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METHODS FOR ASSESSI NG SUI TABI LI TYOF CANCER PATI ENTS
FOR TREATMENT W TH HI STONE DEACETYLASE | NHI Bl TORS

WO LeilsD9EH0 THE | NVENTI ON This invention is in tReTSiGeéod000053
of cancer therapy and provides the use of E2F1

activity for assessing suitability of a cancer patient
MET S ROR ASSESSANG SUET ABHJIRY) DFSEANCER PAFHENTS FOR

( HDA ’ ' [ 1St " j

ci ¢ ear BEATNRE SHTHE FisTORE R e TR pmbsifORs

referenced in herein cited docunents are incorporated

by reference in their entirety for all purposes. There

is no adm ssion that any of the various docunents etc.
FIELR OF THE\INSVEMNRION e prior art as to the present

i nventi on. BACKGROUND Hi stone deacetyl ase inhibitors
THiseh&dn RaM eLABE 3¢ @arfc%{;ﬁﬁfalg}é afid pRividBs hdGse of E%,Fl activity for

chenot herapeuti ¢ agents and can |l}1)duce a range o
assgssing Gmbigfcftdf\ﬂi qaness, patient| fadiresymientdwith histonefdeaeetylase inhibitors
-Gﬁ%%bf arrest, stinulation of differentiation, and

og'ati on of apoptosis (1-3). The efficacy of these
agents, particularly Trichostatin A (TSA) and

Al goewraets pit¢d tethis/gxolhaten eitsdadocomients")hmsl dkdovuments cited or

ro R 1 Bt e B T ORI Y S8R Bhneir emtiraty for
allghepasefier apeuti c agents that often cause DNA damage in

both tunor and normal tissues, HDACIs display strong

; T CiLyodod he .

THTR o B Ul o B SRR RO EITk b0 i i il gt are pror
art asrto thesmbsent invetityon. s not under st ood, though recent

studi es show that HDACI sensitivity in tunor could be

medi ated by the activation of the death receptor

pat hway i nvol ving the tunor necrosis factor-rel ated

FSsinducing ligand (TRAIL) (1O 11) or

B%?@e‘?@@%l i nduction of oxidative injury in

transforned cells (12). The therapeutic effect of o
Higlopg deagpiyhse hinbikitorat GIPARID u§aversingreed grcestly as promising

L0 d; criptignal. acti Vi Vi a .
chEALABRPERC bR dhE AT ACHLEE " BPabL St Gnctuding
indhictibw n€eellatycipeareesp istimnlaion of Hiffeetdiatibnant préocaidt dfapoptosis

. eling, HDACIs activity may, al so be. linked with
(l'ﬁgg?ﬂ?est‘%ﬁ%acﬁfr Seithisei pget-amarticylarlyr olrighosiain A (TSA) and
subbrby18hiEAE hPdroRRmicSHTN RSATTA! PEAPESbISh cféy’r)’ ' i

Hovx%yer, I—I?)%& S ilnducg§hi 3?21%% yper acetey at f’é%ﬁ'i)one){penmems
ang ongoing pliicalridals ¢4-Ah Unlikesopwentivhalshembtherapeutiyeagents that often
catisePHR Sha%‘aé%aitnt Both sl‘urtngrr e rﬂormal tissues, HDACIs display strong tumor
selectivity and cause less toxicity to the normal tissues (2). However, the mechanism of

this tumor selectivity is not understood, though recent studies show that HDACI

sensitivity in tumor could be mediated by the activation of the death receptor pathway
involving the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)(10, 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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wahomroeitsd vel y,

hi stone/ chromati n nodul ati on m ght not be the primry

mechani smto confer cancer selectivity of HDAC s.
the tunor selectivity of HDACI 8CT/SGRe6/000053

be related to the chromatin nodifications that are
whi ch in

Stﬁl%% 9 ﬁ@gs\[’smgé Bgﬁ ?gﬁg Igv%vér[ gﬁ%@&;&%t Ll,geprhxptope hyperacetylatlon in

urn ac

bsaﬂ’p pu@6s eeld disrhiay 1ReRge ”ﬁfub S altéeq |
pressi ve mechani sm coupl ed to on%%gem C Sl gng‘?ﬁeﬁﬁs through

h(‘si e/chramatin modnlation awight nQielbd ﬁlehmrhanyl mecRRBAY @ eénfer cancer
oxic effects

h
stRE AR ATBATH gﬁlge%?a&ygfysﬁlgﬁu}gﬁg%é%ﬁ& gg%qsi could e related
te the dRidnEgmlmpdifioasons tHh ard RsseifEd %%htoﬁ %@%&gﬁm which

.gene h been reported in many human tu
I%Eulin Ates @ psroptasts P@Wﬁhﬁéﬁnf}i}Yosumsatd dnriagdncogenesis, an

bR | t
ntﬁiragevnscr " SRR Pl ol o o i Enatine (1) A resl
cangex ealls harbwying ancogenicdationsodre nidle evespible fehk c%@dx@c effects of

H?j)Ak(EIIﬁ'llbl Menbers of the E2F famly of transcription
SOt rol cel | proliferation by regulating the

expreSS| on of genes required for S phase entry and

Ope o%‘ﬁbs@cgger(@geﬁ@) lles-lylpoﬂnboRb’rEQF!H patledlayROTRY N6ks 50 Rb tumor

factor E2F, resulting

Lﬁ’ﬁgﬁ%’%qg rsthetran Cri t|o
a5 B PE sepopied ing as §5agrat @8). gEhe Rb tumour
Sﬂppf"-@fdrvfﬂghﬁfbsoﬁromrétﬁ)iu bhP s'uﬂzl‘i/e{‘ CIS}Q ?ﬁ‘&ﬂllﬁ%’zlth%c%ctw &Y of E2F

and subse uent transacti vation of genes re ulrre
“%Flllptwlcfaét%‘i othecE2F dnmﬂy exfdirangcrimicabictorn plageld critical role in

oReAl bél?&%é g t&%g aeg}\ﬁg & ég l%fs f:alrrp b’a?? ggtgsleggtruig{;}actors control

occurs 1n re

cellaprekifrationripnegtilating tHey@@iesBﬂén Ift fl@sti' sﬁ‘ﬁecpf r& Eﬁ{se entry and

one n this regul atory rmc i ner suc
pr%rn%’ &&IF@)} or overexpression of cyclin D and Cdk4.
In addition, increased E2F1 expression has al so been

Hyitophosphdrylated Bb dirals ta ymie&qﬁéstdwﬂ‘ﬁﬁrahbdmﬁi%n HRGHUD I Jesulting in

a non-smal | cell Iung cancer and sallvary
thc?F g?e}gxto% pr?liffr @?-asspﬁ@;eélf Fnes- Inptivatien o Rbawsulfs 1&21ﬁdreased
Emt iavtidity taRAOWEkey i@t Ot SnsRBRAAEN S

to evade cell Cyc(“lfuairn ulsat 1 on an‘?&%{esoﬁ@cpgfgo fof cel cycle
Progressiony dqaring) tp. abawenir eh ]ngioyfermcmr @p).i WhilefRY BRruiioABrimarily

s BRF i 81.re dasoeofthem)st
°1° rsequeﬁiﬁglﬁ%ée(?lg | BrC R JHANntS R4S FapY Jimopaypes by
a tmtlmsfddthesaﬁmpmmml tHiNréIR6H BEChIRRE

transf or pat é}ggﬁ)ﬁ Iﬁ E2F1 g|Ehs aI?’tso equi pp egl%s R,EgQﬂﬁfH(ﬁ\IKz;)
OF DY A PSSP ing }]@pqi erkﬂqu addlitdom gn(awpd 373§ expresswn has
alsd e iRl $n S8 B2 dAntal

Rb EOR oo V\g E? e pr glamalég%}%éera 11{1“3 (ﬁ gﬁﬁt cancer, non-small
cell lung cancer and sahvary gland tumor (17-19). Therefore, the activation of E2F1
activity through various mechanisms allows tumor cells to evade cell cycle regulation
and proliferate uncontrollably. Accordingly, disruption of the normal Rb-E2F function 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 ploARE
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to be cleared. Indeed, deregulated E2F activity can
trigger apoptosis through regul ating the expression of
These incl ude t RET/SG2006/000053

i nduction of p(23, 24) or Chk2 (25) and subsequently
t| endent apoptotic pathway. E2F1
%%%%ﬁﬂd Z&%) gfg%{g@é%’lﬂéi ﬁc’é‘fatl[@ﬂ@f (158 depé’l)denﬂammﬁtwpathway
a Weeﬂﬁ&?e@ ibfy
i (29)_ and hus i nd ?}bﬁgﬁﬁ§6532§)§§8Wr%'ap°Pt°tlc BH3-
P‘ioﬁﬂ’éifé bR family ﬁ%laadtﬂlu'ﬁon@ichﬂﬂpdi!i&isisgﬂﬁﬂgh a p53—1ndependent
ne- CoWﬁ‘t ed apoptosis function
e|t r d| ¥ ugt%é'gﬂ é‘&%rp &he onereensreupled apoptosis functlon is
either dlpmpteldCoradeStQ&féde ThkfFork,UiHe: @&tﬁd
cogene- i nduced apoptosi s appeaf to é@&é%%‘%séé rug]rqy activating
8%@%1811@1’? apoRtasis@ppearte be panseptually feasibleao hiliove tumor-specific
iSRG I N this study, we denonstrate that HDAC s
pronot e apoptosis through activation of the oncogenic
Rb/ E2F1 pat hway and that cancer cells with increased
E2F1 activity or Rb inactivation are highly
suscepti ble to HDACI s-i nduced cell death. W show t hat
R¥poptotic Bcl-2 fam |y menber Bimis a key
medi ator of this apoptotic process. Qur results

Ilgtgfséitiﬂ?lv ﬁ%ﬂ?ﬂﬁﬂ%ﬁ% it}gat g?r%&és‘%gﬁglgptefa%r Ptto ]%pgnmp%tmatmn of the

onogerif KWl patkwvay andithmt sanvet behllkeivﬁﬁ lilh@é@&% EQFE%Eﬁvny or Rb
inR@taney - arev\ﬁlgﬁbls g‘%SS?Ht t@m&c&dgmg%nq%ﬁ Hegﬂtl 3}92 $Abw that the

response o

probgaiptot Bdlf2efairéld hiom bt ifinpityl tﬁ,{% i pa I pogf glg prr?]cess Our

ﬂ%ﬁan addi ti onal target of E2F
e oy t?c@ftfclé?mtwd@ml@an@m for dtwtmmrmlmbﬁjaldeMCIs and

sul setﬁétﬁﬁﬁc d:0 st r apoptatic
g%nal i ng pat y@ﬂ b\% SY cmh ’é‘?] ﬁgﬁ’ ctsregiilated Rb-E2F1
padloyay i butes to SAHA-i nduced apoptosis through a

positive feedback regul ati on of E2F1 apoptotic
Wacalgdllﬁ%st@t@ This sectjion is.intended
pr ovi de gui dan?geglngif%igﬁp%l B?Oé’tsgt(?f] ﬁpCIPFo"t%é‘eWéﬂﬂ@stO HDAC
batsie tafﬂectedi oy tEﬂFavncﬁamﬁ Ml RIBHARP AR T A &1 additional

rla Furt her gui dance on
? m‘;ﬁh t%%tt lc&ﬂ eé é'P }ﬁ?ﬁhmda%edaq@u q@hﬁha§estra3 toae dstablished

nterpre

rolbef ASK I AindgiiBeiLit2 ROWART oﬁigr@éla lifig pa 8 évlggglt‘%fh show that

ereof) may additionally

. A8kl tqelflgtl%@mmw@a tOOSAHsA usladech epaitosis thieug APek@ve feedback

the" include plural references

Pa"t%h
reghfiBh of ) Fl %Fhﬁt[(g%tacgy’@érl y dictates otherw se. For

unl ess t
exanpl e, the term"an agent" includes a

GLOSSARY OF TERMS

This section is intended to provide guidance on the interpretation of the words and
phrases set forth below (and where appropriate grammatical variants thereof). Further
guidance on the interpretation of certain words and phrases as used herein (and where
appropriate grammatical variants thereof) may additionally be found in other sections of

this specification.
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wonalsidetdo r ef erence to one or

plurality of agents, including m xtures thereof and
reference to "the nucleic acid sequence" generally
nore nucl ei ¢ aci 8CT/SG2006/000053

sequences and equi val ents thereof known to those
t he

@ifhée d i.n and"sgnforth As used herein,
erm eﬁ%ﬁ’t eégl%‘gaé(fo‘i% wel'ani ond {'theinchnie rplwal referbaies unless

theaostext SlearBX afiRli& ofhétQX/% f FtoE %qgn}hc ﬁtspl\éa'lﬁg gg%rpt fngludes a

pgreferably +20% nore pre era
lity gbazents) rmb,tdlr;g efietuads| ﬂmeﬂeb%anmhﬁf&eﬁb%Cﬁ,s s%ynucl?lc acid

omtted fromthe definition
SE el nvgnrfe ngla %/é?tl??fe’n%tt‘? KEayer meEngueleic acid sequences and
eqmnallﬁmg kl@dﬁ&dﬂl@oﬁﬁ't@ﬂiék@sl@ﬂéﬁnt o Bt rﬁﬂdtsgf %té]SpeC' fic

epi tope on an antigen. Antibo es ’can onprised of
.be mpnocl onal in nature.

A% BRI YRt ahe %xﬁ‘{ g%b%g% nasbléseé AR r?lgtl@rh{cﬁmé)gm@ggql,mue means, for

Further, anti bo
emmplv,etﬁ(}% ofitheatunieticals Cilie; ?)?efel‘af) fn‘:’z@‘% rrﬁ&l@?ipl nvelh't ;'F_]OOI( more

The i bodi es used in the presen
pl%? X SEP —54” @H}qsb?ryf%ﬂlbly ol s Whemhfwdssagz e werdaabb@” may
basmﬁte‘dlrmjn@t@rgeﬁg 'of?ﬁe en@ir& anti body fragnent, or
Pragmsnt t hereof, such as

ot her i nmunol ogi cally ac
Ity determni ng | ons. Slmlarly, t he

am':t]gHt])‘l (rjﬁ Qﬁ)g& VY eXCas au immugagl PB‘%H&/ n@%’gl?e@hle h@\hm'cg to a specific

epitvope: bnranahugermt | ARTboRiI¢hh e d 1&% oftaﬂ)otly p}qr{abgﬁ%\% grn glay be

E‘H’éﬁhal n variabl e domai ns
mf"i*%? 0 priyree tusthet, ranabddnsmaadieefmhﬁaiuﬁrhmfﬁg‘ldlﬁhﬁﬁ §éiived from
limted to. Fv, Fa , F(a

¢
na@‘ﬁgls ké&r&‘%g 9 1y IEUrtec 0§ nang \FPUECEs g iThe @Bﬁ%f?fhesaqubmdﬂl)e present

sckFv (single
inyintiop ewiyfaxdst amh whx@dy% forfisaheRkie BF Qxa&ﬁeﬂnflg’sog w?xpg; A%body or

used herein, an "array i ncl udes “an I nt

as an_antibody fragment, (1 Qﬁlemmymlgglc@lbl getivier iasdnt WS, such as
complent@itRf{ H@t@ﬁ'ﬁmﬁiéﬂ%gﬁﬁ% ?/ gfémfaéigc ﬁ}?l %{xﬂgocyr gy exighasym antlbody

b| osynt heti cal

at having (frlnqiwhﬁle fhindin &E)hl h h
e e el 1A ROk han

ff
ﬂ@%ﬂw ggm%‘r% ‘réic‘et )étég arlﬁlgéd? %@n@rt maynmstnw foahfsefeetédtfﬁ)m the
graupSionsivebaglaf, Wik rof dinfiRPS: FO! FQL L2 OLFY RHBR A Fuy dAb

The term™array" includes, iht

(singlle dorohiniantibady)shiwpedtic ﬁﬁ*tibom’espcﬁﬁfﬁi% o %ﬁﬁ%rlefb%ﬁ}ets% Pg 1

nucl ei ¢ aci ds of essentlal y any

As uSediRasih, éleQQrapu éﬁﬁﬁfe o5 At in r%q}%)g fliii”!ﬁ?tﬁii Icglgecgﬁg of molecules (e.g.

substr at e. use

Profes) Mgl freedisiticir kyrithstis
Whme s rsyn e blgﬁatafgggsbﬁm%egl?@ °IHR folecules in

" at i ipelu
the gﬁ??%%g Rg écﬁ nf aﬂrﬁgﬁffren @nte@p}prp'fbgy The hugjecamassume a variety

cancer or a

of fonmty| g alibSHEPEESAEHIET C ki
b i,ndi.vi dual suspect ed ofm(agtﬁ% I%Jllr 'egsgg Oéap(}u‘gd%m‘? to resin

cads, suicaichinsy priefher solisl supporta v Ehe teeil 'AKaY"Yincludes, 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 substrate.

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 treatment.
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

suffered from cancer or an individual who may currently be suffering from cancer.
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suffered fromcancer or an individual who may
currently be suffering fromcancer.The term
wocaspvenrent ary" refers to the hybridi zati on oPCD&a&2006/000053

pai ri ng between nucl eoti des or nucleic acids, such as,
sfrands of a double

L nst.an be en the t
'fgt%{ é%rg‘gd%ﬁ%ileﬁbeln | %515 6%%@‘95#1@#1% ofiudasotpatting  between
mclevtidesodyOmldde héTs, sREHSY i 0 I nal e strande
nucl ej c.acid to be Sequggﬁg%dﬁgt%&aehgft?vfe?}ég}g} fvcPltA8S 5 a double
sg@ﬂéﬂ(féﬁlgﬁt melecylg or betede gn ahgqnlugmnﬁdapﬂémgr dhdePrithed Biding site

, G T i ngl e stranded RNA or DNA
B Pt t3hadd MleiF acld S e FedieRosd o melbiee. Complementary

nmol ecul es are sal

nclebtdeisiatte gendralty)e\ sid BY6H A eRd UNBYOVadd GITSR s’ﬁggie stranded RNA
er

¢ re ar]d Wi th, appropriate nucleotide ins ons
of gﬁg‘?i%. Cules,pe an g) bg coraplementaryuwhe theofiuddutides of one strand,
Do Sy g el 5l it Mfeupi herdhye issitionsr deetions,

about 90% to 95% nore p
Pain g9thort leasbatrowt BOYt dfdbs nadledtides of 1helotk sBRAH, usually at least about
exi sts when an RNX or

t.er i vel conmpl ntarit
OB B D37l e DR MIa T thowd 98 S &6 0f the nucleotides of the ofher
sthaoldr | dlzeahativelye Wadinld & l Typi ly, .
e] ective hybryf’:pli ?gfﬁﬁaﬁ Ié%%%%m ré’pbg\?‘gtglﬁand will
hﬁ?"é%&’é%e ABeert sgedtiveohyhrishzmtionr canditivner toa itst ¢iiflbmeit. atTypically,

rably at | east about

sé%cg:oﬁ/o% g%%i&igat%i voiﬂcolecglgrb{v%%;tpmg ré'sférﬁeagb@lmut 68Mpcomplementarity over

nore pref
a cetoh enfeaitlaastt 4 t0A5 UiRREHEES ipPefextang £§feg§tll S500P r7§ %4% 8d more

a "including”. Thus, for exanple, conposit
prg%@pgpmab%t%g% osmdementaity| usi vel y of X or may
i ncl ude one or nore additional conponents. As used

Anased herdihethpetrerm “dongpiicing” daane! ihas@neanITHEDAG RhSole, o
fam |y of ‘enzynes ’

[ ed to refer to any one of a
cobﬁ) 2(1)? I%(rglé QPR y?( Bab eSSt exehtively Bf Fronway imdyd: @fe or more

addig®hslecongohenes at the N- terminus of a histone.
Unl ess otherw se indicated by context, the term

ot "l t.tlo refer tg any histone protein,
As Tt hER, oS Ristp el tate) and NHDAC Fariniamied o rofr to any
ons pfa fasily of deyines taetbmdeab &L T ' € | ases,, .
i.H%d udgl g\gass 1 and CJHE'IJISS 119(3%‘!?%}2&19@?%?%?@&% émtuﬁ%‘)f lysine
TeSBRE AT Ko AN -riarmiars aha BistonantnlesiDalirwikenndictBAGy conekt 8 term
"hiklAE* s mddRANG - AC- 4. HDAG: 5, G 6
s DAC 7 HDAC—%,fer o %,St" os, RN TEA, HAR, 13, H4, and
t Bemsanynipstiendo deaeatedl Psefeirathhiidnedeaceri 194 B
claglj i%ne deagﬁt laﬁpg" and "HDACI s" ar gaﬁeéjélgéys%&ﬂ&e gfaSS I and
int erCralge SF%I enEiDAfe ds @onpomatien \ohiloimaar HDAC. Human
HDos(wintde HD AL S, 234 IAca Mrsi@ne tylase and
inhibiting its enzyérg%’gﬂ%%??\’/?ft])%@gr Hﬂf‘ﬁ‘?% ﬁ@‘%ﬁé@ g‘PeAC-%
HDé\%@eHW’éfg&HEA(ﬁﬂﬂjmdd&DAﬁ-lu" means reduci ng the
ability of a histone
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 enzymatié acttvity. "Inhibiting
histone deacetylase enzymatic activity" means reducing the ability of a histone

deacetylase to remove an acetyl group from a histone.

The person skilled in the art can select suitable compounds on the basis of the known

structures (and amino acid sequences) of histone deacetylases, €. g. histone deacetylases
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deacetyl ase to rempve an acetyl group froma histone.
The person skilled in the art can select suitable
woanpmueids on t he basis of the known structureBC{ando06/000053

am no acid sequences) of hi stone deacetyl ases, e. g.
| soform a,

B 7 A0 SSofbAT 82 TR isd Iy bind s o DG Databases. AAHO00301,
30 0 PO
rtery Mmm%’i?”ﬁ.“?%%"?gﬁ%" o NEDOOLE Eohrols Nposs21s,

]ﬁﬁggrﬁﬁ’gmﬂgég 2 EﬁWﬁb@il@&CUCb resfrpoaidsy awom‘tdiodw preferably
Spke e st SRS 9l ™

deacet yl ase
Dewstighee, inbibHord MnRHdY! 34€, y [ nd
t.r] clfost atin_ A Pag{dlgcg&grmﬁﬁgrge g&%d%gfyéa ’ePP%%X”P‘Ws“e and

tgfh%a oty A-Hartisulaslyprefened arp denivattesed smﬂaﬁlmit%ﬁlsﬁ@xkrmglmcreased
i ar maco

i HoBiBt B0 Chafaed: it Phsimasobnds (1996), 617-
632hdet ydmmfsmaagrn,llﬁst@[é&leaﬂéi?lﬁéé%% 1@&&&1@6&“& nt He {Ean%ed with

S :lab{ phar ceutl cal carriers. S
iﬁ%’ 1GTer Bxampdes ef $mﬂahb\mhanna¢ehﬁcaﬁrohrriﬁi@ are well

e tcaiasigin P Ry el sehoiGa el epigions, such

emul si ons, such as ‘ol
apfoilyywaten ﬂ@ubgma,t Bari@is etypése of Avetlingd Aferf, Cstenks%ﬂméms etc Such
cz&ﬁ%fs' a%sl&%??{ﬂ{f Cggrml at ed, by conventi onal

can bé a A&e yt°6’nY‘FPé1°§@b]n@@10d&tané i haabdmmahnaed to the
suljeet at 8 tstiiddbl f Nes$l tions

ef f ect 23 by éé??s?eégﬁ%u\}\%gﬂbdeﬁ h¢s 5 DTPT ﬁ?IP%?FétHHﬁéénay be effected
by diffeaprtr waion @ag bg uma}/teamm; Waﬂefﬁwmssﬁbhﬁﬁneohé) Pinf@fuscular,

|str i on. The route of
tofB ﬁll %}flétﬂ?cge 1*118 3111 ¢ dfe Afiad rgwlsttlf@gomf@pgrsg,fdepends on

the atwle o ke dﬂlﬁetd’mﬂ ﬁﬁb NEndbf COHMPORA cGRNLEN § % ghe \Amlzrnnggeutlcal

har iﬁl cal composition. The dosage reqgi

v ar&og{;m sqgﬁgegﬂne@nmlh be plh’gcsmmedrbyaﬂxé alte(i;léﬁlgl physician and
(b n n_ the medica

° aﬁi‘?“f‘%%‘;afséﬁi R AL B o Sl e dbsais gy one paten

deperdsgmsmany éaamfs,nlgchﬁﬂlgﬁhé ipatiént’s skleZ Bod d‘b abcé%geﬁcaﬁe sex, the

pa_.rtl cul ar conpoun
paifich mcé’?‘g’r"l%%‘? iq P drabistersel témsfandcmuw. @a@ﬁnmﬁgtmm ghe kind of
thekdne:h efgeh&al Kak ot her dr.ugs
bell ng "adni ni staerﬁggggg%gglﬁ{gen?ﬁg% Scﬂ%?tﬁTel’i‘tlyt he

n; refer, t he rocess hi whi ch
Asi %e@slllé} ’lG ran eg] B’B se’&?"rrﬂé% tg‘? W%éﬁntmlem«b yingle-

stramaleflo ni ﬂé@tbi e BRygbl ol cleg
Phybri dj.za #S’y“%g??g‘gﬁgf@r BT PAES fodlrstyanded

nybri di zat
polyiThoifin | oite thn r Shyidimagotlonay sodat et telstanded
hquthyiﬁid)ﬁl e%é ?@SUMFQ%GJSPX]&) (g()é]glet ﬂl{’ﬂnﬁ%@ t I glgaﬁt@ tlSha nhybnd "

popul ation o
Thé prapottion of thepqruiaﬂbnt(ﬁ' podfRicRofdestthS follR95E6e ‘Nybrlds is referred

to 915 Ia(s-j e a’tdegree 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.e. conditions under which a probe will

hybridize to its target subsequence. Stringent conditions are sequence-dependent and
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Hybri di zati on conditions will typically include salt
concentrations of |ess than about IM nore usually

woOesw/élan about 500 mM and | ess than about 200Cm$1G2006/000053

Hybri di zati on tenperatures can be as |ow as 5C, but

are_typically greater than 22C, nore typically greater
A g @E@uv@m%ffe@nﬁ chiewheiprdst.y me cfmemfs alagutequire higher

SR T B e Wy et

sprirgencyM bf hlylh'rdudiltlbﬁ t@chitiihg! B8t cOMPSBEIENSRE length of the
Str *Eggent cog%*st i ons are sequence- dependent andare
CQMPHTICHEATY SHARAS: Brespuce orsfmi@ selvenin end extephgbbase mismatching,

thd SSBRASod B arré‘rﬂé’thlrs% ?rlﬁ lt}ga%]lztg% a s%%ute pegsure of any one

t enper at ur es or speci
alamet oBsneraly, aftfimgent tcbndmtms a@ese(te;ct@lf th$® ralbdutzam Odver than the

i ncl udi bas ition and length of th
gl Dol ot TnLividne seEitié sewicare s 2 defineddonio sivength and pH.
ThedTgX{se e @ém;k&ﬁtﬁrem ﬁlfﬂ%YC&Eﬂ?Bd {oh& %ﬂ@i?é i BHO r§.n<‘i’fnuclelc acid

paraneters is nore |rrportant than the a te nmeasur
compegitioronat aihishe S0%e nérthe | probest complementanyn do tthe risrgat eequence

0C | puer than the thermal
hggjll(?%%d(hé%rn?& %ﬁﬁ%}{ steflﬁlél UB®ific sequence at a
def i ed Lonic strength andaEH The Tmis the
T Sfrinesnt ¢pndiions drglydegsaltnoneenitation gf bt lepst 001dM to no more

I 0,0f, o bes
o L B N DI RS BF heor
leastr2p8€. Berpyampte, adnditions mfbf'rX SSPET%I) S INaC1S30 Mg BlaPhosphate,

SR Sl e e Sl
htdizationd. aFdRHtingent Q:oﬁdx%oﬂ@ deed fof r@(ﬁ?ﬁgéirs%u c?% Jitsche and

| east 250C. For exanpl e, condi tions

Maaiatis. Mowmmmﬁtl@orﬁomm ! Zmi-IEE[ @pldByding Harbor Press

CSRTBBIEMAGH SRS AR 3ol BhPios sgupe b

Lisitedi (19693, wrﬁaeafeoner iR forated By Gefererck iih 34
Mani at*) "Mbl ecul ar éaonl ﬁ)é)rA I agor ateorcy ll\/hn{}gemnecf for all

P‘Eﬂoseé‘ﬁ ‘b"eSprl ng Harbor Press (1989) and Anderson
"Nucl eic Acid Hybridization" 1st Ed., BIOS Scientific
Thrutetth Shabeled?, iwitlt edar 1090} exanfyilen ;ﬁbﬁe hemedded to encompass direct

cor at e r ef rencelnthelr entireties for all
11836 bsBu Y crRbTie R BB BHHTIGRE) haegable selstance to the
HBd, a8
prI B, gl Ix’ﬁ?pelﬁnd@eec@ EJénggré BSMS%Wre%&lﬁmgé@hgl rlre%ent that is

directix labgleda Eramplesatf] indisedt dabmting incdudeniztqatioh f aqmnmy lantibody

' of, t he b { I th
i S B M b B S B8Pt e v
bibtird$uchahat Iltadaﬁlbemﬁteb&alwdﬂﬁﬂﬁtﬁ%&eﬁﬂ)gﬁb%d SrPhBLY
anti body using a fluorescently | abel ed secon ary

AL P B2 RRA ﬁl%ﬁideg I 12 Rl *%o 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 mRNA, a cRNA transcribed from
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biotin such that it can be detected with fluorescently

| abel ed streptavidin. As used herein, "nRNA" incl udes,
wouabosimeraot |imted to, pre-nmRNA transcri pt(s)PCT/SG2006/000053

transcript processing internedi ates, nmature nRNA(S)

re&g[g for translation and transcripts of the gene or
tHateddNAgp NG | amplifigd iftpm therd N4, 4 BINA hrensebed from the amplified

n i p( [ essing oy, i.ncl ude .
R g el iR B RGBS T AR suph derived
modicts 5 indicdtickeof thechrésencs amd/oiRMVANHARR ST the lorfghia® kndcPipt in a
an cl,ﬁiBé agi\&tf o] ose synthesis the nRNA transcript”
BPPLE- stiysaghoks dertvsd saaples islugdes burareano lissitedde, mBNa transcripts
Jrenp ! dhé& , V b r I o .
nRNA,g%a g &%%h%? g%sgr [ ggs%ftf%ﬁt&hgaetd ﬁ%ﬁggg%&ﬁ’ WA transeribed
feomp ther GRNAT Db amplifidiNeom dive gaNds, IRNA Sansdoided fifoamrhpkfied DNA,

jed DNA, etc., are all derived fromthe nRNA

L i
at%gglﬁes“ﬁ'pt and detection of such derived products is
i ndicative of the presence and/or abundance of the .
A5y pgilrherein, thadem pruclaic acidhrpideequithalent terRiNAudie mi polynucleotide,

' , t are.nqt. limted, to, nNR . .
FREPLES, RIGHAIE, B R MR S L5, s oo,
deoxyritonitestides oon phstideRMAcleic RVAdY I(BNRGY,1 BRE don@Mst NBurine and
CDNA,. anplified fromthe genes, RNA transcribed
PP’FH%‘%%GF' Qgothrianatual chemicallg @r broshemically enedified, thoa-natural,

“nugl el | froncang equival ent terns,such as .
O SEMAALEREB s 0UR E0 ATY it or in
stiansled otReferenash tasipglesstrghded muldlic addy inbluide etferhtEe®, the sense or

oGP SR T PGS Oh b robmeloplide Fon oporeiser Sigars and
phésphiatlgroupR 48 ha} typically Bé RiB8 M REIA ¥r | ok ﬁl%difheéi or substituted

non-natural, or dérivatized .nucl eot | de bases.
SwAE 08 Phospbitg gienpsb e\ pelybiciectide amayecbnmpriss inmglified nucleotides, such

o KRR oL o3 RS NELT GRES e

. inférenptal Kiyo neoneiuclddgidp ObotfipeiletRt | dahe afbrng MRHEISSsIRLY %kﬂeotide,

and osphate groups, as may typically be found in
d%%XYB\Qa?OS&E ﬁ%%F?"éfau@POtsd?ngﬁet%b'emchldg somplenpints pregneents and
SHAMPSE thénBALYSTHE hEQL [ 2SadRdL i ed o o
Vhtcleot I des %ucﬁhggg(ﬁeﬂghy al}'@gﬁ%ﬁiﬁ%eag?i‘%%gy%g’mlde’ or analogs
thereofeot i de anal ogs. The sequence of nucl eotides may be

i nterrupted by non-nucl eoti de conponents. The terns

ABUEliERRCRBLASUEIRE he6in iQﬁ%MCngg}aﬁeéd B1240f which may be used in
deoxynucl eoti de general |y include conplenents, .
hyhrigigation or amplifieaticartechnologidse Inigeherak iad eligomedl&aide dgay be any

R4 A TR MBS 250G b of e

lesgthgl e stranded nol ecul e which may be used in

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 paturally 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 in 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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hybri di zati on or anplification technologies. In
general, an oligonucleotide nay be any integer from
wahoostoodidot o about 100 nucl eotides in Iengt h, BAT/SGRGO6/000053

al so be of greater Iength The terns "pol ypepti de" and

r ot ei n %;:ﬂ?h u eg nt er changeably and refer to any
%@F S e ¥rals grenns @ gametably ngt specified, butrkadbe present
fidHetétys pept i de bonds or nodified peptide bonds,
whet her produced naturally or synthetically. The

Pied ygeptpsiRat ofeféetol RS ipafledi®Y &E@P h%ﬁqm
n nggﬁ tll)dl C corrpongnts such as (r: ohydrate groulrIJlcludes any
léh” EB’P@F dkisglesiralenter emmmq)@pmad ithee panhnt uﬁmgﬂte&nd&th&ds of the

e cel | whi ch t
B SRS URSRL 4 w18, 2505 of (i deeiien tippade, but are
mn't restlidted Rolpyipesnis| tesstevkeantiails 1esl JneérsicBws] Rork&y WBniys, pigs),

their am no acid backbone structures; Substitiients

labpraforys testh ABERAIR e erafbibu pBicar Eatyegined Pigsn damsters), companion
- anRRAlS {dpShts, QMES)%M cgfﬁtlv@\ﬁﬁ?ﬁﬁmgﬁ thé D&l Sc?]eg{; Tﬂléheg%tﬁar m

‘patient™ reférs to human patlents or Ot
di [ wh t d ble t
el bHPES rBS b Gy fadliile Whidhvig enebink Relgaiisly binding to o
spevifelliyifitendét tagdt ansRETIE! 1§r tekath %lgahlnume{)ﬁﬂé] tlraﬁ% 1?)? 3P Protein.

of the invention include, but are not restricte
Probesean de eitheresyntherizedh byehs skitlgd lrs@em ot deived GoREsppropriate

. bb
b?n(ﬁg%&ﬂ ?’a?pg%agié}ﬁ? nic:aog 3“13‘}3 & ‘#ai?getc PRy é\td% culfi I#tﬂ\?@ may be
sp@:gﬁcaﬁytdfslgdag&) bandbelent | ‘glelsdofaﬁlb%ﬁl%s (RE- canO¥LRtilized as

refers to any

(f The_ term "pro
PiRGER asulenii s SRS . G4 SDBHA Breteist anthos s rgan
nRalds! ¢8kdde bﬁ%@&gﬁ:ﬂt Q'bg)%te ch Ibg %ﬁ;ifedgelaor ef(@gp e‘ﬁ’pﬁrgrnuclelc

nucl eotide transcri prote
a@#ﬁ(&\lehlazedlgbyuakwldsd@l érb &ﬂed ﬂletyhﬁayﬂl‘bb caPiblél &fFi bigding 12 base-
For. purposes of

%ﬂ@ﬁ% Pt dp ApReF s gégfcieeéfaé"”iﬂwwm ey ocaur between
einthias) ﬂn)(:léi@ ﬁblﬂ%ﬁﬁncisoorb&ulv%geﬂlﬁ%c cfutgzlt qunuaPn minor

nmol ecul es that can be utilize
re@;qps 96 Mismateh. eBuchgrolRAnclBipeppide nmlels acﬂﬂ,t ashiedctrﬂﬁ:d in Nielsen

SRR A oo DR SRS 8 5 199

amisothénrg.orewo&mnawgs)anahﬁcleﬁa@eidtrﬁﬁyetﬁay be capabl e of
binding in a basespecific manner to another strand of

AQH%deﬂe?elﬁ‘o'sghd bl g | d " y" s?ruF nBet mgr}nﬁwe@bly and

conpl enentary n I ei’c
an]@dd agefernds ta & atateriah bagroupiof ﬁ{atdfrﬁ@ Whith Qﬁa}nhai)@%t %8id or semi-

b I d I d
rig R 28 Shre R PLBARE Pydineni et owsitoos of esolid support

wiéll:lL gg %@s%ﬁl@e RaCUithoufP i - sddie bibdARents 10 nZa%f 62 desirable to
physically separate synthesis regions for different compounds with, for example, wells,

raised regions, pins, etched trenches, 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.
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and ot her nucleic acid anal ogs and nucl eic acid
m nmetics. As used herein, "solid support”, "support"

wanae/oeiast r at e” are used i nterchangeably and patiSad@ecm00053

reference to a naterial or group of materials which
id surface or surfaces. In

A&iﬁ Ve a thﬁ% Qr sem ri
A i "heatmeniss relers te @ny axné aﬂf meamds othiich remedy a

diseanosthteVd uym?ﬁ) h in.so

enbodi ment s | ki%é@geg?réas IL@[‘ent Ry 4 r 4 g%‘ﬁ’é’\“ﬁ? prevent,

higder.stard, oragverss ﬂfequroghreﬁs‘im eﬁﬂlsmﬂmlﬂﬂfb‘i rl]iﬂgés{'lr,abfeoiymptoms in
et ched trenches

| ] d
B R patkven. Th iRyt tnena indidbacinime alie. (6e potvedtion or
ishibition tof%&ndéﬁhir Ezﬁié@r ie@ﬁrr&ﬁ% iDfihdRad 1onrcﬁse[hﬂ’ﬁnatg)% oF symptoms

m cr os heres or other geonetric configurations
OERW Is 7 Uﬁﬁb? substanaled Gowphmllnpndttymtqﬂtmﬁ@ncer in questlon

dext
DR e oD R & il B rerdipont may ental
hgammbmth arsuhgimmt o1t £conifattInS@ndek Ban E’@S (ﬁtagr as. Anh agent” is

744,.3 npl ary substrates. As used h
uféélr hgréi P&’é%ﬂd??é ?er rtef B $xempleng cempounid ormshérodeansifoctieatment
e@aﬁgﬁMoﬁnQM§ﬁﬂ§&“§h§£§ or synptons, prevent the
gase

est abl i shnent of or otherw se prevent,
reverse t he progression of disease

or
T'Hxloﬂgﬁiut Iﬂnﬁﬂ lg)F?rngaélo§§ ﬁftﬁeﬁ‘ﬁé’f this gwynwmmm‘ed In a range
f Hn .U &1 Bh t
R M 8o O 20545y B g b sy

cqné(E‘HFli“'@rfE’él breyity anchshoubhnett beoronstrucel asmmaﬂbﬂbleqimltatlon on the
t he substantial or

sc%%érgf tic In |t1?r)1§ 2%?&06 1n8iry, Hhee J‘e&g{@@p 9f 3 1gpessshoghl be considered to

have esgealﬁmllym;;clbﬁadeilf e pebsBIORbARES | 'a§ HellYas irnd1v1dua% umerical
ally. Treatnment may entail treatnent e

ait?eﬁé}% é@gfan@F Borexampleatessriptionofa tahge Sltoh(a)s fmfm 1 to 6 should
beA@Ridered A ha@@ﬁﬁhﬁchl?n gﬁ@lgseﬂlf% glrra?lﬁgs;%g :a%if L S,éfxi?m 1to 4,

for exanple, a“conpo
fraam d. tor adfram i2ote 4 rfmmrieﬁotG d¥ors Br9ed ¥ic., BB W%QHﬁlvﬁdﬂaFnumbers

sure, var s of this invention can
W“é@@eﬁra&& ¢ for gx &elafszgSn%ﬁ and 6sHys ppplise rmcrﬁmtocfmb breadth
oftheaaingdie description in range format is merely for

conveni ence and brevity and shoul d not be construed as

i h
OB T AT SRR ! W s the e

I nventi on.

m&ahmgl a5 bemmonB dedesdobd tHaE &p&%xfa&f Ay il Cg:]QStdehlch the

F%‘AIEOSSI bl e subranges .as well ds indivi
mvr‘?ﬂ’r%‘? 8al ues Wi t hin that range. For exanpl e,

description of a range such as from1l to 6 should be
consi dered to have specifically disclosed subranges
such as froml1l to 3, fromlto 4, from1lto 5., from?2

BRIEFDESCRIPZION OF DRAWINGS 6 etc., as well as
i ndi vi dual nunbers

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 M SAHA (left panel) or
100 oM TSA (right panel), in the presence or absence of 4-OHT. After 48h, cells were
harvested and cell death was assessed by PI staining using FACS.- Mean results of three

independent experiments were shown with standard deviations. (c) Colony formation
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within that range, for exanple, 1, 2, 3, 4, 5, and 6.
This applies regardl ess of the breadth of the range.

wonbwsawead herwi se i ndi cated, all technical andPCT/SG2006/000053

scientific terns used herein have the same neani ng as
co stood to one of ordinary skill in the
aéwmj%&%kgﬁ?el{lh@mﬁ@ﬁtqe% ab PRIl celbRvEre MEsCREPTEE 6-well

i 1 te ;
Ny S T A s o
feogh r QMM gwase lalldedp reobmidsr wiereERaimedr with i drgstaleviofet WY @ays later.

reated.w t:h or wthout 4- : i.n_E and p73 .
1%5?{? SRV Piles BrechapBaad ggaqgiﬂﬁ‘%‘r%é@ﬂétceﬁﬁ Hifsied with jgylenovirus
cEitaEEBRDGEEAIZNES RBicRRANeR: trERbd Hrither CRr Wyt
1 nM SAHA (I eft ‘ganel 1)c or 100 nM TSAm,(eer?g tq%'té&ngqr)fll?ﬁndcell
desth was agelpiged B FAGSence of 4- OHT. After 48h, cells
wer e harvested and cell death was assessed by PI

Figwie2l. TIDASINEEIdoAGSly aMivdle EEFP{aE%et 9bndshi§ Eﬂ-ﬁ%&g@%@hg cells

experinments were shown with standard deviati ons,

VBt HRgted ovithad PO adE IB0 farcindicated Rizms ex bnddsSAJACHr | Xh in the
t | t | f 6-well t
PP oM. NP eI, bl Bty 5ot
GAPIUd Wege deteetedastheRTHCR. f (b €811OWeM M@ﬁecﬁﬂﬁl@ﬂaThe expressions of
ays

E?gigqr}ies were stained with crystal violet 15 da }
2ol BERs BOdHets etassessedly Westeamblah with@ntiBadies 2 Bing Puma,

) i i i i.ni 1
BN B AR 5 o
Laof. For 2l bofire tobetuidnt weith hotahlyl €8 Abfor RAGSHonddi TN, Expressions of

DA sel ect i ctivate E2F1 target genes, (a) )
BE&- %fi-ﬁ’eé%r 8‘%‘1 %%F'@eWF@ faseised ﬁ@éﬁ& gstetng Rlot owtb(a Morsaponding
aftibodiesdi cated tinmes or 1 nM SAHA for 24h in the

presence or absence of 4-OHT. nRNA | evel s of E2F1

d d d
3 P RSl iR e gl i Y ased ppioss upon E2F1
EXPIPESSioaN $a)OEREFY {vaF SR d ‘ eSIRREA
(,),b ster n&gl ot with ane?i&%%di es %ﬁBﬁﬁsﬁ%’égﬁn%%Oﬁﬁ& < (NC
Sﬂéﬁ’% Sin-spaeifis FRNAIpr 4hboand therdeithvRBd: wtehed\(Oroe treated with
i j s LacZ for 24 h.hefore
ORISR o bl blal P b et it 95AMm W analyzed by
Westpme bbitis (loff pined). 07, deRhnwa aaliERk- By WRAME cHORRESSMllowing
by. West.ern blot.with correspondi ng antibodi es. Figure
pr@vg‘d‘f“}’i‘é 18ﬁﬁ8c§ta18¥ng8i(rﬁ$’g pBeetk clhe RRisewagesDal cellpdoc8ub-Gl are
indipRBE.QB) ERUBAN iSRS o1 & &
m.t r ans.ggz:tgle{d W tﬁaﬁggﬁgﬁggﬁ% P{%ﬁg%!r[]lt%r% 8}&2‘1)%@ %ﬁ@b‘ e 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

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 followed by 100 nM TSA treatment for additional 24 h. Bim
expression was analyzed by Western blotting (leff 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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si RNA) or Bimspecific siRNA for 48 h, and then either

| eft untreated (-) or treated with 4-OHT, SAHA or both
wobanocaddli4vi onal 24 h. The expression of Bi m waBCT/SG2006/000053

anal yzed by Western blotting {left panel). Cell death

was anal yzed by flow cytonetry foll ow ng propidi um

Fignedé SAhM mn«gnaetw 21 peenmiitment e the rBzemp&gﬂstenf(a) Schematic
i ndi c t ed 2F1
ifecelelfy 3 w73 Fn SRl cntfigthe s o B ingingusjtcs. The
nﬂhca&d’rr@mn%re 15013%&1\ ah@ fcld&dhmt@E@}L@hﬁ:goﬁért &ﬁfstrh@cf {b) pGL3-
untr at ed é@) treated
bEdeh f‘Br 14 r%q50 QB 2485/H33F hblcﬁﬁlpﬁ%%hﬁmcbfanal mm\lﬁa luciferase

t Cell death
cﬁr&?ﬁ%ﬁ%g?ﬁégé%égf fxﬂ? Pf)(ﬁtl 15%?%4 {ogr apm m e4Sing arpgcglﬁlts of E2F1
exppessingsvasfort(fy 2@ anddo pru dRéib.tlﬁ%( heiferma ltalstmutlédwwtsfeg;ﬁ@l@?%d 48h

ol st Rl R obictet o Bad codustion, ARCrEDRTPAliRn o the
ronflfid [héiferaed Aetwity. Datd okch rl'Qant QM E\Q@' %5 gﬁ{ i 1Jd%endent

addi ti onal 24 h.” Bi m expressi on
CXREEMERTS, m(bﬂﬁleﬂlgﬂ‘{ﬁ%f slpom die) stamhird: dé\hatctma(df) llﬁﬁpanel schematic

d th h sh h
re??‘e%grftgtgo ?f ttl'hen ;m%uh @é&etmpe fr:ra ?}gglln}qp\éﬁ{h% ﬁ}]{gﬁ-ﬁ& slemspy Right
paiey i E2Fi diveding todthée B rombiedWas aﬂalyz%ﬁ"% @H@”@}ﬁlnﬁéﬁ thromatin

rec |trrent to the Bimpronoter (a) SChemat
fr?‘é‘pé a??ﬁrzs?ﬁsaxg Pﬁlh‘faﬁe%ﬁdnap riodiceied wemt Jaimmumg)rempltated with

| so at eg Egdlﬁ(glgﬁ ta%ﬁ ﬁg’ég)?érﬁ? re CV{las a(r%;lﬁied by

P@RSUB;mgomsmcrs ﬁammngmfesmmambomaﬁmgwegﬂ&ﬁ%kiﬁ%f&h&ép (input
nstruct and re |II|a | uci ferase construct were
D g‘ﬁi’%ﬂ)nﬁﬁ{e 16 cells together with
i ncreasi ng anounts of E2F1 expressing vector (0, 20

Fignee 80 RbgipactRetiat ienbaricas iBier egeesivini Mid k@Situes @IDACIs-induced
Resul ts are depicted

¢
BT @) LA Fols frers FtBeiod el - Eats SimA G seRdor S lareated
with! SIATEL 215 fﬁlrll\g)éfdr\éﬂdﬁﬁfmngafiﬁx LN RE %@%}mfd%ﬁ b??vgfkég analysis

of thre endent experinments, and the'erro

(rightomemeRe and élitﬂjlﬂvqls dd\Biat amhpﬂ oyert @bsessedrigl immohsbigiting using

ol ROSESRALRLARA P i BIREGERINE Rl oo

IMERQ&-EIA) nedlBr Wogs mmaymﬂ BAHA & i@l CBRHtrations and cell
romatin fromER-E2F1 expressing cells treated as

prq():lp iatigr epas ey dustadn fab prdieated ttimesd (#) tHxpeessiobooly R1d. results in
f 8 Bi.m n
SO TSRSGL il 810 S RIEAR WPHSR o
ang¢ IMRIQEE I ]rcceﬂﬂ weregireabgl with SMM}:(QSEGHM) ol OF S/( i(300HM) for 48h.
a i cati own i gure
C%)@J’] V@%‘i ng%’g‘é@@ﬁg&% kg8 #reD), a@ﬁé tb@lwpls jof Bém and p73
wekAdeSsel Nk (ilﬁﬂlunoblottmg using antibodies against indicated proteins (right
panel). (d) IMR90-E1A 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 analysis. (¢) Saos-2 cells were transfected with E2F1
siRNA or negative contiol siRNA (NC siRNA) and treated with TSA (150 nM) or
SAHA (1 pM). The expressions of E2F1, Bim and PARP were assessed by
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apoptosis. (a) U20S cells were infected with Ad-El A or
Ad-LacZ for 24 h and treated with SAHA ( 1 mM for

waddictovendal 48h. Cel | death was determ ned by PG&DCSG2006/000053
anal ysis (right panel), and the |evels of Bimand p73
were g sessed by i munoblotting using antibodies

Igpymestotingausing prtthodies seaingi the Indicatadpmteins. (69, Narspatific band
MR S C wer,e .t reat ed
R adig LARIABTEG, WA S A Cs ARAT |
roliferation was eval uated for indicated tines, (c)
lﬁﬁ’b‘feeééﬁeilrfiwh EesRopEssand expressiqnr anplysis pHapagitofs geres dssociated
i ik [ to SAHA d TSA
S . 1k AT RPN b ot R Ssprpiing oglls were
Wd t dawith TdSAka) S200A Cthhef 1|mesq4a8bflr Qﬁehc&@ﬁbﬂmzA?ﬁ 48 h, cells were
etermn anal ysis {l eftpanel), an e
hF‘é’\‘?%f’@] %‘?‘ ﬁ‘ﬁ){ﬁ‘gﬁ& aghve %!é‘r‘%asﬁﬁt?’s é’gffewgwrﬁﬁmab pesitiveEpr active
B3 A i el g e e -
s a8 s ORG L LT ERILLLI RN gt o
ilgpstratsitin Sllustorrmd TruCVisvRinahowingeE R leddpendent bnes SABRBBOF] and

i | f-Bimand b-acti
B bl Bl i TR R FEPreeR U e s0an dsieltghe onircated
coriteol i (ditickpt (@). SAHALIrEHonMORLAS i WRSESVAER & éﬁé/ ? prasence or

ACS apalysis, (e) Saos-2 cells were transfecte
apsgRqe %tP Toﬁeﬁ%wthow Foputagve ERRNmrgatiC deintifiod) indhd
treated with TSA (150 nM or SAHA ( 1 mM. The
Figupe &5 $261 Sndiicds2hé ASHMuRNARPMEFpYRER Reamaftbn. (A). p53 null
HI%# .rirgun@gl ottjng US‘IV% anti bodi es’ agai nst the .
dil & £e iy Wk mdsated SRty petedvitug (bhradrettoviriseexpressing ER-
¥ . [ eval uat e Al
Egﬁg I%lg?tgﬁ 0 magrreE%ﬁgie %‘13’3 e(g?%z)r %6?5 oNnge q%*ﬁ ﬁmg??g‘?%e 63 Yrireated
withIyEifer the ingiogted dinmtigeneSK & 3SR AadndChrvdetlexptdioaNEvels were
E2F1, &Q% -52F1-e pr& ing aor. control )
argfy_zg% E‘.ﬁ d Ipémﬁéraé ?‘?’ gderacblof ¢ieht panalsArmertivelneB) U-
208 285 ¢ad YeeR R§ROEENRE] fi @dTg)th?\f})é/eEer&rﬁ Barvifbd ?’%\Aﬂhe and then

harvest ed, and stained for a anti-caspase- \
reprderedn thegesll opydde | after pewinni stimubationc tThee coasspanding &dlE cycle

Lodi G d g F2F1- regqul at ed apopt osi enes. ) .
ipPBhaS Robge T h Pt MeRioniees it Sl iodifieesat time
afiér esleasesihovihe @eE2yded BRENIESK 1 GRARS cli) EE%E%SQF@ thRVestem

ul a on

cells treat eg wth 4-OHI. Red repréesents up-re
bloiting (4igit Raged HE )y Westem blot erlysiopf ASKAcRY3 agddy-tubulin protein in

A58 SSRGS y - 1l cells.in th resence
U or a bg ence Zefe H jn%@ﬁlﬁ Q&mn%ogﬁoﬁgg%l R gg"%f‘% bt 3‘?‘?‘@8‘@@1‘“”“@
El/atigets identified in B. Figure 7. E2F1 induces the

ASKI nmRNA and protein accunul ation. (A). p53 null HCTI

5 LB 5 R ), AL S hesdiaion
of thruEn HSKT 1 BRanmoky 3Pitatied EQF wixiding eifds, bl fRadeioh-donSfucts used
in i€ %Itu%gf, are indicated. (B) HCT116 cells were transfected with the PGL3-basic,
E2F1 (50 or 100 ng), together with a luciferase reporter construct containing the 4SK7
promoter (-1000/+125). Relative luciferase activities were measured 48h after
transfection. Results are depicted as fold induction, after normalization to tile Renillia
luciferase activity. (C) Mapping of the E2F1 DNA-binding region. HCT116 cells were
transfected with lucifearse reporter constructs containing the indicated ASK/ promoter

deletions and 100 ng of E2F1. (D) ER-E2F1 and ER-E132 expressing cells were treated
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with CHT for the indicated duration. ASKI nmRNA and

protein expression |evels were anal yzed by RT-PCR
woheadetoopiamel ) and Western bl ot (right panel), PCT/SG2006/000053

respectively. (B) U 20S cells had been synchronized

in GO (On) bé serum starvation for 48h and then
Vil At mtb@utt‘ih Hdefor léilchIPisae'rW@meuﬁomcd wiih@entbE2F Thetibody or

R 1R PASKE prorf S S P p AT v Gplied by PCR.
dlfferent time after release into the cell cycle.

Ygpre 9. ARK1 gegnlatps ERF1 target gengrexpyessian kﬂ}l‘d@tlﬂn imactivation. (A)

B oA PR bk P VB SR8, B v

suRNAatoedeKl-kpecﬂ‘mt snRNAaﬂJG @\, radd then) eitter 3Tt AR (Y or treated

El ure 8. .E2F1 hinds to and
U e Yheirrbr-bitar ey ASRAy Bimh &ygbn o e e wesm aosyzed by
Westér MBI ik (Bﬁ’rlqﬁ?ﬁ% celfd byl ecg th?nE{e {eﬁdlvpﬂ 21L& ?eéas reporter

and the deletion constructs us
plasgid xontiniyBfhe-Brh prémotet,| mgwhmeMthalEﬁTle Rie @r WSKI teipression

veethr IR A3ifon, E%%I% 5ot ion lesutid Mas g ﬂ}s%tqdh\@ﬂ;@,?(m to determine
tipy offedt &t ASHDQQ/ Eﬂlﬁ%edlﬁﬁ%tﬁ’ﬁldnu&q B&f Rg (ﬁ&t invih'é'ﬁ'ésence or

were neasured 48h after transfection. ts are
aH%?S‘P%?%@ guergxessiofduct i on, after normalization to the
Renillia luciferase activity. (C Mapping of the E2F1

Fiwrebil00i SWHAC GiromotdSCH2F bmedated WesIe1 t ﬁﬁﬁﬁhﬁﬁt G(?L) ER-E2F1

with,l u0| fearse reporter constructs containing t
CXPEPENE esdls Aoy treaterhpithrl 1 A Arfor AHlinDe pregemste oEzassance of 4-

P B ) A0 AR 0 B8 e b G tyineco
EpEt bﬂpmmhgjsalhg):aa ttieatled Rk (}am bndJ@%‘a?l 3zeta byio%%n%ﬁg ESF1 antibody.
onpter r n rom (0] was
Péﬁ‘p‘i“?ﬁ%&hg‘@ Piogets pf §3F§ (I psipe 4SKd remeter prmers; \M‘PTQ @nalyzed
b 2BEro8X %F%Eb@&bﬂoﬁ!s%u g6 m@%{d mkpg%& AénsE@e Sated ‘with

expressing cel wer e t anstected w hoh-specli
Sébﬁ”e @1 24hi Riva 1 VNIS off 28K} and oAsKllin syeec hdsesed bRI\Weétaﬁl blotting.

0Py Ros 3 SRR 2P MATATE R gl caled e The:caprassion of
ASK3 wasy ﬁlamaﬂ }5?%8’&)‘11 mﬂir@’ (e t/bb@ﬁetlj "EQZOE( g@lls'ﬁje ‘u%ﬁsfected with
cel.ls were co-transfected l'uci feras reporter

NE} iR NAenddFat sRNG fori@4 @;pmsgmd tsated as (Qydih devels aftE2F1, ASK1
d |
v B SRl o e o

,deter{an ne the effect of ASKI on E2F1-nedi at ed
Figure {LiSuppression of ASK fnexpression inhibiss S A#hv-induced apeptusis upon

k) FURRE N SES i S IAIE S v o
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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expressing cells were treated with 1 mM SAHA for 24h

in the presence or absence of 4- OHT. The ASKI and Bi m
wonraic@oei4b evel s were assessed by Western bl ott PAG/SGEL®)/000053

ERE2F1 expressi ng cells were treated as (A) and

ana:Afy[zed % Chl P usi ng E2F1 anti body. PCR
LEDPESGRIPEIRt s of E2FI - Chi P using ASKI

pronoter primers were anal yzed by agarose gel
"Eieam/embqn'b hresdiscovefell thdvictils @il indW33ed EARy Q&ivﬁt% dﬁ@{}ﬁinactwatlon

tr wi th SA r_24h. The | evels of ASKI

F&%ﬁi i quscepible tg@%@@%ﬂ‘dlf}?ﬁ%gt@?ﬁ tBmeTs; Witly 2 d(sr@gumb-EZFl
g{‘,{,ag,_were treated with 2.5 nM SAHA for indicated
times. The expression of ASKI was anal yzed by western

AeBiigl9 of il hopfi SElesiogiticn oo o e dhespitabilit
ofsa (chacer THatehteft®! geathert2fith LRStorRNdedcB§1a36 l)ﬂgﬂtbln the method

wer e assessed by Western blotting (lefipanel
comprising gpexivE grbiepeindicamplefram dhepatientfobeleeated E2F1 act1v1ty
SAHA- i nduced apoptosi s upon E2F1 activation. (A

THR-ds@fylmex e dmsédgn, cfok legamle emichansh & to@%xp&ekiio%f E2F1 target
si RNA and ASKI, si RNA and treated with SAHA in th
ghReSsEHeR 33 rccngl apd ccpe )490m°r3@éﬂlc<ﬂ"éa@kprmsm that can result in

eft&heq NEyed a%l?%e%ﬁ’ss b -thdB o erx%gy thg %f d;%rge&)ptlonally in

|ndependent experinents were s
coajunetiononith othd) da@dztb;ﬁ tmsgntane:pp&@nm& deéi)menﬂ’égulne Y&ihe patient.

f .. ASKI h ho- JNK, JNK
AR S By e B RS ORS prebemicean sisverod Ayl indicate
tha MB& teicerdiRVelld i 26 Nxkelyeth bo %Ens‘ﬁ?\lié o ﬁﬂi@?i Bfid 985 §cn patients

E2F1 activity or Rb inactivation are
HDRACE maybresordingpAel appm@mm;l Aédxtmmhéaaahcarunmusem trhaya also be

N T RN IE A

e1tche suitability of a cancer patient for treatnent with
a hi stone deacetyl ase inhibitor, the nethod conpri si ng

C@ﬁ\?&yélﬁ‘ g)aﬁellﬂ's HBOBiGR 1&?%5 esf ﬁ%érgSFg%ctzt%vg tgﬁ nopmal range

el evat'ed E2F1 act| VI assay
may dwptb(mﬁldmdsasr patients fof whopr EEXAOCH tr@zitnﬁﬁﬂzﬂvohmf B8t be considered

nes ccnel cne2 i ncreased Cdk4
é paﬁ%ﬁ‘fsp'@g/g‘l: Sl‘?f'si*‘i(%‘\yé? be effegtiveact i vity.

The results of the assay may then be used (optionally
Ajsgeengrgsnent of 8i¢ invantion phevidesaelrctiiga parter pa-:tren’gfmr aveatment with a

AR 35t SRR S PR e e 1

claydd E2H 1 zwmwtgal evated E2F1 | evels indicate that the
cancerous cells are likely to be sensitive to HDAC

fy di
A s AT TBESRIAOR f e i v o

HDACI where in the patient’s cancer has assayed positive for elevated E2F1 activity.

A fourth aspect of the invention provides for the use of a HDACI 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 for use in a method of any of the first,
second, third or fourth aspects of the invention. The kit comprises one or more reagents

for use in assessing E2F1 activity in a biological sample.
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sel ected for such patients, including treatnent with
ot her anticancer agents, radiotherapy etc. Conversely,

woabiemaé=ow t h bi ol ogi cal sanpl es havi ng E2F1 BCTiSGR240¢/000053

in the normal range nay be considered as patients for

whom H A&! treatnent woul d not be consi dered .
H%O Hoge: £ KK COmPHSPANc mRoTpDABPOnests sekosted; fkash yhe group

éoﬁsi%oge&f. ective. A second aspect of the invention

provi des selecting a cancer patient for treatnent with

a HDA e met hod conpri sSi sel ecting a patient who .

P sl SeGraing o AEPMaPBOE 86 CEppinice mepkaryproain or nucleic

t hi r epBiRQGhmple; t he invention provides a nethod of

treating a cancer patient with a HDACI where in the

af ' a -has .assaye ositive for elevated .. . .
Eofth Hen i abictiBE B RO B Braieh rqrlp e eleic acd in
pr ovithesanipdé (d.faniaribelly whidBAGhd te bﬁﬁeiﬁ%ﬂﬂh@%@ﬁﬁhé}{eoﬂ or an
a nmedi canment for the treatnent_ of a cancer patient
whos @ligaprcisotida robe sdijelybipdstot PNA drenRNAsnsoding B fptotein);
activity. Afifth aspect of the invention provides for
a (o) instoctiorssefor intapreting di redulid pptadiedtibinghhd IGt;, second,
third or fourth aspects of the invention. The kit
cqg?@m%g§ﬁ9$§géﬁ;nnre reagents for use in assessing
E2 activity in a biological sanple.In one
enzl%ggi nent, ..the kit conprises one or nore components
se
co

%@?ep?gﬁ$the group consisting of: (a) a | abelled
ound or agent capable of detecting a marker
prét éPFetsin 1angageal:d in a sanple; (b) neans for
determining the | evel of the nmarker protein or marker
nug) edrapaints ifor tdeeirs defbitng €hed deteetiibld Mabd) O@Ys. WM GHzyme or a
bi nds .t he protein or a fragnent thereof, or an
oIigBﬂﬁHﬁ@gﬁmﬂe probe which binds to DNA or nRNA
encodi ng the protein); (c) instructions for
i rihesofitware ffgr exeanple software dtnt selectiog patiengiredmetti t ; (d) a
buffering agent; (e) a preservative; (f) a protein
stabi.lizing agent; (g) conponents for use in detecting
the detectable | abel (e.g., an enzyne or a substrate);

130 .% | e software .for. selectin .
pagflélg geta&fé%t}qﬂnée El%e.ﬂ];o%rs o?ﬁgpnvenﬁ'on may ﬁ%d u(%lhty n relation™o various
cancer patients and various types of cancer. For instance, the cancer may, in one
embodiment, be selected from the group consisting of: retinoblastoma, breast cancer,
lung cancer (e.g. non-small lung cancer or small cell lung cancer), salivary gland tumor,

pancreatic cancer, glioblastoma multiforma and mantle cell lymphoma.

Other examples of cancer where the invention may find utility may include: skin cancer,
bone cancer, prostate cancer, liver cancer, lung cancer, brain cancer, cancer of the
larynx, gallbladder, rectum, parathyroid, thyroid, adrenal, neural tissue, head and neck,
colon, stomach, bronchi, kidneys, basal cell carcinoma, squamous cell carcinoma of both
ulcerating and papillary type, metastatic skin carcinoma, osteo sarcoma, Ewing's
sarcoma, veticulum cell sarcoma, myeloma, giant cell tumor, gallstones, islet cell tumor,
primary brain tumor, acute and chronic lymphocytic and granulocytic tumors, hairy-cell
tumor, adenoma, hyperplasia, medullary carcinoma, pheochromocytoma, mucosal

neuronms, intestinal ganglloneuromas, hyperplastic corneal nerve tumor, marfanoid
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It is envisaged that the nmethods of the invention may
find utility in relation to various cancer patients

wanaoewasi4ous types of cancer. For instance, thectacc@s/000053

may, in one enbodi nent, be selected fromthe group
consisting_of: reti nobl astoma, breast cancer, |ung
M umes, §ilm's fumerisemingmg, ovarsertumor, slmahiyomatek tlhrong cervical

) i y t ancreati ¢ cancer
%ﬁlgﬁ{l a%r%dggﬁa m{y o@% aﬁéﬁ%ﬁ?%a’c éat% W HHRgma, malignant
caxchmid,cwpioall <kin te‘smhan@%sw\ﬁﬂﬁfgaldeh @rd:diﬁe%nstu'cﬂ Rs ¥BabdbiEsarcoma

aaép %/ se%aq' ncl ude: skin cancer, bone cancer,
B 9¥s SRLeemy Ostposzaic andrriler malignantdimersalcemtaairenal cell tumor,

r I I
PRBRIBERANE pdtholdifin e ke, Bufbbffiby, BARHUTY melgpomas.
epygigmwld clainonsaso rad hiheb caminbinas lahdisaysmah Examples! df lymphomas

Hg%l%(f D Pi ?}1&5};@& an%gsl l]%@rl% a&%@g WP ofrelé&%gltag éYlilﬁl;(): e@r@qu{, Iéar;%e B-cell
Laapieong T-& I9ghphoal 48 'Bibrhﬁq%?hﬂrhl{ﬂ cel |- sarcomm,

myel one, giant cell tunor, gallstones, islet cell

d h
TR B AL TR B4 80 01T, v
1salia$a‘scther,eofwtp$ ligollaasd Somniel ehlodf Patfont, Gis RUMBas tissues, cells and fluids

heochr onpcyt omg,. nucosal neuronns, intestinal
Gaﬁbqs?%nmrﬁa@ RS (b e pﬂlﬁs@n@l%ﬁrlﬁeﬁb’oheﬂ‘h@&tmmro and in vitro

n{¥RHolds AR é#&ﬁgQ%édeF, gxéjoég/égent W\)eﬂt%(ﬁl tunor, sem nom,

ovarlan t uno omater tunor, cerV|caI dyspl asi a
n sSi .tl?g‘] car , neurobl as soft tissue

Oélgroctomre gty nf 5 MRYi BE iﬂyégl insfhp rmethedsoaf the present
ieeis. Thid 68} sdRay BAP&GRIIRRA %H ?ﬂhl@ﬁe gﬁg@ﬁ?ﬁgﬁ%ﬁé Cance patient.

and Kaposi's sarcorra ost eogenl Cc an

EQ%Heﬁ%%gf; %?‘{er% mr %él a%%ﬁ)&gg &%1/% Egélnﬁgﬁlﬁldeglgsma) lymph

ambedyatio ks, Qimltldﬁ rsﬂ@dl Otead] ﬁhMﬁr skid a%ﬁkeflmﬁa&}%h@ PRRE urine,

and sarconms. Ies of mas i ncl ude, for
mgplgﬁgpgate% ﬁtHPie 45?%%%) é%tloéls p%ﬁmmchfa@biwaum autopsy Samples

SO bR YR TR LdiTRSR G0imar

almlétsatgaaslfonned calbaulturessieeised freml mtiertaidyuek letd, ds and
i sol ates thereof etc. i solated fromthe cancer

Infkie@iHodirAdnt W) dandpie I’d §5BH %S‘bréégd %ﬁoc@ﬁgd’f l!)d&lyqﬁug tvghlch hjs a fluid

resent within a subject (i.e
W. hbswhmh iry theobegdydof. a patiento consadio ds passes dnw@ﬁlgledstl deus or into
S ntion., One.or bi oI i cal | es
whiGE B SBleis, B ot 478 rets” B @R capabl of passing
Examfﬁefst ofthreastasivciateddyvdy TRidSIACIREE BI%E)H%d%nly%Hht gﬁti% fluid, and
npl es fromthe cancer patient. Exanples of sa

mPFﬂEF‘SLR!P@IeSV\hoI e bl ood, blood fluids (e.g. serum and
pl asma), |ynph and cystic fluids, sputum stool, _
Priog o shelngjasssyedl;l ther sanyiMe Mayabe uhir€atdd, YiedtedC MRtk of |cBhébntrated

froth larf)gﬁent.

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 can, for instance, 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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ni ppl e exudates, nipple aspirates, sections of tissues
such as biopsy and autopsy sanples, frozen sections
woabwmroéian hi st ol ogi ¢ purposes, archival sanpl 86T/5G2006/000053
expl ants and primary and/or transfornmed cell cultures
derived from patient tissues etc. In one enbodi nent
4 QRpreteipdgveblis dndipativg of FFd cetivite Prefoobly, fihaiexhression level
i [ ' isCh, en {40 the.body of . a
%g?ﬁgﬁFﬁb%bﬁ?g%?%ﬁgﬂ’gﬁ%?@ggﬂﬁﬁéﬂgﬁl%?% ¢deel s or
‘%nto§¥Mi%$ cel ls, nucleif cids qr proteins shed from
§ Girapioned ghove, inactiyation ef Bp rpwidis iim dncreasedhBPES ativity. Hence, one
aeBasgt nat b ol W i od fluids,. .
of xS EIng 1?217 1 d Qéjti{:lvrl1 Wbﬁllﬁl bd'¢d légs%s%’ g@ fjef_/,?lrs & 3egjvity. Other

| ynph, cystic fluid, nippl e aspira
aducy ek posisivebmok enepativdly cortelsted ewith t EERE gtivity may

aakerg

' . d froma patient. Persons .
agt:!-ri“éﬁlggy%r c(%péﬁ(gﬁlry%qe ASS3 ét&iog(?eé tonpiovids, any dadication of E2F1
avty it dScanlesdst MaRerst Whae $R¥rebQ6n ﬁla?vt%t &freletEd with E2F1 activity

.activity, for exanple by neasurenen f expression O
ipelpde: ithe B4, RJEADKA) sexehin &) CelksheCdledn dydinel bydlin E2ik 4.
E2F1 activity can, for instance, be assessed by

Ttedsval bfig masjen mdydiei detdrinined byuaRinidand kiiyan th8rt. The level may

X essia | evel of at |east one gene whose expression
E&%Efm ﬁwe \GRagplep defermmpingdhe leyel of nuslticanid renssiibed from a
I X ; fer : [on. |l evel of
S A KA a6y 1 S350 g it o
ngfiNAagiranscrshed Stme d makkermgent inoiyde debeomned eyt iaM@thésmBYdiment,

a2 in i d E2F1 activity, Hence,
Ko 918585 mb Bt R e P diectls i o aiabisediogreindirectly or
“Rinsteie! by Bl cBEbipohliig nfdkE" r&%kc%gﬁl %@%&. o

i W t activity

positively or negatively correlate
[ .additional ly be assayed in qrder
AP A0 151 Bl RS g PRBar'e B 70 v ahyeise grsample
ofren keliddudl asé centpetipsthe BariEly vAeh £#obs (@b ' .
%%&' vittc incl ude: the El A pl6(l Nﬁi), %%?‘?ﬁt‘*ﬁb@? "%E‘zli‘,‘de"“de)
¢ %’ o ?ﬁé‘?qtlﬁg tthe mayleer iprotem, ormrarkerpegleiofacil (e kRNARygenomic
D& dsit eHK Ipethe .art. The | ev
B e Ly aftpyore Bon G ald sl uiEpe Sllow the
miagkee |land fprohectoeinteract | aohdt biadysthus Bethifg @ndodpled KRE cHEBE removed
tec[ ?aii v.elzﬁg or..addi tion IX, the level of specific
Y B dsisried 1p A reaptiop ‘Flf’%‘ierrﬁ\% gtectivacpstheds of thanyention can thus
beTadel @b deRMEMRIA, BeotSRl SHRAD i e in 2 biologi
enbodi ment, the Ik_%g?/.el ofmé’ ?rg?%db"gfl??eN@m% P le, in a biological
sagielincatio @ el yn yivoe. , catal yzed) or indirectly or
“consunmed” by the corresponding marker protein could
These disgays raneist. chlueea MRl AN¥riats WA #61 SkdHhfbNond Bfthod to

| evel oﬁ a marker_ involves obtaining a sanple
conduct such an assay would involve anchoring the marker or probe onto a solid support

L

and detecting target marker/probe complexes anchored on the solid 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 a solid 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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of an individual and contacting the sanple with a
probe (e.g. antibody, oligonucleotide) capabl e of

wdebwmbéndag t he marker protein or marker nucl ei eCatsiGA006/000053

(e.g., nRNA, genomic DNA, or cDNA) under appropriate

onditions and for a time sufficient to allow the B
g‘h? F toasRndeptoassays gvitth therabove-medtitnieddapptdacisesf therrongnanobilized

d/ tected in the |
?‘Se}gg‘%‘}%g% k %ﬁgl(ftzcﬁt?)gthg %11{6(?%@5@% tuf)lgxhw 1 %geCBIFéj P%pogent is anchored.
Afteethd tmctianist busplbe, usedngloxddet@apondiAnayp 'b@_tr‘é‘fnleved (e.g., by

A .G DNA, f xanpl e, 1n a biodlogical -
§ine g PoRiSons gish thateany ogmnexes Theed wibaymin dnmobilizd
' | e r._ex e, ,on .
ﬁrg)trﬁgg @dt)lgd %%ﬁgﬁc tqmsé Sl% e@%%n gii %‘%@%ﬁ rgﬁg cor 9%%5 eanchore& to the solid

SRS cambe adsemplisiiedrin emumbebef methadsa sol i d support and
detecting target marker/probe conpl exes anchored on

Inhepefirted epitRdindit, the Préedwhtn tihe tﬁeeﬁﬁﬁl%;ﬁﬂ?ed Lléga}p B&mponent, can
e dj ment of such a nethod, a sanple of an r .
l?q:?ﬂ%@ieg&ﬁf theypiprse of dgtepléorm gndyreatlofib of mlneaassay,eeithﬁr dlrgctly or
; / tizpn. of marker, can be anchore
1%5%1?%&@1 , g}gtﬂi %Hgt%%g%lrgggﬁeﬁ Jﬁ Iy #59 POSHY aitﬂéﬁrtef:t ¥ fetect marker/probe
qoenpdexs domnationt withouts fipthes idripulitionMok ClAbdIRE B ¥ferC @Bmponent
e ,anchor 0 a solid support 2&. g. a nylon menbrane
(?}W‘%Ff 8ﬁP’§$g)a%%f Xawpiedventdrzingthe ghyiqueof mmsc]?ece energy transfer
vest r : ngnt _.of the
e e R 0 BT RS Birifhopoes, et a, U
Ragrihidi8684@3bn a microarray. I n order to conduct assays
with the above-nentioned approaches, the _
TherlevelaP bxpreifsh GOFBANE Mharks Og’%ﬂgsegant PortdemBR! b accomplished by
support upon which the secon con‘pphent s ahchored. .
defeprgining, the rampint of WAdnppeWauclwtxﬂesrﬂbmmldth_em&pm) Pésent in a
be renoved (e.g., by washing) under conditions
Ssukc‘]ﬁ' that any conplexes formed will remain i mobilized

lid t. The detection of marker/probe
NE%’SFB |tet§£gi§ﬁ§qq gﬂb?‘ﬁ% p‘i)qrﬁeqﬁﬁé aws} i pragiifigasion e MmRBRYA levg:ls involve
| 4 iAN . Qf.: ol referr .
o3GRS AR G 1 S 068 o
N oo iptolynualeotide Idettiedde thefedfoni)ne Tihe iR sse atiddsioBE tchR e, for

ith directl or
b G uclioriie S BIREY 7ol 45 b, 50.025) 3040530, 100 nucleotide

Inaire )

. . . t Nl C .
b, S A 0, ARy, o
o RINAy c Brabeh emay ( pentiior aodetectble) lakfehr sectargs! @ Byiorescent or

4 i eghni que of fluorescence energy . | o
c%%é%&?étggt’)eﬁ.f Jvhe Wﬁﬁ’é’d of 2R%5SFIRG markex expreggian ispyged which
inMolve$ 1§Bfidiz6on Sif axtid ANEBRULEE. with %otherp-its:i% RAlferrdP that the

, 368,.10 g he | evel of expression of specifi'c marker
hﬁ’éﬁé@h%ﬁ, PF&“’@QMF@M@@H&E;W&WH sdnditions.

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: A Laboratory Manual
(2™ Ed. Cold Spring Harbor, N.Y, 1989); Berger and Kimmel Methods in Enzymology,
Vol. 152, Guide to Molecular Cloning Techniques (Academic Press, Inc., San Diego,
CA, 1987); Young and Davis, P.N.4.S, 80: 1194 (1983). Methods and apparatus for
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determ ning the amount of nMRNA (or pol ynucl eoti des
derived therefron) present in a sanple. Mny
woeatsrweguues for the detection and quanti fi cati 8aT6G2006/000053
NMRNA | evel s invol ve contacting the nRNA with a nucleic
aci d nol ecul e (probe) that can hybridize to the nRNA
EHFYIPS PYinigesasest anfecaniiolled byhriization aedctiohkavebebr idescribed in US

PeLA, P3P RuPest Y p PG o 3g TSGR G50t Shic e

‘mgotpecttediieereia diydeferencd) | engt h. Probes may i ncl ude, but
are not limted to, oligonucleotides, cDNA or RNA

PrO . such. as.a . .
FROPROIRcha e SR TS/ v YRR tesg iands i
esrtaggs profertadgembodimentex Hee dSinitud $iates PackniNoshsj183,854-€5 578 832;

Yoy Tl Sl ol g seLg wgh another, BEE
6,201,63%9,21%y803: dhd 8029825 Dl QRRs P%ng@ééflgaﬁ No, 60/364,731

conductln? pol ynucl eoti de hybridization a
e 1@9@@@?&33 S T/HSP9B6Q07t (published ds WeDI47%4 ) ayich of which

jtions wil.l var ependi ng on the
AR AP RSB WrRBioelh i ot Bl PR B BBrmRPesn 't ne
eral bi ndi ng met hods known i ncluding those referred
ﬁg{f‘f’ﬂs grafus far sighal dgreetion andrpragiessingof infenigihdatatrerdisclosed

N,Brfb’lal i s L, v oahO : r
SR Cape e PN S RBIRA o785, Sed s, s34,
MN0R92, ab,831 F1BNgS,866,092,q 80X 733ad 5[‘936,394,335,9%1,9%6 . 6,025,601,

i.200Q, 7). d Davis, P.N.A 'S, 80:
GBSy i Bl LM BaR R BN ol s
o atontd o . e . . o .

o AT oD o B T Al B PCIASA g X botished as
WOB9K 786, each of vddeh Ala®is 18139 lin6R Boretad tbyatfordiice hn &5 entirety for
aﬁlﬁﬁ%ﬁd@@iat ed herein by reference. The present
I nvention contenpl ates signal detection of
h bri&%égiign between |igands in certain preferred
‘%&0’6‘8 P detegmining; nuslpicpeid @ preteianievélosan be 1881 Bbthe present
i ; cHh - 34,.758: 5.936, 324: 981, 956;
g e Il eribed ggeif 3f: nqd ijgpted g be Rimiing. oo

d 22 .Uni t ed. St at Pa t licati No.
(B BrRa S oL el ag oo a proe, o
chauflc tyhesniap MORSLAMOARINA 836 et b6 Bshing fhe mRNA

her eby incorpprateg' y reference~in IS entire
figm ﬂlﬁlgebtssésqhdl\&mpm sucinas aplier Afucdeié acid preps lrepresenting one or

¢ RN B Wit P52 AP T bE frsiera B bration, and the amount
obmbdARr-dbrtve REA/ isG&R%rmmed’ 188 Uetcmibatiod o4n bg ’v§g%’, gg éiachjne-

aig’ ‘334, 758; 5,856,092, 5,902,723, 5,936, 324,
& ngr g)é)afgple, 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 Affymetrix 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 techniques such as PCR (e.g. RT-PCR) and the ligase chain reaction
(LCR) etc. The sample may be amplified on the array. See, for example, U.S Patent
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6, 090, 555, 6, 141, 096, 6,185,030, 6, 201, 639; 6, 218, 803;

and 6,225,625, in United States Patent Application
woQn®@B¥e1A81 and in PCT Application PCT/ US99/ 0688T/SG2006/000053

(published as WXX9/47964), each of which also is

ere!)@ﬁ i@cor%or,ated by reference inits entirety for

P £-380:038 2ad Ungig StasestRatent dvppiicationions 13300y olhivhcara Gicdrporated
meiﬁbﬁg-&%{én&é?vel s can be used in the present invention

and the exanpl es described herein are not intended to

imting., In.one format, NMRNA is immobilized on a
Ig %P!F 8’%&%‘-3’%@& OfQH?JP’@BW Hoeatonithelexel of o mearkdrqroteindinmdetermined.
A yrdferndd t g debndtti r.ose and .,
t%.gnsf er?%r?g t he nRNAﬁ rtﬂogr:riﬁ lg&ga:ﬁ’a@%?g@%lpig(gj the, phGhtion 1s an
aglibeflyagapablei of bindingutol sich @ pialeipr @be FrapRRHE FRASIM ggé?&%bly an
y

affib a hen hybridized to the filter
nérm‘?ﬂgégﬂﬁ |Iezga\%fﬂgn, and the anount of
rived RNA is determ ned. Such determ nation

: Sgg%blig rgﬁtﬁyeoglgfgwgn be praduegdusingdechniquess velldmohe, to hlyosdgaf skill in the
i ts I | ti f t
T 8 fpr a1 S PRRN KBy ShET 08 Dbt 416,045

are inmobilize
38764045 3703801 ad 4BTH7450 erdré@bl%ﬁl)onoéleﬁal SHRABRLiG ark Bmployed.
l\qum,&%f%lrre L (ﬁal igene chi ) array. The present invention
al $6 ¢ na("ti’if‘ﬁ gt ag ¥ Dyensprek vting thenwethod of iKohler & Milstein

(1595} Hutir D239 £95-851, SrDRRGTRAiGH mERLr exanpl e, prior to
or concurrent with gene expression  analysis, the
vari ety of nechani sns,

SAER amplifi,ed

As 0 ne{yg?%%kﬁ c%n% %‘HB‘PXVP'YR&%F%W%W Shertacsanmile oentains e lprotein

thasbiR@Ro(2gigen OGN EAdip | ' tion, . .
Ry, ot o2 Ser, TULF) BRI 6F sl Rithafl ALAL IRE beCHhs imited to

¢ © ipgunggsiasp (BLA) Uradichamamoadsays (R, e nanitnlddiitngsinosorbent

t e lhcation 09/ 513, 300, i.ch are
as?‘g’?ﬁé??%)éﬁ” ﬁggér}giﬂr%g yi‘P‘BP‘é‘?Péﬁcd%‘f‘a%Pﬁs 3Re iwyBeilyemscesee. In
such @ses; dsie genéralle ptef@able tth emh BRIz of r |
soilié det gé rgélnfﬁgl# A}Pr ef,e?r ed agent ef g?&dﬂgt@éﬁnb%%g} ﬁ?@éms ona

v &PPo TARP FBPPOStS decdyde asy support eapebleiofhiridingsam antigen or an,
GBbAHOgYN dnd : bi. ndi . ch.aprqtein.or a '
oo eoanifont: PRAoh fec Mo JBYFH fo, 18 adformined by
copgtuctinaisne antitiody . mBuoarayl i ahichbbElidRE St SfnpHRIMSAbilized
Préi%}agg'{le nl %ges séle(hl knoyfm to those of skill in the ’
art and. drs2PosRgopdies snseiticdg amarkeyproteine My Méising antibodies
whicD hie, §88ificAfof 2BE&B nr] iz S 70, 380;
and 4, ?7%21 17450.. Pref er abll%?qyrrr%%%% %ﬁg]lzggn%ﬁ%“g%’: é’éa“a?lg marker
ProieiB pdveke detgspbeadaisiig amngloodérearay.e general |y pr epar ed

usi ng the met hpd of Kohler & MIstein (1975) Nature
In 284itio5 prdidtredoin aiveotbchhigadsi R ddd@EBR of a marker protein include

introducing into a subject a labeled antibody directed against a marker protein. For

example, the antibody can be labeled with a radioactive marker whose presence and

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

The present invention can employ solid supports, including arrays in some preferred
embodiments. Methods and techniques 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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A variety of formats can be enployed to determ ne

wo 206t7obh a sanple contains a protein that bi pgg/sG20@/0000s3

gi ven anti body. Exanples of such formats include, but
are not limted to, enayms i mmunoassay (ElA),

radi ol nmungassa | enzyme | i.nked i munpsorb
Patentsghat degeripe syt eﬂ%ﬁe Hignes Inbfl?:e"ld“rﬁ%h%iﬁ%‘&‘f pic ual??{awgd States

PafRRf NoIT8n95 logor 6349065, 6082 246, h6336389, §,889,188N&1R)5!949,098.
preferabl e to 1nmobiize either The antibody or
Nupleixt &iicharrays ase desciibledsimppanyt of the abamts! ratentsy pot the same kactiniques
a su rt capable of hi.ndi an antigen or an,
mag[ﬁéiagg tolpﬁf}gﬁﬁtie Fﬁé’ﬁﬁ ﬂﬂ:ﬁq’ YRer - deri ved protein
| evel s can be determ ned by constructing an_anti body
In preareedrembpdimenti pelynpelpetidegnisrasgy s ahgpised to determine the level of
| f C
a rplfREY S ey PR SRS B b UG iy e sessed
sinntliaadowdlye specific for different marker proteins, the
| evel of nDre than one marker protein may be
gl%taﬁr {HoC I jot J :
Mlpr ef ér r ed in gfb%gégzﬁc}n ﬁﬂhgﬂ‘ e I‘c‘?rﬁégd Z‘?%%t ?% ofe %%rrlgﬁ‘(lglre otide
sequentegi andi theh Udenabalizingl socin grobres dioaa samb;l estppert | absirkde. For

ant.i b rect ed agai mar ker e| n. For
ox %!If‘rpﬁ’é P’ff’h"eS TR | 0BISE jﬁygeselqgw% Feqyences, or copolymer
sequeftcQ AFIDNA AR KA, WIRS @oRmAsIeHs®R fatedRs AF it pioBed may also
subj ect can be detected by standard i
compristn Dilse end/ph RpA eanalnguphvasnedndingtions efg‘p‘ﬁ@fy d'or iegample, the

ol HBAGHE et ERche bF e w6 L BL Bl BRpments of genomic
DNxwl memo(yhnclbuwmq@émwbmle oty meaynalbeBte sydiassezel@mbleotide

descri bed in nunmerous publications and_as such shoul d
Seqalsgfe-?sﬂw rasvathete rohgwcmlfi? &esareson! IsapioRe sequregees can be
b e i gRN
S EIRY P alf S Sr R 1A QIG5 OE) BYPER), or
noﬁqnzyﬂla@@ﬂy idye®2, 216, 6, 310,189, 5,889, 165, and
5,959,098. Nucleic acid arrays are described in many
A Killddatighonal 1130 iPrsoiatd Wat iBap BEBediRGRNb %’&ﬁdé‘?&én’&% control
applied to polypeptide (e.g. anti body?) arrays
Probesfeg.r prdbesriseaivirin be copplepentine end dubrdigada o sgmenges in the
targf%tgn% é&n%cﬁ%c?é Efo[é%u]{epe ld?o\fenleggtgv COWOF §{obe§, ! hhrg)bg\@énown to

ression sta an on

notl bs e@mqﬂerﬁemﬂyt ank bybidizabik ab ogguencss A Ythb etafifee ﬂ@l}&ﬂlcleoude

elec |ng probes whi ch conprise a pol ynucl eoti de
eéﬂﬂythen i mobi | i zi ng such probes to a solid

support or surface. For exanpl e, the probes may
The girpsent envbiNios agaie meaks, udNAf sagoencemputer mogminy pevducts and

soffaiGoss o, DA and RN, The oyl ot de PeAYSNRR i,
and instrument operation. See, United States Patent Nos. 5,593,839, 5,795,716,
5,733,729, 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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conpri se DNA and/or RNA anal ogues, or conbi nations
t hereof. For exanple, the polynucl eoti de sequences of
woheospweiaes nay be full or partial fragnents oPCGSON6O00053

DNA. The pol ynucl eoti de sequences of the probes nay
such as

I esi zed cl eoti de sequences,
hg)(/) %fgﬁl |c§ Xgp}%gl 8&?1’3&083#?8& By Ujéﬁ@glél.t- The kitr awingprises one or more
reagquis oL ISE aM abRsSNE S | 260it8iih hek; tically in
Vi Vo, e.zymat‘iacalsl yg]i n 3|at%§glt%é%% 5‘85"%%?“18{% The 'Kt may be
Pm%ﬁ%ﬁﬁ&lb%d, 10 Sl ay p unib foresforthingd Bsthdd afthWinkdse i§Rntion
Tap ytepi ate that it nay be desirable to include )

Be &itcan eoropriter :olabgled b&afpouddBr agdift @ lel((;%cliiﬁg ?ﬁ%arker protein

|.enentary and hybridi zabl e"to sequences
°’tC ’3‘%’%% agg ' AdePeiand enses & detsominimgithe deveb gbthe Varker protein o

markef mkleRy 8H8Sn & S KNY 0 not be .

conpl ement ary gnqe%?gl%?g 'blag "(“g%g‘i’hd@ﬂ%}bglqdﬁ thpeprotein or a
ﬁ@gpggﬁhqggpfy Q’U?i ebgdmelemﬁxieepmb@ Wh]icdhrbiﬁdketo%ﬁﬁyor A encoding
the nt i,on. make use of various conputer

p?)gog%gih %{r}%%ﬂl&l? %nﬁ%g grstriettans feryinterprgingthe results obtained using
thpkitposes, such as probe desi gn, nanagenent of data,

anal ysis, and instrunent operation. See, United States
. Fdradn@Bb N -h9 5,795,716, 5,733,729,

ﬂg , }%4, #ﬁ%e%?%‘g’aﬁ‘ig‘ifg"%’, %6?‘5"@5?01’66,"@819,1%6{1) adirsgatitedy (e.g.,
attgelrA3to12 Bolid sAgshre) hdhiah bifis3@8a k. I iti;on t.o
Se@@eﬁﬁf nqg%EZFl activity ot ﬁe.r ?aca?}é?rs& ﬁgeiﬁﬂaqngo OB[:!‘maHY’ 2 a

¢ eRUAEFE 2atRadyvhich binds é eidher the takat PRUn 8 the first antibody
and b is op@halll cBN; r hisiory, benign breas

di sease,0 heregictgépgag%%ta%%gecﬁ%éﬁagﬁyhi story of

apg St  ow physical activity, use of

Fogoggg(%&ﬁlglﬁgggé a%@r e th%pkﬁc@ﬁ@ntcompéﬂapy‘or usantple: (1) an
oligoraicleotidd, leaC.aPddtacesbl %Q@éﬂg L QN zi radi.ation, .

.gi et gry pr%ti ces, o}r’ al co érg"%;“g"r%é‘ﬁ Ak hlhﬁg‘a%éesmanWlelC
acid Jpuker Yid/eme) ianpain of primetsenefilsfop afiplifefls @ Mhdker AQeic acid

nore reagents for.'use in

mokdchleC OTRY k%g%i%gs tﬁ%\rl}?p(rg;e,i 182 OBF OF dre &if thefdlosvinghe buffering

assessi ng
agefat,ta presertativer @nmprotkin Sthsilizinp Ub&H. a unit.
f or IEj?lgrform' ngrﬁaﬁnetrtwod of ?h%&grggér@o%a%\@ﬁlﬁfSH@?ﬁ%oneor

O CORRMIDE MO Y i (dgissting) tho Wpteotablieotabeig €4, GAPEMyEe or a

sub@ﬁ‘ratg)_et ecting a marker protein or nucleic acid in a
sanpl e and nmeans for determning the |level of the
mar ker nucleic acid in the sanple

{ el
The?gi K& aRb %gﬁflf"ﬂbg %Wwiseﬁlp}ﬁ Pro; series qfrcontolnsaniples which can be

(e.g., "an
assdyed @@ RbmphRARS th | R ent oP i 15 P b

sodanasonpiantoi o Ayl SOVELSRUSE PUEG W0 £
Witdp 88 indieidyakconiginen i ahef thorvarioteteigihbRGah e WREH! Sngle
pacleRbahiag Wit SalDEors! L interpreting the results of the assays performed

using the kit,

The kit of the invention may optionally comprise additional components useful for
performing a 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 it 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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. . . . £ or
For antibody-based kits, the kit can conpri se,
exanple: (1) a first antibody (e.g., attached to a oss
weabistheupport) which binds to a marker protei RCTAGA06/000
(2) a second, different antibody which

oP onally_,th rpthe marker protein or the first
Ig 'n({ﬁl%g gfa‘n?/)otgilgl nghﬁhg hﬁf PFHtPOBRESS 2 atieroaa, ee gt @naoligonucleotide

v ' i de- based kits, the
mietoantybt #n drdibedy mi@barflyl gonucl eot | _ '
' [ for exanple: (1) an oligonucleotide,
kit can comprise. o | i gonucl eoti de, which

Iy, | .abel.l ed : .
e et 2 PBRE ol o e o slctng
paften ticaterest. uSedtuboffviire ﬂlﬂglhtl i%?(z)’lhﬂc? iuggﬂafgﬁg rfopé%lec%lgfp & IrSé(stem's
i al so ’ - A .
PP e i s
, L t e kit can further .

ot 8Bl 19, BT ol el oot gt
aly nE’éé’laﬁ@tt,aﬂsg-é:hd: pieht' age@tc. an enzyme or a substrate).

The kit can also contain a control sanple-or a se:ggs
Byfieleonttd GI2F$ aigv 9 Woiiskude\ke ﬁ?sa%ﬁ\en?% 2)?%2%?21’5311@@r than a

t I'e. Each conponent
n"téﬁ%éf g?%lgoef\fﬁ%ﬁsiﬁqr;%am AdTnoralalevel of ZDRE @f@ﬂgyaﬁykglggg tHeBvel of
j ] b ithin a single age,
T onatdy AR RO ERelAR o faflen et o et b she 2P
achyity bea diclagisalpaniols foth & ehitdr Hier thay B0%odbhred witl'S mean,
iaventio PH %ptlonaLLy conprise a |t|q
m%‘%"ﬁ‘p ghiste lydatiors ptiyist ihaomicancerousetr el gh sahpR.
invention. By way of exanple, the kit may conprise

The | lgyel of (B2R]. actiSBE inuhé eiglogibalt Alpke 9 ﬁ{én@aﬁllcépaﬁ%tllegg &Py be

tary nucleic acids or for binding an i
SR "@5%?%?%? R G agelyn A ﬂuaiﬁ@tweformhhtytabvelﬂ&&ngegﬁ@g vith 2
nomual e LofSEUF| RiORBH hER L SurifflglnSt Tt i onal ma
whi ch descri bes performance 0o angeghgen? the kit may
- i j N ne. enbaqdi ; .
Wltegvﬂa%%s%@é] gheagg?lgogﬁc‘rjg; E(a%gylgy g‘a?’l b&lqgj@ﬁ& §amplstfirele a cancer patient
therteval ofH2AY -aotivign iraoid BORGrdh SRR 58e aii?e ?grgggém.% benign or
enmbodi ment the kit conprises software, 10
non= sagples) apaycalsnbe pesessedit Ther @mt orfbre OUEHIs may comprise
soFeare W ' p‘ﬁgtr tions for the computier
dot @fs)t:ag?ﬁﬂ 2 g%ﬁ%és%}f‘l’l#@% lihe, ‘\?.Lel‘ﬁ‘él hetends inivigpalsdath ar may be a
Stom% valyeler st of valued e.mfstoredé1e5 Sbia 1t¥Abf O é%‘{{gﬁ ﬂefgd%% Fnedia,
may be correlated with E2F1 activity an |tO 'g d L he
In cak smboldining al qdaﬁﬁt@ﬁ@%s@ﬁ@nﬁgf bt E%%],e:i&%téiltyelgﬁ pe 'p%'g‘ormed. The
atient's age etc. By "elevated . el
lev ageifemay én aot iewibbytingdnt B2 bdndigerbd g BEingWiVafed where
9
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 level is chosen so as to
have a statistically significant p-value (e.g. a p-value of less than 0.05) for the level of

E2F1 activity as compared with normal E2F1 activity levels.

In addition to assessing whether there is elevated 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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normal | evel of E2F1 activity. A "normal |evel" of

wo 2o6drosiet 1 vVity includes the |evel of E2F1 acticfiddtodehodoss
non- cancerous or benign sanple. In one enbodi nent, the
E2F1 activity in a biological sanple froma cancer

pat.i ent_may be co d wth a an, di an, or node
thef SRght. GFIoEhe o 10T IS esHD POUARE GFBS. Bt Bhiifegue or more
bioRaital Smpl&ewhieN te RbesSafthr 8lelAtdd BYF iabtidii ot @ %hdra Wifferent
_sanple fromthe cancer patient may be assessed
biolpgédal samplesel y or quantitatively. A qualitative or
guantitative conparison with a nornal |evel of E2F1

Vai@isl MDIWCIS afe khewn g thabft #d HUACKVIAsuds a98aEd 6f thRpounds
| evel of E2F1 activity in a biological sanple froma

inchuginge rshggrahain fatiye apids efegoputyrate), - ippxamicy agids dgg BAHA &
. DOS Lt n t4 nt g eni gn.:

TREGABR. LY Eeied 102 LB K Ind 28 G o ot

misoellamoowes chemicall famibiys.cBrgmplse ofaHBD Atk awhiel mby tee employed

incfeTaoRRinA (TS obapientite Batrogrmisait SAHSY hoetlbate,
scrig%ti)cﬁ gﬁfémﬁ‘ﬂ,tﬁfoxaﬁﬁdé? Qefs HH@,rp'i*i?a?@ﬁQa@n%tﬂ%gﬂ% até (319G own as

odi nent a quant | t.a I've assessnent . 0] actl vi ty
ANy dyslosteHeitanmine,. pItiisulady e bydéstdileraminst iAsi cyclostgllettamine G,

s §5-URRAERl 0y SRRSO BRI, B el B o

HDAGYE Iwill I laitRvietotdbérekitled il ¢hePhre ad&txﬁzifﬁhlfé@ d)f:%ﬁ})l@iefd in the
level is at least 10% 30% 50%. 80% 100% 150%

presegd yaventgpnFon nstangs, é’H%éPIE’r adadatails afchoav they anaynkeggraploped are

. | evel ct iy eni r

dislBRE B OO HRbOEr O f0s3r e, HREBa R’ SO R280».

WO0E0eb151s W063039367,asW005086028a W@OI0SOVER! I'WO05030704 and
sianificant p-value (e.g. a p-value of less than 0.05)

quég%i?& evel of E2F1 activity as conpared wi th nornal
E2F1 activity levels. In addition to assessing whet her

Thet Hpaaagice sofe|they gires¢nEdRventiony Wil , erhployhemlass sothemvase bedicated,
carri out.. Such further .tests may .yjeld further.da

conf iopg I5GHARESG G BIATecu SR o Pt MEPShiklcRynagd resprabinant DNA

techndobdedWhich QreOtvithAmSths SRIICEE ThoseS RbAGhd RHUthe Mre BRER Réchaigles are
treatnent regine forthe patient. The one or nore

explaipedn dipllyt dr ¢ the nhifgraperec dixamplpsoof texis tiee wmsultptioppinglude the

"ol ogi . a
folGhed i BlooR MR Rer b itg AT 2B3RFRS Myl TH:A LA G660).
VariQqus HDACIs are known i the art and HDACIs incl yde
In o F’éﬁ'&é oy IEGRGOLAR Perdty rigdesstod; A B, praptical cffect
par@Gll&SpréRte® Ynbba@infohts WHT AFR PSRk l&?@ PoFthe*following non-
Trichostatin), epoxyketones (eg trapo |n§1, enzam des,

limiing ezamples.et y of ot her ni scel | aneous cheni cal
famlies. Exanples of HDACIs which nay be enpl oyed
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include: tricostatin A (TSA), suberoyl anilide

hydroxam ¢ acid (SAHA), phenyl butyrate, scriptaid,
waphwidé1d) pyroxam de, depsi pepti de, PCT/SG2006/000053

pi val oyl oxynet hyl butyrate (al so known as AN 9);

cyclostellettam ne, particularly cyclostellettam ne A

cyclostellettam ne G dehydrocyclostellettam ne D and

h dro%cl ostellettam ne E. Further exanples of
“ﬁé&é&ﬁ CABRYINGWOWD THIOINVENTION i n the art and
may al so ‘be enpl oyed in the present invention. For

EXasvi®ids HDACI s and details of how they may be
enpl oyed are disclosed in: WO05105066, W005105055,

Em%ég W W005066151, WO05059167,

WO050 g@ ., WO05030704 and W005030239. The
practice of the present invention wll enploy, unless
ot herwi se indi cated, conventional techniques of

CEP &R &t n Pl m crobi ol ogy, and reconbi nant DNA
t echnol o@f%k@%ﬁ%re within the skill of those working

e.art. Such techniques are explained fully in the

pi3inq colon. @nc%% 1 escadls weexkimdlygprovided by D@tB&f‘V'bQél&tHﬁjle(J ohns
e o gonseRigly MR SRah on g B0 C

Laborat ory

U20$ ahd\Peos-2 cellsregredRomeATVCCY THRASSIHEP g@%ﬁgg&c}?\ﬁéﬂisg}vgre kindly

. b C fect, particular preferre
Pré)m‘;lﬁ‘fc‘} h%\?&grbglﬁi‘(‘—fﬁ% rBreolny (Uniyersity tafeDF tldimreiltaly). All cell culture
redpefilsi dHidt B MORES.F RRYI NG, OUT THE o
Tig;;%%m e A E% PEF ﬁ%ﬁﬁ%ﬁ&éﬁ@h@eé}eﬁm&ﬂl Pignaling
eHendab AHASBanfibi Alki3BioalssEtal €
B2 Nl Yo ph Qi ded, by . Ber t _\/lotgel St%?'?‘i(n\]%ﬁﬁg,%zkﬁéenerate
ithJni ver Sty oRoye SN&ER'aFe luwith franséectadh math) pBabecHhdhagglutinin
epitdyiRIBIA ) BR @GBYbe HR F : - el were .from
ATCC., Tr.apsformed | I\/I%gﬁiﬁg\&gé"g@l ‘\%{%{réés {?‘?)Pmﬂ“f}v ViRsERptants
wepg, ugsd todniegtpe3 mulhREGT1 16 cellsininfasts tellsOberbliselebted Syith 2 pe/mi
putobiBlei) - arfd Iinq‘gk{ualcucliture reagerits and nmedia were from
Invitr 1ggen. Was PP c Ketke diselrtseh end | exgpeged| under selection
comiéiiimsol o gétivatedfR-FINHA BaavI foF @ st 2 BhFAlS
the(u‘??n Di.e o’?ng . Toﬂgenerate ?ﬁ%@%@?gﬁg@ was added to
CaPTH t?%fén s with transfected with
_pBabe. Haermggl utinin epitope (HA)ER or .
MigygatxayiybEidiZation amdodaa SinalysikeThar ﬁNfAe\Q%ﬁ e)%%%eg 'X%t%' the use of

used to infect p53 nu

. rnat ant.s wer
Trisbd Redg0f (ivittogen, Carlsbad, 64 and| the QixgeniRNA Exse Vil kit according

cel
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 pg of total RNA from experimental samples
or equal amount of UHR were labeled w1th Cy5 and Cy3, respectively, by using
Superscript II Reverse Transcriptase (Invitrogen, Carlsbad, CA). The microarray
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
untreated 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.edu/software) developed by Eisen ef al (62).
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puronycin, and individual clones were isolated and
expanded under sel ection conditions. To activate
waRe6ABd140 1- 3 nM of 4- hydr oxyt anoxi f en (4- OHT) PG@ESG2006/000053
added to the tissue culture nmedium M croarray
bridizatipn and data analysis. Total RNA was
Aé;é}%"g’gkgﬁe%opﬁ the use of Trizol reagent (Invitrogen,
Carl sbad, CA) and the Q agen RNAease Mni kit
Adgpevire AG-E21 s olvtminetlafin D! FosepISNEHES (190 HRLSRY! Borham
N‘gﬁk“ F r_@i(/ls exge i ments, upiversal human referenc ’
E‘U%r% t P4 a‘é%‘ﬂe, I ursew a Tumall (deivessisgg 06 Birmingham,
Bigeinghdih cUK). /@18 WRAE BrodfOlB t reat ed, and. .
unt rgeat ed %anpl,es. glb ny ?1‘0%)% %Tdé%f@a‘}‘fif}fﬁcw% with recombinant
adenoyips. nEwenty-feurnkoues aBer twuilfectionuedllsofveldHR-H&T @ith drugs for
indiéh&] §dedM th Cy5 and Cy3, respectively, by using
Superscript Il Reverse Transcriptase (Invitrogen,
Car | sbad, CA)l _The m croarray hybridization, image
Floyy gytemetryanalysis of D¥Acahtentit i on were as descri bed
previously (61). The log 2 ratios of each tinme point

Cellewercttaevestedrun ixeeih f0% coAfl) BRRE okl LRl Bled with propidium

. untreated cells (time 0) to
fod pf@é’gf”é@l afier ttesatmentevith dXNasesEi00 nuyail) eBhe ktaBRA cells were

anafpRBt £ B! At oGy oS i dﬁ?ﬂgpﬁ'ﬂ; (FACS) in a

anal yzed using c rin

FACBealibus (Bedtar Dikinso Thétmmicn), Sﬁvﬁisap@gkyﬂgiﬁiﬁ%%&i&ls were

62) s Adengviral infections Adenovirus

quaé 5%1%34 Jaits &‘Fgﬁﬂgu?“\? wirle (ReetpmDigkbeson). Uni versi ty,

Durham NC) and Ad-El A was from Dr. Andrew Tur nel |

Caspas¢ sefivifyt y of Bi rmi ngham Birmingham UK). Cells were
grown to 50% confluence and infected with reconbi nant

To AREARY ichdpase-T Wehd:iWr | u.s after the infection,
cells vve%bz Treat el%l?” V?/Ig#{‘l “%?eu g}s(e(?&? 'ﬁ&ﬁogﬁ‘f(g@(’liqnﬁe?luﬁon (BD

Phagylgerly e instrngted rady thies mnda\baritﬁomtr@néonﬁgéakeﬁ WBbE anti-active
cas;ﬂ?é—‘ﬁﬁé ed aHId fi Xﬁd_ *é[# 4ZO% et hanol . Fi xed cells were
SRR R %‘}%’B ¥iC @amep%d&garmﬁpam ef cells positive for

the daspabiBatttectivh WaRERSAY) AT Bldmedfle Stained cells
ent by

were anal yzed for DNA co
activated cell sorting (FACS) in a

C -
OIgX@%l??ﬁgﬁggs(aﬁect on Di ckinson Instrunent, San Jose,
Cell cycle fractions were quantified using the

CA)
1000esllsoyrere plasest paravall ¢fBe Gtvonil laektor 2448 h &/5MES Followed by 100
ase-3 activity, cells were

nM PSR O bk BRI B e BB P ost o bt BHOMTE! Borddh, the

fixe

drugsiweraretioved sl repladed WRRA sty ' 5 &QNk ugat.ed
ee abcpi : ?%t 14 acrtelpv ee SR RER M oorfids Lrers Ykig Withs crystal
violet aiid counted after 12 days.

Western blotting

Cells were scraped, collected and lysed. 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, a-Tubulin, and B-actin (Santa Cruz Biotechnology), Bim (BD Pharmingen), Caspase-
3 (Cell Signaling Technologies), phospho-p38, p38, phospho-JNK, JNK (Cell Signaling
Technologies). Signals were detected by enhanced chemiluminescence signal by X-ray
film (Kodak, Rochester, NY).
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caspase- 3 nonocl onal anti body (BD PharM ngen).

Quantification of cells positive for the caspase-3
wdebwmveian was perforned by flow cytonetry. CoPOmBG2006/000053

formati on assay 1000 cells were plated per well of a

6-wel |l plate for 24-48 h and then followed by 100 nM
ReyepsedransgriptiontRGR eat nent in the presence or absence

of 4-OHT. After 24h, the drugs were renoved and

Oneepiacgdmvéf totdl IRISA e dabh sGBpRMNVES sﬂlﬁé&ecﬁ {APERAwh trBverse
cryst.al violet and counted after 12 days. Western

traB?Cé‘PPP% ysivg thesOng.Step Sel-RoR kit @Pﬂt@@t) edcaadinig Ity $wdnanufacturer's

SDS/ P
e T e T T S
oy fvithdgachvieycle Amalsibmglod?& degaturisg st7eg€fmfp RkFIQ{E’@\M 04 |°C an anneahng
clin

.0t £i NS 2F1, ASKI ,
st} 8 S Al S, T A cnolvinrizafion siep ot Bmop et Sl e P Clbpraduct
aé drhad Bnno2inye le
W nol og| esz pa%agg&géérlféﬁ ta%gujé mﬂ)@“ﬁ“ ?}%}2 alaq\khotographed
un(ée@élltravsr gight. T4e peisien stqugices pre :ﬁlagadﬂé apmarequed;et ect ed
by enhanced chem | um nescence signal by X-ray film

Lutif@dskrepsptepasdag’ . NY) . Reverse transcription-PCR One
m crogram of total RNA from each sanple was subjected

eI LSRR TOREh A, P o
24157-4B33;04nd ﬁel lﬁﬁﬁﬁﬁASKM%ﬁoﬂ@fe@ e?aﬁérm@ ePb(fosahz?CRmOO/ 256 and -

32 ﬁgléyms PCR was carried out for 20-30 cyc
275Ky oyee eclerndsiintei pGLAflucifetassa constgt s{PF.qmégar Miadisorgt WI).

Luc?f‘e % nagr@'clﬂzsg?é}g ﬂéﬂfé}%eﬁf‘ugﬁxgéﬁ nplilagu tr 5%&%@11 %%ﬁnﬁ‘ﬂﬁ)d HGT116

cellwa@rs pkatﬂdeait acﬂenmyaoQS Q04 gellso5e v@l' ofP4-Yelliphle. Bim promoter
lum&t hi di u br om de and hot ographed under ul traviol et

FR¥S: Cong C%PP r°°§€a enstrgctavereyatisfegisdentopHRT116 cells with
E2FISOMSEY - ot Y& fe%@g% ﬁ@%fo?n e g@n@a u?expem M ransfection, the

enconpassi ng the
luciferasesyctipitiss wark analyddbusidgBtia Duah ﬂumfeeammemASKl
- pronoter elenments -1000/+125, -1000/-256 and -
Ch%?ﬁiﬂﬂ_ﬂﬁmﬁﬁ{,ﬁre@iﬁaﬁqnl(@hﬁp @3-l uciferase construct

(Pronega, Madi son, cn‘ease assays were

rf d mferasesstem Prone .
ontf i Firg s &g?%aspﬁ’“ b Brestayaicfor 251 CH)xBaey, R-E2F1
expRetihg defls treltdd WithaSAHIASH! 1Rl BleSencBl 50 BHQIRL r 4- OHT were

| uci ferase constructs and a control construct wer
crosslinkedrveith &40 formeldelnyde f06 16 eiih st wionhtemperature. Formaldehyde was

inactivated 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 mixtures were initially melted
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 request.
PCR primers for Bim are 5°>-GCTGCTAAGGCTTGTGTCCGGA-3’ (forward) and 5°-
TGCCCGCGTTCCCAATTGGT-3 (reverse).
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E2F1, ASKlI or Rb expression vector. Twenty-four hours
after transfection, the luciferase activities were

wanedeyoeido usi ng t he Dual Luci ferase system ChrPomsGRo06/000053
i mrunopreci pitation (ChlP) ChlP assays were perforned

R@i'dteﬁé” bed previously for E2F1(31). Briefly, ER E2F1
AHEEETfecel Is treated with SAHA in the presence or

_absence of 4-CHT were crosslinked with 1% formal dehyde
Blmmpe?_(ic RN At andoweaties 'mimf fg?m%éa@hﬁﬂb%q%ﬁgﬁ%etll Signaling
inact i.va n, ) ci ne. romat i n
Tl R Rfei S SRR BRI g AT SRIA e pestive soutol SIRNA
weR) uitBadel! Boin A | Rict i o B2E] .
_palycl onal anti b%g?c%ézgi,c'(%é% %&%él}%' ?@%e§BﬁAtrﬁ%S£eCted with
Llpé&qc}/aa%medzw mreondihg Gnl theomanmihétddr'sAptiano) .inThe P¥ence of
SiRF_\%&overed was subjected to anplification by PCR using
tStarTag Master Mx Kit (Q agen). Approxi mately 20
ng of the input and the Chl P sanples were used as
tenplate in each reaction. Reaction m xtures were
initially nelted at 95C for 15 mn followed by 27

RESVEIES of 94C/ 30 sec, 60C/ 30 sec, 72C/ 30 sec, and a
final extension of 72C for 5 min. The prinmer seqguences

' e.upon. r ..PCR primers for Bimare
E2Rf o D B Bt oot caner et
TGCCCGOGITCCCAATTGGT- 3" (reverse). RNA interference Bim
Actisighien fof cE2 IRNpsluserd apepesis teouginbothl p3d-RPenden @nd independent

] S |1 Si,gnal . echno] oqi
medidiSRROPhe SR S rim R Ml A ke8! 75 A2 pathway and
has deen rvedl]l-chariveerived 29U S h3s e38)f g ; i
| n¢. %Laf,.a ett é, Cg) . Cells vve)zr e ?Pgtr% ggtctgg r\?\ﬁlﬁtmn of E2F1
apomtpﬁg gl laynﬁnﬁépezé% of 98+ We mged p53 hall HKIflactells &r essablish cell

lineP C in:.th Si . RESULTS .

AT T —

ligandrbindingndemaioerf theldstrogefCiecttbi (FRPS0)ERRLEZING $68sh ﬁrotein is
t

LaRoptosi s thraugh bgth p53-dependent "and i ndepende
manga IE anTEHEC 5 ﬂbe 240 13 they absangel of 4reW bied be¢nmarscietivated

aftett 4litRirOo ARETM ané&ﬁl%%z@@l

~wel | -charact er igged. (24, 25, B%ﬁggﬁmﬁo iﬂheV%%ctl?ugé?%’ 34). As
expected, pddjtipatof dnOBIT EER -EFd pexpréssing atelly iddytol adepan dfRidase of

f 3 I I s to establish
eyl Rfp7 Bl SSRREE, Pl by bpnesiep Hidatreets Gocd. 35)
4- hydr oxyt anoxi f en (4- OHT)-responsi ve |igand-bi ndi ng

To uBFdieAtcovhether &RF! oepsivation dpduses (ERjHZAOIn ERIERFD HDACISs-
induf B¢ URRO R dhaly¥ed the cell cycle profiles by FACS (fluorescence-activated
cell sorter) in ER-E2F1 expressing HCT116 p53 null cells (ER-E2F1) and the control
cells expressing ER-binding domain only (ER) following treatment with the HDACIs
SAHA or TSA in the presence or absence of 4-OHT. 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 a strong synergistic cell death response (Fig.

1b, 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.1c). These results
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mai nt ai ned i nactive in the cytoplasmin the absence of

4- OHT and becones activated after addition of 4-OHT by
wablkbwwoweigo ER- E2F1 transl ocation to the nucl eusPCBBG2006/000053

34). As expected, addition of 4-OHT in ER E2F1

. @XAr [ ceIIsIedtoastro i ncrease of cyclin E
indiEHle XL B, oxereprssyion fpsulted)in cplanchd et flekth BREgrowth inhibition
in kexpasdeIo FASACRY, 35). To investigate whether E2F1

activati on i nduces sensitization of cells to

W’ﬁ Ifbg}gﬁat h, we analyzed the cell cycle
For | SYEeuesionan HaCls induiced spoptasiy using a
dlﬂfaeﬂ%yﬁﬁﬁiaﬁd@h%ﬁﬂitféﬁal"gi b8, frednlidtda n@%‘%&% R febidkcoma

and the control cells expressing
Sag? gellszrad B5g| nosmlCT 1 Hoces witheithier Ehlél sﬁllg%ﬂbﬁwfus (Ad-

EZF%IJ d&n{rﬂﬁad%hﬁf' ﬁﬂc(ﬁd%ﬁ%?%?e %Ieg\pﬁ(f)rgql theeseil r@@@t@égsponse after TSA

essi ng ce

treatpient XA sstosyinlBe Y &g c2dVent Cally
s mg@m& nEat hln rgs %Ct L vel v A%éétl)ctlﬁhnﬁg#ol“gn% Q@é @%—ﬁ'mgnt was
llfli(ﬂ: At  yy AdERF giion. nbr easteast,Nns ekl respﬂdsé was

deat

obserrWfor b 1ﬁ?etc{eﬁgw1ﬁr g#ﬁ%g err%w?é'a%,ﬁﬁé%pqurg with the data

reg&onse (Fig t pane
fromf ERdi2Rleexprassieg eellnaid Bageuheﬂ With s ot 'Rarl Fandlcate that E2F1
results were obfained

L ti
ove?é% ?e%?g? g%?@ef SHbA@ S-ifp Ce d i ¢mdt dsatheland Iﬂl!ﬂte&usercell death

pot&iRfatioA&d indélcn@8ht BY p93 & greatly promoted TSA or
SAHA- i nduced grovvtﬁ Eid ition, as determned by
g: f ot mat F| g. Ic) These

Sel'rcgsvgl tw?]tb‘?"c%tlt]gﬁf oK argets buJID AL Ts. esul ted in

Weeedsamm b Clsaight | WhicH ptoms
Seathal ) A U s
to ssq,r éQTpE%Equgﬁla@ﬁd g@A@bS)OnmmCHDAﬂmUF@sﬂﬁe\kbﬂh[kgalﬁx we used

the ﬂhf:rfoﬁfr%ﬂ tscréérﬁgg gb@%gﬂ:{a %@%& 2 ecnglg&s t%e d@ﬁaﬁolétﬂdc BH3-

I nfected

oﬁl}pBBIanhnmixyl méiabér Bign (8 B9) mid br&bﬁﬂ‘}efdeﬁgf ad R¥P] %?gétg ), was
T
To ESERITBR micASarh) and t (k gnve%tg%\ée W&‘lleglﬁf Pﬁ'@ﬁﬁile;i pro-apoptotic

death followmng T
targetp Reerigeel ved; weduse®@ RT-P@ER ee txafine tie exPrYskivfd of a[‘ﬁ?urﬁb& e Enown

o AR o B Lo LS o o o

PuniaRNo2& bné Bk e 55 ERIENA! S
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genes, T-1n uced zm and caspase-3 expressions were further upregulated by TSA

or SAHA 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 ablllty of

E2F1 to activate transcription in a target gene-specific manner.
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to search for E2Fl-regul ated gene response to HDAC s.
To achieve this aim we used the mcroarray screening
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. AR ' nma protein |evels were not affected and

Binf! 3 Sxbnalll alifind 13 poRfBraTntonemlh e a6 JID AGYLs Rpen E2F1

actiestibSAHA treat nent. Thus, anong the known E2F1
proapoptotic targets we have surveyed, Bi m appears to

N AT R A —
o T B e o Lo o
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 E2F1-
dependent Bim expression by more than 90%, and nearly completely abolished SAHA-
induced further increase in Bim expression, as compared to the negative control siRNA
(NC siRNA) treated cells (Fig.3a, left parel). 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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both cases, TSA treatnent of cells infected with
Ad- E2F1 resulted in a marked increase in Bim

wexpiegoei4son conpared with cells infected w th AdTKEeH®W6/000053
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activation i response
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e
contr!iﬁ B? -2415/-1333 promoter had no response to E2F1 (Fig. 4b). Thus the
putative E2F1-binding site (TTTGGCGG) within -1415/-205 appeared to be a functional

E2F1 responsive element, denoted as E2F 1-RE, in the Bim promoter.

I\IE

To confirm that E2F1 binds to the E2F1-RE in vivo, we performed chromatin
immunoprecipitation (ChIP) assays using an anti-E2F1 antibody and PCR primers
encompassing the E2F1-RE (Fig. 4c, upper panel). The results show that E2F1
occupancy of the Bim E2F1-RE is readily detectable in ER-E2F1 expressing cells in the
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gene pronoter BH3-only proteins including Bimhave
been proposed to be an E2F1 direct target. However,
woumtowenral E2F1 bi nding sites in the human Bi RCT/SG2006/000053
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of E2F1 to the Bi m pronoter. SAHA
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responseven gore¥AHA and TSA in inducing apoptosis (<10%), whereas the same

treatments in E1A-transformed IMR90 cells triggered a strong apoptosis (~ 60%) (Fig.

pan

5c¢, left panel). This observation is consistent with the previous report using different cell
lines (12) and suggest that the tumor selectivity of HDACIs occurs in the pathway(s)
that regulate apoptosis rather than cell proliferation. Consistent with the higher E2F1
activity in IMR90-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. 5c,
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Bi m pronoter and further denonstrated that increases

in E2F1 occupancy onto the Bi mpronoter after HDAC
woOnhiclwéison i s associ ated with the upregul ati oRCOSGBINGI000053
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To & lls Itﬁadi ng to the increased
0 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 cells 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 apoptosis-related genes showed increased expression after

4-OHT treatment in ER-E2F1 cells, but not in ER cells, indicating these apoptotic genes
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endogenous E2F1 activity sensitized these cells to
SAHA-i nduced apoptosis at least in part through the
wondsaowéiam of Bim We further used Rb-defici enPCEaG2608/000053

cells to examine the definite role of en]golglenous E_?I__gi
] and Bi minduction foll ow ng
o BB e B P2 R B e amarione e e
J48P8 | ih
T CREPS p aetioGely D An LR Erd 9N (ord SBLIY predifiea by

EQrFésIﬂ addition, vee foubd femnthe zﬂrstrterimdtat QWS’ Eg]MP Zzggrml RPSEKAL
]%” t t and inhibite
wéi‘%ﬁﬁ& st Eﬂn}s% td%a HA and TSA-i nduced apoptosis

eavag

Tw\nignEﬁbeAHAt reapd»r;slvreeghﬂeﬁ ¢hal Reffedt IheSEIINA, %(gﬁﬁﬁce gctﬁ'?i!yl We next

ri panel ). These results cl

cor&xg ﬁ%ﬂ §]fer Fpres lﬂaﬁ’a’é%%g%amn@sgynea @umaeply amblse‘lmtlvbly?actlvated
0
Y Ry crcalfhtt s B Bienth BAPRSARCD RO, 4D debgtinarccioung to be

HDACI s. Transcri
uplsgmteérhy $AHA fdrrat dast prieetiine Yoirs tregthydleeoMAY § rés@&%r&fetfj 10OHT

2F1-d dent apoptosis
(Fi ha )- E%g%%é@é Fﬁg‘iﬁfé’ffs f(’ci’ggreth?@leﬁﬁ‘[ﬁoii@ngiy aétiwited multlple

n
oS 885 o D AR i

apapiglic pathwee (09, Eaell as ddtemity apmfices (BCI2N1 1, BNOPSYE BOL10),

I S
APIERCHI TS . dicH Poshés lopeintnda the, apteptomnddieg death

pathway (TMFMJIB INRRSF7 05240 T]ﬁFﬁFB? %eh?al%cg&)é@?&f g&@RHA albeit
eceptor - bi ndi ng domai n (64
to [f g iﬂtj’ﬁhd 2 vreyel H2XY t targsis ﬁsema(rldqdaﬂl')?lg ASC. We

ure

h
reaéi'ﬁé& Irt_lli[e)zg ?:fjlsml iy Jte\é B(%%? )aggntggcg %F%th%\gﬂnﬁg B’Y?Fc%hg d a set of

gena:p O’th@$|0§pLepslnn£ﬂﬁi bacfurthat ifucey by SHHA -{I?Oﬁi A 1M AR ation.
totic pr m t hat contnbutesto
Indés?ﬁHﬁ\ﬁP feR e 851558‘63 i & Syselof genes twhise BXpEssiens wertei mackedly
reI a
bl 05 S5 Uod 201k 4 4 L ORI RESHSLEAS oy, i
Clusgﬁ‘éf Elgptﬁptﬁ&l MAFBRSs Whmhvatcededompépot&rﬂ:stﬂlﬁlﬁ]étnggr inase
HAZKR o dihehl oSN Sty lpberbly BoF Blonecunt aranely untegulated

ressi
|
S e o S ) 0 P
that ffﬁ‘éh‘ﬁﬂe dlostrdbgd iy PWaP1s vVioe studss(63) Glirese mbﬁergatlcng suﬂﬁ’ort two
| ease

e e L T -
manpent (2h AES}KICH E2F1reglilsted itiget B&P ¢ts aBPRIsSibh CealChe 3 ated by
SAHA.

Both exogenous and endogenous E2F1 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 HCT116 cells expressing ER-
E2F1, ER or a DNA-binding-defective mutant of E2F1 (E132) fused to ER. In
agreement with the microarray data, activation of E2F1] by 4-OHT resulted in an
increase in ASK7 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
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re potentially regulated by E2F1. Anong E2F1
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E2F1-binding site within -273/+125 is a functional E2F1 responsive element in ASK1
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 4SKI gene promoter from -273 to +125,
containing the E2F1 motif in both ER-E2F1 or ER-E132 expressing cells, whereas
coﬁtrol 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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del etion mitants
positizg fepdbapktlogen - 1000 and - 256 was not responsive to

Fl (Fig. ). IL.n contrast, E2F1 can activate the

P 01"%532&&0%{’@”4651(&9“%“@1‘ ol d, suggesting that
Mictdagrap Hndlysi¥Cas shown in Fig. 6 indicates that ASK1, like Bim, is weakly
regulated by E2F1 and this regulation, however, can be significantly augmented
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 ASK1 induction by SAHA upon E2F1 activation is associated with the
increased E2F1 recruitment to the ASK1 promoter, we performed the ChIP assay.
Indeed, under the SAHA treatment in the presence of 4-OHT, E2F1 binding to the
ASK1 promoter was markedly increased (Fig. 10B).
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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 JNK or p38
activation (Fig. 11B). In ER-E2F1 expressing cells, we did not observe a consistent

increase in levels of phosphor-p38 or phosphor-JNK following E2F1 activation, SAHA
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expression plasm d reversed the negative effect of Rb
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be an attractive 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

HDACISs in E2F1-overexpressing cells, indicating that the sole up-regulation of Bim is
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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
contrast 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 p53 targets and participate in DNA
damage-induced apoptosis (49-52), there is no evidence that Bim is a p53 target. Instead,
its expression is tightly regulated by growth factor signals through phosphatidylinositol
3-OH kinase (PI3K)/protein kinase B (PKB)/Akt (53, 54) or ERK/mitogen-activated
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the ftrinsic apoptotic 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, APAF1, TNFRSFI 0D, MAP3KS5 (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 appears to be another target gene whose product might participate in

the enbanced HDACI response resulting from E2F1 activation.
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be nodul ated t hrough increased acetyl ation at |ysine
residues at 117, 120, and 125 through hi stone
waceadoyvéansf erase (HAT) activity of PCAF (45, PaB)BG2006/000053
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sed acetyl ation of E2F1 since
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actf‘vﬂ?.t activation of E2F1 apoptotic function by HDAC
does not require either p73 or p53, but proceeds
t hrough robust activation of pro-apoptotic Bcl-2

E2E’1amtivyty erdparatdd vin vkvl%ﬁslﬁﬁ)sﬂéﬁﬁ ko be%n?éq Hl%/clﬁ.iﬁ% RbJpre” Gl cdk
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actl&wt i1 sdttion;, (E25RA agtavitsy enighd lalsed bap@gmamsﬂwaghs 2) feedback

meéhlaﬁirsﬁl x(ﬁjédlgftécsl ?l‘éﬂ)(()ggrg fsfg ta%%e%ltggr?eltsl or. 1p%a$ thg ggeno%hogprthZF 1

I nst ea
lndlicasﬂurem@mha)ftchk dntgbitg 2T hatlidy lih AGR .

j Pl 3 otej n Ki nasg B B) /Ak (53 Ckregulamn
on %Paa v%iﬂéf&psr Shrepgh mr&ds@or( I\MPK()dlqoaadtmﬂy and Rb

il s CARRE A SN b AERALD b

cyt oki né w t hdraw.
Rb E\!PFUW fﬁﬂ),oWh éhowél‘ﬂ;tdﬁ‘&nmﬂlaﬁld-@pmﬁﬂlo’n Bf Birf ipdém8#f activation by
d

a, key, di at or of , oncogene-i nduce
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apopt osr
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response. | ndeed
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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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oligonucleotide probe which binds to DNA or mRNA encoding the protein);

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