acid. Hybridization

FRAY REGUE e lementary pucleic acjd strands oy between
nuglei%ciﬁ%ﬁ?@%ﬁ%@oﬁ%ﬁn m%agf n?ég%n% ¥ nifEEeR. Sitrnstotiss any
fﬁé}ﬁ%@éé‘ﬁtﬁd@hﬁm@?}m@ sxattise b danthtigistmsitigalhe SeIEREE of the
9751500 (SN RSP RORR Biplechhel IO LTS (1009)
and other nucleic acid analogs and nucleic acid mimetics. As use Hereln,

Qb RGO, PERSRS i vaTaok aparatelenrahendcnss dvarse dbhyke pigs),
inishudlerg tefereneRito @umaibhia) OnarouRof glﬁﬁ%aiaﬁ?g\_é,’hmﬁ@%}f‘%}éﬁ@anion
n

~rigi ati')sr(%emie?mri%id s)urface or surfaces. In many embodiments, atleast one
SUrtace of the sold suppaR 28 Wil S-Sl iamd Ry s 4ecaItiBerain some
diments it may be desirable to physically separate synthesis regions
BB, RS B e HBIGh el atyray miog o =
Brsibentheruiadyd tatet lilvelcAuizoitin granplle b amakiochine Bis e SRidrotein,
BYBRO 2 rm-of beads,.resins, gels, microspheres, or )
other g%gbn? e%%%%%%%ﬁ%ﬁ% %fa%n%‘lﬁ%ﬁg g&go 5 %?E’I Victh fpps appropriate

Relgeisakprepaatisaty renpreprsep of dstivgtines b trapenyidacuienylabesmay be

spetmahiandienoalified orllylgses, @1&&%%&38%‘9&&&99@ 8t 09 ve ilized as
magnetite. See also U.S. Patent No. 5,744,305 for exemﬁlary substrates.
%ﬂ?&gé fo S A BEtTSE90 36/ GEB05 D, imetsineramitimdiestrand organic

tivizatioenth sefessichadivang, albrothasswhichsematyailiseastslalfoeic
%{d%%@tf%&?%}s prevent éng g)stabllshérgent of disease, or otherwise prevent,
ahlnq P etard o Peverady e BFoGESLISH B dsaspehlewk bindingsims|dase-
spypiftomster Enynadptatebefenciie dein HeaimesoinNslbfesciit8Lween
RNl A [nhibition of cancer.or cancer recyrrence, (ii) |
cta#_eﬁ, sgggalg%)ﬁ%%%%n%% égt);%)t?laﬂgigs%l}n% oma; %?cc?ﬁcaé"}a{(%ﬁ@ qhé‘?ﬁ Qg minor

TegipRt Al taisBEtdm Sl renhemiabrio behtdsamsbriimaidestiofeseat inaiclsen
<My $eeafieated poophylaetisnlly m@amt@i%&@%&é&ﬁ% 999

treagment \Q/ith a.aingle agent or a combination’(more than tw gents.
and o arermc ¢ acid aftalogs and nucleic acid mimetics.

As used herein, “solid support”, "support”, and "substrate" are used interchangeably and
inchade a reference to a material or group of materials which may have a rigid or semi-
rigid surface or surfaces. In many embodiments, at least one surface of the solid support
will be substantially flat, although in some embodiments it may be desirable to
physically separate synthesis regions for different compounds with, for example, wells,
raised regions, pins, etched irenches, or the like. According to other embodiments, the
solid support(s) may take the form of beads, resins, gels, microspheres, or other
geometric configurations. Examples of supports include glass, polystyrene,
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, gabbros, and magnetite. See also U.S. Patent No. 5,744,305 for
exemplary substrates,



10

15

20

25

30

used herein broadly to refer to, for example, a compound or other means
for treatment 10 e.g. radiation treatment or surgery. Throughogt this
disclosure, various aspects of this invention can be presented in a range
wi9HRaledighould be understood that the description in rangeptorRedosonoess
merely for convenience and brevity and shou_ld nc')At\ be c(;)_ns'?ruciﬁl as an
inflexible limitation on the scopsg, of the invention. Accordingly, the
‘ggsﬁzér%%&)eﬁeo ﬁl Fatneélg Eﬁ‘gﬁsﬁﬁwg@ SRS ?@f?&b@%ﬁ’@éﬁié@ﬂ}h remedy a
drsersseatalbti oSl eswonanige ssablishihas intliidua), W B@EEMse prevent,

ithi F le, . description of a range such as from _
i b & S i e o
Ay 176 TSSOt ITeederrolirsasntiroweheies dpfoniie: G GiHQe R0i6h or
il @t dMdHAL NN 1BLERNGE o U SIAMBIC, 1 2 B
4,5, and 6, Thi lies regardless of the brea}dtﬁ 20 of the fange. Uniess

GEReTee s ) e SRS g eEA AL SR Grav iaviton
BramemeaninasommanhhyRdesainos: te:engahesdinan,skilin the Ak

i i tion bel . 25 BRIEF DESCRIPTION OF . .
N T e s o (s ABPOTBNSHeS R rfassa”
usedl Brsain bap@is 3udfeHE Tt ERyHR Pl coxprassing eells af-ant! &Riment

' [ with or without 4-OHT. Cyclin E and p73
%gﬁgﬂgﬁﬁ%ﬁ%@ﬁ%ﬁ% y immunoblot analysis. (tfo)\ EIRf;E217} .

' : ed-with | gM.SAHA (left panel) or
AR Sael B A D) SRS e
formetcells she ﬁar%@,%é%ﬂoaﬁdlm|th@ai¢$m§<asmssageb§omamnm§ely for

gt mdveaniyesultsiohilines JodeRandaniexp SliGon oh th
cm% dard deviations.§i_§ Colony formation 10 W%%%%f%g/@f%m on e
Sﬁ&%?é@idﬁ‘é?@%%s%“&% 1% 3bp fepemmpion pEasrassipelslbeagrasidered to
hmnm@@ﬁﬁdm@i&mesemenwpﬂs%&w@ka%ﬁgea@g@ Qsh%gﬁﬂxfg\iﬂfayxggg@ﬁm
indi . treatment far 24 It Cells were was and fres
e e o AR S hE e oK ySIeom 1 o 6 should

Srepriduntiviaplatmpe tieihdivnlo@) Sanss2anddi GT idh qellsinfegiet o 4,
il aenayis Seanialing G2f Kenlas agindieate Wefed”egted iBers
100 nM TSA for 24 h, and cell death was anafyiecsf by EACS H%né‘m
R BR CamsedoeRramplath B2k #1arged §eRbis. o eReeardiexpretsibeadth

oft@bsange.

Unless otherwise indicated, ail technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which the

invention belongs.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1. HDACIs SAHA and TSA promote E2F1-mediated cell death. (a) p53 null
HCT116-ER-E2F1 expressing cells or control ER expressing cells were treated with or
without 4-OHT. Cyclin E and p73 expression were evaluated by immunoblot analysis.
(b) ER-E2F1 expressing or control cells were treated with 1 pM SAHA (left panel) or
100 sM TSA (right panel), in the presence or absence of 4-OHT. After 48h, cells were
harvested and cell death was assessed by Pl staining using FACS.  Mean results of three

independent experiments were shown with standard deviations. (¢) Colony formation
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were treated with 100 nM TSA for indicated times or | M SAHA for 24h in

the presence or absence of 4-OHT. mMRNA levels of E2F1 target genes

as well as p21 and 10 GAPDH were detected with RT-PCR. (b) Cells were
weatedui{a). The expressions of E2F1 target gene producks weseen6/000453

assessed by Western blot with antibodies to Bim, Puma, caspase-3 and

-2and I infected with Ad-E2FL or Ad-
i 100 2k PPl s o P it

Riristhy, 973 pehiiliowet by -indisaicd seenimwaitofpaidste riidiiptwsith washed and
FOHEPRIRRING ad HaMIDOdiRR &l ieselies! - ifig.si

on HDACI-induced apdSt%g.iin tﬁ%ﬁf}éa}%ﬁrﬁﬁré&é&g@ %gfﬁq%;séz@ﬁ iater.
K FEEARRTE AP AR AOHER LN S0 B SHENA KNS SRR adenovirus
BimispeclrsiBNAdDI48ndicand hee githes wiunteaied ) obireaiedad cell
Juith 4-011 S@% r hoth for additional 24 h. The expression of Bim |
was ana yze%Z %y €stern blotting (left panel). Cell death was analyzed

flow ¢ ry following propidiym.iodide staining (right panel). The
e R S T B A B et Sy R SR peessing cels
wransfeoted witth Hithapedifie contiafisHRNAIGNE iRNAY B ABIR-®RERIfiC in the

' f ith ft.untrea :) or treated with 4-OHT,
p%(%}lr%/l%{é% %)};ng)t%%]osfeggdltlona A@’%Sﬂ]ﬁ?ze%)l%r el%oﬁe&e Bith iks?s p21 and
EiRH etieny dmeprsswath BIGHRG (16t PelielyeCdtiededtmwals Hesespadsias of

EPFER0d Hhe gl oM the. 83 W@%ﬁz%ﬁ%ﬁ%ﬂ Egg%gf'? A tlgim, Puma,

experiments with standard deviations (right pane aos-2 ce

CHLATET i B ofceotiesrRsilu BRI srks cristewrfrater Bgifl ddRRAlaoz Ad-

Ua72fh 2nd tetfowacbhntROwii T Aveatess addiianai? 40, Bilons of

expression was anal by Western blotting (left panel) and cell death
Blias %Z%e s%%aag%%%%% HF BN SHowWlentrmBlan redhiessramending

aimidepeadent experiments with standard deviations (right panel). 11 WO
2006/096140 PCT/SG2006/000053 Figure 4. SAHA promotes E2FI
Figeruifm@he teffhe &iBipropeoific. 4RNSCharnmis ORpEsenalignelyBaEIF1
m.or er ining,putative E2F-binding sites. The indicated.
o o B e SV BBPEC RS R P LS. O
sibakto, il gsifio GHRbA Tar 43 ] 863 threifarasd donstremtdnd senithaed with
4logiferasabeonsichw el iRnseniad I HGLLLE celistooether with
increasing amounts of E2F1 ex resgﬂg ve(%%(si)%l%% %%Sglﬂg‘ﬁai.aﬂ%fpgﬁ\{}eby

Wiestret Jdathpg it Keaed nfeds drath4ses analyzed by flow cytometry following

propidium jodide staining (*ight panel). The percentages of cells in Sub-Gl are
indicated. (b) ER-E2F1 were transfected with nonspecific control siRNA (NC siRNA) or
Bim-specific siRNA for 48 h, and then either left untreated (-) or treated with 4-OHT,
100 nM TSA or both for additional 48 h. The expression of Bim was analyzed by
Western blotting (left panel). Cell death was assessed as in (a) and the graph shows the

o

mean results of three independent experiments with standard deviations (right panel). (c)
Saos-2 cells treated with Bim or control siRNA were infected with Ad-E2F1 or Ad-
LacZ for 24 h and foliowed by 100 nM TSA treatment for additional 24 h. Bim
expression was analyzed by Western biotting (lefi panel) and cell death was assessed as
in (a) and the graph shows the mean results of three independent experiments with

standard deviations (right panel).
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after transfection. Results are depicted as fold induction, after
normalization to the renillia luciferase activity. Data shown represent the
average of three independent experiments, and the error bars show the
wstangargs deviation. (c) Left panel, schematic 10 representatiarnrgt:thesnooess
human Bim promoter containing the E2171-RE element. Right panel,
FZFI b'ncg to the Bim promoter was analyzed géghlP. Crosslinked .
TR i i EITROSEL Ao ST TR o RS (RERERER figheSchemtic
mmum‘mipﬁamadauimmrmbaﬂlx?toﬁaﬁmiﬁ@rpaaaeﬁi@miﬁmghﬁfeﬁ. The
Bk ragment.was amplifie PC ing primers flanking the
B R b P BrgAptuct () OL3-
basiplifitations ‘Bre28hown - Fitfird3s 3 RipdifactivatiomrsenttannésrBiitlia luciferase
' I - iS,.(a). U20S cells
e B e R il o
KA PSTRRIAREAIUSH. ediiiesh Relstbsdvaifbmgenycinis amsysieasgightsh

Apanelinaloibie RvelROEBIMLAREP 3 WARASIEISE LLIMIHARDIANING, the

usi 0 antibodies against the indicated proteins (left panel). (b) Normal
0 o Ot TR SEEE T BT br i P dependent

eirpiitatadscont éhtration$andinall throlfedatioavasieyaltpted forindicatatic

Al X [ results in_upregulation of Bi poptosis
R el e et Al S I g e
Pfieie ReE2 Emding 18 e i ram iV ESA0(B06 ) Shi R &lro2Sifkel deeihatin
438 BRIPIPINEREACS AN alYals (a1 NS AULIDSIGHEIS ALEILAN0 i,
p73 were assessed by immunoblotting using antibodies agalﬁs? ||%)dti%a ed’
apIBGhLFeht- panensqiiriRomE thea BisnpioaietrefiagiteBinms@mlifed by
PCRtisingi RNAN asiRINAhavere treated withif S A0 BYEIL 24l Nepur
%Qi)es&ﬁgga%&m ag}? f3-actin were assessed by m_1munob|ott|ng using
Antibodies agélﬁ%f’nfﬁ iftcated proteins. 30 Apoptosis was evaluated by

FFACS lysis. és Saos-2 cells were transfected with E2F1 siRNA or
e e G SR TE SRR T SR AR PSS T induced

adirtdis(I(p) IR Ohectix pressinfsted B2k 14 811 ang RARR-Wese AS865585:sted

20 6140 PCT/S(2006/000053 immungblotting using i

N ot AR ARl A o o o R ERnE A eayigeysi

(satirirdrars) tirp pyedsishitis: evel pdfe v FAESralysisn mghletGaling
: ) . ot

afi BRI ESPONS eHaRELRXRIS ﬁ%%@g%lgg&gb?ﬁg %r%%?ﬁ?fwggg Hanstormed

with SARA and E2F1. (A). ER-E2 pressi -expressing
I 3@9@&% cells were treated with SAHA at indicated concenirations and cell

proliferation was evaluated for indicated times. (¢) Expression of E1A results in
upregulation of Bim and apoptosis potentiaion in response to SAHA and TSA. IMRY0
and IMR90-E1A cells were treated with SAHA (2.5 uM) and TSA (300 nM) for 48h.
Cell death was determined by FACS analysis (leff panel), and the levels of Bim and p73
were assessed by immunobiotting using antibodies against indicated proteins (right
panel). (d) IMRIO-ELA cells transfected with Bim siRNA or control siRNA (NC
siRNA) were treated with TSA (800 nM ) for 24 h. The expressions of Bim and B-actin
were assessed by immunoblotting using antibodies against the indicated proteins.
Apoptosis was evaluated by FACS apalysis. (¢) Saos-2 cells were transtecied with ‘EZFI
siRNA or negative control siRNA (NC siRNA) and treated with TSA (150 oM) or
SAHA (1 pM). The expressions of E2F1, Bim and PARP were assessed by
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5 treated with | M SAHA in the presence or absence of 4-OHT. After 48 h,

cells were harvested, and stained for active anti-caspase-3. Percentages

of cells positive for active caspase-3 are indicated. (B). E2171-regulated
wapmptasig genes. Microarray analysis as illustrated in Clustecandziiig@oooss

Viewer showing E2F1-dependent genes in ER-E2171 and ER cells

reat ith 4-OHT. Red represents up-regulation relative to the untreated
e e ) AR SRS R e oo 8 e e bone
présciaediey cabiseh doopdsBWE: Gelverdbh Brecaaaprtative E2F 1

targets identified in B. Figure 7. E2F1 induces the ASKI mRNA and
Eiﬁ%ﬁa&ﬂ@uﬁhmsﬁ@s@ﬁﬁdubde@fﬁﬂ&ﬁ@ﬁERﬁé’éﬂ}r@pﬁ{gﬁﬁ%&%@)ﬁ@ociatw
ratso a retroyvir ressing ER- -type (wt) or
T O R R srorel R b oty vere
FSriae MG atdl Bbion. taaeEseR AT ahskprotein XTe sSian ievelsslierere

inRvdyradhy BIRERAsHpangl s L nel),... :
respectively. (B]) 0- %éﬁgﬁ%%%%%&%%ﬁe%%?ggs (@ﬁ‘}%’? for active

GERA StATY UG 48 aRdTirarevsisarontans asney ddiaerseanalysis as
isitisualation CinsecarrespentiRg sethewsle mistribuionisshawn;fefknenedma
é’go&gffnstyg re exﬁ?%géj%&o%flls at dlffererlt time 20 after release into
e cell cycle. EZHI, RSKT ant CyERIPEE R 19 AR 5y sties dorribe [spiregted
ofricgtod ﬁéiw@)-(@)-mﬁ@mmaf 'dI)@ﬁe@f M&Sﬁlﬁfgmaﬁ&iﬁ-(iﬂhﬁg%%@ﬁé@ or
.cell infected wit ro] adenpyirus (-).or.an
e Aot A 5 B o A e Rates

B‘\,ﬁ!ﬁ r Schematic.re ntation 25 of human ASKI
Iromo?éﬁéﬁéﬁ%):ﬁég?ﬁ#% B S AR RS YEIR AT Rt (e eht Froult
5 Stuasiarecmdivansal BIbHE Britycelioviare transteciedrudtbxitessine ER-
BEl3ihas) C 09), rwith a lyciferase reporter
B L Bl D e
vathis et indinalid dustoandS irhnsfdbtiomdnesisits cum depiciedeswere
afalgedlogtion.maitennarmalintion woisRanlle,h Helaessadiviy. () u.
2M§p ipsgh%t geEZSFI NA-,blnd,ln%ge ion. HCT116 cells were_ transfecte
With TUCT e AT & B pOREFOBISH RS Co B Ink oSBT Sieartion §K | 4o rmstelben
ragatetionstand <100 pgof H2F lsetith E&Eﬂiﬁ&fn@@%/%&@ﬁgsﬁ,@g cycle
I WO 2006/096140 PCT/SG20Q06/000053 with or
G SEH (o Pt PO R sCokacn hemeu . Sperent time
sty ontadhespatifeig G2REKAPdnoter yelfiaR frem sRZigAai t42¥esiern
b%@@@%%&)ﬁﬁ@ﬁ-wgtstem blot analysis of ASK1, p73 and o-~tubulin protein in
U208 and IMRO0 cell infecied with control adenovirus (-} or an adenovirus expressing

ELA (4.

Figure 8. E2F1 binds to and activates 4SKJ promoter. (A) Schematic representation
of buman 4SK7 promoter. Putative E2F-binding sites, and the deletion constructs used
in this study, are indicated. (B) HCT116 cells were transfected with the PGL3—basic,
E2F1 (50 or 100 ng), together with a Inciferase reporter construct containing the ASK7
promoter (-1000/+125). Relative luciferase activities were measured 48h afier
transfection. Results are depicted as fold induction, after normalization to fhe Renillia
luciferase activity. (C) Mapping of the E2F1 DNA-binding region. HCT116 cells were
transfected with lucifearse reporter constructs containing the indicated ASKJ/ promoter
deletions and 100 ng of E2F1. (D) ER-E2F1 and ER-E132 expressing cells were treated
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Figure 9. ASKI regulates E2F1 target gene expression through Ito
inactivation. (A) ER-E2171 expressing cells were transfected with
non-specific control SIRNA (NC 5 siRNA) or ASKI-specific sSiRNA for 48 h,

wanzhéhess eibher left untreated (-) or treated with 4-OHT, Therexpressigmofss
ASKI, Bim, Cyclin E and p73 were analyzed by Western blotting. (B)

HCT1 16 cell -transf d with a luciferas reporter plasmid
S S L v it Eestoroves B Al BT deiBbody o
vestepcdiiadufiti R ENSKoerprasgion plasith wasiostansiestowith B2R 1

to determine 10 the effect of ASKI on E2171-mediated activation of Bim
pigmretdrAs KierpgebencE2i ] abaen geref Rprevab@xmiossiR RI-igH6viion. (4)

\; r 2Fl-mediated ASK]| induction. (A) ER-E2171 = |
B e T AR b e A ONC
gbdEmberchIK breifinsiRSKI BndBimapiotein ttels lnfenmassessep Bytreated
Wgstemrblotting. 52 XPEESSI lls;were treated as
and analyzed by C I§§$gﬁ§l§%ﬁ;rﬁ%§a)@ é@ aﬁ?&?iﬁgi%’ﬁ‘ﬁrééu 'S d by
Oreeism_Eloibngsifg) ASKT prenvstisr parncre- wardeatdlywéd bylagirosergsbrier

pleniiophotesing @l MR Panb I RODEL calls were treated with SALAG
for 24}}hTh level %é&SKI and a-tubulin were assessed by Western _
BiSthg” 1y93 | E IPBS TRt P o sk iiod i inBREk et determine

timeBeTthe Mfikd ssio B2 20 ABIvat arialy 26 Bhy western BiotiagHethce or

aanel). 1429 ggljt[s%w re transfected with NC siRNA and E2FI siRNA for
24 hou?s an tre% ¢ %isg?C). The levels of E2F1, ASKI and the a-tubulin

Western blajting (leff. panel). Eigure 11. Suppression of
A T R e R
P EReE 2Rllewpressatedoelis Weld SARBIcbEZvIl NG RIRNA anghRSce of 4-
I si egipd.wi iQ the prese bsence of 4-OHT.
@dﬁ%@igg %ﬁerming%gt%ﬁ &U%I%ég?yﬁgsﬁ%?ﬁ ?@gﬁffg oﬁfﬁ?&g‘ (EB ER-

ERHb sentreHie xpbtimenstg b as hbhendyirebiaet by idRiasion £ 1B) Belidy.
PR eutrsiatestivh (Abdhbe invels QM)@HS]@F?%&EQ%%&&g NS Snalyzed

hospho-JNK, JNK were analyzed by Western blotting. 14 DETAILE ,
BN RO RPN tr o h DR I8 B RURRIREA Al s Firre drased with
STFA ﬁn}gﬁﬂty Gth@a&oﬁW&l’Ei@} are h%mmja@@habégsgemﬁxﬁgﬁ@%y Gftring.
Ib%%t Jgmors it er t -E2F| pathway. 5 Accordingly, a
(%?st aspect of the i\%%ﬁ ion %%%J£ %e% g ﬁ8ﬂ%aﬁ3’§§‘§gstéﬁ’i’ﬁ'tﬁ@esﬁfﬁ§8ﬂﬁ§m of
ASKT was analyzed by western blotting (left panel). U20S celis were fransfected with
NC siRNA and E2F1 siRNA for 24 hours and treated as (C). The levels of E2F1, ASK1

and the a-tubulin were assessed by Western blotting (leff panel).

Figiare 11. Suppression of ASKI expression inhibits SATIA-induced apoptosis upon
E2F1 activation. (A) ER-E2F1 expressing cells were transfected with NC siRNA and
ASK1 siRNA and treated with SAHA in the presence or absence of 4-OHT. Cell death
was determined by FACS analysis, Mean results of three independent experiments were
‘shown with standard deviations. (B) Cells were treated in (A). The levels of ASK1, Bim,
phospho-p38§, p38, phospho-JNK, INK were analyzed by Western blotting.
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of a cancer patient for treatment with a historic deacetylase inhibitor, the
method comprising assaying a biological sample from the patient for
elevated E2F1 activity. The assay may be based on, for example,
measurement of expression of E2FI target genes (such as ccnel and

“ccne?2), or increased Cdk4 expression that can result in 10 elevated E2Fi

assay may then be used (optionally in
? %fé{%ln Wi ?%%gi{(sjl&;a etc.) to assign an appropriate treatment
189 m&&mp&a@&%ﬁ Aisconerns Dhadnropiusioiing ﬁﬁ%e%mm

application, elevated E2F| levels indicate that the cancerous’ cells are
SRSeSEITGIf e HD AT ARSRGTTLLY, ARt D P AesPamiafrd Ro-E2F!

papegingly be, appropriate. Additional cancer treatments may also be 15
selected for such patients, including treatment with other anticancer

Agentigisdiciiversgeyt ef theCurendonalyidasermsiitobrssating thamisbdity
dayingE2 l_flaﬁgﬁtv'f& iRdhe.aerHal remwmtmlgﬁm@wm

for whom

13ACI treatment would not bec er da riate. sfor
SR ER N e b Pﬁ‘é@§%®%ﬁ gj%ﬁaec %%%L%% a}slp t of
e mventlon Vld s selectin cance
,&‘E? tha-r met 05 ?ﬁpnsmg féctlng a at entw %%a‘gf ggg&w%qmga
m@smt@@raemateeném%mynﬂw {hehieh Frglides

. adneihaehpf theading TeARGanpatant wmﬁmp/s@hwbai&m (hisiqatierts

cancer.has ass e e for, elevated E2F1 f ct
Wﬂﬁcth\? ?%n&b\éfova% fsor fhe fise. 5? grlqﬁg,aﬁ@l Eﬁ?t gé fé%tr&%gg‘&g
ﬁwe@s@am@ﬁtbwﬂ:mwmm@?@seﬁﬁaekﬁaﬂ&rﬁlméeﬁ%ﬁhEféfﬁiﬁé%dmte

' -@ﬁ@@(@@aﬁ%ﬂtﬁ%&% alevaas k24 bagivity A filhabpectiof thelimatation

%%) es for a kit.w 1&%nbused ina g%‘etb H%Lgngagcethgeigg&éeggy%g%g '
he

ftHPRS Octs Grthe invantion It comprises one or more
Wageﬁfgmwhgeww%wg EmescH PR BB RE AeEah &ém%w?
Amended Sheet IPEA/AU In one embodiment, the kit further comprises
one or more components for use in performing the method selected from

thegrelp, eatsistimighciiclagiall atatlies mvilznBRFd rmuoiticmtid prowd range
sapahle ofdetecting Amarke oS ok o alkeh A GBiteRi 1o dosaaple;

appropriate as for such patients HDACI is less likely to be effective.

A second aspect of the invention provides selecting & cancer patient for treatment with 2

HDACK, the method con‘tprising gelecting a patient who has assayed posifive for
glevated E2ZF1 activity. '

A third aspect of the invention provides a method of treating o cancer patient with a
HDACI where in the patient’s canoer has assayed positive for elevated E2F1 activity.

A fourth aspect of the invention provides for the use of a HDACT in the manufacture of

a medicament for the treatment of a cancer patient whose cancer has assayed positive for

elevated E2F1 activity.

A fifth aspect of the invention provides for a kit when ugsed in & methodof any of the
first, second, third or fourth aspects of the inveniion. The kit comprises onc or more

reagenis for use ~in assessing EZF] activity' in a bioclogical sample.
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5 (b) means for determining the level of the marker protein or marker
nucleic acid in the sample; (c) instructions for interpreting the results
obtained using the kit; (d) a buffering agent; (e) a preservative; 10 (f) a
protein stabilizing agent; (g) an enzyme or a substrate for use in detecting
the detectable label; and (h) software for selecting patient treatment It is
envisaged that the methods of the invention may find utility in relation to
\larimasesbriterpatiznist andhearougippe ow onnuax Eanpnstanciy the in
CRAGERHMe 1018 siRcRNRoRiIme Blabfossiagigddrom the group
consisting of. retinoblastoma, breast cancer, lung cancer (e.g. non-small
lungsgangaiied SMBILSRY. HBBiS AREhbsakyaslE BN mBRAGIRANS or
cancer gg{oblll%gfglgna% .uItiform?,and mantle cell lymphoma. Other

examplirés Sf Cancer where The mvention may find utility may include: skin

canger. r r i I in; .
e W e e e

adrendPsf@tPittissue, head and neck, colon, stomach, bronchi, kidneys,

basal cell carcingma, squamous cel| carcinoma of both ulcerating and

pa W?&‘ﬁ%?%%?d&f&ﬁ?@%#%ﬁ#&%%%%&ﬂﬂ& Ewing’s

sarf m%hﬁeeggulé@ cell sarcoma, myeloma, giant cell tumor, gallstones,

islet ¢ell tumor‘,g ﬁnm’ary brain tumor, acute and chronic lymphocytic and

_ grafgjlggy&%{gmgrs, hairy-cell 25 tumor, adenoma, hyperplasia, medullary

carcinoma, pheochromocytoma, mucosal neuronms, intestinal
gang/lanestsarsasihypemdastic corneal nerve tumor, marfanoid 96
Amended Sheet IPEAIAU WO 2006/096140 PCT/SG2006/000053

hahig e eimrane\0f nssbiinae ihsesnin dmestioy distadetentabls bemydmater
tumor, cervical dysplasia and in situ carcinoma, neuroblastoma, soft
tiss(re sdreennior peidignaptticatreisbitatopical skin lesion, mycosis
fungoide, sarcomas such as rhabdomyosarcoma_ and Kaposi's sarcoma,
SN BEES e P SIS i T TR RGBT b s d verions
palyay theemiamar axasengeay aifl amesde Blke iasadyribh canas, maljgnante
DSIRRAAS, RSN A CAE B S ALY R SARRARAR. Hidact cancer,
sarcomas. Examples of f;r/lmphom S :

tung cencer {e.g. non-small Ivng cancer or small cell lung eancer), salivary gland tumor,

pancreatic cancer, glioblastoma multiforma snd mantle cell lvmphoma.

- Other examples of cancer where the invention may find utility may include: skin cancer,

bone cancer, prostate cencer, liver eancer, lung cancer, brain cancer, cancer of the
larynx, gallbladder, rectum, parethyroid, thyroid, adrenal, neural tissue, head and neck,
colon, stomach, anchi, kidneys, basal ceil carcinome, squamous cefl carcinoma of both

" ulcerating and papillary type, metastatic skin carcinoms, osteo sarcome, Ewing's

sarcoma, veticulum cell sarcoma, myeloma, giant cell tumor, gallstones, islet eell tumor,

. primary brain tmor, acute and chronic lymphﬁcyﬁc and gramilocytic tumors, hairy-cell

fmmor, adenorma, hyperplesia, medullary carcinoma, phebchmmocytoma, mcosal
newronms, intestinal ganglioneuromas, hyperpiastic comeal nerve tumor, marfanoid

16
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include, for example, small lymphocytic lymphoma, follicular lymphoma,
large B-cell lymphoma, T-cell lymphoma, and Burkitt lymphoma. The
biological sample which may be assayed includes tissues, cells, body
witutdes@anek 440 isolates thereof etc., isolated from the cancer pztieaLeas000853
well as tissues, cells and fluids etc. present within a subject (i.e. the
sample is in viya). Thus, in vivo and in viro methods are envisaged in the,
L e ey s P s I e i e
diiepkrgtheud ofthetpresamoinyemsornblisismssays Msydbepesioameshiipnant

i ' 1 | f
%MBE@,%B?QAﬁI&PEQSIQE S6is Rﬁﬂg&ke, &1‘?:55( PGS S:S@%Mﬁ%%%sarcoma

include: whole blood, blood fluids (e.g- serum and plasma 0

Bshereits sepommodrsarnicans asusehenans bivpaeditiofiniderayswdl fumor,

fhligyttingianipple ﬁi@ﬂ%&%&iﬁp‘%@&ﬂﬁ@k@%@%ﬁ%ﬂ%%ﬁﬁ?ﬂ&% SHER@nas,

biopsy and autopsy samples, frozen sections n for histologic

BFBRES S SR G, TS R B AP MR FRAPRIrF eambas
inuludEefu}‘&imefE?mlﬁﬂﬂﬁmpﬁSszt&Sl?fﬁpﬂﬁdﬁ_ Qﬂﬁ@mb_gﬁijmmﬁ&h Birge B-cell
ial%é%&g@y be d@“&?’ﬁ%aﬁt-%g%c‘%}%ﬁgl&‘bno% Iggld, which is a fluid which,

in the bo a p%tlent, C Lot passes through breast cells or
1o i ells, nucleic acids or proteins shed, from breast cells are . .
e e e e b ot s and
ispinser fibeaeniptap hsdyist dbuidhavanmippiéia picates] 25tRsiostodising fivids
SRt RBEAMPIRINAY Pe YAreaied. ti&%ﬁegfvgﬁ'k‘t%ﬂl%[- FONSSMAIG i
from a patient. Persons skilled in the art will apprecCiate that various
ehRGR HrRyig ek e peser) Ferewievated E2FI activity, for example by

measurement of expression of E2F1 target genes (such as ecnel and

Un 85) B dRg osirE DRemalesiv IR A fEPRiRYEhdE, B asetbedecphythe present

iReRSOHINTh (e ualiiatively I peiantitatvebaiie- xpisssieshlanetal At leagky:
one gene whose expression (e.g. at the 17 WO 2006/096140

FRGTHES 3DPMA0RSumRRA e bRIIe ey Bhlis iRdiCatig, OhE 3ELAGHVil¥aph
Péefertab%.t{pe ex ressLonllgvel of multiple (%.g, atleast 2, 3,4,5, 8,10,
and FC UGS PR, FIopL AR RS e i OV PSR S 1D B eine.
nipritrcrsadadsEHFblactipitytcs] epciymene tizvathiedonfastessingErREcbactisiiyles,
be: S I r activity. Qther 5 markers which are, ..
ol o e Ao SR e O (R e U pimacy
and/or transformed cell cultures derived from patient tissues etc.

In one embodiment the sample may be a “breast-associated” body fluid, which is a fluid
which, when in the body of.a patient, contacts or passes through breast cells or into
which cells, nucleic acids or proteins shed from breast cells are capable of passing,
Examples of breast-associated body fluids include blood fluids, lymph, cystic fluid, and

nipple aspirates.

Prior to being assayed, the sample may be untreated, treated, diluted or.concentrated

from a patient.

Persons skilled in the art will appreciate that various methods may be used to assay for
elevated E2F1 activity, for example by measurement of expression of E2F1 target genes

{such as ccnel and cene2) or Cdk4.

E2F1 activity cam, for imstance, be assessed by measuring (qualitatively or

quantitatively) the expression level of at least one gene whose expression (e.g. at the
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alternatively or additionally be assayed in order to provide an indication of
E2F1 activity. Examples of markers whose expression may be correlated
with E2F1 activity include: the EIA, pl6(INK4), cyclin D, Cdk4, Cdk6,
weyalin/&kayclic E2. The level of a marker may be determinaetimg@mye/osoess
means known in the art. The level may 10 be determined by, for example,

mining the level.of nucleic aci scribed from a marker gene.
e B S A PO eeprinn fevel
rirNAiplafeeripideatichndadnirkellgenéSinspde datesminied. In yet another
embodiment, the level of a metabolite which is produced directly (i.e.,
éatanyEtanesr dhelite dugetvationnsURTerslis theinorresp LXK ganiditkeHence, one
RGN 6 '”&Qw%t? ry.assay.for determining, the
level of aprﬁgél%gr%\%%%s obtami%g'gégggnpgex%gf Sa%nii(r?g%r%%sa 5na8991ty. Other
EBHESFNGHRR Smpesititata SropegaitelsnabodisligoituckEtiideltivity may
sapableaf daterting:theyes kespratein 9%&6&5%&%&@'&@?%% of E2F1
mFk NtA, enomic I?NA, or cDNA) under appropriate conditions an r%ora o
fime' 5 SHEUHHTES RRGRPEETHREES hiterstlaiad) Wity ERRsactivity
frorhwiagtie GHAPIE (R Ennstin@NOMRY RAIEIdetidEewpdiinhe reaction
mixture. The detection methods of the invention can thus be used to
Hetdetah#iN Aapkateiny ¢B mmffw %iﬂsfﬁﬁmmm% dr. S-'Ehe ievel may

' i ple.in.vi s,well as in yivo. These assays can be .

R e S8 o e Cbed o
ARSI ot IIbIol . ancditingaty Mailkesl orf ppetis optedmsatithsiated from

1BRPO0 kAR A0t SRIRCH RO TALOBLINATKP P @Pe%ﬁ%@pl nxe% angﬁgr%glgondg]n%m
olid phase at the end of the reaction. In one em odiment of such & ’

‘ﬁ?e{ﬁ%eé,%“ SaPpirbfta g i durrendseethb 6 assejaliiztsh pressiivesly or

“@oIBUMEANB/ohe DReRIFALDI afRer K5 iGARRRIARARLER;-RATO a solid

support. In another embodiment, the reverse situation is possible, in which

Ahepenipbananshey dbcheeait T3 (SUNRON R QAN MBDREANG QL fple

ip) and a 30 sample of an.individual can be allowed to react as an )
o B s B P e Gl Mt SRt e ghebsisorice)
crrafibefmetwiilizébeonzakerigrotday: 1B ARAB0 40g., mRNA, genomic |
T/ [ to conduct agsays with the_, . .
[g%vg-’?n%%ﬁ%%% p% %é)gg%%%?,etﬁgnf?f%%rsn ¢ §b| % S SRRt idcaatiey the
ngrkse selipabspsritipent erichinde busdhtniogmponeniés dnthorete Afierved
all¥PoFRRESIONII SRR VIR S HACAME! %dd&éé@ei%ﬁr}ﬁ&%oﬁéeg B fgvnoyed can thus
Wi

e.g., ba/ washing) under conditions such that any complexes forme
b e‘f%eéjfﬁ \ i5h . protein, cDNA, or genomic DNA, for example, in a biological

sample in vitro as well as in vivo.

These assays can be conducted in a variety of ways. For example, one method to
conduct such an assay would involve anchoring the marker or probe onto a solid support
and detecting target market/probe complexes anchored on the sblid phase at the end of
the reaction. In one embodiment of such a method, a sample of an individual, which is
to be assayed for presence, amount and/or concentration of marker, can be anchored
onto 2 soiid support. In another embodiment, the reverse situation is possible, in which
the probe can be anchored to a solid support (e.g. a nylon membrane or a chip) and a
sample of an individual can be allowed to react as an unanchored component of the

assay. In one embodiment, the probes may be immobilized on a microarray,
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5 upon the solid support. The detection of marker/probe complexes
anchored to the solid support can be accomplished in a number of
methods. In a preferred embodiment, the probe, when it is the unanchored
wasgay/eemponent, can be labeled for the purpose of detectigmeaadeos/eoness
readout of the assay, either directly or indirectly, with a detectable label. It
is als ssible to directly detect marker/probe 10 complex formation
Eﬁﬁé%%ﬂ%}rt%°é1§‘#ﬁ%ﬁfﬁﬁrst¥&ﬁh THRONGsPERRRT BRRHSGhEntheRaFkErBebilized
m%%%mzf bwawmdlﬁrﬁﬂmepmﬁhﬁ%ﬁﬂmp Naesaﬁ@a%&l&%%y anchored.
tr for ex akowicz et al., U.S. Pat. No. 5,631,169;
e el & YR RS o e T e d e o ©
SraspEgtiendskendisens vimh, fnt exanapleplorea doomdlishik ddiyaii Smmobilized
dptermininadheAeRUTLOHRNA é‘%%’&ié@?}é%%%tt% fedy gge%% oM oria
present in a sample, Many techniques for the detection and quantification
SHRREFNAT TAEchioBlivbed Shiammbetied mathedswith a nucleic acid
olec%‘Leﬁ% ob%)ﬁthat can hybridize to the mRNA (or polynucleotide
AV TR TR P A-hE IiebsciiiSFob dsctha Meankhomel essemptenzonent, can
pelyehetidolidelnf ptipast éf Kictfor nd 8edlbhit%Bhe bsdf) d8Q: directly or

ide_residues in.length. Prohes may in¢lude, but are not limited to,
gﬁgégr%g&%%@sg%ﬁ%ﬁe orgﬁ? 'Al.ct)lf’?o%%)s RRSYNS ARattirer e ietesh rmagsaiprobe
sohles dofimetisscovitiontcliethiuminasebmivlabe. Mlsinca snething Aomponent

[ QN 1 ed which. involves hybridization of one
D B o A ey wenster
efidmerrankef-ahomgenttab btk RoNeoAditd§oMisthsascfanlos, et al., U.S.

eentactgpotpyucleotide hybridization assays have been well developed

in the art. Hybridization assay procedures and conditions will vary
URpRREING B8 APHH gﬁé@ﬂc%sh@é@%%ﬁh%cé%&{ P&%%%[‘%% _X%%Qn%%%he% by
9 neral.blnggergﬁraethods known including those referred to in. Manialis €t

Al MOTEeal THY A PEOM P NmERGrid e darivad dsksfaprinpresent in a
ddambdar, N.Y, 1989); Berger and Kimmel Methods in Enzymology, Vol.

152, Guide to Molecular Cloning Techniques (Academic Press, Inc., San

IBtayo fechAighed TrY dungiaaciblavisd PohefeSic8inl 134 4588R). IMeihogs ive

and.a l{ﬁﬁgf 19.WO 2006/096140 PCT/SG2Q06/000053  carrying

out repeated and AR rwcﬂfaegl%i/%ﬁ&‘i% u%%?‘?&&(ﬁi&?ﬁg A S8R B&E‘%ﬁ%&o the
HRYS (Ritenbe®Ia0os, &brd, 20951045, 998candoBSH A JrdhS 4B 23, for
aehief M@H%ﬁ’éﬁoﬁd& of atleast 7, 10, 15, 17, 18, 20, 25, 30, 40, 50, 100 nucleotide

residues in length, Probes may include, but are not limited to, oligonucleotides, cDNA,

or RNA. Probes may contain a detectable label, such as a fluorescent or
chemiluminescent label. When a method of assessing marker expression is used which
involves hybridization of one nucleic acid with another, it is preferred that the

hybridization be performed under stringent hybridization conditions.

Methods for conducting polynucleotide hybridization assays have been well developed
in the art. Hybridization assay procedures and conditions will vary depending on the
application and are selected in accordance with the general binding methods known
including those referred to in: Maniatis et al. Molecular Cloning: 4 Laboratory Manual
(2" Bd. Cold Spring Harbor, N.Y, 1989); Berger and Kimmel Methods in Enzymology,
Vol. 152, Guide to Molecuiar Cloning Technigues (Academic Press, Inc., San Diego,
CA, 1987); Young and Davis, PN.A.S, 80: 1194 (1983). Methods and apparatus for
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incorporated herein by reference. The present invention contemplates
signal detection of hybridization between ligands in 5 certain preferred
embodiments. See United States Patent Nos. 5,143,854, 5,578,832;

W8 B0L7844(6,834,758; 5,936,324; 5,981,956, 6,025,601; 6,1#d73@8006/000853
6,185,030; 6,201,639; 6,218,803; and 6,225,625, United States Patent

icati 731 >CT, Application No. PCT/US99/06097
O S R o s o ey Arordatberip US
RRFEFEN08 Tih TE8 e AT e 218k AI0BERSses] HBRCTHOAS, ARt GIopasatUSTToFhich are

sfggg{@g@pﬁ@giggg Rrgessing of intensity data are disclosed in, for
example, United Patent Nos. 5,143,854, 5,547,839, 5,578,832, 5,631,734,

5,800:902: SRR .5 902 723 5.936,324, 5,981,956, . .
e, 6,090,1555%%%{%%%9%6%%%%%5?8?8%%%%? Oy R e Jiggncs in
§559R1 relemed prhpdiratats. pSeeiniiss iGiatontBO7@EN T3 b ARY 862 G578,832;
Agplcion FUHISI0I9608TAgblbedsts 16 WORBI4TI00 53ED o 15,030,
50,1 y INCorporale y.rererence In Its en Ir_e y or a
?z?ﬁ.é%%%% %%l;ée%ge% %@%ﬁ&é@rﬁq iﬁﬂiﬁ’% GiatR BRiRbApRbEior Dils €p64,731
ped el Apthiegiestiot HORATBON 660 THewdkanegles Wessyibpsk Deteih Aewhich
it . imith In.one format, mRNA is immobilized on a solid

D S ol B g e

[ 5%&%1@ el and transferring the mRNA from the
gﬁl%%g és%lid sup Lo.r?%ql% (?%rr%is%gq e ué?l éﬂ?ccascsfgﬁ)?g ﬁ%@é‘ﬁr@@é Afgisclosed
Bhefth sHRpIhakkeitacaiateign NybritiEHABHNE, BERE, NhEPREI2, 5,631,734,

hyoudgationganddbe angekpy-of eri is rmined
géb b determination ca%r%)ge&\?ig%aljg] 6%5%%{%%%&-%% ,Tor%%ﬁmgééé]; b?ieuzés'éém’
s RorA b0 - BFr He8r etRietRintat ] BROPr oD@ GP3FE2S in United States

Hmnm:m&pﬁdaammsmlmgmmﬁfgﬂQGM%wﬁ@ﬁﬁ%@mgﬁééﬁQﬂ@q&%ed as
example, in a metrix.gene chip array. The present
e Sk i e S eiesy for
glefenesds.embodiments. For example, prior to or concurrent with gene

expression analysis, the sample may be amplified by a variety of
s chatieinir starenofunbichciaiayaeih ployr3@ianalificatiohiaehnigy es. present

iavehias BE (e anRI-PERNANM e, gesg cialn feadion, (LCR) ete. The

sample may be amplified on the array. See, for example, .

bt Apaleoon I S ik S0 B po g e W procs o
example by running the isolated mRNA on an agarose gel and transferring the mRNA
from the gel to a solid support such as a filter. Nucleic acid probes representing one or
more markers are then hybridized to the filier by northern hybridization, and the amount _
of marker-derived RNA is determined. Such determination can be visual, or machine-
aided, for example, by use of a densitometer, In an alternative format, the probe(s) are
immobilized on a solid support and the nucleic acid is contacted with the probe(s), for

example, in an Affymeirix gene chip array.

The present invention also contemplates sample preparation methods in certain preferred
embodiments. For example, prior to or concurrent with gene expression analysis, the
sample may be amplified by a variety of mechanisms, some of which may employ
amplification technigues such as PCR (e.g. RT-PCR) and the ligase chain reaction
(LCR) ete. The sample may be amplified on the array. See, for example, U.S Patent
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herein by reference. In one embodiment of the present invention, the level
of a marker protein is determined. A preferred agent for determining the
level of a marker protein of the invention is an 5 antibody capable of

whbindisgetassuch a protein or a fragment thereof, preferably aCBRGbBdpI0053

with a detectable label. Suitable antibodies can be produced using
1echnignesvuel aawnd o[o%kill in the nd disclosed in, for _
exa‘mglye, UsS Patent No%%%df%% p%%%?ﬁ%} 52‘69]?@0@ el atpeseaporated
kereip bygefeasnea, 372,745. Preferably, monoclonal antibodies are

employed. 10 Monoclonal antibodies are generally prepared using the

RS SEPBe KRR o8 theilksent (09TSioNherl RS 6050 poambddicationed,
Aherehd vasetopliiaimalscande-anplay ﬁ%}geg%g%ggén% %elix?i?ern gn is an

a%z%{aﬂe contains a protein that binds to a given an xamples'o
Suc

Or R ThAudRdiRg A0esHeh Mnftetsi ceazfrmmimnibosassase{Eily an

agthoiyumuine dseaa R Ahetnzyme linked inununosorbent 15 assays
(ELISAS), Western blots, immunoprecipitations and inumunofluoreseence.

- nitshichnides]ds suybaeratiycpelsiabletaiimeaekilize,sithas e R0 e

R Aging 2.8 50lid-support. Suitahle supports include any support
P e K&y T G At 016,04

capable o
%fék%?‘ld WSt fVEls76anFhefaatbrmineddyhLAREHUGERABRmployed.
NMstReshMigeastay J ich binding sites comprise immohilized, 20
referably monoclonﬁ\%gn}%%%%{;% %%%%%%%ﬂ%%%gﬁ?gﬁ&?e%{ﬁgv (hiIRgHgen
BotEEe &MY P épeannadifigmiersherentiker proteins, the level of
more than one marker protein may be determined using a single
“hVRTSarRhformaagtbhe pratredtindeicomichnhptes fosadetkotionadfs protein
themeciskees pooi gindin el dintrogising O Arsib) labeled antibody. .
edirected against a mar. g]r protein. For 25 ex%%%l%%?gééfg\ﬁ %rgynga%%ed o,
Tabeled Witk 2P P RREsEh FRLAncenarme (Eekibiimunosorbent
assapjeliickinge Betsetacdhysstandardrmapingashnguss  IRgIRIESEce. 1n

' i solid orts, including arrays in some preferred
e LS el A Uil BUipRie: g o o
sibampnoairdyishhnvesotiaineibdems esppire dzimbleroSbaiE RUB GaliRRS: am,

a2 @s such.shauldRase o ( for the skilled person. 21 WO
2003896140 PQI/sezqoé/(%%(%lé%rs(a Qﬁ?&rﬁ’%"%& é’s?c%iﬁ%“s%ﬁtﬁ%?&med by
CORUFHRE & Aberic BHIBRTC its Whithdbinsfie diStatesnprise immobilized,

preferably monocional, antibodies specific to a marker protein. By utilising antibodies

which are specific for different marker proteins, the level of more than one marker

protein may be determined using a single microarray.

In addition, preferred in vivo techniques for detection of a marker protein mciude
infroducing into a subject a labeled antibody directed against a marker protein. For
example, the antibody can be labeled with a radicactive marker whose presence and

location in a subject can be detected by standard imaging techniques.

The present invention can employ solid suppotts, including arrays in some preferred
embodiments. Methods and technigues applicable to polymer (including protein) array
synthesis have been described in numerous publications and as such should pose no

problem for the skilled person.
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Patent Nos. 5,412,087, 6,147,205, 6,262,216, 6,310,189, 5,889,165, and

5,959,098. Nucleic acid arrays are described in many of the above )
WIS the same techniques may be applied to polypefftitieqaigf/tooess

antibody) arrays. 5 In preferred embodiments, polynucleotide microarrays
are used to determine the level of a marker. In this way, the expression

Standsohehdrectibssribemuitcdining Besassbissuabadimminiselisk United States
Mufégamxs AL be preparethby eelmm wabes g@higrsmmﬂe@;@ 5,959,098,

ynuclegtide sequence, a d then im ing such to a sali )

T 5 S TR0 A Y L 7 R B Fochaiques
Sﬁ%ubmegmdamb%smamn&e&,@rambwm@equences of DNA and RNA.
The polynucleotide sequences of the probes may also comprise DNA

angilefRbdiFcabatigues, mimmmmmmﬁ &enmcbﬂmﬁmeﬁh'me the level of
Rolynycle t'@%?ﬁ%g H,]es Ofe%*%% '9DGS Ay Re ” WP eﬁf%%fg%“t%sé’ Cssed
genomlc eot| e sequences 0 pro es may
mﬂ@mimdeotlde 15 sequences, such as synthetlc oligonucleotide
sequences. The probe sequences can be synthesized either

éﬁ‘mﬁeﬁ@mmﬁ Vi renpzsn Briceigoingitechsy . MiycR GRypsise & polynucleotide
@%ﬂ%xmﬁ{tﬁﬂlynlﬂﬁiﬁ{gblﬁz%@'%Qcﬁ”fﬁé&w%%%&faﬂ%%ﬂ%ﬁ BAGIEMAY  For

be desirable to include positive contral probes, e. g}gprobes known to be
AR St P S PRI ﬁalgéqﬁreﬁeeg% AoBkfgeps, or copolymer
pedyiRHcie AfdBNROle@UIRS AANTHY PEgAlEctaR ke RERRRSoR e, RIKHREInay also

known to be ¢ nta and hybridizabl tos ue ces in the
s DR e T AN L Pl B ot el e
pelkewstsides ssipusccs mp e pobgs anepriod @dﬁscathmdftﬁvmémsa)f genomie

;ﬂﬁity ohe ?@ﬁﬁ%?eo%&%hséﬁs% R %?égé}%tat Q&%em%r&eoiy%i&l%ba%%‘ﬁmde

and instfurhent operation. See, Unit es Patent Nos. 5,593,839
SeMUSIPeB, BohID, FRhe! 70l zenaico it A5 anen0T0, S5, BaiB5meUsnces o be

QARG Qides 124 R02MiP Lk AN BeA08AR 17 adldifian teg\ss%seem or

E2FI activity other factors may also be taken into account when se cting
frentRemeE Y dngEFoage, previous cancer history, benign breast
dlss% se, 30Q hereditary factors (family, histor; of cancer), obesity, low.

UGt ABHRAR,HbEL6 FRASARBIIBEL SR ROROFErRB A6 SPACHE e control
yeebes,asal, mﬁaﬁmm&ﬂ%m@ﬁﬁeﬂmﬂm raheitionbiietasyquences in the

Qa?gcéécpeo%ynuc 609 Qf? lrr?o Qg gg&brz %egative control probes, e.g., probes known to
not be complementary and hybridizable to sequences in the target polynucleotide

molecules, on the array.

The present mvention may make use of various computer program products and
software for a variety of purposes, such as probe design, management of data, analysis,
and instroment operation. See, United States Patent Nos. 5,593,839, 5,795,716,
5,733,728, 5,974,164, 6,066,454, 6,090,555, 6,185,561, 6,188,783, 6,223,127, 6,229,911
and 6,308,170.

In addition to assessing E2F1 activity other factors may also be taken into account when
selecting treatment e.g. gender, age, previous cancer history, benign breast disease,
hereditary factors (family history of cancer), obesity, low physical activity, use of
postmenopausal hormone replacement therapy, use of oral contraceptives, exposure to

ionizing radiation, dietary practices, or alcohol consumption.
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: f the invention
WO 2006/096140 PCT1SG20061000053 In one aspect o _
there is provided a kit. The kit comprises one or more reagents for use in
assessing E2F1 activity in a biological sample. The kit may be promoted, )
waistrbistadsoor sold as a unit for performing a method of the prasetoos/onosss
invention. The kit can comprise a labeled cqmpound (ljr aggnt capal;lerof
t} J ' cleic.acid in.a sample and means fo
Gotemning i loum i ke PRI i SRRk coneestaneyes mor
SARPR %.g‘f?eaﬁ‘aﬁﬁ%éﬁgvﬁ%h Bifictisthie. prafelogiea Q‘z[m.el]g}.ﬂ'lﬂ%%ay be
mrantelgindsleatide anehe mm&lggﬁg,q?@\l%% or %@@ﬁgﬁg@gﬁ [he .
protein). Kits can also include instructions forinterpreting o
ok exameler )5 fre o O e S bt
le; (1) a first antibody (e.qg., ch .
Jkl)?% séfj}tg1 éé%é%l%esraﬂ}%}f’eﬁ?f&a{ﬂ% 6%?‘%??{121}1& fh@lﬁmijs)ﬂﬁfemmﬁm?]p%ﬁem or
Dyrieh pintictadithier e saagter(proteln anddedirstaREbAdY, qﬂ% 5v)\é h §IE'IS° -
inalbecoRiugated;io a dFtectl:fiablePI}abel., For oligonueleotide-base |t2.,
the kit can cohpnse,ltlg?%%(oa?ﬁp &8 3ﬁ”@‘3%8ﬁﬁfb@5%é}’ &4 encoding
ERABly Talbetachlsngoniudteiotistestiuhictorbrigieas,!tha AYNIGIEHASE using
thwarker and/or (2) a pair of primers useful for amplifying a marker nucleic

i [ f the
acid molecule. The kit can also comprise, e.g., one or more of t
wiRgyenidetiar] ative, or a protein stabilizing agent.
. Fiol yaoRistarng t@@ﬁﬁtcénpégxﬁ%ﬁ/se VS exarx% eﬁtgﬂo? fest iﬁ“ﬁé?gé'ti@-s

The kit can further comprise one or mofe cofipo : _
& %g%%tté’c?aﬁ?éﬁiaﬁﬁ%?‘g Whitkiiyfsdoramateupstrite) aff.(negbﬁ&%mﬁlqg) a
sesondaitiffecontntisapiaior 8inesiesHhePRglsamnles e\évnhbcq caﬁlés fﬁﬂé@ g
SRR anq{co ared to the test samallg. Each c ponen’i_ ort A

be engfogg ev“ﬁﬁ'ncgﬂ]ﬂ%f@ih@aﬁ deiResierahsd all of the various

le package, along with instructions for

IR OWREANHE oF e JecayipabrniemPES S tredspTEN i o

interpreting the resu

olignpslasidoneraay dgmaauyimmisagaﬁdama;egmeglgﬁ%gfg%?g% Mcleic

' .the.invention. ay or exampile, L

et i sl i B vev o e LKy

mOlGMic ddaL oy %ﬁ@dﬁqglmiseammdywﬂth@w@tetﬁevmnwﬁ%ﬂr gc’?%fﬁ%rling
n :

i iRESs 0.c rtments,
e v e B L G, Even s o

mc%ﬁ:e Jegponents ior use in detecting the detectable label (e.g., an enzyme or a

substrate).

The kit can also contain a control sample or a series of control samples which can be
assayed and compared to the test sample. Each component of the kit can be enclosed
within an individual container and all of the various containers can be within a single
package, along with instructions for interpreting the results of the assays performed
using the kit.

The kit of the invention may oplionally comprise additional components useful for
performing 2 method of the invention. By way of example, the kit may comprise fluids
{e.g., SSC buffer) suitable for annealing complementary nucleic acids or for binding an
antibody with a protein with which i specifically binds, one or more sample
compartments, an instructional material which describes performance of a method of the

invention, and the like.
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23 WO 2006/096140 PCT/SG2006/000053 In one em_bodlment, the kit
may comprise a microarray, e.g. an oligonucle.otlde microarray or anf
antibody microarray. In one embodiment the kit comprises softwarg, or
wexamessaftware for selecting patient treatment. Such SOft}ﬂ@fﬁ;m[Q@gjog{)ﬁ‘j
include instructions for the computer syste_m's 5 proceszcr)li ;?Sr\(lev%?é\;]em Zya
I |pclude. the level of expression various mark _ _
%Ié%%%]rgg?g(? %%’E%%l@c%/% an %ﬁ?oﬁafﬁ}?i‘f?ﬁréﬂmﬁél- n*'i‘fbrﬁi%ﬂ?@ﬁdeoﬁde
LBeRTRE Panetikody mistpatient's age etc. By "elevated E2F| activity" we
include where the activity of E2F1 is high_er than a normal level of E2FI
RcfifyeRbadER Thediit oPERFiseactfitysnglisesiayRyvebBiat0 t?et%h':gemcﬁng
Pty e a0N-SaCeEaMSQ" ARRION SARARIS, D, IQI%_%nb dlm]%g3 e e
E2F1 activity in a biological sample from a cancer patient é\s‘? e
pégcrﬁspsggeg WitH % %ﬁg“%f&ﬁaﬁ%m%%ﬂ@\@m ﬁkﬁp&gﬂm@uﬂious markers
Wi@ﬁlcmaﬁévolmzwidﬂﬁ@igmﬁmpieaam@g leyel %E)E&E%ga%ﬁ%t%ﬁgiggﬁi r{fo’é‘fﬁ/aﬁm
aBilogic L&Q{P@S from Ehae gancer patient may be assessed qua 1| 5a \Y v
or quanﬁtativély’-. A qUAITaTVE BF antitative comparison with a Ino ma
g véchaf @%%ﬁtivi an then ﬁtLe carrjed out. When assegslng thg hew\(etho
§2F1 activity n aaglol%éic‘nglg i Wmea%%ﬁégﬂﬁéﬂ@rﬁ Hleirebtdiot than o
Dprpe] ]éffﬁl\/ﬁﬁy/&}%@n@cﬁmo ré. fositive or 1L QAR CoRH S (8 GulRENIgN ellso ;

- Iso be assessed. The one or r,nore‘(_:ont'ro
S %%“ﬁ%ﬁ%%%ﬁ%%%ﬁ%y & e it aRofm Bt dp £2F 1
a‘fﬂ&f@‘.dﬁaﬁ dinlosisehiapple £90 storedevataioot salydyabiesed .@r@%’
T uanTiative stacsament o EADL et e e OGP Re level o
guantitative assessment of E2 _1act|V|ty may be performed. Ie et\é%
TEEZ}ékfak:ti\?iE;‘/zmaydﬂilvﬁyQ@'ﬁl@qqm%fgap%a%?ﬂgl%%gd ésft:)ﬁggg (Ia? P?%’?}é Ay bo
here %I%vei is greater than a pre-determined Cut-Off Tevel.
Ao R TRl ARG USRIV 95 anduStivoBOMs 50N =

nogHed leGD98 EL50 %t RO Yan 1hOYVbe 25309 Yogreater relative to a mode,

R . . n
i E2F1 activity of benign cells or normal tissue.
median or mean level of y issue. In

Whtie @mmﬁmmaeopmﬂewmeﬁl@hafémlé&&‘;ﬁ@%&%g e paicht

o T i B CEr
isficadby;s t p-value (e.g. a p-value of less than |
thflel\%? Eof Ezklz,ll éagtgtg;i y%sgggr%rpglréa ity ’ﬁBr‘?ﬁéﬁeEwea‘iﬁWﬂévasbhmgn or
ROBAETSIRS sRsBlssirga abhbe thecesisl clbwaing cEZEo?@HﬁfﬁMngt ﬁ&%fé@%&%se
[ [ a regar
datnapibidedQtoal 'H?%l@tﬁr sHeERAyEne %ée{ﬁgsprgna%ege}l%wﬁug da?a, or gnay be a
: urther
sta%g VAl of sgt%gf values e.g. stored on a computer, or on computer-readable media,

In one embodiment a quantitative assessment of E2F1 activity may be performed. The
level of E2F1 activity may in one embodiment be considered as being elevated where
the level is greater than a pre-determined cut-off level. In one embodiment, the pre-
determined cut-off level is at least 10%, 30%, 50%, 80%, 100%, 150%, 200%, 150%,
300% greater relative to a mode, median or mean level of E2F1 activity of benign cells
or normal tissue. In one embodiment, the pre-determined cut-off Jevel is chosen so as to
have a statistically significant p-value (e.g. a p-value of less than 0.05) for the Jevel of
EZ2F1 activity as compared with normal E2F1 activity levels,

In addition to assessing whether there is clevated E2F activity, further tests may be
carried out. Such further tests may yield further data regarding the cancer. Such further

~ data may for instance be of assistance in selecting an appropriate treatment regime for
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data may for instance be of assistance in selecting an appropriate

Wtrea\'&r(n/egnt L(}egime for 24 WO 2006/096140 PCT/SG2006/0019015:5)’(;%&/0000“3
8&%?6!"18 tHE one or more further tests may be carried out on T

more biological samples which are assessed for elevated E2F activity or

ne_or.more.different biological samples. Various HDACIs are known in
TRE EHE S T At VRGO R BEr A g oo o mor
bledriichibianfatty whids fegeksetprat&)r binesahlic ety ife @rSmRAr &ore different
Q&Bﬁ%‘?@iﬁém gpoxyketones (eg trapoxin), benzamides, and a variety of
other miscer’lganeous chemical families. Examples of HDACIs which may

gyadingludg,dugopatin A LefsuRaroylaniide hyaoae aciths

(SAHA), phenylbutyrate, scriptaid, apicidin, pyroxamide, depsipeptide,
PR xyReE bR aaids KaBwWiESHD. ARDDRaEYe oatilfettagmind HA &
PAieath) CyplosiRdgitaming AxspslasteleiamtinR . and a variety of other

dehydrocyclostellettamine, D and dehydrocyclgstellettamjne E. Further
TR TR T B SR R e M g i gmploved
aldodee Eystayed. i(THe), prbsantaniichtionirbamnstant 65 MDACHhantbutyrate,
details ,of how.they ma mployed.are. disclosed in: 0510506

T e R SR i R oo o
WOYE08816T: N EOSE5 528 WODSCBITS N BHE0307 Gy dedeliettamine G,
XM@QE&}%Q&%HJ&&B@C@C%@ &ﬁﬁ%ﬁ?ﬂ%@éﬁ%ﬁ%ﬂﬁ@”@@%ﬂ&%leg of

otherwise indicated, conventional'techhiques of molecular biology,

FRAGBody ba kacse df BiasmeioRes i dhharbgpdvirn dre Ritsmiioseskin the
piclansmwation o theAide SUCH tashltuesiRy 81 SXPERINAS, Tl \eiihibeed are

ljterature. Examples of texts for consultation include the following:
S0k Moloth ol CITING: A FASSHAO Mandie o ditior (2802892
Hobsesahsl, theVDosotins TnajMan feasiysNdE (306080408, pUVDOSHERticahnd

ﬁ}&?g 3t%%ré'cular preferred embodiments will now be described by way of
the oﬂowmg’ non- limiting examples. 25 30 25 WO 2006/096140

B 24000900953 MAPESLRR SARRANG Othield SRR Qicated,
conventional techniques of molecular biology, microbiology, and recombinant DNA.
technology which are within the skill of those working in the art. Such techniques are
explained fully in the literature. Examples of texts for consultation include the
following; Sambroqk Moiecular Cloning; A Laboratory Manual, Third Edition (2000).

in order that the invention may be readily understood and put into practical effect,
particular preferred embodiments will now be described by way of the following non-

limiting examples.
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EXAMPLES EXPERIMENTAL, PROCEDURE 5 Cell culture and
chemicals p53 null colon cancer HCTI 16 cells were kindly provided by Dr.
Bert Vogeistein (Johns Hopkins University, MD). Normal human lung
whbrablastiaells IMR90, Osteosarcoma U20S and Saos-2 cellsiwenadkiomoss
ATCC. Transformed IMR90-EIA cells were kindly 10 provided by Dr.
Claudio Brancolini (University of Di Udine, Italy). All cell culture reagents
and media were from Invitrogen. TSA was purchased from Cell Signaling
&gﬂb@@'?@ﬁ@&ﬁ}%ﬁ&w J{}Egc%ﬁmlcals (San Diego, (;A).
generate E2F1 overexpressing cells, 293 Cells with transfected with

mBakerkiggmagglutinin epitope (HA)ER or pBabe.HA.ER-E2F1
expression vectors (30), and viral supernatants 15 were used to infect p53

Mmm%.}iﬁf@@gg were selected with 2 gg/ml puromycin,
and individual clones were isolated and expanded under selection
conditions. To activate ER-E2171, 1-3 gM of 4-hydroxytamoxifen (4-OHT)
was added to the tissue culture medium. Microarray hybridization and
C&ﬁtﬁ“ﬁ%&%&d shairalsA was extracted with the use of 20 Trizol reagent
Invitrogen, Carlsbad, CA) and the Qiagen RNAease Mini kit according to
PriTeiracEess HEHLtiorits (vatteiieidty GANEQ! B} BXRREMAYSstein (Johns
HaphigsSahRersan Kgfﬁ_rq@(gﬁ] %‘[‘S‘Wﬁ% ésil[)a_t% ene, L a Jolla, CA) was
probe for rulglf’re%f@&eé Fiifdafesteosarcoma

Uaa%d to %e nerate a reference
SRS P38 ity ST ot Pt SR Brimmsmiab s Ve RieshIR! REOURdly

Sam
pofideRbwebe. |ahalerd WRLEH 5 ARG G 3:; ively. by using
m%&%rsacr{épt II(%everse Transcri ggg%?ﬁl\fﬁr%&;ﬁ V‘g(gﬂ%blata?ygﬁé?ﬁ‘?g culture

microarray hybridiZati o Hnta PrEed S/ nritht amcbesndalizati (il SR@sing

Tesbselitzéch preVidUsH (Gik)frokh @%@H%&éﬂc@@ﬁgm%,%%rf&h%Qerate
to S

Enarmali ch geng to that of untreated cells (time tain
. r,elativezéé;%{%éig%nas%%e?é 9 Gcé%fé e@ﬂﬁ%@%é@%f@@&ﬁ%maggmﬁnﬁn
PHBBIGMISIFBIatcePgbrbl Vi EaR trastedssiod Were-AlAlY 28R YSll%upernatants

alusterng ame:3% i stanford.edu/software)
N evepety Lo Mo e TRt o s PRsS s otib0R0ssn
PUKger ireﬁ”ﬁ%é&ﬂ&’h@%déﬁwmvpm-a‘aﬂawasambtamgﬁqﬁm BEed0s&Rion

copdatiims. (DukaiinVERSEYFDUNaNY of 4-hydroxytamoxifen (4-OHT) was added to
the tissue cultore medium,

Microarray hybridization and data analysis. Total RNA was exiracted with the use of
Trizol reagent (Invitrogen, Carlsbad, CA) and the Qiagen RNAease Mini kit according
to the manufacture’s instructions (Valencia, CA). For all experiments, universal human
reference RNA (UHR) (Stratagene, La Jolla, CA) was used to generate a reference probe
for drug treated and untreated samples. 30 ug of total RNA from experimental samples
or equal amount of UHR were labeled mﬂz Cy5 and Cy3, respectively, by using
Superscript II Reverse Transcriptase (Invitrogen, Carlsbad, CA). The TiCTOarray
hybridization, image process, and data normalization were as described previously (61).
The log 2 ratios of each time point were then normalized for each gene to that of
unireated cells (time 0) to obtain the relative expression pattern. Gene expression values
of 220 apoptosis-related genes were extracted and were analyzed using clustering and

display programs (rana.stanford.edufsoftware} developed by Eisen er of {62).
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NC) and Ad-EIA was from Dr. Andrew Tumell (University of Birmingham,
Birmingham, UK). Cells were grown to 50% confluence and infected with
recombinant 5 adenovirus. Twenty-four hours after the infection, cells
wwenestneated with drugs for indicated times. Flow cytometryramalgsisafoooss
DNA content Cells were harvested and fixed in 70% ethanol. Fixed cells

AVsissiained with propidium iodide (50g/ml) after treatment with RNase
(100 gsg/ml). The stained cells were 10 analyzed for DNA content by

aluoraseenaezaetaled el spng (FAGS)Ing EACSCallur (Becton
Dickinson Instrument, San J§§§ Sﬁg%%@\gfié’ W&@Bﬁ% tiRiversiya R,
Nﬁgiﬁgl@héé:&iéué*ﬁ%cfmnar@ﬁmdw@g&a;wh% (CW a6tivitY it gham,
Bifngiaghie CERNASEHE Aty wels yere.ll ith Cytofix/Cytoperm .
. d%(?)flﬁution( D 15 harMing{:(-’n) as instrucpé%?j,egl\lﬁm:% %ﬁgﬁng gﬁ%% gpeombinant
“é%n?)%%’t%’ PEhbRER ARt Infeptize-gaitomsriomehaAtivibyiBR for
in@¢reNtimgem). Quantification of cells positive for the caspase-3 detection
was performed by flow cytometry. Colony formation assay 1000 cells were
FliplatetopetwelholysiSowpivplate fag:24-48 h and then followed by 100 20
nM TSA or 1 M SAHA treatment in the presence or absence of 4-OHT.
CeRiterciurtheteduigsiveds:y e0%0 vathandriepiagsd with ftesh medium,
ained with crystal violetland couri%% gr%nregv%a)%@p idium

ioc&cf o i[(;s ST %% ]
gs@erﬁ%’l% iRy C et ShtpBNage|idO@ d amlly St Pirdteih sdimpiese

angl5ecq) \ﬁeréﬁé@ammbybﬁﬁﬁ&&&ﬁ&%&ﬂﬁt&@”&ﬁrr?&ﬂgo(ﬂ'ﬁgr?i'81” a

[ illi Bedford, MA). Antibodies against the following
A eso ae gt Rl SR e i CEl v diomeivers
utEtsetwihe CrlloBistedmalo BYeBinD{EERMarmingen), Caspase- 3
(Cell Signaling Technologies), phospho-p38, p38, phospho-JNK, JNK
Cagpas aiiwifing  Technologies). Signals were detected by enhanced
chemiluminescence signal by X-ray 30 film (Kodak, Rochester, NY). 27

To WO P006/086240 ROHE GAN06/E00D0I Rﬁw@%ﬂﬁ@%@!}%@mﬁ hhPED
Ph%éf%é?@sqfn%t%,\l Aom.E 4 &hzn%% mvaltﬁ holix Cs-gggljetggtgtgd Ora%%ils avz\{!cti[]active
caspase-3 monoclonal antibody (BD PharMingen). Quantification of cells positive for

the caspase-3 detection was performed by flow cytometry,
Colony formation assay

1000 cells were plated per well of a 6-well plate for 24-48 h and then followed by 100
nM TSA or IpM SAHA freatmment in the presence or absence of 4-OHT. After 24h, the
drugs were removed and replaced with fresh medium. Colonies were stained with crystal

violet and counted after 12 days.
Western blotting

Cells were seraped, collected and Iysed. Protein samples (50 pg) were separated by
SDS/PAGE and transferred onto immobilon membranes (Millipore, Bedford, MA).
Antibodies against the following proteins were used: E2F1, ASK1, p73, PARP, Cyclin
E, o~Tubulin, and B-actin (Santa Cruz Biotechnology), Bim (BD Pharmingen), Caspase-
3 (Cell Signaling Technologies), phospho-p38, p38, phospho-INK, INK {Cell Signaling
Technologies). Signals were detected by enhanced chemiluminescence signal by X-ray
film (Kodak, Rochester, NY).
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transcription using the One Step RT-PCR kit (Clontech) according to the
manufacturer's protocol. Selected genes were analysed for PCR analysis.
PCR was carried out for 20-30 5 cycles, with each cycle consisting of a
waenasdngstep for 1 min at 94 C, an annealing step for 2 mrirraca80@po0053
and a polymerization step for 2 min at 72 C. The PCR product was
Rseeoarat\ted on at.2.0§{ arose gel containing ethidium bromide and
e‘i:] ESC ranﬁcn EOK- . . . .
photographéd under ultraviolet light. The primer sequences are available
upon request, if reporter assay 10 Genomic DNA encompassing
O RAEE o KR GER vl a0 Saccen s ToksTaaEs:
tramaenigfiod SEihp thenoter SeterRIRECR 00001dRECh] 804BRE aNtle RE4R(mEABer's
WeLE: ctaned into pGL 3-lue c uct (Pro a, Madison, WI).
prLucifez_;lse asgaéys were p%ér%r&h%eegpﬁ% ?ﬁggﬁbsar?wci Srace Syst8hi©” 20-30
cyito e Srch Sria@rsisingef e ghartrmeserfsity ofib xt D8Cells peraling
stapal:of Aiddivwgleplatia @!ﬁﬁlpﬁ%ﬂﬂiﬁf)&%ég%? ARG @r@t%%l '9(/32 IHOduct
or

control construct were transfected into HCTI 16 cells with E2F1,

WaS S AREE T8 &t A9 R et GP B casthidivan drexsisls, 1né nheiveranied

undetivitiesivieiéeandlys pelrisinggingdoyald deiaras apaysi@medehromatin
immunoprecipitation (ChlP) ChlIP assays were performed as described

Luedsieshyiang2izddsl). Briefly, ER-E2FI 20 expressing cells treated with
SAHA in the presence or absence of 4-OHT were crosslinked with 1 %

Gdeshmial deaudentnkR i ahoRRIBMPS AR R RSy IBNDS 05 and —

' lvated by addition of 125 mM Glycine. . Chromatin extracts containing
2 R R o REAd L, BT8P0 SiFerts Ao RBRd s -

27344122 FipolyiolrialirantibGI3 {GAR: SantaGig). ThehdyA Waseuractes,
V. Phenol:Chloroform:1AA, 25, (Ambign)., The, DNA recovered was
L e S i O L6 Gt SR PRI FICT 16
cellQragenjaiapproxdmuttip D nd Bfdtts ippuvahdthe Chil sames Weitoter
luciiSeR astamplate, | ' ures were-injtial lted
e B s M 0 R S
E2BbcfstfderaR@ SmReisioneriessn - ol RECYdosr minurFhafisrinwensfection, the

IncHREI4ERCE G HERHBIARIO P AL AESLB ORI REWSIs,for Bim are
- 5'-GCTGCTAAGGCTTGTGTCCGGA-3' (forward) and 5'-

ChF635Gh Gtah s eGAALLG i) (reverse). 28 WO 2006/096140
PCT/SG2006/000053 RNA interference

ChIP assays were performed as described previously for E2F1(31). Briefly, ER-E2F1
expressing cells treated with SAHA in the presence or absence of 4-OHT were
crosstinked with 1 % formaldehyde for 10 min at room temperature. Formaldehyde was
mactjvated by addition of 125 mM Glycine. .Chromatin extracts containing DNA
fragment of average size of 500 bp were immunoprecipitated using anti-E2F1 polyclonal
antibody (C20, Santa Cruz). The DNA was extracted by Phenol:Chloroform:IAA
(Ambion). The DNA recovered was subjected to amplification by PCR using
HotStarTaq Master Mix Kit (Qiagen). Approximately 20 ng of the input and the ChIP
samples were used as templaté in each reaction. Reaction mittures were initially melied
at 95°C for 15 min followed by 27 cycles of 94°C/30 sec, 60°C/30 sec, 72°C/30 sec, and
a final extension of 72°C for 5 min. The primer sequences are available upon reguest.
PCR primers for Bim are 5°-GCTGCTAAGGCTTGTGTCCGGA-3? (forward) and 5’°-
TGCCCGCGTTCCCAATTGGT-3 (reverse).
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Bim specific SiRNA and negative control siRNA were purchased from Cell
Signaling Technologies. SMARTpool(r) E2FI siRNA, ASKI siRNA and
negative control sSiRNA were purchased from Dharmacon, Inc.(Lafayette,
woQ)edielisivere transfected with 5 Lipofectamine 2000 accardimgstodhienness
manufacturer's protocol in the presence of siRNAs. RESULTS EZ2FI
rRVSIERIESSIeN facilitates IIDACis-induced cell death in human cancer
cells. 10 Activation of E2FI induces apoptosis through both
niRP3:dgRenNgeRhand;i endent me isms. The former is primarily
Imegzlzljiate.d through t egg ;%I/Kﬁ&%"é‘ﬁaﬁ]way SR REEBEER from Celi Signaling
Teghnplaginn CteARTPERID 05 B AT 4 H/e stijte the reguipton of& 2N A
wabGitiesagtivhrndRRSNIsHt lRB3ryausepsS3 il HCTI 16 cells fo
L_es ablish cell line stab%glxpressﬁqhg Eag/Fl fu%%ﬁ'tc% S[%% were mm%emé with
lﬂ‘?gﬁ? af8Rierceadee T & SRENEABIHG AnpkiRdin grd dimajesédbe of
sikdsttegen receptor (ER)(30). ER-E2FI fusion protein is maintained inactive
in the cytoplasm in the absence of 4-OHT and becomes activated after
addition of 4-OHT by allowing ER-E2F1 translocation to the nucleus (30,
34). As expected, addition of 4-OHT in ER-E2FI expressing cells led to a
rEstrgrrgdncrease of cyclin E and p73 expression (Fig. 1a), two bona fide
E2F1 targets (26, 27, 35). 20 To investigate whether E2F1 activation
E2ndueatsensigaioninhas i HRAG S JduRsH g8k death, we analyzed
the cell cycle profiles by FACS (fluorescgnc%g-gct?\% e %:‘é B g5 cells-
AcERtRRFLERIESINAECTIHE-RE 30y ek'z ER:E2171),and the control
cells expressing ER:binq%%‘gom?% gﬁ%‘y )g%%éelﬁ S Cgﬁ?%ﬁﬁnfi?é‘t
mephapiERns. SrargeTs Armadpredisied thrabahe o B A ORI pERVER kid
haseKpI@SsiDcRaNE425IQRT 05 SAHABIORS induced apmr %iél}% el 131
an .23%1 af sub-G1 cells indicative o?cell death,%respectiv y. k@éiﬁ%rﬁ%ﬁ

APPIRCAOME JRACBHINA QL MRAd W 45eaPRa AU SIS Greslin i gstbllish cell

lin{ 7886y indimatiigea BAINgisytergistic aglkdratisiesRans e rgrideftnsive
en.in the control

: Thi istic_effect h

R e O R ecnete i
maERRGHIRE Bendl) v oxsonesERFbaativation hy-GIDHI g rBatiyRECHOIRd
aﬁe?%ﬁ@éﬁﬁd@ﬁ“%%&ﬁ’é@ﬁ@%‘?ﬂ%ﬂ%@?ma%'%% %ﬁ?gd??%le, 34). As

- formation assay (Fig.1c). Thése results

KPREFISESH66/600035 LinRiEAE AT BRFssreresibrdstionaesotieditrease of
cycinBan@asy Seltseaid A IR BIRLIARe E2F1 targets (26, 27, 35),

To investigate whether E2F1 activation induces sensitization of cells to HDACIs-

induced cell death, we analyzed the cell eycle profiles by FACS (fluorescence-activated
cell sorter) in ER-E2F1 expressing HCT116 pS3 null cells (ER-E2F1) and the conirol
ceils expressing ER-binding domain only (ER) following treatment with the HDACIs
SAHA or TSA in the presence or absence of 4-QHT. In ER-E2F1 expressing cells, 4-
OHT or SAHA alone induced approximately 13 % and 23% of sub-G1 cells indicative
of cell death, respectively. Addition of both 4-OHT and SAHA resulted in a marked
increase in sub-G1 cells (75%), indicating 2 strong synergistic cell death response (Fig.
Ib, left panel). This synergistic effect was however not seen in the control ER
expressing cells. Identical results were obtained in TSA treated cells (Fig. 1b, right
panel). Moreover, E2F1 activation by 4-OHT greatly promoted TSA or SAHA-induced
growth inhibition, as determined by colony formation assay (Fig.lc). These results
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in response to HDACIs. To determine the effects of E2F1 overexpression
on HDACIs-induced apoptosis using a different system and an additional
cell type, we infected p53-deficient osteosarcoma 5 Saos-2 cells and p53
wprmabh#tCid| 16 cells with either E2F1 expressing adenovirug: sk kndbhherss
control adenovirus (Ad-LacZ) and monitored the cell death response after
infiRAeteatent Asshown Jn Eig. ld, in each case, cell death following
"TSA treatment was |gn§é§r€%§%% %n%@%%kﬁ%gﬁhmm&“hﬂm
I ISRERRSE W dihlfesponse was observed for cells infected with Ad-LacZ.
These results are in agreement with the data 10 from ER-E2F |
TefpiesrleentatiabEa arwitFigs g‘din{gldmm” d@ﬁm@a&@%}a@bgg@ﬁsm a
dievRseXBIaBRIOmISRSHIEERHRAGISpdugad cell deatb and. that this ce
Sde th potentiation is indeé)endentsgg p5 .stlatnﬁegag 5 t@%ﬁ’fﬁ/ﬁ&ﬁ?ﬁcmﬂa
) 1"%@%- dptohetarbEy Al Witk riheohdtlthapHBAL iemighius (Ad-
EZRbmotefaf kanediaiedeell seatihivish RMRISE s 45,19 search fo
- g&gf&-rﬁgg&%ﬂ gleég.e r gaonse to HDACIs. To achiev%a%ﬁfs%% |(r’TJ$‘,S %vale}tﬁ%rggA
the micfoarray scre r’ﬁhg Pprostitagse Pl feathrlloeinodss theatment was

i et divibiiis s fo i es
i : to be markedly induced by ¢ or
"SA uggngégﬁliﬂa%t!%%ﬁ%i (%%%aﬁ%; SHEWATSS TS APREOTE Mol Hip data
from ERAARS Wé@ﬁgﬁtéﬁﬁhéﬂ@eﬁomﬂerﬁ-&ﬂimbm-HmMQMyZQ,@g@tﬁ@rggp1

ivolvadione ussd RT - examine the expressions of a number of
OVkrllglcjf%vn éZFl targets, i??t%%sg%éCNE, g%% é{g%%asaél-%, %ﬁ‘a t#éSBP%l-oﬁ?ﬁﬂl
POTIIRING Enderendsh el PR SEERd Bim, in ER-E2FI expressing cells
treated with TSA or SAHA in the presence or absence of 4-O1-IT (Fig.
Selsgiive prvasions el F2 srseshboRsoti argdtiborFIR ACBHT to ER-E2F|
Werpressing£elb Jaciionstiangnduations af & 3,25 transcripts,
i and Bo tJesggj{,lexte IS, aspggoe-s, Bim, Pﬁ%ﬁ%‘ﬁ? elilig%agtt%’aﬁgséc% g.)%ﬁeaus
?ﬁgge Jenas A EHTh SR PEAISI EHpEde-Terphisssithis aiprewe used
thefaritrerupy egutatr: by fiSdcho BEAHA AreimeRhibits 28). ¥ SROESE Ria-

: op E and ot losely related .BH3-only transcripts Puma
o B (080 G A O a2, ws

foundciphe (Tg@é& m@@em§‘ﬁmaﬁmxmly seshIERG: bé}/a’éﬁﬁbt%gown}.
To ES4san ivation, Which.is a typical respon HDACIs, |
e L S ST s

was induced and SAHA as e cte

by TS
P A G NEd G MR SRS Erice i the cThressidindifignsubgast thedn

E2RherACihitiioneEs e, abiih.al £3E t,ackiate fanseliption ina,
Pyl 9GS Ienes For Igac ERE0E! ‘expressing cells treated with TSA or SAHA in the

in the
presence or absence of 4-OHT (Fig. 2a), Time-course analysis showed that addition of
4-OHT to BR-E2F! expressing cells led to strong inductions of CCNE aund p73
transcripts, and to lesser extents, caspase-3, Bim, Puma and Noxa transcripts. Of these
genes, 4-OHT-induced Bim and caspase-3 expressions were further upregulated by TSA
or SATIA treatment (Fig. 2a). By contrast, expression of CCNE and other closely related
BH3-only transcripts Puma and Noxa were, however, not notably upregulated.
Intriguingly, the 4-OHT-induced p73 expression was paradoxically reduced by both
TSA and SAHA. p2] activation, which. is a typical response of HDACIs, was induced
by TSA and SAHA as expected and this activation was not further increased in the

- presence of 4-OHT. These findings suggest that the HDAC inhibition alters the ability of

EZ2F1 to activate transcription in a farget gene-specific manner.
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30 WO 20061096140 PCT/SG2006/000053 To determine whether these'
transcriptional changes will result in alterations in protein expression,.we
performed immunoblot analysis of Sim, Puma, caspase 3 and p73. Figure
wibhzshrawsithat treatment of ER-E2171 increased Bim proteirptewetse06/600053
compared to cells treated with TSA. SARA or 4-OHT alone. Caspase-3

' riking increase in MRNA levels, were |
o gl 1 TR e ek proven
CXIEITOR, PrRsfvasth Tevamsablae setusiteofeBian diines E@Baste fe et iy,
gl duntion wastreduesd ERSA NS AT IS, SO0 1o
tpe kn?vcxlm EtagF r totic %%ﬁts we have surveyed, Bim agpears t0
o TRy ) Mor AP Leiobiote et WSS Srpresidmves, s apposcd t
heu sty imwwdgmmx&hmd&iamsmﬁiﬁ%@f bt‘l@'Q#i?M\s%%{A_
i ‘vati urther confirmed in normal human fibroblast M-
e Lt g I R e O
E3fd denentetcalis infhotiehwiths AddEQE mmaatmwnme&@%@@sie Thus,
i ' ' o[ ] ted with Ad-La Fig. 2¢). In
T e S8 LR, T e be e
Pf%ﬂ@‘@’e@?lﬁa?ﬁﬁﬂ@@%@el@éﬁ%w%eaeml@lia prosepoiptbtiotergdited by
HBAIiritetegingtN Aimehsermtienis imeouiastigof okt Atyationdy . .
DNﬁ dama%%, \%E‘lc r ts %selectlve induction of p7/3 (31, _ ).
POBBNSISTRNE WLk S KNOWH (51 GPBRFSASERE AR SeRBrCH AT NSRRI E2F L. In
botiperstssiBS ivéreatnsanvelicity ﬁﬁsﬁéc%@iﬂﬁﬂ@f]mﬁpm_t 2 '%1 %%‘éﬁ&édbincﬁeease
- P vage.and the, distuptio mitochondria membra
- ggtﬁeeer?ﬁ?z’a?l%%e r%%%%%or %%I}Xc?resa&nng‘ae(}r%} éutff)btlh %’E%@ﬁi@oﬁ BeRgTesi) p73
aﬂé%ﬁ@i%my}c@aéﬁa@é.3@nﬁmbam@mmwa@ggmfmmm s(lggslg{;ely
JaiN] i ' Q. CO ing.sensjtivity, o S upan
o, B TRe sy e M R s
EZEE&W&%G&&%% Parg vl TesiiuiseseRNAG itdetionad 1T 3i{BNCES).

CoBifnexprassion anchanalyzed Pl agicaliRiiaciREaibig. 00, e o
0tran ected ER-E2FI expressing cells with éim- speci% S%NA %%c? tt?ség'g’tew(ﬁe

Oty SAHATE! 25 11 T bFESRes deHSEnisTsRssR R Eadessngromd the

disgetipwerraissliradstectenvitheapoisialevant sIRAA WeSISH RlatABRYSIS,
ecific sSIRNA decreased

RsE21.21 gxpressing.cells, showed that Bim-sp s .
EQﬁETZII-:Sl %&%pﬁ%’eﬁir% %l;(%?teeéls%n BYRGr tﬁ%@@% Pariifihe grked this
AoRYPRiS| ety Hbolished SAHA-

Bim is functionally important in conferring sensitivity of HDACIs upon E2F1

activation.

To definitively establish the role of Bim in HDACIs-induced apoptosis upon E2F1
activation, we used RNA interference to silence Bim expression and analyzed its
biclogical effects. To this end, we transfected ER-E2F] expressing cells with Bim-
specific siRNA and treated with SAHA for 24 h in the presence or absence of 4-OHT.
As controls, cells were also transfected with an irrelevant siRNA. Western blot analysis
of ER-E2F1 expressing cells showed that Bim-specific siRNA decreased E2Fi-
dependent Bim expression by more than 90%, and nearly completely abolished SAHA-
induced further increase in Bim expression, as compared to the negative confrol siRNA
(NC siRNA) treated cells (Fig.3a, et panel). As a result, ER-E2F1 expressing cells
treated with Bim siRNA showed a marked decrease in SAHA-induced apoptosis in the
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induced further increase in Bim expression, as compared to the negative
control SIRNA (NC siRNA) treated cells (Fig.3a, left panel). As a result,
ER-E2F1 expressing cells treated with Bim siRNA showed a marked
waenmeaneis SAHA-induced apoptosis in the 31 WO 2006/0861462006/000053
PCT/SG2006/000053 presence of 4-OHT (18%), as compared to the
préQRue s RNy treated calls (4 E%Q Fig., 3a, right ). Thus, silencing of
; Bim jnduction b)(/? siRNA t‘raonsgect_é)ﬁ?grglgu?tbentg ft;ril %@%%‘ti%%ﬁi&ﬁ%&# 1)(Fig.
% HEH ORI h S Se FIRCIg 18 PRt insystip dryosRARA rSisfiet ofiesisliBed in
efivaiecadbenghtisinet dpopRAteAer £ells (Fi%3) wi-kewise, silencing gf
re&%’grg 2 grxpgﬁgsi pals resulted in the dec%ﬁeased lce _%%gfﬁ rgsgpgcg#%‘é gdmﬂar
AN Saoa. 2 CRReG e didt WA b rEigrigbadyikphése stmoinganftBim
ok o il e Ut Sapolass TR PO P,
' through incre“aselii:jLI gg@i?’gi‘rui{'r%seen?%cﬂﬁga%ﬁrﬁesﬁgﬁékﬁ’ﬁn‘ﬁﬁ%gﬁ induction
megigiSSoRR JProleRisHpchititienBiprh &F beetivaiop dsesiorbe m B ATk direct
target. However, fractional E2F1 binding sites in the human Bin promoter
Hips(dsrisibeeBiprovivusipiientiiecst tetrencsl JFHy Si6:0h SBRAMIS the Bim

' geﬁgﬂkﬁﬁggezspanning 2.5 kb base pairs upstream of the transcription start

site of the human Bim promoter revealed the presence of four sites

Tpar s{&2F binding motif [TTT(C/G)GCGC] at 15
Al e RS AR SIS R—
Hopryep JectipreinEtB i Bleelifrei pitea)inT theléterminBimhghesthenuman Bim,
prePIGUEIOIedNaSdCSRGASIE IRGPEL e g@%%%dstev@iﬁeﬁgeggéngnl(;nfDﬂgNé.S kb base

.fra}ﬁiments sganning the Bim promoter regions -

PaiLs,) e 9 OO TR BRI et SHse0b ibativenBa FBinbindingtsitesiealed the

presespecfifiely sitheshinialr a0 MEREWALE |yt %i

posh &%rtei%‘;it{ﬁ §for Iy is.of prorﬁ%%?ﬁ?g%.%ﬁonst u{:taéwige at
tﬁ %etj iﬁ%ﬁf‘fﬁi celld 4t G ety VRAGIBADNARL), Be

en cotransfec

rangesietiaingar ity (Miof £2F Texptassing wlasmicieasthes with $romoter was

s maloats PR PRGN SOERTG daRHERaribe B
PrOBRETHhSTEIEE NIty Vi e e oRtEhdAsH wonthiatgonteinad 146/ 8206 F2F
s T 0 DR

S 1B ab) “FnaeaHESp Glatviemtr wfidify STies (FPTGGEGGwittien
cotransfe &L 0htapHEdrad tadie ENGHORAIty vector (pocDNA3.1}, or increasing
amount of E2F1 expressing plasmid together with a normalization control. Relative
luciferase activity was measured after 48h. The resulfs indicate that E2F1 can induce up
to 30-fold induction in promoter activity of the reporter construct that contains -1415/-
2035, suggesting that E2F] is capable of activating the Bim -1415/-205 promoter. In
contrast, Bim -2415/-1333 promoter had no respomse to EZF1 (Fig. 4b). Thus the
putative E2F1-binding site (TTTGGCGG) within -1415/-205 appeared to be a functional

B2F1 responsive element, denoted as E2F1 -RE, in the Bim promoter.

To confirm that E2F1 binds to the E2FI-RE i vive, we performed chromatin
immunoprecipitation (ChIP) assays using an anti-E2F1 antibody and PCR primers
encompassing the E2F1-RE (Fig. 4c, upper panel). The resuits show that E2F1
occupancy of the Bim BE2F1-RE is readily detectable in ER-E2F1 expressing cells in the

32



10

15

25

30

E2F1 responsive element, denoted as E2F1 -RE, in the Bim promoter. To
confirm that E2F1 binds to the E2F1-RE in vivo, we performed chromatin
30 immunoprecipitation (CMIP) assays using an anti-E2F1 antibody and

wBCRqregiees encompassing the E2171-RE (Fig. 4c, upper panet}2daeocos3
results show that E2F1 occupancy of the Bim E2171 -RE is readily

R EREZEL £X sing.cells.in t WQ 2006/096140 ,
e SRR el W10 8 T meonetimn g
TP REPReEinecpremser of ArtivgereamBRE brombte Biecrsiimetet.ofn the
préReegenausIERREb1q MBI PRIBIS IR B8, %ﬁ@%ﬁ;&%@gﬁ tnd

binding to the Bin promoter was sugnificantlg{ Increase nding

thi, 3P RPHTARSapHE Dadeer e AR AAEHG. (kg | bovdrpanretpeRIo igigtal
BT beln Aot et of EAEL, st Sl (e e e e g e
. Bim bein ect target 0 ur study identified the functiona
L R Rt S S e
Bifngreagdsriang ZEtherdepandyatdtthih énBimseprormer aftepity \sto the Bim
rdphjRition. i ' jfh.t requlation of Bim expression. Rb
B A R P s e
is response to HDAC jnhibition resulting from

) i t
Rb?é@e%%%ﬁ%?%%%c%%&Sﬁpﬁﬁf%%ﬁ\(}itgﬁl Eliiﬁagﬁ&?ﬁ ‘ﬁ‘ﬁ}?otein binds to
inagtivate family members (39, 40), resulting in the activation of
R R e R e I
dergauitivexpresulogeas CBRE| actiespo i tohtDAGKEnWe dtseCtedBbio and
A VY7: T B i ir essing 15 E1A or the control
e e he 0 S RRLTIOUD S A e Faogencns
EZEk &t s%igweq%mﬁmaﬁahs?ﬁem Bhénsarationaat BientxBinyshut aut @lBilar
JustED AIDW eRs eRGON RSO 12 JaleN=, [Bosi
;;ﬁ more sen itive_t(;»e SAHA tre%%n?%ﬁgggﬁ%%ﬁﬁ%ﬁ%%é%gmg
infdc e%"x?)‘i‘fﬁ"iﬁaﬁ%%‘?"?ﬁ'i G BHC g et BES ke trheRLA
exrgetedtigityr @im2énd @b é.ntemﬁmﬁmer@ﬁmaayqﬁﬂ{} géimlffe%gﬁg Qfas further
: I th.praliferation.and apoptosis.in normal diploid human_
mc#t%’?l%a%é&&ﬁﬁl‘gg’ce@gn%atlr%ﬁgpo?ﬁ?& M0 EETISUEhIPavpreessitiye to
SAHPA Teagioee-reopomet vatb dyestoMB dehiat:SAtta sulbstantially ithiigg rght
pa,;gygliferation of both normal and transformed IMR90 cells (Fig. 5b).
However, normal IMR90 cells were basically not 25 responsive to SARA

To 88¢iaA 10d %8%1@&%9{? %@éﬁﬁ‘ﬁ]}ﬂ’n@g&% ié%?v?g g?)%lpared the impacts
of HDACIs on both proliferation and apoptosis in normal diploid human fibroblasts
IMR90 cells and transformed IMRY0 cells stably expressing E1A. A dose-response
étudy showed that SAHA substaniially inhibited proliferation of both normal and
transformed IMRO0 cells {Fig. 5b). However, normal IMR90 cells were basically not
responsive to SAHA and TSA in inducing apoptosis (<10%), whereas the same
treatments in BlA-transformed IMRO0 cells triggered a strong apoptosis {~ 60%) (Fig.
5¢, left panel). This observation is consistent with the previous report using different cell
lines (12) and suggest that the tumor selectivity of HDACTs occurs in the pathway(s)
that regulate apoptosis rather than cell proliferation. Consistent with the ﬁigher E2F1
activity in IMRO0-E1A cells, Bim and p73 were upregulated in these cells and after
SAHA and TSA treatments Bim levels were further dramatically increased. In contrast,
Bim induction was barely induced by TSA and SAHA in normal IMR90 cells (Fig. 3¢,
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treatments in ElIA-transformed IMR90 cells triggered a strong apoptosis (-
60%) (Fig. 5c, left panel). This observation is consistent with the previous
report using different cell lines (12) and suggest that the tumor selectivity
weol JdaAdslaccurs in the pathway(s) that regulate apoptosigrathetdhamoess
cell proliferation. Consistent with the higher E2F1 30 activity in IMR90-EIA
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to HD#hEIsrevious study, we have reported that HDACIs activates ‘
132171-dependent apoptosis and that E2F1 target Bim plays a crucial

Traekeriptiisadrgeaastid adilyricharacinuizs tha ganamiepregram and to

In identi itignal molecular events that might 20 participate in E2F |
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i domain (64%%%%&&%%?%@%&%@&%%&%@%%@ Fff-)cﬁya&r% SRek gDt

pal‘?&l_@ﬁﬁ. é&gﬁg@wmﬂ response to HDAC inhibition, we employed

DNA microarray analysis and an E2Fl-inducible HCT116 p53 null cell line (63). In this
cell system, E2F1 is fused to the estrogen receptor (ER)-binding domain (64) end ER-
E2F1 is activated by ER-ligand 4-hydroxytamoxifen (4-OHT). As described previously
(63) and as shown here in Figure 1A, HDAC inhibitor SAHA induced markedly
increased apoptosis upon F2F1 activation by 4-OHT.

To determine the apoptotic program that contributes to the SAHA-induced apoptosis as
a result of E2F1 activation, we focused on 220 well-annotated apoptosis-related genes
represented in the 19k gene array. We began by defining apoptotic genes activated by 4-
OHT over a 4, 8 and 24h time course in ER-E2F1 expressing cells or celis expressing
the empty vector that contain ER-binding domain only (ER). Gene expression data from
each time points was cluster analyzed and displayed in the Tree view software (62). As
shown in Fig. 6B, 42 of 220 apopiosis-related genes showed increased expression afier

4-OHT treatment in ER-E2F1 cells, but not in ER cells, indicating these apoptotic genes
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(63) and as shown here in Figure 1A, HDAC inhibitor SARA induced
markedly 25 increased apoptosis upon E2F1 activation by 4-ORT. To
determine the apoptotic program that contributes to the SARA-induced
wapnptasiaas a result of E2F1 activation, we focused on 22@CT/sG2606/000053
well-annotated apoptosis-related genes represented in the 19k gene
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conclusions: (1) SAHA activates E2F1 apoptotic activity through a target gene-specific

manner. (2} ASK1 is E2F1-regulated target and ifs expression can be activated by
SAHA.

Both exogenous and endogenous K281 regulates ASK1 expression.

To confirm the results obtained from the gene expression analysis, RT-PCR experiments
were performed to examine the ASK1 mRNA levels in HOT116 cells expressing ER-
E2F1, ER or a DNA-binding-defective mutant of E2F] (E132) fused to ER. In
agreement with the microarray data, activation of E2F1 by 4-OHT resulted in an’
increase in ASK mRNA level, but not in cells expressing ER or ER-E132 (Fig. 7A, left
panel). Consistently, ASK1 protein was accumulated following 4-OHT in ER-E2F1
expressing cells (Fig. 7A, right panel). To investigate whether ASK1 expression is

associated with the endogenous E2F1, we arrested the human osterosarcoma cells U208

a5



10

15

20

25

30

by SAHA upon E2F1 activation. In the same cluster were BCI2L11 (Dim)
and CASP3 that had been described in our previous study (63). These _
observations support two conclusions: (1) SAHA activate_s E2F1 apoptotic
waciiMibydhiraugh a target gene-specific manner. (2) ASKI is B2FkG2606/000053
-regulated target and its expression can be ai';ﬁied by 25_ SnA$§\C Egit’i?m
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: I ith the endo E2FI expression. To further su staptiate
" ﬁi@%@%ﬁ%ﬁ%@ easﬁslgnt?)s?e%%ﬁé' adenovirus expressing oncoprotein E1A
ASfpliea dip eetifeett92B3RInd IMRIO cells. ETA binds to and macatlvates
fanpuhe oemh , lting in.t tivation qf the endogenous
o E%:l (67, 68). Tf%ifﬁgegﬁsggg/g}%%(%égssi{% %e? wiﬁsha‘?ﬁ’é‘?@ﬁﬁaﬁizet&%eﬁ@éwf
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in BASKBistedirectotargetiohF 2Fihd 5.7 eileterapng whetbsliherEaR} gene can
f_transcription, the ASK

e sl s opeste e e et S
potential E2F-binding region that mediates the induction, we next measured ASKJ
promoter activity using various deletion mutants. The delefion constructs containing
region between -1000 and —256 was not responsive to E2F1 (Fig. 8C). In contrast, E2F1
can activate the -273/-125 promoter for up to 12-fold, suggesting that the putative
E2F1-binding site within -273/+125 is a functional F2F1 respensive element in ASKI
promoter.

To examine the ir vivo recruitment of E2F1 to the ASK/ gene promoter, we used the
ER-E2F1 or a DNA-binding deficient mutant (ER-E132) expressing cells to perform the
chromatin immunoprecipitation (ChIP) assay. In the absence of 4-OHT, anti-E2F1
immunoprecipitated the proximal region of ASK] gene promoter from -273 to +125,
containing the EZF1 motif in both ER-E2F! or ER-E132 expressing cells, whereas
coﬁtroi igG did not (Fig. 8D). This indicates that endogenous E2F1 binds to the ASK1
promoter. In the presence of 4-OHT, which activates ER-E2F 1, recruitment of E2F1 to
the ASK1 promoter was substantially increased in ER-E2F1] cells, whereas the activation
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plasmid. Fig. 8A illustrates the promoter region of the ASK-l. gene,
including the putative E2F binding sites as well as the deletion mqtant for
reporter constructs. As can be seen in Fig. 8B, the promoter actl\(lty of the
wb Qokbef Beproximal region of ASK] gene can 20 be markedi;zf_agtmajadghg&
increasing amounts of E2FI plasmid. To determine the potential 4 ASK]
F-hinding regi t pedjates the inducgion, we next measure
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Bi&pgﬂx‘;?rtli&@r%ig. 9B). Thus, these results support the conclusion that ASK1 induction
by E2ZF1 results in Rb inactivation, and thereby increases EZF1 activity through a
positive feedback loop.

SAHA promotes E2FI-mediated ASK] induction,

Microarray anaiysis as shown in Fig. 6 indicates that ASK1, like Bim, is weakly
regulated bjr E2F1 and this regulation, however, can be significantly augmentsd
following HDAC inhibition by SAHA. This observation is further validated through
Western blot analysis in ER-E2F1 expressing cells (Figure 10A). To examine whether
the increased ASKI induction by SAHA upon E2F1 activation is associated with the
increased E2F1 recruitment to the ASKI promoter, we performed the ChIP assay.
Indeed, under the SAHA treatment in the presence of 4-OHT, E2F] binding to the
ASK1 promoter was markedly increased (Fig. 10B).
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p73, Bim and cyclin E (Fig. 9A). This result suggests that EM-mediated
ASKI induction permits a positive feedback effect on E2FI activity, leading
to the sufficient 15 induction of E2F1 target genes. To investigate whether
wSklsagtivates E2F1 activity through inhibition of Rb, we usedtiigzoes/oo00s3
132171-responsive Bim promoter to test the effect of ASKI on
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e B e T R e i

OB T Rfe B AR S S A AcRMRENE Mt presence of 4-OHT,

EXRZFASKLingiedbe HRGbateme esapas I kedisinsraasad (Fig. 10B). 37
wiVO %099/096 4 PCT/SGﬁ2006/OO(,)053 To investigate whether the
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ist i e_higher E2F1 activity in IMR90-EI A cells, these cells
e e el T Sl Sl eHomma el of
apEpGIiA frlain BABK tsaspreseion WaE facthertind (Figd ((FAQ. COG)sEat with

OelergH i [ S é-i d ASKI expression,
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i .tréaat Cg}tﬁglﬁi{%F%SlRNA J%ut not control siRNA efficiently abolished

on.

ndiced. hwus, inhibition of ASK1 expression by siRNA can reduce

SAHA apoptotic response through impairing the induction of Bim. This observation

suggests that the active engagement of the ASK1-E2F1 feedback module is necessary to
promote the apoptosis in response to HDACIs at least in part through the increased
E2F1-Bim activity,

The ASKI1 protein comnects to several different intracellular signal transduction
pathways including INK and the p38 mitogen-activated protein kinase (MAPK) family
leading to apoptosis in embryonic fibroblast and pheochromocytoma cells (70, ’7i).
Given that ecotopic E2F1 expression results in ASK1 activation and promotes SAHA-
induced apoptosis, we examined the JNK-p38 activation following E2F1 activation and
SAHA treatment. The activation of JNK and p38 MAPK in response to SAHA was
monitored by immunoblotting using phospho-specific antibody to detect INK or p38
activation (Fig. 11B). In ER-E2F1 expressing cells, we did not observe z consistent

increase in levels of phosphor-p38 or phosphor-INK following E2F1 activation, SAHA
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10 Taken together, these results indicate that both exogenous and
endogenous E2171 is required for the induction of ASKI in response to
SAHA. E2171-ASKI activation contributes to apoptosis induction by SAHA
weonexdgxamined the role of ASK! in SARA-induced apoptgsisdesiiltingoss
from enhanced E2F1 activity. To this end, we used ASKI siRNA to reduce
m@g %n I%!r éL e>§gé§c%?ion f‘g] ER-E2F ex(g?res,sing cells and observed a
marked reduction in VAR SPAIE SR RE BRI Al daersasse JpBR or
pIxrfigetivmtion (Fig. 11A). Consistent with the role of ASKI on the positive
feedback regulation on E2FI activity, we found that ASK! depletion
resulted in marked reduction of Bim in response to SAHA (Fig. | IB). We
MiQusly demonstrated that E2F1-Bim pathway plays an important

DRV RE
" role in 20 HDACI-induced cell death. Thus, inhibition of ASKI expression
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33@8“\‘}\?@?2}%56 YBYAPISCT/SG2006/000053 treatment or both, indicating
_the increased apoptosis is not due to the increased JNK or p38 activation.
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transformation of normal cells, and in cancer cells this mechanism is tightly controlled

or disabled to allow malignant outgrowth. Therefore, therapeutic approaches for fully
restoration or activation of oncogene-induced apoptosis appear to be conceptually
feasible to achieve tumor-specific intervention. Thus, elicitation of E2F1-mediated
tumor suppressor function through HDAC inhibition without causing DNA damage may
be an atiractive strategy to achieve cancer specific killing. The therapeutic benefit by
utilizing this strategy is obvious: it selectively kills tumor cells and spares the normal

tissue,

We identified Bim as a key mediator of E2F1-induced apoptosis provoked by HDACIs.
Among previously identified E2F1 proapoptotic targets that have been served using both
microarray and RT-PCR, Bim was found to be dramatically increased in both mRNA
and protein levels by HDACIs upon E2F1 activation. Moreover, silencing of Bim
expression by RNAi efficiently abrogated the cell death enhancement induced by
HDACIs in E2F1-overexpressing cells, indicating that the sole up-regulation of Bim is
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oncogenic Rb/E2FI| pathway as a target for HDACIs and demonstrate that
HDACIs triggers efficient apoptosis through activation of E2FI apoptotic
function. Importantly, 10 we identified Bim as a critical mediator in this
wRyeegses1at Rb/E2F pathway is frequently deregulated ingpary: nesflfs
cancers and that HDACIs preferentially kill tumor cells carrying enhanced
| activity, define a set of molecular conditions for selectivity of _
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without causing DNA damage may be an attractive strategy to achieve
Aranicenspecificrikiling 1T tietier agestBHBOAA Py REuiliinghigslrAE Woxa
arsSHP\UBHSH Belegtixely: kils tumor, cells.and spares the normal. tissue. We
identified Bim gs a I%e%y 1rlnl{}(‘-:‘1 ot o -leﬁo‘r’ffgie QoSS B risekEg by 2F !

tarepnCR: Findngiqstduidusly fendinadEaid mleapaptotivdasgeds HEthayes:
yEdIsi i r T-PCR, Bim was to.be
geheeRySRIYEATISINGLPRIIWNIG 9aL @é(eﬂ%%&%;rglggﬁ Separad’t éﬁaﬁ E%%%&‘gﬁ" can

b dramatic II)L/Qi{;’rgtcreased in both mRNA 1 prot A Tevels
° JBSH HediSreorsrb avei i ation ah drsiBinssidnps ceisiGT by RNGId 125

threffidiensiyratregaiedihecelideatenhancementingucay by, HOACIS N o

£ | -qverexpressing cells, indicating that the sole up-regulation of Bim is
I L e e o o A
acqhietiront apoptisien Biviis asprhapopsotisnd B3 Ui ey FerRNeiOfhe
n ily igger intrinsic apqptosis pathway through i
AT R e o AR e B A

activation of Bax
deffismanuip ERsBAR tartasp aseeaatiivitp i AR R sieavagegasiveel@sot

intéhierdiardpioaniS wikashorddal Berbrane RO %%%L{gﬁc response to HDACT
E2F1-overexpressing cells. However, we do not

(data not shown). Thus, such an effect of HDACIs is not likely the result of E2F1

acetylation itself. In principle, it could be due to either the acetylation of proteins

physically associated with E2F1 or increased recruitment of HATs and subsequent

acetylating of histones of affected promoters.

Previously, studies show that DNA damage promotes E2F1-mediated apoptosis through
selective induction of p73 (31, 38) or activation of Chk2-p53 network(25). In striking
confrast to that induced by DNA damage, we demonstrate that activation of E2F1
apoptotic function by HDACI does not require either P73 or p53, but proceeds through
robust activation of pro-apoptotic Bel-2 family member Bim. Unlike other BH-3 only
members such as Puma, Noxa and Bid that are p533 targets and participate in DNA
damage-induced apoptosis (49-52), there is no evidence that Bim js a P53 target. Instead,
its expression is tightly regulated by growth factor signals through phosphatidylinositol
3-OH kinase (PI3K)/protein kinase B (PKB)Y/ Akt (53, 54) or ERK/mitogen-activated
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exclude the possibility that induction of other previously unidentified E2FI

targets might also contribute to the sensitization of apoptosis.

Nevertheless, the nearly complete abrogation of apoptosis sensitization
why:BignaiRBNA indeed indicates that Bim plays a central roledre#iess/co0053

process. 10 An intriguing observation is that the other BH3-only proteins

AN cted by HDAC inhibition, albeit.they

pﬁfgl‘gﬁmusly Rd%%?%ﬁg gé%q(%r%gegts g %e R
cyinkinfyihdawctine BinvanevioRzreramgtd gentethpihid ACishisnof BH-3
orphtteiNasineRn REEIONEY IRRAL civ i
P mgém? ted thr§)u§h %%reaseg@ acetylﬁ%%é%e%&?%gg%%%ﬁ% 513’8?%&3

WY %% Wolidh AE e AREy EErsh d8e VAT Hamasiy a9 PO AmeSited
apefotitussponeeskidetivd: B tdagetasiation Mgt Hsassesiated Witheene

lne ce laéion.o F| since the acetylation of transcription factors
L Sl Foaf 4R LRGP A s of

Mppodpleprdectbendlin(4ppasy. thlbwe key, mweiisondftbataeatyationd apoptosis.
1t slefigientpadian = ' ration.of the.three lysines to
arginine did not%%ﬁ%@ﬁ%%?s%ﬁéﬁ ?%Ef(rjgﬁlga%lt?\%g ?ﬁ}wg %%geﬂaggway
ml@’fg Bp&ptoticiuule nEecRPHDIREINEdR O §heohgvd Hesihdbutfamafestiic
m@hHPAC Bisantikeihe-saryltef & hacatylatan liselh,! ’ii?éi??!ﬂ!%&& to
hgoulrd b%ggg to eltg%r the acetylation of proteins physically associated
CHGRAFESHANSE PR B R R FASEEEEHS and subsequent acetylating

I of histories of g{f&ecteq romoters. 25 Previously, studies show that DNA
I FATREEE profnOieE EB1egnshdaishaapspstcames ugwressientiob Ritictiorkb

incofipTB(BisBR) r activatiqnehGirRE3metwak@a)q!35iking %@%{Ey,

1o that induced b A damage, we demonstrate that activation of

A b RSt TG Erarh 6 57 Ba oo

pOﬁ@F@@éé@@hﬂmxgﬁordbmm @g‘fpﬂmamp,tom Ertdofarsiy r%ﬁ@ﬁg% a
BiMakinli : O ers Puma, Noxa and Bj

- thgitL are %%%%t%%%d gﬁaéét%%g}%gﬁﬁm@é@)ﬁa%eﬁ SpBpighie the

curpgefly i aretysaind Bianscitmst Biv Slaips® tigetravestbaibn i€ histones in
botBXREASEI RIS tishly Heauiated by Browin %8?&&&9319'.%5?&9 %{@gf&k{ﬂ(}é P53

._phosphatidylinositol 3-OH kinase (PI13K)/protein kinase B
dea néi%’ﬁm?%‘i%’gjeﬂi%ﬂ%téﬁ REPOi 92 60B006 e FRSPYSER 005000088 -

indpredeinopiaiseriMAR KustibwalA(Ganip:and RASIIPAEIBARPRIASIS specific
the%ggﬁced by cytokine withdraw. Thus, Bim appears to be separated out
rom other members of BH-3

To identify additional gene elements that might be involved in this process, we
interrogated the genomic response of HDACT inhibitor SAHA and focused on the gene
expression changes of 220 apoptosis-related genes. Our study is in line with the previous
studies showing that HDACIs affect the expression of multiple genes involved in both
the intrinsic apoptotic and receptor-mediated apoptotic pathways (65). Consistent with a
possible role of E2F1 in SAHA response, a number of E2F1 targets, such as
BCI2L11{encodes Bim), CASP3, APAFI, TNFRSFIOD, MAP3KS (encodes ASK1) that
have been identified either by previous studies or this study, are activated by SAHA.
Importantly, upon E2F1 activation by 4-OHT, inductions of Bim, caspase 3 and ASK1
are further increased by SAHA. Thus, in addition to the previously identified Bim and
caspase 3, ASK1 appeuars to be another target gene whose product might participate in
the enhanced HDACT response resulting from E2F1 activation,
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only proteins and emerged as a key mediator of oncogene-induced
apoptosis, whereas Puma, Noxa, and Bid are primarily involved in DNA
damage and p53-mediated 5 apoptotic response. Indeed, it was recently
wiepadaeckihat loss of Bim facilitates oncogene Myc-induced gumesigonesisss
(59%), though it is not clear whether Bim is a direct target of Myc. Taken
WogsihehRI 83z ta.b mediator of,.oncogene-induced
apoptosis. It is‘t%us expec%get ggltaignvtvﬁﬁgsrsavc\}ﬁrélﬁg 35890 mutant of E2F,
thgifPReafatéadissshletaepafhial]l angrEBa kaytitte dupleaiteddenithe ASK1
inlRBigRs By csdari0 adiavethe falssale homeestalic 10 mechanism, In.
addition ﬁur r sglt indicate that HDACIs are not%@e@gﬁ%%@g%sn}ea&ng to
PORTS rElsthhed Bt Best FRRACHRSh4M chPieéroedistan epentasisyisumediated

thivagb ehédpheshorshaisrihaidineibaset SFERIFISRMERFL AIRANK signaling
paitﬂ% '\/I%tigrl%eg&ﬁt in a stron otentiatjon of HDACI-induced apoptosis.
y. this Nas Been de Sﬁsﬁfgtéb‘{]iﬁoﬁéil?ﬁweé\%&?ﬁ%%ﬁﬁéﬁ JNK.

Importantly, tl
pheapkozyiatioroky g;spmp@ ro &E&Iﬁo;epﬁialﬁﬂédzha%ﬁsmi&ﬁ( tmg@ésﬁﬁkgemgétm
tARAGISoID gedikign, Bi i more valid predictive marker that
“can determine HD,%%R rgggﬁgggés%%cé‘o“?eﬁt%%%g%%r E?ﬁ‘%/ {988 process.

Impogantiye s iREs, thah ot D Alorskddace hypBRaseiytatioreafhistpriesinke

indiathonoKand Il s seRas e PAGIRI O pIRMOtS FREL mediated,
hut p53- independent apoptosis provides the proof of concept AP

an JurSrn %‘r?&’oﬁérfégifg A Hsptasidhwithedhackusigg aina of E2F1

actgatpage is a feasible strategy for cancer specific therapy. To identify
additional gene elements that might be involved in this process, we

nter e omic response of HDACI inhibitor SAHA and focused
B SO 3 AP At B o e o
actifiigy 18 indiisonitiERRE preitiotys Riebtudies Shovdingdbat HRAGHSAFeatback
gﬁm@@g{%@{m@m invol in both the intrinsic apopjoti
meand receptor-mediated a%(?ﬁ%%i%%vﬁ%égfg ‘.’ec%r;ﬁsafsf’eeﬁ?\%mﬁﬁ é‘at %2F1

indhpssibfecrarestan ik SlioFaslbasaléna imbereitE2 Feedbgeteguielion
on ag2BC I 2tdi{anaases BimiGASRIAPAENFRSFIQR -%@ﬁ‘%ﬁaﬂd Rb
b %?nﬁgd%s AISK%]C'[% ggjve, been identified either by previous studies or
YRS Sthdy - aFE Bttt PBYSARR b R SRS rUbSh ESEH) i dubibiiory iy
Rb £u@iify Kfictionsiof Biar, Respatiad aastASK] ATBiflieniG 88885 by
EmARALTOUS, in dagglt 0 the previously identified B|Waspase 3,
ASKI appears to b éno ertarget gene whesRF RotfutehmbHt partessaneby
E2hh mryidspanpeitive Acibesporsdatisultin B E2Eiadty atibbitbh. Thus,
E2F1 can be reguiated by both positive and negative feedback mechanism through its
target genes. The suppression of Bim induction and inhibition of apoptosis induction by
SAHA following ASK1 knmockdown suggests that ASKI1 induction contributes to
SAHA-induced cell death by potentiating E2F1-Bim apoptotic network. Although the
role of ASK1 in E2F]-mediated apoptosis need to be further evaluated, our data suggest
that the concomitant inductions of ASK! and Bim reflect the efficiency of the
mechanism through which E2F supports the sustained Bim induction that is central to

inducing apoptosis,

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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WO 2006/0961..40 PCT/SG2006/000053 We show here, using RNA
interference as well as a dominant-negative mutant of E2F, that ASKIl is a
direct target of E2F1 and E2F1 activity is required for the ASKI induction
w4 SKI is involved in multiple signaling pathways leacing; 10es/000053
apoptosis (70, 71). It has been reported that ASKI-mediated apoptosis is
mediated 5 through the phosphorylation and activation of proapoptotic p38

R&fﬁ%‘éﬁ%aﬁng pathway in some cellular system. In fact, we did not

1.0b 1 igcrea f hesplheryIation | SAH
o gt T S crtorl e 07 A Droe
apo%l’éﬁ‘?éff%mﬁ?o“ﬁs not contributing to this process. Importantly, we show
that ASKI knockdown by RNA interference impaired the 10 induction of

2. oth&hestentafydts ﬁﬁ&lﬁ’gﬁﬂé Birfr: (973 Giseeyehtl 6. 8. thus propose that
an important function of ASKI induction lies in the feedback regulation of

3. E2fagksivity M JHFBRtiviYy M seBisiend Ra SaRdflindpBreani206im pGrentin
inclogipgiRylfzand cdk activity. In addition, E2F1 activity might also be
regulated through a feedback 15 mechanism mediated through its.target

4, 9enganicRl skangey ithes g i es,the expression
of cdk inhibitor p27, resulti%&i?aér?ega ié%%é%%%%c%%ggﬁlﬁaﬁon on E2F1

_trapgChipto hity-hr, Inhibitj (%fd clivity. D 5ig,s

3 oo I R
inrﬁ*éﬂ%ﬁoﬁ\-%%ﬂai n{64y, RaredsHo - thaRBLimkciatdareoitB8sI5R1630.
Bim promoter activation by 20 E2F1 can be reversed by ASKI

6. ovetasstedsidn e PBbBaennmi e B Suptb EBw-E2FS provides a
positive feedback regulation on E2FI through Rb inhibition. Thus, E2F1

7. calr D&y vl utatld BybethQositiieugnd.Ndg dthiedeb dbakkmegdniSmiey, T.,
threughits . pressi f Bimy jory angl inhibition
of a opto%s%gg%ﬁgg?’ EBA% ﬁ&|§§v‘?r%ﬂgs§1’%%%%w%§%§%%% ot~

Asﬁqn’éu&ﬂ@ﬁ%&wm Y045 SArabBnéiuBidherl N QdtH WP poteRliatitngo!
E2H; Barsagzoptotic network. Although the role of ASKI in E2F1-mediated
apoptosis need to be further evaluated, our data suggest that the,

8. conegmikaNvineuRHaNS O ASK! pnd Bimseliect 1bse figieney,of thes 17174
mechanism through which E2F supports the sustained Bim induction that
is Central to inducing apoptosis. 30 It will be understood that the invention
hagdbeen %eigrib,ed~ by way of example only and_maodifications may be
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method for assessing the suitability of a cancer patient for treatment with a
histone deacetylase inhibitor, the method comprising assaying a
biological sample from the 5 patient for elevated E2FI activity. 2. A
method for selecting a cancer patient for treatment with a HDACI, the
method comprising selecting a patient who has assayed positive for
elevated E2F1 activity. 10 3. A method according to any of the preceding
claims wherein the cancer may be selected from the group consisting of:
retinoblastoma, breast cancer, lung cancer, salivary gland tumor,
pancreatic cancer, glioblastoma multiforma and mantle cell lymphoma.
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15 4. A method according to any of the preceding claims wherein the one
or more biological sample includes tissues, cells, body fluids and isolates
thereof etc., isolated from the cancer patient, as well as tissues, cells and
fluids etc., present within a subject. 5. Use of a HDACI in the manufacture
of a medicament for the treatment of a cancer 20 patient whose cancer
has assayed positive for elevated E2F1 activity, 6. A kit when used in a
CLARSod of any of claims 1 to 4, wherein the kit comprises one or more
reagents for use in assessing E2F1 activity in a biological sample. 25 7. A
1. Akitedbed fomassossiamiis; witebditythBekitdnrth emtemfisesanearwire histone
deaceyiperiehiisifor, ithe imgRuidreongrbmnig rnethad selaskaddiam IRaMEOHBm the
patigpisisiiecaeid £2Fa lakriigd antibody or nucleic acid probe capable of
detecting a marker protein or marker nucleic acid in a sample 30 (b)

2. A@ﬁ&ﬂé&%ﬁ%@é&iﬂg‘g féb%é% g%ﬁ'%‘%?%&&zﬁéﬁé%tﬂr [ t,;t%'e ethod
comus%é] the Kit; g %%; a b erlng é%ge%%d%§ g{ |C{J?ir‘%e?sgerrvaet\lf\a}eH awt%
t b t bstrate for use in detectlng the
;‘;' s s ey NP B B Baiofie ey be
sele %8% tgﬁ e@o% GONSAFEpe of: retinoblasioma, breast cancer, lung cancer,

salivary giand tumor, pancreatic cancer, glioblastoma multiforma and mantle cell
lymphoma.

4. A method accdrding to any of the preceding claims wherein the one or more
biological sample includes tissues, cells, body fluids and isolates thersof etc., isolated

from the cancer patient, as well as tissues, cells and fluids etc., present within a subject.

5. Use of a HDAC] in the manufacture of a medicament for the treatment of a cancer
patient whose cancer has assayed positive for elevated E2F1 activity,

6. A kit when used in a method of any of claims 1 to 4, wherein the kit comprises one
or more reagents for use in assessing E2F1 activity in a biological sample.

7. A kit according to claim €, wherein the kit further comprises one or mors
components for use in performing said method selected from the group consisting of;

(a) a labelied antibody or nucleic acid probe capable of detecting a marker protein
or marker nucleic acid in a sample;

(b) means for determining the level of the marker protein or marker nucleic acid
in the sample;

(c) instructions for interpreting the results obtained using the kit;
{d) a buffering agent;

(2) a preservative;
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{f} aprotein stabilizing agent;
{g) an enzyme or & subgirate for use in detecting the detectable label; and

{h) software for seleciing patient tremtment.
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