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METHODS FOR ASSESSI NG SUI TABI LI TY OF CANCER PATI ENTS
FOR TREATMENT W TH HI STONE DEACETYLASE | NHI Bl TORS
FIELD OF THE INVENTION 5 This invention is in the
field of cancer therapy and provides the use of E2F1
activity for assessin suitabilit¥h§f a cancer

WHTHADSEOR ASSESHING QPTHARILIOH ORICANGER RAITENTS FOR

i nhi R : : : it ' i ext
(" ner N BV O ORE BERCE T A Ml s O
referenced in herein cited docunents are incorporated
by reference in-their entirety for 10 all purposes.
_.There is no adm ssion that any of the various
FIEIDOFTHEANYENRTI@N in this text are prior

art as to
t he present inventi on. BACKGROUND 15 Hi stone

: Tlgg ﬁgfrs%argingg % {ne R waacéméq)f &J&@ﬁﬁg@gﬁg 88 of E@@ﬂ&éﬁsﬁw for

chenot herapeutitc a can 1 nduce a
assexpigg suitability iof awancen patient forctsgatment Iwith isfoné deheetylagninbibitors

%@ gycle arrest, stimulation of differentiation, and
ﬂﬁ? {f'ati on of apoptosis (1-3). The efficacy of these

agents, particularly Tri c_hoS't atin A (TSA) and .
Aludoenmgitapitéd hethis/exofheien citddddoc@nety™) mad abledocuments cited or

stabli.shed. by in, vitro experinments, 20 and ongojn .
R B thet St e P ooy oY sirnct A haP cnscey fo
alt pepoédser apeut i c agents that often cause DNA damage

in both tumor and normal tissues, HDACIs display

. i { OX 1 Clat-V .

TBRELn L4FRLion SELSAY b s BBURRA 5 SIIEY oo
atths & thepeses édveationi ty i s not understood, though :
recent studi es show that HDACI sensitivity in tunor

coul d be nedi ated by the activation of the death
receptor pathway 25 involving the tunor necrosis

"ﬁfﬁ?&?ﬁ?é qat ed apopt osi s-i nducing ligand (TRAIL) (10,
0

referential induction of oxidative injury in

transfornmed cells_(12). The therapeutic effect of

Hisiany sdsepefiiaso anhibepe (HAGIS) ghavep emeege omeasntly as promising

OBl ichENE Uhe ARTTHAN b P IRlinAGl! Mot fuotuding

ion status~of nuc
ihdistion efcail cyglrmrot, stimubition of diffedititiicn) ah® pedvioestivhi of apoptosis
égﬂodﬁgg‘%@ HDACl s activity may 30 al so be linked wth
oM h a5y otof; AReSE r38ettan artisplagy o itichasfain A (TSA) and
. o ] " ' . beri
%@@%@Hﬁ%&%ﬁg [ ndﬁég%( | st'gne, hypl;ir ace1t§§ atjlfgfﬁéllt'% riments
dydidngoingwelinigaldrinis (4. Unldsumaverlionsl, chamb thesgpeginagents that often

agg normal tissues, HDAClIs 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 indﬁction 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, HDACITs activity may

also be linked with non-histone proteins important for growth and differentiation, such
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hi st one/ chromati n nodul ati on m ght not be the primary
mechani smto confer cancer selectivity of HDAC s.

Al ternatively, the tunor selectivity of HDACIs coul d
be rel ated 5 to the chromatin nodifications that are

a.fﬁ.lri‘lg(ﬁla %Mé §|3§fﬁ§g g(g{]vlgtgvetg,r @:ﬁ?‘éﬁ% n%ﬁ? E%tcﬁ?;l I?yl'i])eraicgtylation in
bsﬂipmimﬁSﬁdl Gofrh#10 QNGO JEMREY, Saltchdll bt ¥kFreliSP patterns through

suppressi ve mechani sm_coupl ed to oncogeni C Si gnal I ng
A‘)’J Ch@a&“r%ﬁ,@ﬂﬂmﬂ saghiarot dwl ths Hiandsp rmmgammdg enenfer cancer

SAESASS A RSHSRE A Sud s L BB bt

td thetchmnﬂlnh&ﬂcﬁhﬁfmiohmﬂm ar'Efmsddlﬁéd With BRcdgei® transformation, which
ressor gene has, been reported in.many human tunors
1‘8'?‘ acHiialesygn apepipsis %‘E?Sfﬁﬂéﬁﬁﬁai%gmpéﬁsé@ during Oﬂcogen631s an

5 A PR B

calmneeiisd}arboungfoacwgmm Iptiaysara mudrt suseeptiblotoethe Bytotoxic effects of

Hg¥£ al,l. lgell cycle control. Menbers of the E2F famly
(?I?ptl on factors control 15 cell proliferation

by re%ul ating the expression of genes required for S

hemqogeldfadesign ggasea’sgmn R(bHZ‘H}EgO))athway The lo:'ﬁ of Rb tumor
0S te inds to apd sequesters .
S%ﬁ%% BB Bl gPportie i auhy Mg qumpeUodpd b Rty fumour

SOFpresol irfglakd PRolESBAGh %adsﬁensﬁb 'xﬂa&&wﬂrggt 'ﬂ&ma&ﬁwgb of E2F
results in increased E2FI activity and subseque

tppyRpHeR ifdens o Ahe B2y e family of) tianscdipfion fawors gyl @ cﬁﬁcal role in

r [ eLI roliferati
BRI ERT Y B3 Mnbes WL R 5y Bafipleriy®h' Blors contol
celb tprolifbiatisn byraeg Ritingnthe teixprebiion of @indd Geqardadr BrHHER ¥ntry and
t unor. tyg§§£ al terations of other conponents in
Prggressiond y-2p ry machinery, such as |oss of pl6(|NK4),
or overexpression of cyclin D1 and Cdk4. In addition,
H}W@P'@;@G@bﬁy ExdRekinde gsmufsehasteraﬁﬁdnahmhob gRroreHP, Fesulting in

e human tu rsin IudJ n t cancer
REVSEAoh B S erbiply ASocRiTgensh Jnactiva Bﬁgﬁ-ﬂi § dpupcreased

ROFT- a&lmymﬁﬂeﬁﬂfsequehh etrﬁfshétmhb@ NoOf eﬁgﬂ | ¥be Yeell cycle
t hrough various nmechani sns al | ows tur%)r ceﬂs to evade

PEQArPsSEYe leadingglgl aberment cahpiropifeshtidne¢16).eWinite it diskigsiohyprimarily
f th E2F funct
o860 il Aiyladbl R, e ooy e 1o marsty omg. tyoes by

.attéranahs offethdr cofrpoaéms rﬁaﬂﬁsqegma@}y mAShiAery| fich 28 &1s8 of p16(INK4),

mechani sm_to Pr ot ect aberrant oncogenl C t ransf or mat I on

oF PYsrexpsation ot syalin BY asduidide dn wildiHion, ingieased ST exmension has

Th hi
airr% Eliégiﬁ ?gﬁﬁweg e %%IWQ"O‘?% oa%lst R {gﬁgﬂ&%‘ Eﬁﬁsb%?mﬁmau

Oﬂllllung)eatmeednd; [alienty tobandi wufn d17419). bEhegdBR) @b adiVdE6Al of E2F1
ﬁ ﬁ{I d E2F activity c?n trigger apoptosis through
SRR et varius aoshamists SIS SHECREUDL 6 (dvade oelb Sy qls goulation

| aéd prolBRESu DRI ED1. Uﬁcbf@ﬁlﬁk’ cﬁ&uﬁtfiorp&fg[he 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 plot®F
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2 (23, 24) or Chk2 (25) and subsequently activation of
p53- dependent apoptotic pathway. E2F1 al so induces

t he expression of p73 (26, 27), Caspases (28) and
pro-apoptotic BH3- only proteins of Bcl-2 famly (29)

T N T L -

EED g0 induoeyihe SxpROM OS] p$73f(98,02’ﬁ),%sij§sﬁg§2§?) Eélgtﬁ;rg-apopmﬁc BH3-

di srupted qgr inactivated.” Therefore,

Spprrsatema of Pel-2 fanily (290 and this ilucesrapopienie throeiheeph3-independent

' conceptual |y feasible to ) L
iﬁmﬁﬁ e TLERREE bl SREPER, U orbne TnplRd aboptpsisfoncton i
elther disruphed oseindaivanst Mk fdrbatheHl oS ivati
apopt osi s th‘{ough activation of the o?@?)(gdgﬁ%sgfoﬁbi}lgéfmmng
8 ?‘%‘RB@/’“‘QHB‘* IPPasEHPRear de be songepthallynfeasibls ealadhive tumor-specific
Gbivihiion. or Rb  inactivation are highly susceptible to
HDAC!I s-i1 nduced cell death. We show that the
proapoptotic Bel-2 fam|ly nmenber Bimis a key nediator
of this apoptotic process. Qur results provide a '
nmechani stic explanation for the tunor selectivity of
SOMMARMdI 15 suggest that HDACIs might preferentially
kill tunors with deregul ated Rb- E2F1 pat hway. W al so
s i@ vadlddhéns 1§5)N s Qf . ARQRLOL L C
et nor e p o s R FDACH Roris e AR Sjstbro B By aliSn of e
epeopenietRYERE1 pathway awd thiteringBictll e svithninardalictl IEYFA| activity or Rb

SRS ReE O GLADE T T G 0 vt

pegpbpibiia Bel-2 fadiy st BiaRP Rk hiedSitd@ ;D 9%0 totic process. Our
pat Wa%% we shaow t-hat ASKI induction contri tes ]%O
SR8 PRy a

HEUROBEE explanation for tho dhwioy escleatidtyack HDACTs and
i fA cE2FL ; i c actiwvity. GLOSSARY
SO P IHDACHE it bR A . el o5 thedaiede Rb-E2F1

oathwiae i nterpretation of the words and phrases set
forth bel ow (and where appropriate grammati cal

- I aBdat f . ' t he .
m ?ﬁ(} r E}Vg??%ﬁ&o} hec Elrltllgl %%ﬁﬁﬁ%a? (lell S gﬁoﬁggp P%vsoggoﬂgsn?}gvg& to HDAC

dvlitas Sedhal ﬂntgs @ti’feapé :blgxyjﬂmn?tigi’c% ﬂii@lde?ﬁﬁed’ﬁsk? NdsSan additional
\V .aqadl i1 oha ouna 1 n otner sections
B30 ar [ B Baficiaalesin DA indberdselletenth. Couivay g enablishod
fele 0 ASK'1 inagilafhg its (dBRmst ih8 DERSAEES
unl ess . t hle cgglt?ex el eg?ls%/&ijl %g%ogﬂg% aggx%p gt Wagypve show that
inductignecentrihutes to SPdhd-induced ap@sosis through a positive feedback

- regulation of E2F1 apoptotic activity.

GLOSSARY OF TERMS

This section is intended to provide guidance on the interpretation of the words and

‘phrases set forth below (and where appropriate gra:ﬁmatical variants thercof). 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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- The term may include an individual

plurality.of agents, including m xtures thereof and
reference to "the nucleic acid sequence" generally

i ncludes reference to one or nore nucleic acid

sequences and 5 equivalents thereof known to those
?gglgggﬁin the art, and §q|jon;h, As used herein, the

riReY A e snglagfanm Tag) ni nd; ‘shed inclndsr ploml referenees unless

- RaBsntet WlearXdibRles tﬁé}% f the rigal value ., .
pr ef er abl yeagg% mor e pre Sg'r a%%}ye)%@?e’ ,%@? ferm ) 2ncagent) ipcludes a

Plurplity 5of, agents, niveludipgemértaieb ythatof MAEEfRAGESS 26 nbibiBic acid

" about” ey itted f he definition of
SREres RO o et s ompouymomemepimac soquences and
iequinialoghs GbiddfRnsRh &S those Al ig%ga,;,g g%& % frgPec fic .

epi tope on an antigen. Antibodies e cohprised of
al e xt uke, Qr may.he npnoclonal in_nature.
Fur t ché ?{,epég‘%ttlhg]ct)%hesa%ggﬂ aﬁe“%ﬂt‘? felation oo grwpiigal yalue means, for

eearhple+30% o tivaduickicaB AN Soofe@bly| 099 ' 0
ntibodies used n t e“zg?éélgég?gpélf%% {4190 more

sources. .The

P Cféﬁ‘ﬁ’s#ﬂiiﬂ‘yg apd imast prefmabily k. Wheod netessgryf, the veord ¥pbaut” may

2 ofhi ' .an anti body fragnent, or
ST Gt i i i

ot her i nmmunol ogi c agnent thereof, such as
lemantarity determning regions. Simlarly, the

e s aniRody means, an miopiobuyn roloylvenltle Habintto a specific

epitspel i@l andipbh. IR BB ' that eavy and

l'i ght chain %vari abl eﬂ%o%%i"%?mx@%d, ‘_’fl: 01%"1‘{’9328’6’9&6’ or may be

froageiemal inmptues Burthien, allt!bodm sai beidilc ilflizﬁghéélg?)uéiﬁg @efdved from
s 0 ut not . limted to: Fv, Fab, F(ab)2,

gl CFv %?gg%f’e&c ﬁ%lmn _wf}%n,b' b SOFEe% siTili'_@I “Em&%"f‘iﬁ? sed in the present

anenbadypy chist BReeirietyCoPRihy) 9ot Sding gdrﬂzﬁqpll@%s ¥hole antibody, or

tri aboalbﬁ‘i}f As used herein, an "artay" Includes an

P 28 AT fipsmeats o8 @thes| inseuriobrgicadly rstiec Giapmeftethgreof, such as

B ' 4 -epargd.ei.t her synthetically or

b?%g?ﬁ%eﬁﬂifyggﬁtﬁgrﬂnﬁﬁ égélgﬁﬁcsﬁlf%@ﬂ?htﬁe ftﬂé)ogy Ry exigh ap an antibody

fagmentchaving faidibeslenttighn-GMdeac hoﬁhmlg,r gmfr e H%H)?\én& Aht chain
e.g., libraries of.

vari et f f ts,
ST nLFEL Sl 4 T Bttt i o
gﬁﬁpmﬁ&sbﬁﬁﬁabm Slot LG b PRy ﬁ‘;}f{ég‘l@ﬂ? ;1 tSSExl,r 'g%l@e chainEv), dAb

supports. e term"array" incl

(sikgle domsinahibedy) SispasiielintaiRt, GAMIRE oA BABLED: DY

spotting nucleic acids of essentially any [eng

. " 000 | eoti d '
e et D BRLae R 0 iy ol R ol obglecules o

‘arobes) varich carchomepayd sither bgnthardlly b ﬁﬁmgﬂ% gfﬁellﬂglecuies in

erma "Cﬂ{écsr ﬁg]g? ent"” includes any patient
TSR e [ eicRler qiHrentEam, cacBotheThFhe eway cmyassume a variety

cancer, or an individu
peada %lb%@dm, @r othee eolid suppartsi Mk e lrraph ﬂlc!ﬁmés,lhiﬂﬁ alia, those
0

| .suff.ered .from cancer or an individua
ﬁfﬁlgiyl%% }rﬁf lé%%l?lﬁ agids gﬁutiqheﬁn% BiERATPE B sRaitingnucleic acids of essentially

any length (c.rg., from 1 to about 1000 nucleotide monomers in length) onto a substrate.

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

The term a “cancer patient” includes any patient who is need of ariti-cancer treatmeit.

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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The term "conpl ementary" refers to the hybri di zation’
or base pairing between nucleotides or nucleic acids,

such as, for instance, between the two strands of a

doubl e stranded DNA nmol ecul e or between an

kO I Teld I_yer .and ri Jbinding site on a
g:h Eg str and(}g’ﬁ I efeger%c'io ¢ hy “@é@ﬂ?@n@’écbam pairing between

alnplleoiidee @r nGelajol &i@ﬂﬁlﬁhﬁ)ﬁs Sfon §eeckRRb | r |l
CP L E g A and or Cand G Tﬁ\%b%%e?lntg? te‘g‘g?fgm% a double
cg Aot on eteatseligdnticlediize i aﬂdbﬂtp&mer binding site

e s‘irtg?e t f e,strand, .optinmall y al i gned
\abﬁgzg odrrparlgse}%“ﬁﬁdfl &?Q{iﬁ oamdo?oﬁ)?? i SfBerfad | & el Complementary
inncleptides nee, genedkdllye A amidST (or PRérd I t

?ﬁﬁ cl ot| des, of thg)rot her%??g%!ldld (ﬁgﬁ"g ?ﬂ@}é sudfdéa RNA
°é 5‘6@ “9%}%3@’& 195}, complementarypwhdnethe biuyleﬁudﬁm of one strand,

st ?%h%[ 81A%ﬁég ga%gt | VEF{?H %’8@ %Jih %rglﬁﬁjg%et'&}w{?%@? glsgmgqlﬁ ‘<%1‘r\d‘~31‘3t“’nS

E!M%ﬂl st atrosh 80%i dfithe iilgdbe[dtﬂb@@f 4O AeHer SEARIChdu4Rly 2l %;:ast about

zation condi.ti toits conplement. Typi cal
8 oy P SR B 1t 06 o TS o oo o he ot

l A % dbfﬂﬂ ﬁﬂ&i%ﬂf(l tch a
Iseg}g&l 13491@3‘4 thoat25 nucl eot i des, p%e %Pﬁgﬁfl{ Uy Dﬁ{},g&rand will

Fhduwder selegtivef hYlabllgatmnhb(ﬁﬁlﬂionabtr?uits Sédtaplement.  Typically,
ereln, the term
%%%@:@Pﬁg%t%aﬁé QCCIr %a]th € 15 g jgast aout 6§,ﬁmiﬁpm@tanty over
acrmptjﬁu of mlea‘iﬁom o DISNkicledtiaBy frOBsh llei%ﬁgtuﬁo\ﬁ? g %C,) and more
na

ncl ude one or nore "additi conponent's
RE"'%‘HQ@ E:P%aﬁ"“tt% tamplsmenfattyone deacet yl ase” and
"HDAC' are intended to refer to any one of a famly

&s Wyh@@nt folzet tmnrrﬁmnprm&tgw @A pﬁlcfuﬁﬁ@ t hengs a&& NQample, a
5)5“00“‘[?% £ ﬁg residyes at the ter m nus
E F one LISI0gy FWé:@“?‘ﬁ(ﬁxé'é‘ﬁ'é(GlYkﬁfX@hﬁ@xtmcltl'ﬂmone or more
béditiviidlicompdientd, S meant to refer to any histone
protein, including H, H2A H213,  H3, H4, and H5 from
S " d. Preferred histone
ADOPRALEDRL St s e PR 1 arceiftopdedsto refer to any
Pnedia ﬁnlnhgy dffeRzyiRAGhhiSeRob@
Human F@E@ﬁi i ncl ude HDAG 1 EIDE% a-hfg rﬂﬁgj}i‘%%ga %ﬁ@ﬁ‘“’s of lysine

c;at teymipysyt. aﬂnstogeg [h{bﬂ!&@aoﬂ}enhﬁéﬁicﬁcatéﬂﬁc&ﬁext, the term

T tor ot HEE R D ifld 806 EaEhke Fl-vs. . 0. i, and
HiSOansiny aspecies &l bt nieated hprgsakl Ns@he db&&h&'&&% jnclyde class 1 and

| ﬁf’a@”%)gﬁ%g%eaee?%éegwﬁ?bﬁaﬁb%cgﬁa allﬂéﬁﬁﬁﬁié o2 Pimtin FIDAC. Human

| gxéjtj}(%? ilmud?reans@rle f‘?é abf r"§e75'§f @4@& %{ﬁg\éégHDAC:]’

—Qofﬂ)eﬁme emdmbﬁtyli group from a hi stone.
The person skilled in the art can select suitable

Themethid Shi3tneh@eRBSARe Oifnhfbﬂgr"l,( NeMibitor of histone deacetylase" and

“HDACIs” are used interchangeably and includes compounds which are capable of

interacting with a histone deacetylase and inhibiﬁng its enzymatic activity. "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, e. g. histone deacetylases
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"the attendi-ng physician and oth

'structures (and anmino acid sequences) of histone.

deacetyl ases, e. g. histone deacetylases 5
1,2,3,4,5,6,7, 7A isoforma, 7B, isoformb and 8; see
NCBI - Dat abases AAHO0301, XP004370, AAH00614,

Aok PaS> Rt OB a5 SYARph b s 2 s Nﬁﬁ%%é%esawom

A ca @gﬁﬂ?gzﬁ?ﬁpﬁne deacet yI asgw NPO56216,
&%ggéiﬂ Q@ﬁmﬁg%ﬁ@ dramplest ofieuch compaatiamoe anﬁlmnﬁn&smpreferably
gizgrn#l?{tlflﬁar i or etﬁ iﬁ "?lﬁ @r}gaécft g’t‘P‘Q/E@? H%*‘&Fﬁ'lase

Yy SR NS 25 ta‘Epé'a RO e
rettman HEBIERHS 8 ur%dlﬁ? G § n%@zﬁat 3%henj,r but%/rate and
idgeitin @1 Partigelajly pF&ferraﬂmMeﬂWt&teB of said) inhiHoes showmg increased

BFRFEIN A el (i ain B Chansreduiafd) Bhmomcslu36ati9ss), 617-

5D2). FaE&likinkahtiGia histdHe HeRbdy]
and i ncI ude ph(IJsphaSt e bufferé%ﬂ1 f%née‘{%ge\g@bl?tdﬂ%én[g%e% fubined with

equeal cagigrh Expanpded dfamiimbleqitumsdcentcal carriers are well

le sol ut
R A ARy o o
toliiémt ehults Qarfliy §ped
gﬁltabl Zﬂgﬁg ms’b ni stratlgﬁqg?dlt teaE?ﬁsu twﬁlg%lﬁo“getc Such

bgrqoayentipnal megiods emd rean iy sdmimisteyed to the
bubédtt Eﬁ\éﬁﬁéﬁléd IRREL e8¢ the U ane
i ntr amiscul EY O %Xopl cgﬁ&&pﬂ liheﬁag‘?%;fr%fmmp"s‘ﬁons may be effected
&ﬁrﬂlﬁﬁff}@‘i’ ey, gTﬂDg ingatenoos, iadapaéishdall fiBbuta®ious mtramuscular

R R T L m@oﬂ epends on
dﬁmﬂ‘ﬁl’et ofothe diRAsAINSRER ki%g'd'fe&n\éﬁ t?:gmgﬁﬂ%ﬁ Al tpg gxhgl)fnaceutwal

| nical fac
£Qmpesit). | Thendaspgy reeiten n'ﬂlilhmﬂetannme;d tpsikgeserddide physician and
ctors,. including_ the

e Q. man
s SR Thoto S RE R B PRdn AFE bRy Cadroeenlr sy one paien

depdnids ohanaryofapiow) dndiediig (Re Patiin®s @fz@%odg el gre%f’#éee sex, the

of adﬁ}m stratjon, the kind of the dise gener a
RECHRT Sorgpoimndcie ber adminisiored, timerand sowe el adImnlStratxon, the kind of

t.he te brldlza i on"
@*“’r REMGSE Behofal iR AREONE Gl pbifie bBinitierad Clieiin
néﬁ§60tlg§8 bi N on- covalently to forma stable

% e fe “Bo q ‘gefersite theepracess in which two single-

_ sﬁMﬁteddpé@hhaébmﬁ?ybﬁhs oh&h€ éleﬁt alttf);/;%réepoaatblr ga%j g?]@)é%rstranded

hybrldl zation. The resulting

pelypncleotidst | deThes terrtd hyhybiridliZatioith emay O plot irefer Ofo t Bgple-stranded
that forns stable

A%; Q%n nucl eot c&e
%H s s réf é? Ppblesiganded qobuelegtide is a “hybrid."
b 'Pmi"mﬁﬂ éffthe Pbb’lﬂﬁti(ﬂi SR8d1PRckRndLd { ﬁ%nﬁ@e Lt!ablte harbrids is referred

g% caIIy include salt concentrations o
pinpgithe ‘degwee of hebidizatons” t han about 500 mM and
| ess than about 200 mM Hybri di zati on

Hybridization conditions will typically m_clude 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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30 tenperatures can be as low'as 5C, but are typically
greater than 22C, nore typically greater than about
30C, and preferably in excess of about 37C
waridizations are usually performed under stringent

£on i 0 condi.ti ons under which a probe wll_
T e R T L A,

Bybdiation SerApRaBRIURP GBeFEP RPS eI LaiRRd Afs QR efa&oxfsf fin )P? a%fect the

under different circunstances. Longer fragnen
$teagﬁnﬂé o g lh@bndumm, dluzt‘émdlw bmpe:naipumasnf and length of the

b x‘fta% zatlon ﬁs er factors may af
?cﬁselﬁ s% genc cﬁreerB‘? | Pigtﬂl’rco?? Ivents and gt @5?@36 mlsmatchmg,
thergpatbidation ofl peranfiids s Rbrd BiorGAMAETR ?51%&5&1&@{11% of any one

presence of org‘anl c solvents and extent
#resratQenerlly. stringentc eonlitionsi e Sofecqodtrtarmt ahremt iS€Cripwer than the

LERENRGnd B (65 P R O T e ihe Qo1 EBlebitRis roneh and pH.

Tho i, 5E ﬂhemm;telmret Qendei hRARRY bRkt {RAROT P AniMhucleic acid
for tﬂf ?pemgucﬁ gO uence at a defined ionic stren ﬁ
[

ohef tthenpephes urompiemetdary disf |tlme@|arget sequence

l\}\mh 50% of ét%heézglr g%dm%np{“gmrr‘:ﬁlt gr ycggp?ﬁlet It gP)ge?t
ZE0ADE PPt Bt fncléy qaﬁgﬂéﬁée%ﬁém&e&fuéﬁéfgt A1 o mo more
fhahtl MQﬂERﬁtdoﬁéér@ﬁu@ﬁ (& oth&asfis) %t thQ i) ?@aa{m geteﬂﬁjgﬁﬁlre of at

l M_Na ion concentratlon (or

1e3st@S i examplp eprditiprs off SYRBSPE é’éﬁﬂ mmsmcmo mM NaPhosphate,

SS v/
AT ATER P4 a8 eyl A aft s Soealrespific probe
Bﬁarﬁmuane siEdrt sthihgerdt ogonditiof,esee PR | dkbmpRy, @%ﬁlb]réok, Fritsche and
brldlﬁ i 0 @r stringent condltlons see
@ﬁﬂ‘ﬂ%@ ning: flaboratogianwalh2ed Ed. Cblldbﬂimmgl Harbor Press
dogn) &Qi Anh&?&{ qtl&élé’ic '\@(g&'ihrgnaﬂguc%d I\Ilugﬁ g%ﬁg S?fgenuﬁc Publishers

Har bor Press er son
Hiroitedi(1249), owﬂlchsate Ecll:eby BhOFpdTated by n{efdﬁexﬁuhhltﬁéle lefitireties for all

'wogeggg 1999) whi ch are hereby incorporated by

ere Sn their entireties for all pur poses above.

20 The term "l abeled", with regard to, for exanple, a

Bhotsam “labeledf’ e‘ﬁﬁbdﬂgatd ton b epapledh probe, is inadirded Iﬁtgem:fompass direct

B8 B0 RN LG - omRdT kst CsBle Snstance t e

prodie) escwell abaidiregt 1@belinde RO
not E’ r 1e{ggent t hat ft‘sg dir E‘?ﬁ’%y E%%gﬁg%w%x%&*& reage];nt that is
fegtiydabeled, hExampler of mh@ctjleb@mgu inctudd daeqztmm@/pnmary antibody

gﬂ%l E%reg@t@gﬁel%g%o l abg g 1?1£ %?Qg)NA probe with

biotinisncls thahit chmbe déteﬁadhvdim tﬁ@teegérﬂgi ety Jtﬂekl%ﬁﬁﬁ ently
| abel ed streptavidin. As used herein, i ncl udes,

Pt uded RRbin! FHIKCA” TRcBELS TR dof A0SEL Pt (E’ e:mRNA transcript(s),
transcript processing intermediates, mature mRNA(s) ready for translation and
transcripts of the geﬁe 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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gerlq\; ngromthe MRNA transcri pt detectlgho
' e

transcript processing internediates, mature nmRNA(S)
ready for translation and transcripts of the gene or
genes, or nucleic acids derived fromthe nRNA
transcri pt(s). Transcri pt processing may include

dat d h
Y TR IS i e Rt ARRAA ?é%gubfqgfm@he awplified
DN hei ERNA
tr 3 QeI 4l At ﬁBm\,\ﬁllgce t Eer eofe“ Isliﬁas u&ft Hopept such derived -

nscrlpt or a subsequen
I%f@ \&‘é%i iEdicative af Hhet geseﬁh@ snd/ar aiiAati@Ve the original transcript in a

1 R BN R Rl ol bisoesmstlimid trglRNA transeipts

w ﬂnsgﬂnb log rehe DN rovarld frh@dr me&xg mRRAS Irapscribed
NAy DN emplified framethe gmsmNAhmnmr&&é fisoen aﬁﬂﬁﬁéd DNA,
aAptwmdapee of the original transcript in a sanple.
Thus, rrRNA deri ved sanpl es include, but are not
|mt(fg 0, NMRNA transcripts 5 of the gene or genes,
SFEIns they tegm s apelpie acrd o pmd n@umlm temfsm(:h as polynucleotlde

ltegtﬁggﬁré mg’tlrrlegr%g(fsﬂrﬁr{; Ct%ﬁ%‘anp?? ?LF tfarﬁ suc pﬁgnucleotldes

QWIBWC@Q@chh or epeptidé hiuclels meids UENEA), qmtdcomﬁligé purine and
%S?t er suc pol ynucl eotide, refers to a

ol y meri ¢ orme of’#‘fa%'%a Iyt orbigcheatieally, madifiad agon-natural,

i datwadkabhidesid 1;4.3, @Iem B!

oy % e k! (LISIAS 0 e il ggﬁﬁuﬁéﬁ%ﬂaﬂgé dgﬁblg%gan&% or single
dReferapgescts, single émpd ma(:lalcaim,ds aiméﬁdmfelr@noeﬁ to the sense or

y nat u derivati_zed
?*J%?‘%Et. Bl TR g B B et o pmerise sugars and

shosphate Qroups 85 nglyaypislleoiRdnd REERARIRSAL & mbdifb&or subsUtuted

strand glﬁigl eic acids include references to the sen
Jiear g @ BWOUPSE N Asbolmusiasside B@M@Ompﬂsﬁmodlﬁcd nuc!eotldcs such

4R rakea S nd 15
| %?'gﬁ pg agidﬁafé?utﬁwyogﬁe ?ﬁ!ﬁ% € SREe q%qtldes may be

esld byr n@ubmla)udedcoxﬁpmmsor Dﬁ@sﬁﬁﬂi emﬂ:'lé?ié% rﬁtlcleotlde

' dified nucl d
‘?e%g‘ﬁ@%ﬁ#‘iﬁ B B o e o, fyaciints and

mnanﬁeh@ﬁumicﬁ%ﬁa@& LLUR
non- nucl eot i de cohponent s; Qf‘ﬁz cll&gﬁ r?ﬁgldg%ér%ﬁ(é[e(’tlde or analogs

PEot i de, deoxynucl eosi de and deoxynucleotlde
general Iy include conplenents fragnents and 20

| Aar"bﬁgmmcbﬁudd‘feis nided BQ8indGa s &13.5 b Iecu e Wthh may be used in

)ﬁ) nucl eosi de_and deoxynucl eot
K é'{ag@?‘on Bhamglifiggipncedyiolages. dp pesel, lanmhgmucﬁecmde may be any
initdpel

ydt%?l grloéfa{ﬂ%gﬂ qgrgg%vbpﬁyfl | cé‘PCIS?lm{mdﬂﬁ?H%tbel%@ mayalso be of greater

Igogtbr al , an ol i gonucl eotide may be any. integer from
about 15 to about 100 nucl eot i des in length, but may
al so be of greater

The terms “polypeptide" and “protein” are used interchangeably and refer fo any

polymer of amino acids (dipeptide or greater) linked through peptide bonds or modified

peptide bonds, whether produced naturally or synthetically. The polypeptides of the
invention ‘may comprise non-peptidic components, such as carbohydrate groups.
Carbohydrates and other non-peptidic substituents may be addéd toa polypeptidé 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 stfuctures;

8
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25 length. The terns "pol ypeptide" and "protein" are
used i nterchangeably and refer to any polyner of
am no acids (dipeptide or greater) |inked through
pepti de bonds or nDdified pepti de bonds, whether

. ced n tural I nt heti cal | y The pol ypepti des
§ieafhieste s P

CHRMS e consrallyaef sefictfied, but may be present -
ﬁm@js such as carbohydrate groups. 30
Car bohydrat es and ot her non-peptidi c substituents may

ke aeitie d'phtderd” Fofeydd &P hufn tb‘aﬁ%ﬁ\lﬁ orC 6thkr nﬁnﬁﬂ"ﬂﬁ Ml hﬁcludes any

HF‘I-' &uﬁ“de IS produced, and wll vary w
el w erfonybéﬁnabl@sto &K@nmm treat the patient using therrrmhoxfs of the

bst.it
im chﬁoa{{;l @ggﬁ’%i@ gﬂagrrng? u p s %r@c%%f: gf ﬁy; 1ﬁgetsnuon lilnecl?u ¢, but are

nptamsthlcmi tobpmnﬁ&y, l@&st@bﬁﬁﬁﬁﬁals enshdp! &, h?ﬂ%@s ttf.)fﬂi@ys pigs),

atl ent" refers to human patients or other
|‘i‘}6te§m§ﬁ*is (§8n dRRhigy Aicetse gmneasplgsesharmms fcompanion

-5 i nvent %a# HS%S? @Faéﬁ% ItMLH]tﬂr%p&g1‘}fjg’le3 t%ﬁ&ﬂg(?e%%t e

t|on [ but are not restricted

%‘% Rt o{%%, S 1 %PBEI{“ u#awlglcbég capgblecpf selestixely binding to a
bp&cﬂii‘:&lly dﬁ’t@h@éﬁﬁ %},‘t GRdleculd, 6]?9105%1% %ﬁéle&iﬁe@ﬁcr{iﬁ%trpmtem

rabbits, mce, gui néa pi gs,
Rrbsw Fan be glﬂl@aﬁ)@theél@@syy anglslited lmt‘he\mtl, dr devived| feorh @Ppropriate

- B BR Rhrauhl P hnobe o Rlebli o Byl pepods may be

$fecifvaly fdesrghbd/ td rbieclabldet. t FxaR) Ple@QifexﬁHieguleg Hat %ﬁ.@'ﬂél Rilized as

el n Probes ca

a nucle transcript or pro
BI9PFE Plci'ifi‘ﬁ ‘Ii?é‘ts Ak Botmiged tos IRNABNAY prhieinar aptitodies, and organic
dfNdcwRd. ik Q6ma Qﬁfbgﬁfn{eﬂse Edb%lcgg 'bét%wﬁ‘g @[5!}03}117530 Q’ggere nucleic

pur poses of detection of tar
nggls b@chasetdng‘onuqudea)emegmem they ﬂn@y Ibalhwbsle oEHAMRMA ﬁl a base-

es tha can bge utilized as robes inclu
g[aﬁcx K e %l'ga Sft@nde %ﬁuclwm (hgatlon may oocu.r between
asibplepdh aasi QcfiPditafdd or BTy
errbgdl rreﬁfén a |gr obe can be su?ﬁ%@?l?n%‘gsﬁ&gg%sdmawn%n minor
FRPANSiof Mizmpigh. Syole probes inkiudopeptide antldiesicidss & desaﬂ)ed in Nielsen

L S 958 O SRRl BERSHRERSL 57175 109

biybotheli maldio acidRyalogeaid MRl mGRRIement ary nucl ei c
acid strands or between nucl eic acid strands that

ne, r S nQl smat ¢h., Suc
PR oy BPhAES - oy TR s BASE rpautty and
p@hsle aateferee tenzcmat%ﬁél &@3@15&9&6&&9 @hlcﬁ\hﬁir iald priﬁfd or semi-
10: 71-75 (1999) and other nuclerc

Og ey gﬁl ot ech
HEIGPURAST Bfg§1f B niapayeshadanstsnat lees onasutdaasdf the solid support
REN e substtiafly SHRP Oditgfnélﬁh FHRBAL! erbéGents ultgsrtng.j? 4% desirable to

are used inter chang
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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include a referénce to a material or group of
materials which may -have a rigid or sem- rigid
surface or surfaces. In many enbodi nents, at |east one
surface of the solid support 25 will be substantially

44 g BUAISHEN oSO SPOULITLS, Ly T B feSiitle

diﬂeﬁieest&tﬁtor&@ﬂipﬁiﬂm rdbehdihe RlabBARWRL 6f d*@%é Sor otﬁ%#vgs%ﬁ)revent

r.egi ons, plns et ched trenches, or the
bt Yokad, é?fﬁéﬂ?%ﬂ@@fom&ﬁms of Higease wp pthet @ﬁdesn‘ai)le tsyin@toms in

R i S e T —

mlnbitwdeof@laﬂ&s of pﬂicyﬁfe)éﬁﬁ&ﬁ:e @b the kédﬁétﬂﬁ)’dr%ﬁﬁlmatmn of symptoms
ene tran nylon anyl ases, natural an

(llﬂl e &u S%BFW@WP&W delslnatg:mt;tfﬁhﬂsqanaevrdn question.
e S e e o

~ treatmaertt ivatht 4 single hgars ot 8 cam}bmatidn @thére m&o«dyomtgeﬁﬂa An “agent” is

e sease_state or synptons, prevent the

ST R Chamatty 15 Fo ton deecapiplo e romioutd pr efpemmigans for treatment
g‘g@&ﬁauoﬂ@ga%&toggur@&?erse t he progression of disease

or other undesirable Synptons in any way whatsoever.

pr e\%l %¥1 I on ésnu%hn hﬁﬁ%’%c%ﬁg‘g’? Etlz;‘:?gc‘g{’engllf’h g:ghb%presented In a range

fosnatt r &nstduld bé unbétSiob® AHA! he ﬂde,@é
cancer cells. and |rlllf%#0hnih %bstrglﬁ% is merely for

%%ngrﬁ?ﬂﬂeépé bEpvity; Ntﬁh@“lddmttuq@oméras an mﬂmdlle dimitation on the

t e r l.act i.ca
RPAEC B A SOLEEA R BB SSbt Mg pegeptiest o
have |spghﬁcd1}edwclomdaﬂbth&tpd&&bld)fubéai@ésﬁai Ban akViRdividual numerical
‘agent agent” is used herein broadly to refer
‘i"g‘ & pigphif ¢ o cxamBlentessHpimea sagmich f from 1 to 6 should

Hel AbIABRA to h@veeslﬂclﬁ'bﬁ%} 8isbR%d & g&‘?é“ e %Ing %3 from 1to 4,

Thr oughout this di sclosure, variou
fremadnta drfremr? toed,gims Sntoed from 3 wahee., aﬁ Well&ts indlividual numbers

FBHIBADAEESLRG 112 AT drscrlllon L6 1G00e

ofhiasitalgaot be construed as an inflexible limtation on
t he scope of the i nventi on Accordingly, the

Id be. consj dered to 15 hav
(glgg%f gllcgt c ose t“WS 3¢ %@9 fras B{?blrh:‘fFFd’éQa‘é%ﬁ‘c same
mﬂrﬂn@&s Idod‘lmorﬂiju aindétksifmﬂl ©abne Mﬂ'oﬁﬁﬁarw b 'ihttfi@tart to which the
exanpl e, description of a range such

_ lle l*x"'g"’gsshoul d be considered to have speci f| cal |y

di scl osed subranges such as from1l to 3, from1 to 4,
froml1lto b5 from2 to 4, from2 to 6, from3 to 6
etc., as well as individual nunbers wthin that

 BRINE DESCREXBIONOF b W cé 5 and 6. This applies
adt

regardl ess of the bre 20 of the range.

-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 exprcssing or control cells were treated with 1 pM 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 resulté of three

-independent experiments were shown with standard deviations. (c) Colony formation
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Unl ess otherw se indicated, all technical and
scientific terns used herein have the sane neaning as
commonly understood to one of ordinary skill in the
art to which the invention belongs. 25 BRI EF

T E DRAWNGS Figure 1. HDACIs SARA and TSA
%Eaffg@?go E%%M%F‘é‘a Cekds fncyeantml oglls)wers lated per viHdiTof 6-well

freHBr BT, kn@ | g t R '
A6 1, b N O B 41 s s
fesh MMy pre adileh estordcsewata atadd byith rRey3lOlblet 15 days later.

RPL s o RERT) BSOSO 0550l Bl

chifiing GF1 panets as indicalRe 0
%@glwlgr After 48h, cells v\%?%ﬁ?‘@%&?g a‘rilgAc%r p4 b, and cell

aspalyaed b EAGShy Pl staining using FACS. Mean
results of three independent experinments were shown

Figube 2t HIATTY seleivaly L4 0 i : |
1000, ER. E2F] yexprgtggzﬁé%gg {ééﬂégn{?ﬁ'ggn IR, lpospipe cels

assay.
V%‘Fé%/‘iﬂeéﬂé'uhﬂéw 1| TS ffosingdidaled fihes er 1 rtM4BAHA foe@4h in the

L ESSE AT o B s S 61 ot o

GARDhevewi detectadywith RTPOR e (b) Loelld avse frdt&d in (2). The Felchressions of
l{i’%ﬂr esegt ative l@l ates are shown. (d) Saos-2" and I' ‘
JBYerL esayrRIeducts Wire pssesred byi Westers blos withi antihodieote| Bior, Pums,

bt S5 i SRS DA I T M) o

24éh befora seatmant witht160 ENEITIA FgelddBRAGS24H Bxpressions of

S ess ells were treated with 100 nMTSA
lﬁo%%’ E@di BARA A BEE-1, pvepe wiscaped by Washern plathwith corresponding
qtibsdince or absence of 4-OHT. nRNA | evel s of E2F1

~ target genes as well as p21 and 10 GAPDH were detected

B R R RO

assapsasiohy (N\EER-E2F1 bvat W ty ' -@: Bl
se-g g%ad .p73. () Sa%%cgﬁdw&giﬁﬁcséﬂgp g‘gfﬁqg\ (NC
SRR B S iy P e SR sy 4tAg and des eftber 198t whiribatc- e treated vih

P TEMA S ok M3t o, i e Sion i, s szt by

Westowsblottingo(lof paidlh Cell KeSRONY Rly-A8 WbRAdis y
Figure 3. .The effect of Bi mspeci fiycZ sibanA Vg&gk&ﬁetry following

ul Jadide SUBBSE GigiE pash. Hie perosnsagss pofesellsoin )Gl are
i ' i i fi t .
e (R Ee R ES LA ADRIRRER obi SHRYATNG aiRNA) or

RimeppestfichgRNAefar 48ni,randttheh €ither Qsfi hriteauted(-Y\bi freatdt Ghff 4-OHT,

«Rot h, for_addi.tional 24 h. The expression of
! mgsgné 99@ oB)g(gldluOng]l 48 % The expressimg 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-

30

- LacZ for 24 h and followed by 100 nM TSA treatment for additional 24 h. Bim

expression was analyzed by Western blotting (efi 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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20 Western blotting (left panel). Cell death was
anal yzed by flow cytonetry followi ng propidiumiodide
staining (right panel). The percentages of cells in
Sub-d are indicated. (b) ER-E2FI were transfected
I\gth' OS cific control siRNA (NC si RNA) or )
% Be f REORRLES FRAT 14 georuitaent tonthe Bint ipeomotef.t (a) Schematic
reples@dRH & hufhn Ui Lt R4 OHT, 100 SA.or
_bgf?h for additi o_nalf’ﬁigﬁgf‘%%g"%x@?}%sg‘i‘% Ve EUmcigg sites. The
indightod aepitns ®oreVislntednarl ciohéd@nt6 | Eill3 RPBALD corfsihubt. (b) pGL3-
b?é%t ris,r.vvag ‘ﬁ?ﬁg‘?;ed %llﬂ and the graph shows the "~
h P8 il 4760 (9r e F“@eﬁ%ﬁf%@xﬁ’@ﬁwm@ wenilia luciferase
@Eﬂﬂﬂﬁh@r&?&ﬂsﬂ:ﬂeﬁrﬁmmﬁlgmq Qégflggké\ethe(‘ Gith %&ggﬁlé% g%olltuhsts of E2F1

treated with Bimor contro were i
oxpressipg veetonnd), 20za0d 4bngR Rehativedudifdrdse\setvibiys WPe Bldasured 48h

t, f dditi.onal 24 h. Bir '
o010 b SRR el AeLfenictin g okl indiing, il aogmmization 1o the
renidlizh lwiferass Se6660 Bsta Showh f?}es%gtdth%h&e@.{&%fﬁfe glﬁkgw’\ﬁwnmendem

the nean results of three independent exp

PRty e the erren darsr shgmt the stealdyrd deviaFbg ek Léff paAkAschematic

I [ nt to the Ri.m pr r..(a
t@clﬁg@?nlgft&iﬁ:gﬁgfrél&% ??‘.?‘ Oérogpt LFaRRiRR, tggg#%tl—(ﬁlg e)lemcnt. Right
rowek, E2R1 hipdingttatthe/Binkpidindtendh\ghajzt€ by Ch® CroBdinkad Stomatin

egi ~were isaolated and cloned into pGL3 reporter
‘%"dﬁ s’?‘?W ipyespag £ellp fegaged py rndigatads mep® Smerunoprecipitated with
i Cth: nidlia - .
) 198, LSRRI AT P e g
ReeR usingoprémers rflapking thecE2Bk REgcanaining Se@ibn ENbsitive controf (input

{-RQ .V or. (0, 20 and 40 ng). Relative
@S@P?@‘?B@%‘lgﬁ% \9is¥‘ﬁg"¥§' were neasured 48h after

transfection. Results are depicted as fold induction,
Eigves SnBpniaagiivation snhanceh Bimr exjirtdsion dndcichsitiass HDACIs-induced

i Vit [%Sa, W0 L epr.esen aver of ‘three
aﬁ’% %}gfgh%%nt _ e&epgﬁeﬁ% Hffg?te‘iﬁ'd&‘t ‘%ﬁ&“%éﬁr‘gr‘g‘g‘iﬁgz doodt hipad treated
witiaSddtAl (ediafor additional 48H. ICAPaGh wif QeRBhintd ) FACS analysis
epresentation of .the human Bi m pronoter containing -
(il pare). ppd dhcelousle of Bignend pahshere Eetsel iycingutabloltieg using

e el AR RN R, S BFPAL B gt ansomn

IMRIG:EL 4dcallsr sreran rearedpiéihi ISIATBA €4t WididAtedd BEARREY SR and cell

non-specific.1gG. and then Bimpronoter fragnen

E2F) I : .
%lg gﬁt}BPi Vi &vﬂyateqb r L}gﬂﬁgtegrqnﬁg&. s(c} |Eupresaignt he E1A results in
i35 TP G | bl o0 8l fd 1 IMRY
5 DNA) anplifi Ca@g%@@é\{?@egﬁgﬁﬁmﬁl l%?pé)&?%;qsg% 3Ry "rsa. R0
3od El dreclaware weatBl mith@A S (205 nM)hndeTSA t(3EG M) for 48h.
/ -l.nduced . a iS. (a) CS cells were .
R mip PR BT Sianmbs s A ransts, andhe vebentdiin and p73
witrt hasSA 63 iMmdoblAGe tusRiBahnihBh: i ins (i
detsr SRS b3 M a(ﬁ‘ai%/ u S@ 3 8tes qgfl:lilnstdﬁﬂﬁ&t&?%mtems (right
panel). (d) IMROO-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 inunqnoblotting using antibodies against the indicated proteins.
Apoptosis was evaluated by FACS analysis. (¢) Saos-2 cells were transfected with E2F1
siRNA or negative control 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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N BAngL )indiggtgg.e&)il}féjl‘ym gflzﬂs \L\%ére transfected with the PGL3-basic,

30

N ev%gs.of Bi m and p73 were

duration. ASKI nRNA and protein

(right panel), and the |levels of Bimand p73 were
assessed by i nmmunobl otting using 20 anti bodi es agai nst
the indicated proteins (left panel). (b) Normal | MRI0
and transformed |1MROO-EIA cells were treated with

A .ndi cat ed.concentyations, and cell By .
IS*?E@?O%L% § SRMGARU TS Agriod the pndisried protains: | NBsnonsppcific band
dsthe BadingroffrolEMopBSY has eb&luat&%fﬁﬂb%kh%@sig Bi m and

apoptosis potentialion in response to and TSA.

| O-El A cells were treated with SAHA (2.5
kﬁ%& ?@g\dt’%@g’eﬁmﬂﬁa apd £ERressign @pplysig of ppoptesis genés associated
witheS AMActh D E2FACRA 2 BRLE S lse}ng@sfsﬁlg%gréghgml Eﬁ%xéx{égﬁlqg %eéls were

7 ssesSed by | nmuno
teateryWithtl moP AKAatathe presemei aratbsehep o6 4eOHT. Afiehs b, cells were
|

. -ElLA cel.ls trapsfected with Bimsj RNA
%&% ra.{i)o? l@%&( %éwe. o ﬁﬂﬁp%se{"?@%@a ofiells ppsphive for active
&BPBe\Vref indicatedh (B)T r@m&eﬁ{&%& paptakis ?eﬁésag\gicﬂdaﬁaf Gahflysis as

wer e assessed by _ i munobl ofting using antibodi es
‘Fﬂ#%‘f 1 ﬁ@'ﬁeﬁ dhd dreegVismst shawsing FOF hydoptidieiisgenesin ER-E2F1 and

t |y Si Saos-2 cellsg were
B oy oA B RO R Bt Mo B sei o rpmteated
aueob i(hhy). 400 SAREt-edtpudsive F&Rs (ihSORIMF10ElsSHHhe( presence or
Meonct$ 485H ions. of E2F1, Bim and PARP were
2SS 3& “éﬁtfe %%‘W’Wﬂﬁ?ﬂ B¢ priagvaBiHgacgsts identified in B.
agai nst the indicated proteins. NS, non-specific band
Bigured. EdEliinduasithe alSKIAMRNASInE Waseir \iabwuBdioY (A). ps3 mull

_ﬁé@%g@gllsy%iesé 1“5%?%%*&%@' | death response and

expression ana SRS FedTqyEme §agosbpviruscexpressing ER-
R NEARIp @ ) ERRIR-TDAL-BIER (B2l QUBNASS A0 WREe AN teated

Y%ﬁ_ée ressing cells were 5 treat
cﬁ%@ deintbe adicatpd dntionf ASK OHIRN Afdndrprd@imhexpe@kios levels were

%[ﬁe@ Vigpt tain fQr tive anti-caspase- 3.
Percent ages o% é%ﬁl(})sa%ﬁ@sﬁ[ﬁ Sb’g&?rgﬁ)q%tc%{%pae%ggg@gtyely. (B) U-
208 deilslibadttedn syBihrofiadd in RO WM IR0 ARAPLATABoI EAES8h and then
M cro rr]aéﬁ%gﬁlgysll s as illustrated in duster and

FPRETeY; ¥R g2t Freyap stigwtatioge e iconERoRARE cell cycle
: t i -OHI. Red esen . .

e ettt 192t oWt SRl SHB5RGHS ot atrnt e

f{f%r aelkyse Q) theSaleycks [BIFS] BEKJen@Scyiclin @Qw%?q%agﬁeh Sy Western

' b f 4-OHT. Ge
WP REHERERAC] WENGa 0k et F A 1 pBS ard g, proten in

6268 i dMR LS ATAART BERNRLE (e umiLalion
e

éﬁ% p53 nul | HCTI 16 celTs wer & aret? & HyflFoyjus expressing
ﬁ])-retrovi rus (-), a retrovirus expressing ER- E2F1
wild-type (w) or ER-E2F1-El 32 (E132) cells were |eft

Figures! 82F1-bind$ td ACRLESates XSk 8%&%2{ %@%"é‘é‘g’g@g %fegentation

Sk{ prmpeR Rutasive FRdheinilingitted\esitahe dble@én constructs used

E2F1 (50 or 100 ng), together with a luciferas_e reporter construct containing the ASK/
promoter (-1000/4125). Relative luciferase activities were measured 48h after
transfection. Results are depicted as fold induction, after normalization to t-he Renillia
luciferase activity. (C) Mapping of the E2F1 DNA-binding region. HCT116 cells were
transfected with tucifearse 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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20S cell' s had been synchronized in GO (0h) by serum
starvation for 48h and then reentered the cell cycle
after serum stimulation. The corresponding cell cycle

di stribution is shown (left panel). Proteins were
extracted fromcells at different tine 20 after

Widh @YW ADHE o b . (YR ety Eas perfaSied wing angididMm atibody o

e C e i L T

rotein in U20S and | MROO cell infected W|th contr ol
ﬁ‘ﬂﬂﬁ‘o‘«’n&%l regulages EﬁFth\/gﬂn@sxpwpﬂm thmoggh B:bﬁméletivatlon (A)

B 455 B 5%, BS80S LY 53 AhERIRY i v
spREm)toe rASI@ugmiﬁcammﬁ ﬁjrmalmqmaltﬁ&ﬁmﬂ@fl (e ﬁkﬁ:eﬂ%de((j Sreated
CcO used 1nh this stud are indicated.

WR‘.#I%[@@I eressiopofs ASKil e By (GyclihE B@S}Masnem analyzed by
Wektden 59)&[ ﬁ@l‘lltj)L Q@fl nr?erc }M??t Qa}g%l%:y 8' {ngm? jpcxferas reporter

reporter C nstruct contal ning

HlasnoidOjontariing the|Riti prombotet,i fogedise vt EZ’IE"It IS o SK1 cxpressxon
Results are depicted

f
°§§¥o aa%fiﬁi?ﬂc‘?%gi %‘%%Sgaf Pig%@ﬁ«rf]%pﬁ@wch&dm@h E@El k9 defermine

-the offest SCABKS &f B I‘dédla(e@a e Sfm

DNA- bi ndi ng r egi on. celTs were qu%ns‘lf:ec gpresence or
wsﬁflﬁeloﬁ&bf%’émpreﬁ%@nrt er const ructs containing the

i ndi cated ASK] pronoter deletions and 100 ng of E2F1.
KighrERE2 BAERY dpﬁ)?nﬁlﬁzE@F(ﬂﬁfeaﬁitﬁcﬂ %ﬁﬁ; ifRiBioh! S2hHCER-E2F1

13 with or without 4 assay was
?@F?SSP&QEII%‘Q’FWQI@&WMEQFM%EMW 26h in therpresencd 61 absence of 4-

Ofter TP AP, Rxfs fBEP IS sl o BRs@Beytoning. B) BR-

EZiFlg@tprgasmg cellpmessiraied iy QUOhdRRalyRaL bl CALP Qﬁng (E2F1 antibody.
E@EZF tEres& nc?%cel |s were transfecteed wit
aﬂ?@@n o prgflEqtoet BRHNAR PN 4$Iﬁ\m90nmter prlmers were analyzed
S f Ofr¥d left
WPsbuoRe pHl deciipiRSE Olcy BRop 38 IR RLANSSLELE peated with

2431 W‘he Byelsi of ASKhdnd d3ubmirewanalsycsesdi HY Western blotting.

Yhsas ol ﬁo‘%ggeggea@gﬁgmﬁh@sggﬂ@ga@g@g g B SRaryssion of

ASEIM&TanaI)@Q&b Qestid Blo&t%iz {e a& c,eei(lg rv?e?é‘ kQfsfected with

vector. I on, SSI Qn pI asm

6t ﬁl%Néf?é@tE;’d?lvﬂIRNAEf@Fﬂ houxd enél:matada aﬁ(C)t The nefvfeaa:tf RIF1, ASK1

7 di at ronoter in
ﬁﬁgh preslgtﬁic:he&%rgeas%ﬁ?g?fge rﬁﬁ? &‘?P on. -Figure
10 SARA pronotes E2F1- medi at ed ASKI |nduct| on. (A
Suppyession vng&Kl lespwessien inlnhiteﬁAHA—EndumMaiiABtbsm upon

ey %“‘*%V%Eb& SR IR I S N DS i it i ME SRONA and

ASKﬂtsuR@A 4id) trdalftd 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, JNK were analyzed by Western blotting,
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15 E2F1 expressing cells were treated as (A) and
anal yzed by Chl P using E2F1 anti body. PCR
anplification products of E2F | -Chl P using ASKI
pronoter prinmers were anal yzed by agarose gel

PREALIDPESTEPIEN | MO0 and | MRI0- E1A cel I's were

treated wth SAHA for 24L The | evels of ASK! and
-tubulin.,were. assessed by Western blotting, . (D) U205, |
YOy disfosrerad that calls WihdngsResed E2Fh aPivivesy Rb inactivation

Ark HBghly SRQefibN RSIDALTHdweld ﬁmﬁ;ll} -

vvegi?%r% bl lgtﬂti ng (left panel ﬁﬁ&a\g ce ?gﬁt\ﬁg?lg%lawd Rb-E2F]

pathiaY.ected with NC si RNA and E2Fl si RNA for 24 hours

and treated as (C). The levels of E2F1, ASKI and the

Actoibislgly) a WREtQsP S5RE thvBii NS dds BlhRidand afdeSidg the suitability

panel ). Figure 11. Suppression of ASKI expression
Phii eancer paemt | fag detheap opitiogi Bistopo ndea&2ylhsea ihibitar,i the. method

hia
- “R- 1 [ [ ) f ect .t h
SO A A RO et o Blealio T B WA ki
esence or absence of 4-CHT. Cell death was
g@? EFTRyriedy By basedsom dar gxAmeplemgasuresemt of capressigneel E2F1 target

[ o I ' i,th standard .
FOPDERAPaL FHPCRhIEhE) G Tor SRl Tt S, gy result im
olevASKIE2Hi mtivigyh BghresylB8of pRS asqaompi ahdd\ise wbbK (opfiénally in
anaw?z,ﬂ%d b V&st&r&{} blotting. 14 DETAI LED DESCRI PTI ON .
FHEURCHPIAY G SRECAL ¢if -3 Ebirtes anapatopEiale teatipeng regime to. the patient.
IR 8RY8Ed B Tthe BREASEs! ' ' i r i indi
suséept i bl E% t oe HDAéIB%Si dr%%:}é%?%dé I%?ﬁ 1:ijd§§t ] %%r%e?s@vl\ﬁ tlﬁméé’mdlcate
et dhe | canesoRbedizRare likabyhwape SeAsitor do HIDACI and ifostuch patients
of the i.nvention proyvid thod of assessin
FRERER Ban g S, SehBipite oA Eapal icer emenie maY also be
\weletted fol iR P&t @R aRudimSieat BBt Rt thet HficHRlPSknts, radiotherapy
conpri sing assaying a biological sanple fromthe
F4tient for el evated E2F1 activity. The assay may be
based on, for exanple, neasurenent of expression of
K2l etsalyg phtiengewith bicloigitnl 3amprs elaviap BRI NRfiVity & the normal range
i ncr ase‘d%.%kAexpr_es& on that _can result in 10 .
&P, b SGnHgered 42 prientsy fornaom dIACE tovatmend veadyotrky considered
(B PR R6r SRR PhOBR B AICT iERA 1Y |-Gk Medcllyet her

ata'etc.) to assign an approprlz;l e’ treatment regi ne
tp. the patiept. . As.discoveredq by the inventors of .
theessPd e 8€tbhﬁl%‘aﬁflr1%fhl,’f°¥}d§% a%eﬁ}/n@manp%r\@rlgmgfﬂaﬁﬂaﬁéfeﬁsnt with a
THMBACIN@hé FGHRSP UmPRLHhS s@fe@tiﬁ&)ﬁ%ﬂﬁén@ Who %%Q%s%yé@ bﬂ-ed%itive for

HDACI and for such patients may accordi ng
aPpratask Bt leactigiisi t i onal cancer treatnents may al so be
15 selected for such patients, including treatnent

WA tthirdtdspgct aifitthe BReffond@oNidss almehed REtRRNng 8lc@ncer patient with a

" 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 when used 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 E2ZF1 activity in a biological sample.
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Conversely, patients with biological sanples having

E2F1 activity in the normal range nay be consi dered

as patients for whom HDACI treatnent would not be
considered appropriate as for such patients HDACI is
Thes®e eb&lidedtO tREKRT ARGl ¥oinpddds ons CGORGre2SREHIneRls ffCuse in
i nvention provides selecting a cancer patient for
nerfommimgithe methpd seleatRNBIm thevgronp ttstitiopaPr i si ng

selecting a patient who has assayed positive for

el eal 1abklfed hitit@yior nthivleicAcidprbblt @PRNE bf tedti@ a marker protein or
i nvention provides a nethod of treating a cancer

pat i entrkeynusieic agdbiaci sappde;e in the patient's cancer

has assayed positive for elevated E2F1 activity. 25 A

f o) eas Fecdet@idig theeeeltdfahe Riafkél PR%eih OF nldr YSBleRf acid in
a HDACI in the manufacture of a nedicanment for the

tr eath8sIMRIE; a cancer pati ent, whose cancer has

assayed positive for elevated E2F 1 activity. Afifth

. asfecinstaictivhefor ntapidtiag ty emileebtabed winkithe Mhen used

in a nmethod of any of the first, second, third or
foyaf dodeReclaged! the invention. The kit conprises one
or nore 30 réagents for use in assessing E2F1

actiyvity in a biological sanple. 15 In one

entfOd? RENTYA 52 kit further conprises one or more
conmponents for use in performng the nethod sel ected

fr i 2 peotein slabiligiosseetti ng of : (a) a | abell ed anti body

or nucleic acid probe capable of detecting a marker

pr i hfe@ymeRa kebstatecot b iade@ctid} the 386RAIE ldbel; Ahd
nmeans for determning the I evel of the marker protein

o RS e oepLe, (0

instructions I'ng the results obtained

using the kjt; -(d buffering agent; (e)..a. . )
g‘rlé seﬂww%et f&%&@-‘)oﬁa Og thst @ww%@p_%w fl&fi H@%g felatipy jo various
RN ZWiEtO land vaHBES gﬁk@ J0fantS® FoP if\@4RE! tROcAdEr may, in one
det ectabl e | abel ; an (h) software for selectin

sabpdiment, rhsatelrsted. from the geoupi eagisting bfitretiivdlassihgdsenst cancer,
O P TLEtbt Ypleb e) alt t omer

ipasdréatitaanddn BRSO MYt fdrhaQRE makde NPQLipABRL, be
sel ected fromthe group consisting of: reétinoblastom,

. . q. - I
S AR NGRS R 58058 o,

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 carqinoma, 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 tamors, hairy-cell
tumor, adenoma, hyperplasia, medullary carcinoma, pheochromocytoma, mucosal

neuronms, intestinal gangiloneuromas, hyperplastic corneal nerve tumor, marfanoid
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pancreati c cancer, glioblastoma nmultifornma and mantl e

cell lynmphoma. Ot her exanples of cancer where the
invention may find utility may include: skin cancer,
bone cancer, prostate cancer, |iver cancer, |ung

SRR T CORGR, oBAER it Mgy B o, cone
dyeplesih 4ids 3 esuuh eadind i, NRRAObIAKRY. s IR saldbMAC Hhalignant

kldneg sal cell carcinoma, squanous cell carcinonma
Gy htOP‘G iplesien, @H@O%ﬁaﬁlﬂgpﬁ]ﬁysawms swelt as thebilemyosarcoma

DR o2 Sfe S N paty R Do RS Rl col tumor,

mdydytiteansyera,s hckhomd:lhomw,nmukemﬁ%l RRiphoRadi MalighiBE melanomas,
grte nd chronic y hocyti c and granuloc tic tunors,
O AreIBamas, F &M 6IReMmaR 2pd rsmca@a% xpregples| ofrlymphomas

llﬁﬁltﬁgés trflaﬂg?mgh@g fh‘ilqgﬂx@{éﬁﬂﬁ 1 ﬁ&ﬁ% fo 1I{E:§té(:: %m% largg B-cell

hﬂﬂﬂwnwhﬁpﬂhhmuﬁonﬂﬁuﬂ&hukmﬂytmhmma Wlms tunor,

seni nomm, ovarian tunor, |eionyomater tumor, cervica
Thesblospical sdfiple ﬂvlﬁ!:ﬁ tha§ L hRRYRRY, inBR gésoﬁésﬁéé U, b%%tﬂmds and
ti ssue sarcomm, malignant carci noi ¢al

ipelatey ﬁler‘?ﬁf@@sl igoltod froidthe osmea:@na@t,samhelh&; tlssues cel!s and fluids

T R R B8 o ARG Rmle SEHE PR it v bl B viro

pethydydrb envisaged b the pREENIIE@MELAOMR, | eukem as,
| ynmphomas, nalignant mel anomas, epidernoid

IR a8 S ORI B o e e

mymmc?]husaswmg ive: peffoinhddont multiplegahples frdn@il@Rancer patient.

" B-cell lynphoma, T-cell |ynphoma, and Burkitt

Exiile@E samples M RIWRSle BIGSHD 'bfoo\dm yséi‘lgmaaia Y&fha), lymph

|ncludes ti ssues, cells, body f|UI i solat es
IleyeEs leds. spufugy |s@pbdcm,mmuehauaaha; aspitici faid,, cyatic fluid, urine,

L.l s and fI Lds etc. present within
Mﬁék’ shagde g TG apfiees sedian; af tissicsispel as Giags and gulangy Samples,
faovcbni secmrtsrtakemﬁimﬁsts1ogrcep@ﬁwe§ agteRivhinsahd}esP &ﬁ@%ﬂ& and primary
enti o gfe or _nore biol ogi cal sanples nmay
"k‘% &Véﬂgﬁﬁ #rl Gritres dstivid from petient éintues Etovent i on.
Thus assays may be perfornmed on nultiple sanples from

Inhmecartmd o theesample hay E«xaﬁ‘bf&@t*&ﬁocﬁtﬂ@‘i lﬁ)‘éllylﬂlﬁdl Ugeich is a fluid
glood b#%f é|UIdS : serum and asma

%‘ﬁhn ARy 1L et bodyg pip ﬂ’§t‘e‘§pﬁ? (S OF Bpises thsaweh bmttw@lls or into

WHich. ceBK| Rucl@$ Gbids Q)rfﬂrHﬂeﬂrs B3 b din Tl celﬂ:rér@ capable of passing.

ni ppl e exudat es, ni ppl e aspirates, sections of PR

Exaipples obbrepst pssanidtedzhody ;fhb}fdsmnl;uﬁebloodfﬂ@dselynqﬂgbyﬂhsﬂmd and

hlstologlc pur poses, archival sanples,
&géll%%n?lgat%nd primary and/or transformed cell cultures

derived frompatient tissues etc. 20 I n one enbodi nment
P Wabging apayeddhe Samrleamy hs soteated dtcaald ylilfitedi @, concentrated

oG pdiRne fluid

Persons skilled in the art will appreciate that various methods may be used to assay for

elevated E2¥1 activity, for example by measurement of expression of E2F1 target genes
(such as cenel 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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- level .of nucleic acid transcri be

whi ch, when in the body of _a patient, contacts or
passes through breast cells or into which cells,
nucl eic acids or proteins shed frombreast cells are
capabl e of passing. Exanples of breast-associated

RO L 8 LS o P UL i e
etmylliplerfay. ddeast2,eat £&. _1o,rc@qt5fgeneﬁislrﬂéagdﬁeﬁf -
I1Ted in the

concentrated froma patient. Persons s

AL etk ' : rious.net hods be. used

to as slglbed?a% re_{rg’e ev§1a %?EE% TS W greapeg) ﬁﬁ%mvwbﬁeﬂce, one
mehodrofrssessiof RORIr actbiignwolldERF b hargeRhABRES or (aéﬂ'?lg Other
as.ccnel %Ed ceneé@g&r Cdk4. 30 E2F1 activity can, r

PRLELS, Aduchy are, pos 9 Peeagvely neprictted iwigh | B2TTly ‘aofivity may
Sluridtivilat 4 3 i | evel of | easi. ane

gene wh gs%ﬂ/g{l(%%l%[gsﬂlﬁoﬁé( %é&géd g@ o ﬁeé o 1EROXIRpan, pndicalipg, of E2F1
nasiydy,) Exaguilesdofcmarkers whosE2kpression wial be diRfRs@Rty EXFN Sctivity

GERGE 0y S T Pl 50, i ovotues

_.apove, inactivation of Rb results in increased E2F1
Feysliof a

anaydpeedetergtimeddyciny asaeskicwgn mARd art. The level may

_ I t ssess.Rb: | eve] s or_activity. .
BEfdtiled WY K61 S, RRGFRRirticne VB oF ioldtosaid ipiopibed from a

workeegake dltettiabivElgFdr Aididodhly, (Heva e %&ﬁ{ddéﬁ(r'é{eynsq{anslated from
ﬁ%#g*lt onal.%ge assgégd in order to provi an
A prSGroSk e matker gefietmyay ixdatgsinésedodn petraether embodiment,
B ase] OFR [ - ed with E2FL activit
LT SR ELE LRI SR Y sty o

i ncl ude:

‘cpasymedEby teyairraspddlingTinerkeepreteinéoutd Boakemingy be
determ ned by any neans known in the art. The | evel

AayxediplaBeass@t firieb@alitiey tHeQbvef )ég %%ﬁrﬁﬁ@ﬁl&%@%ﬁ%ﬁg&esample

‘ngipdividugband castactingithe mpld with mpeoﬁee@%]. g@c]gbcmp;esﬂigdnacleotide)
LobeqQ 1Troma

' t f LITRNA t
g A R Bkl B Oh o Ut ki 678, THRNA, genomic

roduced directly (i.e., catalyzed) or I rect
Haiks ¢ -
& A%k grobg o tigterach ppd dissh dhusgforminiger camplegi thatcel b removed
R/ HREU S the 3 l-ary, assay far .determn ning
the | evel of ﬂé\e éng?t@grfﬁf&ﬁ\{/}g‘l %sde%ﬁﬁﬁmeﬁ&dé Oggﬁdp‘ée“%f‘ can thus
banused & deteitahR A pooteib ADNAGor ftRomB DN, ol &kathpd, 08 biological
Q.. anti bog% ol |%onucl eoti de) capable of detecting
{aﬁjﬁ WP AL WEH 85 1 ¥¥o-mar ker nucleic acid (e.g., MRNA
enomi ¢ 'DNA, or cDNA) under appropriate conditions
PRy fastaya can he ewkdbited dnta vaicny lobwdybe Forede@ipldnshe method to
| nt eract d bind, .thus form ng a conpl ex
%12?& ng‘%l egsrsw\%@'}nv&ve anchoring the markergor probenanto a solid support

and detecting target marker/probe complexes anchored on the solid phase at the end of

BidodirmINA) unhdie dppvedriads conditinalgliifhe aiv%g Iguﬁfcli%}lt fo allow the

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 lsituation is possible, in which
the probe can be anchored to a solid support (e.g. a nylon membrane or a chip) and a
s.ample of an individual can be allowed to react as an unanchored component of the

assay. In one embodiment, the pr_obes may be immobilized on a microarray.
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20 and/or detected in the reaction m xture. The
det ecti on nethods of the invention can thus be used
to detect nMRNA, protein, cDNA, or genom c DNA for
exanple in a biological sanple in vitro as well as
n vivo. ese assays can be conducted in a variety of
gder Tf’o?o ¥t pstaxs waldhenabowsamentioned npprotchesiche aon-immobilized

I ker robe anto
SBHheHPH aladd ¥ 2ho SIATMDRA B} Whic Theibortl g paschored.
é(f«:plt@( esclonc socamplem, tik@ngibicd @asRedt hilebe 'ﬂ&n@\fed (e.g., by

actjon. J.n one enbodi nent of such a nethod
208 e fondifiors! Sy Mt g et domesdos b geeerin ommobilized
RpSS UPpUAL rker
bg ancﬁgirl%d oﬁt (’)I% ggé%Ftlﬁngu[gpo? ?H %‘B{T%es dichoréd o the solid .
svitpodicae he accph@hslevdenaaumbewﬁmahodas possible, in

‘which the probe can be anchored to a solid support

- (e a Prefarrdtyériibodim, &@%r&fe, AhER itk tﬁ‘@‘%ﬁcﬁ&e& %%%I%F)O%Fnt, can

_gg i.ndi vi dual can lowed to react as an una

fordhe tmqrosgsﬁ a;ctectmn @nd remdmwluamm asdape eitlied hditectly or

. ?g%rgpl?{,'\gg{; gydg{eaﬁgﬁol?he@ ;Técr gﬁﬂ{ﬁ%ﬂ[-} (ﬁﬁg{lggra%gmmkerlpmbe

bhapl@mnfolmmﬁxhi hithedk fﬁ‘{m%&ﬁbulaﬁoﬁd(ﬂ'e%éﬁlgt e Sl Ci:ornpcrnent
ort up l?eSH%IhI ch the second conponent is ‘anchored

r?fﬁ’é" t PoyRle by biiliziag the tmimmuple&ﬂedres@np@mgystransfer
18P oY Ak by Qpdtion

gﬁ%h tﬁafﬂgny coﬁn'lp():?g(%ls’ g\r,\ﬁrra;.t 8%@{‘@% ‘Tz‘étc?l Us.
Bay plond868161) i d support. The detection of
mar ker/ probe conpl exes anchored.to the solid support
The ihel aEegiaki bﬁme deiiAmANEP gL %H,% Faceo
preferred enboldl rren © tlhl(]a[\1 prog s en |tga§nspl%’rbe mplished by
drigreRBIEdde amonpt QﬁmeH’emr patgmicldptidesabaived thaefrdrhl present in a

_ g Qse of detection. and readout of the assay, either
I rec

tly or indirectly, with a detectable label. It _
g%Ehg'gSSI Ie to directly detect marker/probe 10
é’iﬁ% Féva 9T hhsyidetrstion £ and ﬁ@antr&nanprm oft MRANAr levels involve
baRELiR%HE fmIRkl Q gr
exan‘plncreg by uti | Iﬂﬁhgl{ﬂrllé l{i%%i‘fe ik q "lﬁ (pfqbﬁghgfgé%g@g“dlze to the

e gy(or meigiueleotides dmveﬁome&)ﬁ@ﬁ’gl e Thé altRWic aciat prdbe > oan be, for

Bk pol Bice et it Folfbit ol ARpaba: o 406 50, 100 muclootide

© SRivef ICIABHK ProlS AES ihAde, |
-acc i sggg by0 15 elt gpcrlr? rﬁaﬁg t ﬂé%&ﬁ? O%gowttdeF cDNA,
53] Bﬁﬁu edrolges maer corgaint e rle!fer:tamc Aatefentich msaa fluorescent or

iqgues fqr .the detection and ,
, ‘Eﬁéﬂﬁi@. i E%f¥to‘t%§°§f %ﬁ LTi353657108 magkescxpressign ifesed which

mRNAregn hfbr?tzﬁ%iﬁh 3T oRE Irfhcl¥R B6H! KikPaRRRYr, LiPAE $RRrred that the
ize to the
lﬂy@n&lzatmn be performed under stringent hybridization conditions.

Methods for conductmg polynucleotide hybridization assays have been well developed

/in the art. Hybridization assay procedures and conditions will vary depending on the

applicétion 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 Dicg'o,n
CA, 1987); Young and Davis, P.N.4.S, 80: 1194 (1983). Methods and apparat_us for
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a net hod_of assessi ng nmar

"mRNA (or pol ynucl eotide derived therefrom). The

nucl ei ¢ acid probe can be, for 20 exanple, a
pol ynucl eoti de of at least 7, 10, 15, 17, 18, 20, 25,
30, 40, 50, 100 nucleotide residues in Iength. Probes

|nclude ut are m.ted to, oligonucleotides,
%"r_"ﬁ&‘ @F&B@ &%&M@Mt@tlﬁp Ecaglians daue been| debesibed in US
patedt ﬁ371a9i9 LB AAIRENS 05 996 el 6,588, 785 &1t éﬁgegllch ol‘f‘f:‘»ﬁ{}ch are

er expressi’on’i’s’us
insommoveses Ihepein byl refarenem of one nucleic acid with
another, it is preferred that the 25 hybridization be

Phe prseR dnwendes cslishslsess
thgods f or conductlggégéFE%S%k%g§? £ br|g.22§?%%‘hgm“hln

sertaiy proferved erabordiments dinifpd Staten Platmt dok.. 5,143,854; 5,578,832;

IR e R R e L SORKAL B0k 6185030
620D)GERNG21 88037 ahdh 6,206,685 adlmbéd% IPE?PEQ@?IL&BQMO 60/364,731

t g g.those referred to in

ﬂ;%ff @ pliggtinm e PGI/USBYPEAT (published as JOOIZ4T %), e@l of which
| Met hod

6 L et iniporitod by tetbdhce ISR for S FiEposcs on?né

Acadgn1c press. Inc,, San Di ego,
E%@‘ﬂ%%ﬁ}‘i@é‘%ﬁ foctiprpang preeessmggﬁw@essglata are disclosed
Bt fo@ Canpl, aeﬁaécﬂtpd&n{ Nos. 121 444 884Dl érgﬁfsaéﬁd 5,631,734,

and control ' ed hybri di zati on r €act  ori

aS80.9PBe 5. BHLTES;  Slt56 9025, 8,902,928, H9R(4218,981 956 6 025,601,

9 9 1, Wwhi ch
B 000 353 G100 s8R 0d a0 s AR A e i Uited States
PatestnApplication 66/3pk,38 EsndingPal Aiﬁm%&ddm@fuss»wos?  (published as
g%@%%ghéﬂélon between ligands in 5 certain preferre
Lacksgb wichpalsg ishereby irearmemtediby reféremﬁimi&zbmlrety for
] g@l%o 5,631, 734; 5,834, 758; 5,936, 324;
956 6 025, 601; 6,141, 096; 6, 185, 030;
1gﬂg €§18 .803; and 6,225,625, United States
Shthad for determfiming guclgys; asith oty protein devetranabm psedain; the present

Mvenfréal AldSBO LERNEs Rt tRash A3 n§@ y&fh@@ e hrﬁﬂﬁlh IOf

which alsois hereby |ncorporate refrerence

DA Rhbat Sl s PRAPERG a2 sl oo o Fé‘:ﬁé’%&dﬁ%&ﬁ@mbe for

axanple b3 10865dg thdisolatld
%og:l b 5. £47. 839, 5‘%5?833“ gg 631ggaaéf‘a%“’M%“1g the mRNA

eqwbto £selusuppert sehese oz, N9 pdid Proties 9aeBREng one or

Bofg e o Bt B0iecd 08 UGBy yRhernByBrajzaion pud the smony

ofi intagkr Stesived: Rmatmmer&mwdl Sich QRtBMdidn ¢34 bAREURD or machine-
PCT/U899/06097 ggubllshed as 15

Ilcat
\7*%@/ pé‘éﬁ‘}‘P Ce ¥ M3t wfsusHomeSH s‘;mhaiteetmyw“: demnattha peebe(s) are
o8 {IBL A% idlid dfpdiPhdd BbYadRic adlh is DoHtRAed 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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Any net.hod for determ ning nucleic acid or protein

| evel s can be used in the present invention and the
exanpl es descri bed herein are not intended to be
l[imting. In one format, NMRNA is imobilized on a

nd_cont cted wth a probe, for 20 |
e an%(}sd‘}g &JﬁﬂF‘g gefssd st %IAQP[*GE‘&?RI&/ JA,380, whish eseingetporated -

hereintbyaeifasd i ng the nRNA fromthe gel to a solid
support such as a filter. Nucleic acid probes

[l 816 Rissonle ﬁ%ﬂ@%ﬁﬁaﬁzﬁiﬁaﬁgﬁ%&%ﬂ “determined
Anmrafetred Q@eﬂf(&'@ﬂ(ﬁterﬂﬂﬁmg Kt RN bfa ?rfa& Gotiﬂg Ehventlon is an

deternm nation can be visual, or

BRAY capable of bindingatod swnhi 2 qreteir or hrﬁ@m@t tesrexd] ipveferably an
el iTaec) Wlttﬂlggl %ﬁﬁgﬁ(l&?e are 25 immbilized on a solid
n ]

support a e nucleic acid is contacted with the

( exanpl e, in an Affynmetrix gene chip
) gw?aﬁe "IZH‘?Q& eodsProdused uring ffa"helquwmlbhqtdvat msthearq.ﬂsmll in the

it QRAT AR ﬁftfﬂpgﬁmﬁ Cﬁgt&t@ t %ﬁliﬂﬂ&eﬂﬁf k68" 016,043;

For exarrple prior t or COHCUTT

%%@é%u me&ﬂ yad 4,372)7d5. B:afﬂiiétﬂy,ﬁﬁmdéﬁmalm{tﬂbﬁdh‘ééi m*éyen@ployed
hanlsns ome of “which may enpl o
?{"’é "tse"éﬁ ﬁFﬁ%@Y BifpAred usperbe aneghodrat r &nMilstein
(11995} Ngaaeemh@vsmwe@féme&iﬁc tddthegbf: The sanple may
be anplified on t he array. See, ¥or exanple, U S

Row ot e Oy o il helics aoamets contsins protein

- that biefletoengiecn dntibodie M&Qﬂbﬂ’%cl‘? fortl& 1@61&&:8 %t are not limited to,

i nvent.ion, the | evel of a marker protein iIs

rifRpoassay Jrlep eradimawapassaoRIdgs Eﬂzﬂmmlmged lmamunosorbent

- by (E1S Wgs@tfm?flgtﬁ egﬁrﬁﬁﬁ? Q(g 1@%‘6%“ | (gn s aﬁu%rescence. In

ant1-body capab e o
suchgisentit istgsnerolly pprfahile abhmﬂaiblhzal’&ithm amibdtylor protdcms ona

SU|ta anti bodi es can be produce
: %’Sfdﬁgi’? ei h%‘i“%ﬁ‘§§ B Yosuppm‘f,@ap@bleﬁ bmd?ngﬂIIMgen or an,

aitibodpd K & @ﬁ@diin’n@mt, fn%k&&&ﬁfgfle@ pﬁ&g.?ﬁ%%g cahFR determined by

4,011, 308 4,722,890; 4,016
%0‘]?‘79“3303“ @ﬁﬂbOﬂYSmmrﬁatfﬂy i oftdctnbindingreitactan df;thse immobilized,
[ e ed. 10.Mnocl gnal antibodies are

B P iRl IR spAHEe Tt FEE oI oy wilising aatibodies
Whicht &t npedifi® 76) dillefdat qRRE: H3R1A9 Th mg]l et |

thereof. A vari eta/ of formatgl%can beefegr‘{'s 0 %tﬁ& of! marker
BRofin fay be deterpiapd usingapingleouistaimag. a protein that

binds to a given anti body. Exanples of such formats

Imetiditien, praferrad einndvo ltbdhinids t6r de@BAMTBL Eﬂﬂ%ﬂ&?&&@%m include

r adi oi oassay (RIA), enzyne |inked
: frﬂ%?@h%‘g% PHR %&%@9@3 B dlf@@@s‘t againsh Iao.naz;ker protein. For

EXERNO S Gt Bt dANG: BTl "WHQT adi oac‘:‘atlsv%errr}ar‘f(er whose presence and
location in a subject can be detected by standard i unagmg 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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such uses, it is generally preferable to i mobilize
either the antibody or proteins on a solid support.
Sui t abl e supports include any support capabl e of

bi ndi ng an antigen or an, antibody In one

pﬂ&ﬁy' &Bsrv% t
det er %gﬁ%%c% c\gl%sg é%{ﬁg%soé%pg(!ﬁ 3R @F@?ggfqday nitgd States
Bm:r; th rﬁm?go&vr, téehl'/'(;m‘jprd TR 1160EH 1lol 18995826 165, and 5,959,098.

ﬁhw nonoc ant i bodi es specrfrc to da
?lg 'aﬁl YU e§ﬁ ght?qag:b af ﬁ:@ abayg prterds, dbusthe (sathe techniques

ﬁmﬁb&mﬁﬂ@ﬂﬁﬁ@ﬂ Iﬁﬁéﬁaéqﬁﬁbﬂﬁ? e level of nmore than

one marker hed using a single
referred in vivo techniques

%ﬁ&gﬁ{%% S%Sal’% EPﬁﬁfr‘ BYEP#HTYE @rased to 'ﬂﬁtftmﬂm:ﬁhn devel of

a niaﬂceﬂ ﬁuﬂﬂf%y,&hé éﬂﬁhﬁ%r?éx al&tﬁph% eﬁ}{’iogée{hg_&% a:g g[%?yb% assessed

nar protein. For e ant
f th a radioactive marker whose presence and
| ocation in a subject can be detected by standard

Moagirrays tiagh be quegredTBe RILEEY tprdlﬁk’ SRk o @ﬁse %%ucleohde

SO|Id su orts |nclud|ng arra in sone pr
dheny i m@ﬁdsqcbcpm & aapghid sgipbst drosurface. For

@@hﬁmgr esi s have been _
descr | bﬂe‘fj Ip|H:ﬁJekl n@g gél}{sl&trl)ubpl cat ?%%Qccén Sé‘lﬂ?ﬁc%h 8L icgpolymer
e Hocc) b ot e e Papalddolios safk A0 of the BRIRD Ry als
éo:fgg}né Qﬁ@ﬁ %‘yggg %ﬁi?%s,s%rce@bmm@n&emﬁ For example, the
Boliiiclddtids s “@4(768%95116 PreRd 2P bo Tt b hi ﬁa[ggrgafslfﬁSgenonuc

%5 959, 09 Nucl ei C acl rrays ar
Bre polgnuginovide priuentes of Ithet priobes mayTelsh &6 RPhwesed nucleotide

ant | body) arrays.
@ﬁr&%r’ 3?% %"’Sgy&‘ﬁn%ﬁa‘}l@ﬂﬁ &H’& %‘r‘ﬂ%‘ace%t The PrAberssavanggs can be
gnthesigel] eftherdeigmaticdlyt he vh%V Qinzfth t
mg% §g§§§§Pf€SS|on sggtus of norem?%ggqgﬁghﬁa¢géIRJ%CR) or
. “EWﬁﬁltaneously M croarrays may be
‘gr epared by sel ecting probes which conprise a
okifled ertison ik alsoepmenins tharid iR SRy td HiRde gHﬁPve control

é}ﬁ S?&Bégq?ﬁﬁam@d o1 ecs oé@%%zéyigaﬂaﬁequempes in the

targer PRIGhYIIBILIIE SALIERLES
pol ynugfleot i de sequencgg&gﬁh%g{}%r 0 pﬁ%n%f Saf-§¢ Probes known to

cepoRsnteng /aod RN dEmbleo U esquentesCRITHS @lrk@Nfolynucleotide

hOek xanmpl e, the polynucleotide sequences’ of
tﬁ‘g‘ﬁrg%ggg&rrm Ybe full or partial fragnments of genomc

,@{\IA The pol ynucl eoti de sequences of the probes may
% B BEtsiveR meg make ast | dfevatos equenaes propueh @oducts and

Yialahe | i de .seque . The probe
Sz’eq uenf:de % ‘%gﬁgp&%ﬁ&)%%s Sicl? & probe ﬁemgn, maﬂggemcnt of data, analysis,

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

lonizing radiation, dietary practices, or alcohol consumption.
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synt hesi zed either enzymatically in vivo,
enzymatically in vitro (eg., by PCR), or
nonenzymatically in vitro. A skilled artisan will also
appreciate that it may be desirable to include

faf d ; 2 €.0.... Probes,. known to, be
o] A 68 e Brept R B i5 Biaaedt BLC Junaseamprissconezgy more
reagegét foyalsy rin cdsssting eE2R| ﬁéﬂﬂilgsin ABARical %g;ﬂbiey %he kit may be
cont%ghgg%gbe , _€.9d., probes known to not be
RSHS P&?ﬁa‘?{@%&ﬁéﬁ Wiitiap performingmethod of the ptdsent invention.
t aégigt pol ynucl eotide nolecules, on the array. The
‘B PAD Gompeine i dabeled\comploandiseagehit d4BAH10 H;ﬁdé%&!mgta%arker protein

m pyoducts and, software for a variety o _
: %ff?%!)e ce%é,% W ypmple ﬁ'i‘%ﬁ’@a'bseé’? gefermiping faslevel oftheomaker protein or

aagley siusleic 2 3G Ko in eSS ote
t atees Pgltce nt Nogl:1 ¢ gﬁgg%n—ge%’ Q'geas}@%k@l‘gm%geb}gg %91')[0&111 o
t fipaeof Qorpwen ligvancleoDROpEES which bRl 36 DN A of #RNA3ncoding

" A2 Fere 911 .and 6,308,170. I'n addition to
fho pioiihy gmé‘gﬁéi%% lr%%“% In5Prhetions Sprinfesprating the ssuliseobtained using
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~ thakéin i nto account when selecting treatnent e.g.

gender, age, previous cancer history, benign breast

: F&ﬁﬁﬁ?&@dy—b&gdme@ﬂietﬁ{ (o] gﬁ?rtgﬁx{i&aa ({riarri l !el? ilgi)teg a%stognﬁbody (e.g.,

cancer),” obesity, Tow phys

Posherktrop aubidsupysortyowkich eithdc &R Harkd 65:B¥n; ?o?{ionally, 2 a .
Soral trrgce{)t | ves,. exposure to 1onlzing radiation,
o2ty :GE}?‘?S? @piikody which binds e eitias thampdienproted® ot thediret antibody
aripelith BloplibRally WARMARA & RALR A ppgy ded a kit. The

kit conprises One or nore reagents for use in

: ' : tivi.ty i.n a.biological sanple. The
ﬁ?feﬁn%&%é&?ﬁ etdeJ?E%i B il o, Cempg&,dr}gs example: (1) an
éligonpeledtiene.pga dewhbigdatttled Bﬁg&{u@%@{iﬁe, Wcﬁ.tr}{))é,;ﬁglzg? te-lf-)haenucleic

kl.& calg%_coHPri‘se a | abel ed conpound or "age a
i RATSEAAGT 42 hamrErofpprimers rssfub fornansplifying ac hkrkien nacleic acid

SeRhe. r ermning the level of the .
mar ker ??%t%?gﬁg?ﬁgﬁg&%ére’ noket BECOBPEE ?ﬁﬂ‘terfﬁn@é{%l a buffering

{88ng 2, presarvative, o dyprowinchatilizifs agdAe PROLLsh gﬁth\%co rise one or
fraegmsnt t hereof, or an oligonucl eotide probe |c[ﬁp :
PORGSOPROISKE i vinin drteeiinaihe detectablotlabat) (c.gki bs enapme or a
gbs@atk)Cl ude instructions for interpreting the results
obtai ned using the kit. 10 For anti body-based kits,

[ n conprise, for exanple: (1) a first
TP by SR8 GO  Bbgeot bl o & rics of sppenl pmghischich can be

. dsmatd dnd cam?iﬁieli% ¢ 8Edapian %a%ﬁ) %&ﬁ;gdgl%blo Xféﬁ%ﬁé“; Q%Iée enclosed

~second, . different antibody whic

Re epyidiehcotaingrearid 2ib of et vaniody cortisitleishat bel Within a single
PREAAD A GRENIRLAS 9ora'm9e%t)rgt%g_gat leerelsglit:)setlaf the assays performed

using the ki,

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 buffgr) stitable for annealing complementaq‘( 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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For ol igonucl eoti de-based kits, the kit can conpri se,
for exanple: (1) an 15 oligonucleotide, e.g., a
detectably | abell ed oligonucl eotide, which hybridizes
to a nucleic acid marker and/or (2) a pair of priners

S I . I ,fying a marker nucleic acid nolecule. |
tﬁhgﬁiietd bggin a slct)hez:/ PRE ccomprise a Jpierqgfrayped- ¢p eligenucleotide
ihizkdantaly g an antiheldy esitdgraypgent, a preservative, or a
protein stabilizing agent. The kit can further
oK ksBod r oneats far use in detectin .
the det ect g%flg&li‘eaggl&(@?fg;&, S%ﬁw%rﬁz.?%e’_if‘fnpée solfare for %clectlng
paliontt treategnt. THehksoftwaremight ndt@dd @bucliofO T TR cHAFIrSystem's

or a series.of control sanples which can be .assayed
DRGSR v it freichises tigbimglude Urdevel of mopmesinn ‘aFonhmarkers

Which be | st Wkl e i.ndi vi-du ontai.ner. .
S TR D7 PRCkRaN, o1 ROty o8 ophOlR, FRPRIES information
gontjthe paticutlcagydhe pdtients agetete. i nstructi ons for :
interpreting the results of the assays perforned 25
Bgi“aigvitb® BOFY - acfibRy kit Ak eV ERRD; Is |

cgl%g{ ivse addi t%}con_a. conpc}hut(leé]n?]shb%sg'?udfcﬁ?%f%¥ggﬂ 5?%@189/&1@ a
nerpgt eyl ot EiHeaqtivitenti (normBllewely o6 E2EX aotviey, intlndeskhé level of

ise flui e.0., SSC buffer) suitable for
_g%?],legi | ngl lzloerlrpnf)}edulrrcgl?ﬁegél? (%u%qnégnc Saé’lajﬁ’i&s rmg'lo‘?m'l!ﬂdﬁaﬂﬁgthe E2F1

antivitpiin iablsidipgivial ha@ierﬁ@hehrbane&rpawﬁﬁmaj{ be WBRGhl Gt ¥ mean,
bi nds, one, or nore sanple 30 conmpartnents, an
ﬁ“ﬁ@%&é 5 i?vehﬁ{ BN Lgctixity énnateeanetiobsoplenignrsamptee  of

a nethod of the invention, and the like. 23 In one

'Elmotsacrphefmﬁzf; hetikitst imthe tiotupidab eaxﬁplﬁit &%ﬁgh& Qncel piien@inay be
cleotide nicroarray or an antibody microarray. .
Rt SR or oRERRT 47 Arneftgie b Aamiabive pompron: with a
sormaDleel SITHIFR 8tiVie) cab Th&@ e griedd@it] €nt treat nment.

. Such software m ght include instructions for the

ARl AR o FaRE RISl oS rmelEithm a cancer patient

tharleel of FAFK extvighiCond@ymbe Ml G Satdd ondfl(e.. benign or
acti vi tl_yF/' and Eﬁptl onal Iy also clinical information

LPGHICERES FARplenimayealsp be psessad i Bhet one argworetoontr@ly may comprise
' LV Lty [ de,. ...t tivit
1 B ol @ b bniar e SR dIR Raibadfia ke, o hay be &

goted walug or get'off ynlued e.b esiabd onh cERBlteR GriokichMphRetdddffle media,
the level of 10 E2FlI activity in a non-cancerous or

e, |, RUREb LT A, bl e
I@@;Mrﬁl\mqﬁﬁm mayaim, onenaub@iimentrbenaggiderideds WingEdbated where
ﬁ%tl.&)’é‘l Ly g%"e%tel}o ary %n&g-rdgt%%n&%d %%P—B&qeggnﬂ (e)he 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 E2R 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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The | evel of E2FI activity in the biological sanple
fromthe cancer patient may be assessed qualitatively
or quantitatively. A qualitative or quantitative
conparison with a 15 normal |evel of E2F1 activity

ﬂ‘arplatila&tn The @l i Bdrd WirtheVi8dis ?%Pi'c%ﬁeﬁ Rt LR ViRL 091]:3 or more-

gérg.&#:tlwty i.n a biological Foma cancer

. samples Whigh pregrssessa for glevatod EQF activityer ofie oDmere different
gigﬁquday jesn€gative controls (e.g. benign or
non-'cancerous sanples) may al so be assessed. The one.

gr ﬁDg%ﬁ:;rol may .conpri se data obtained at the
A5G Kpowe in dhe ﬁ@ apva!t HMCIS inalatleva dargl afatompounds

| _ i |
oy o omoftus HRGP acltS! K Bt rbiS) wiirolpe, SAHA &

Tﬁclms@uehbcmmkcmm d[e@ntm;toatin)v ehenzanidedeid of aAEY. of other
The |evel of E2F1 acti vi ty

quiﬁas%l:{%n%?fga % ‘e’b eg@gﬂ%lie%l eHeHDASCTp evhich ahayy &t eemployed

i T —

wﬁa&,fapwewpwwaudm dapmpepﬁ% pa@%yl&a&fqeﬂgm@ma@q&tso known as

0% rea elatlvetoa
medi’a ng’%g’égr?le%‘?"g@\fe P‘”g'F |“'3é ?f’rt‘?) eftympe Ben@yglvswapﬂt@nne G,
dﬂhydmcyrdbstéllme D 208 edeB o8B letthife E. F%nther examples of

Ebg@gt e[[ ned cut-off level i's chosen so as
%ah%ﬁgm¢ skifled jin ke e and n@p.y alsqabwahtph)yeﬁ in the

B e i —

digclaspde s diing WSS HS066her WOOS 1050582t ewgﬁ%??ml{ \ﬁ' 1005092899,
uc ur

B OB BBt B oPOB L aORRIS0704

Wﬁﬂ:ﬁoﬁmjgher data may for instance be of assistance
|n seI ectl ng an approprlate treatment reginme for 24

furth t est b
car r | e %f on tlﬁr ‘Qeglﬁ g‘%%r é“uﬁ b?fglr’%@esé‘afésgaé?%fg@e indicated,
amwelmcmab t@hﬁlq&afdf Me&l@\@bl%g?r Edficr Bfo Xqﬁ%ﬁ\ éﬁ&%m%fﬁ DNA

re dlff blologlcal sanmpl’e s.are
Wﬁﬁg thindgtheishil) of thaed u'dkam manhg @rtoBuch techniques are -

SYIR/YN | t=ch f at
but yr at g?l Y E?:rgl?( atr#%%:&%g i 3&%‘%@&% at&e S tl‘?l}'llct%%lﬁigﬁa&f"i‘ nipclude the
Boxyie: Sombeokdgoleeutndioning; AdRLAMHES MarBRITRiIRY Eﬁiﬁ%hg%oom

of other mscellaneous chenmical famlies. Exanple

' 1DAGk ude-, t !
R At PO Ry L o

M Rreferoed embodizudngst wulbl nowheCdcdiribed Ay %aﬁf #R following non-
%ﬁ%@g@&ppg pi val oyl oxymet hyl but yrate "(al'so known as

cycl ostellettam ne, particularly
cyclostellettamne A, cyclostellettamne G
dehydrocycl ostel | ettangi ne D and
dehydrocycl ostel | ettam ne E. Further exanples of
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HDACIs will be known to those skilled in the art and

may al so be enployed in the present invention. For

i nstance, HDACIs and details of how they may be

enpl oyed are disclosed in: W05105066, W005105055,

W005097747, W005092899, 15 WO05066151, W005059167,

W005055928, WO05030705, WO05030704 and WO05030239.
f the resent invention wll enploy,

Iﬁﬁnetgé,ﬂg’%é ’@NG\ EhR{HE INVGIVEdNonal t echni ques

of nol ecul ar bi ol ogy, m crobi ol ogy, and reconbi nant

EXAMRIESnol ogy which are within the skill of those

working in the art. Such techniques are 20 expl ai ned

EXPERIMENTDSL PR ég IﬁE Exanpl es of texts for

consul tation inc the follow ng: Sanbrook

Mol ecul ar O oning; A Laboratory Manual, Third Edition

(2000). In order that the invention nmay be readily

carainaheaddAempdis 1 nto practical effect, particular
preferred enbodi ments will now be descri bed by way of

oW n limting exanples. 25 30 25 MODES
ﬂ—%r% M‘zﬂ e ceNg/mRer kangl Y@MNMES DX BER| VidgiFikin (Johns

TR RaEDURE & @Qg 3 ol on

cancer Fc%rf%qgﬂejl)l gﬂ%ﬁi I nd }y pr 58618%&%@ H%F&bB p{-osarcoma

W pad §ﬂw-% sgllmgererhpmm]ﬁcojnwmgd II\P@O -ENAI ¢8Rk were kindly

r t eosar coma
TR B RS KBeof B D nbrerity ot s Do b hb0-@llzeultuee
his sl meaianﬂé

%ﬁe ol.i ni Vﬁg&%gﬁg%&%@ﬁ Ji,r ngmﬁ 9@”%‘:8;&?“‘ (&lj Signaling

ﬁrg(ﬁp%tes %{r‘swam Oiﬁeﬁleals\/@mehémmai's (Bani DieggeDA). Wgenerate

| I
1, N3 30 1 2N, Hoi B
e@etnpfr am)EmanBmeemm-Eam REpredidibvectdts (R 4wl Wratr |§u ernatants
t ransf tE& %E@ﬁﬁaﬁf Haerma gI utinin epitope (HA
eeE eI fitectp B U selim Injeeiea ol ey semdmrarz ng/ml
AERaydal %ﬂﬂsuﬂiﬁnm eclHﬁ@sd Wwée! fgofa?eéi vﬂ“ﬁ aul | ?i%cr under selection

cells. Infected cells were sel ec

-cemi'émw: 19, activate ERIE Iddad ubt maydmexﬁaﬂnaﬁlf@t (acbﬁmiwas added to

ﬁéﬁ%@%ﬁl&@%ﬁlﬁgl ection

Microarray hybridization and data analysis. Total RNA was extracted with the use of
Trizol reagernit (Invitrogen, Carlsbad, CA) and the Qiagen RNAcase Mini kit according
to the manufacture’s instructions (Valencia, CA). For all experiments, universal human

reference RNA (UHR) (Stratagene, La J. olla, CA) was used to generate a reference probe
for drug treated and untreated samples. 30 j1g of total RNA from experimental samples

‘o'r equal amount of UHR were labeled with 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 et al (62).
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conditions. To activate ER-E2F1, 1-3 M of
- 4- hydr oxyt anoxi fen (4-CHT) was added to the tissue

culture medium Mcroarray hybridization and data -

anal ysis. Total RNA was extracted with the use of 20

' reagent (Invitrogen, Carlsbad, CA) and the

A&%"é’?ﬁ’ﬁﬁﬁ%‘é’% Mni kit according to the

manuf acture's instructions (Valencia, CA). For all
Adsqox s dtE2F 1 pvasvabtaiedd fromelr. JosepleNevios (IR (hikR}ity, Durham,

NES . 0ER § Bhbe ke S35 CuRERSEFL & imintan,

Biriiggham, URD). Qeltf w&z@tg%wﬁlt%ﬂb%%hﬁa&@é PRk SRR k&S mbinant
or equal_ anmount of UHR were |abeled wth Cy5 and Cy3,

adepgyias: iLyvenly-fogy houssnafter gheiptertan, icplls. ereRavated avith drugs for
iniARaGhiat ase (Invitrogen, Carlsbad, CA). The

m croarray hybridization, image process, and data

normal i zati on were_as described previously (61). The
Flagycyfomgtry gaalysis @ DNA comtepbi nt were t hen nornal i zed

for each gene to that of wuntreated cells (tine 0) to

Celit wete Hahested bad fixed BXT0% SHiafbl. PAkd 6411 wdr€ Sined with propidium

B0 s i Frer 8 s T o sl v
' : . ft . .
afLPRN ol DR Rt 07 MR AL BUER LI fine. encs) i o

FARSealthuo {Beotote Rickinson IAstriradrt, S@ 0Bt @AY aChIf £¥le Bactions were

Jo Navi,n ke University, Durha NC) and
q%dﬁgg(i%h’fem%ﬁsm P&@Pﬁ%@lglc@w ersity of

Bi rmi ngham  Birm ngham UK). Cells were grown to 50%
Cosprseaetidty and i nfected with reconbi nant 5 adenovi rus.
Twenty-four hours after the infection, cells. were
Tormadserd dspdiedr MGl Okells! el dﬁ@ ;
cytonetry lg_n a-lgysi s t‘?ﬁ eetl)llfm&glgﬁ%e%t ?ﬁgofuv\(ggé%%rfnv Slytiop (BD
Phar/lingspd chsi instndtede tahdribén s@incd dwitte FIBCwenjegstediratddt anti-active

' ropi di i.odi de 1t.ql m fter_treatnent wth
HehdF ('T’S‘Baaﬁ% FiiBode b Hhaudinget). Lngtncation oy rﬁ&‘fl@ pagitive for
tHeauasiabid\3 GloRt Rt w@yﬁ)érfdiﬂk&%?%ﬁﬁcﬁ%éﬁ@@t ed cell sorting
(FACS) in a FACScal i bur (Becton Di cki'nson | nstrunent,

.CA)  Cell cycle fractions were quantified
C@Z@ﬂéﬁ?ﬁ%ﬁ@e%ﬁ@est sof tware (Becton Di ckinson).
Caspase activity To neasure caspase-3 activity, cells

1R eellsi wesel pltadpanywdl okt Gywalbplatm fooR4:4B drandBhen fdlowed by 100
i RN BRI SAHA PG e Bencroot aBaisn st 4T, Atter 2¢h, the
deopp eekrordlovad kb d RiaceBRIBTREVRARR). CAMAR Wéie GREAQRVE crystal

s,positjve for

| |
_ vfo?et and 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-INK, JNK (Cell Signaling
Technologics)i Signals were detected by enhéncéd chemiluminescence signal by X-ray
film (Kodak, Rochester, NY).
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the caspase-3 detection was performed by flow

cytonetry. Colony formation assay 1000 cells were

pl ated per well of a 6-well plate for 24-48 h and then

foll owed by 100 20 nM TSA or 1M SARA treatnent in the

presence or absence of 4-OHT. After 24h, the drugs
Reyerss ransstipordd-Repl aced with fresh medium Col oni es

were stained with crystal violet and counted after 12
Ogayscropat of tothll RNAI frgmGedch saniplewas saijeded a0PCROWEN reverse

and,lysed, Protein. s lLes (50 g) were separated by ;
transerpionpiRiRe the, Poe Eéﬁmﬂ’r(iﬁ&%%Plenﬁe?h)ﬁsmréwgﬁ%ﬁwrwécmﬂS

R e R e ik o L B SRR Dl o200

cyCles) with ech eyclednnbisting afal dBratairigstéSontlaniGran 94 °C, an annealing

step B B RE, ol BB B2 s 73 8. The Sk ot

whf 9ghied biK.a 0¥ ddardse ol Q0ALINNE étl;:[ﬁﬁiﬁ'ﬂ kR Shd r?hgtographed

Signal s were detected by enhanced em | um nesceric

Reverse transeription-PCR One m crogram of total RNA
LutigéraS@fdposRibsaynas subjected to PCR with reverse
transcription using the One Step RT-PCR kit (C ontech)

R DR, BremelRE h? Sty plintoiSrleingals 18] 7205 and -

2015/-1888, 2 82 BubMCUSK] prbinbtep 2 L R00AN25 S11000/-2f6 and -
a denaturing step for | mn at 94 C. an anneal i

2882 overy fpreing PEL3dueifeRisologmrme Aicaees: dfadien, W)
Lgeififle Mol utre phiGmheT bl et DRSRER 3t T HeTuiG
celbsotverg piqitbat a dendity ofib tar B0 icelieper! wdhdf a ThevellrplarerBim promoter

seguences are avail abl e upon request. Lucjferase. .
IeEEET EPniAt, AR eTOCEDINAL BHE e Sastsdgintn BURIA gells with
BEN NSKDLRr RS 8RN $&ke, - Pk 5

the human ASK] %Eﬁgrmt er el ement s t??(%loro ﬁ%s%ﬁe}sé&ﬁ&ﬁgm the
lucifeose agtbdtiesrviere agalpyed 1985 e Wee BudllonHerabadystem.

pG.3-1uci ferase construct (Promega, Mdison, W).

CHiSatShRdTeprEcipiaBoP ACHIP) Ted_usi ng the Dual

Luci ferase system (Pronega). HCT116 cells were plated
a density of. 5 104 cell.s per well 4- wel |

e eSS B oot pedistiararonbgend ier B fla ey, ER-E2F1
eRPRESN RDHSFatAl Wikl SAHAANS T BE 1 GlscnBl Or HEEEnckOof ALOBT were

wth E2F1, ASK1l or Rb expression vector. Twenty-four
cresalinkediwigh 1 ¥4 fonmpldebydsrfor ihimin af room temperature. 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:JAA
(Ambion). The DNA recovered was Subjected to ainpliﬁcation by PCR using
HotStarTaq Master Mix Kit (Qiagen). Approximately 20 ng of the input and the ChIP
samples were used as template 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 primets for Bim are $'-GCTGCTAAGGCTTGTGTCCGGA-3 (forward) and 5~
TGCCCGCGTTCCCAATTGGT-3’ (reverse).
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| uci ferase activities were anal ysed using the Dual
Luci ferase system Chromatin i nmunopreci pitation
(ChlP) ChlP assays were performed as descri bed
previously for E2FI(31). Briefly, ER E2F1 20

pressing cells.treated with SAHA in the presence or
- RASuRREr R

©4-OHT were crosslinked with | %
f ormal dehyde for 10 min at roomtenperature.
BifospesifidesiBiN4A swabnegatine tonted] estRW) wete ipuiohasedf frd Sleﬁi\ﬂlgnahng

TSk, s PO 255 R ASETAEHL, Al Rt AT M

wééré 'uﬂzﬁgclﬁégd fioal DHagh¥Ehonad. (La ?ﬂé&&@oé&)) ( @%ﬁﬁ w%?enh@nsfected with

The DNA was extracted Phenol oroform |
LIE@thﬁmbleoBQOO Heeoiug I(EdbwemanhfaWEeié&J lprefotad dint the presence of
l[ification by PCR using HotStarTaq Master M x Kit

si 'gen) . Approxinmately 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 cycles of 94C/ 30 see, 60C/ 30 see,
REZGL3G see, and a final extension of 72C for 5 mn.
The primer sequences are avallable upon request. 30

Ef‘qu?‘g%%’&%%%ﬁ‘g?g“ﬁ“ TEEG o :"':g & @G;rcilrwgq gz&cer cells.

28 RNA interference Bimspecific si RNA and negative
Activation | of SEFRNA indixces ppoptosis Grotgho otepd3-Bipgndent agd mdependent

iR e PhE KPS L R st PEpiie PTo BYGRhREGRay and

hdsnb‘eefl bﬂélﬁyﬁt}:ﬁ&eﬂ@ 24005] 82 8T)e Tl AREdiipeletic Wepllation of E2F1
of ect.am ne, 2000 according to the manufacturer's

aqsw @51ivith indegersleat ehnp®. gte ussr Rijhgull REST FpgpellEprgstablish cell
: fraagi|

lfly oD eRpELaN: 1 BBl 13 HRNIMIORAMEBYIE (b CiE R alponsive
liggoigtinding doradn g tho titrqess -rd@:p&}ﬂctERt)(BandiRMﬂ) einsientprotein is
rqa*.[éah ae#gs WBWTh ewfg?mr or é,as gelgllg% ﬁ?ﬁdl ea%dt &wxlflngs activated
afi&! Addﬁmrcﬁqtewsﬁaﬂ&ﬂmgﬁ-ﬁé‘ﬁl translocafifn kO MRSHLRH &0, 34). As

the regul ation of” E2Fl "apoptotic activity | ndependent
exyfecisd3addigon o€ §-QBT lnulER -HAET lexpressibg selloledsbabitialg increase of

%5%%%@%%?%&??% ST e farkfs 135, 27, 35)

i gand- bi ndi ng domai n of the estrogen receptor
T(JER)!(:‘S!&)lte whe u‘EEFﬂumtbfntl@r om@cm isensitivation aifneedls to HDACIs-

dq ag& n%ééﬁe%é@g?, b)gete )trz%ﬁ ltl?espll cycle proialfés %y %’%\ég (ﬂuorescence—%ctwated
oell 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 indicafive

~ 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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after addition of 4-OHT by allow ng ER- E2FI

transl ocation to the nucleus (30, 34). As expected,
addition of 4-OHT in ER -E2171 expressing cells led to
a strong increase of cyclin E and p73 expression

A Eige al i Lar 6,0 27, 35).:20. .
e e e LSk gy ok i

ctivatl o

- imeasponsetaHDANCIef cells to HDACI s- induced cell death,

we anal yzed the cell cycle profiles by FACS

: i 0 ER-E2171 . . .
Y 4405 BT G PP B W v

dmﬁTrpntoasysteue bhd amadditiosalncelIERpb) wéll ingc«ga'rpai; meﬂﬂlém ds&sarcoma
ol Low,n reat ment._wi t he ACI s AHA or TSA in
52 S G A3 TR Lk 415 tathrettierBA, apiwpeing adenovirus (Ad-

 E2ENY 65601 tnboirus{ AAT 4] néﬁg% |
app? oxi mately 13ngoétand 23/oa%'? sub- h%&g‘ig%gﬁg%[{sﬁ?gerTSA

typptiaant) Aglekavwn i Bigpdditinvably caskgldell denth fllobirighTSA @dhitment was
: ul t,ed i rked. increase in sub-@

S?%‘?‘i"‘gﬁﬁgﬁ\s%%?ﬂ?eﬁdﬁ% a‘{:ﬁ‘%&i‘rﬁ @??C&ﬂa- iwap'a%t Q. sugh |response was
oeaived faspidifeddd @ith AdLadZ heRARGINs ard [ Sereement with the data

syn%ggi iti c effect was however not seen in the contro
fram ERCEZEL sxpressing) gells and degeitlcn| witheEigh tlb-cvadeady dhdigitn dht E2F1

Wl . cel l right, 30 panel). .. .
NEFERoerOF EpRuss, HDACKIgho el o, B b poll death
poBAtiatiorSisRidepamtisnest p5Sgrseitisd i nhi biti on, as deterni ned
by colony formati on assay (Fig.1lc). These results 29

el aEph AT NGB BB e S0

Wpr@senedbatd8D AL mizht pronefié ERF b-nefliatcdide!l death, which prompted us
HDACI s-i nduced _apopt gsi s_usin

R P20 a5 oo PR 72 s e, we s

'&@Eﬂ@h@ﬁaﬁ%&e&ﬁ%ﬁﬁ&cwmqwmh o %%l_@lzpﬁagéﬂoﬁtotic BH3-

and _p53 nor mal ~16 cell's with elthe
b BeBs familyamembari Bins (30A37EarL) raenttoifentifieddiRfiomiget €9), was

B TP 6 P 58 RO g o,

e addfidho keOmii 26 ddi4 @Al 1B NhvedBigate SHMef LERPEY1 pro-apoptotic
enhanced by Ad-E2F1 infection. In contrast, no sucph

tRRgEls e vRkysds whused RddPEB to gahnineithd exprassions afta number of known

‘ L T . re e in agreenent wmi.th the data
TS s TS NS 5l SR A 5 B s
- Pimys, Nawacarel Bia, liy BRAB2EBepredbiig Ea26 kread SHEXPSASSH SAHA in the

sensiti zeﬁ?F HDA%%- inéjuqed cel|l death and that this .
REgInCq 8aprrengotle it (foe: 72. Heepansemalists showed that addition of
AL ttb VERADIF V 8 prORindf & BP0 b2 LB EENRY

HDACI s. \é P Sl ot o i sy ‘%‘#d&ﬁ%’ﬁse"g%é@ and p73
IEREpLiptacindtte desserl ¢xtatds tdaspaski; Bims Bamt and Wexa f@ndcdipts. Of these

SR QMR nERGR A Gt SpreS SRR wore forther upregulated by TSA
or SAHA treatment (Iig. 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 HDACISs, was induced
by TSA and SAHA as expected and this activation was not further increased in the

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

E2F1 to activate transcription in a target gene-specific manner.
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the mcroarray screening approach. BCL2L11, which
encodes the pro-apoptotic BH3- only Bcl2 famly.

menber Bini (36, 37) and a recently identified E2F
target- (29), was found to be markedly induced by SAHA

0 | activati.on ata not shown). To .
T fedrlind BRGEE B € ot PpliBa Shies i oSG attwelifsipaporin
cxptdssion, EE Ipapfoomad AiinRinobiol Qb4 €4S, EP Y, ObaéSifle 3VBnd p73.

used RT-PCR to exam ne the expressions of a nunhber of

Figyg\db shpye that dregmpent of FR-BaFhipcoani Biny grotga dpatse c@ppared to
I not e Pu Noxa and Bi.

AU BELOL SARALSL O ES e ST AR s et o

the istrikliveg inpreaseinCmRNA dbehy ordfotindBitly (ictdised2) TSA and SAHA.
Ti re- cour,se anal ysis showed that addition of  4-OHT to

C‘Eﬁ-{%ﬁzﬂ‘“&kg}% iy aselysis, Paematprotsiny bivelsi wiera ot gffected and the
SN 7332 [ I r t _

D RTe MR R ot AklueciW, 184 RAFSUE b, Ths,

amgengethe koo@REN duroagbpBitin argbtscas hasesdve sy BEHS bpjrars to be the

wer e f; t her upregul at ed TSA or SAHA treat nent
PIipRLy. %%]) P“B@P‘ﬁ%ﬂ?& Lagget eSPrEHOBIS Cangtaniiatly oprrgplated by
HOATIS ity bothl ARBG mar@ro@ahnextd@mwg&&g@maéﬂﬂm'ép jrmed in

wer e, -however, not hotably upregulated. Intrigulngly,

ngrpmal huraprfibrablaseBMB9G celigrmdsasicosarvasa Barsaticetis uaing\Ad-E2F1. In
TSA .apd. SAHA. ctiyation, which
b CHR P afalbbf B 4 AR Byt AP el potig frcrcase
incith SiiriAsion corpadadittondistitfested Githvad -1 qey, O@g Zt‘:?:.tln contrast, p73
further incregsed in the presence of 4- . These -
ai?‘mﬂ%‘dgfesfl?g 5%%%@4- hapliggtive sq ipHlisisugasat thit IP 4 Glnselectively
biel =y~ hyat LRt o0 i tar
P P Plot Bt B PR U ROl i B st 0
EZ¥ hagtiatipn by dANActamge ,swhiclhlf resudts gh ;selbaivagflmwbh@lfi@73 31, 38).
retei.n . ression, . we.perror | n ot _anal ysi s .
C@?S‘%F% W’ﬁﬁﬁﬁ? %8‘@'}35&? of Titgy iy7the m@%ﬁ@ﬂaz@eéﬁﬁfﬂsgmﬁw& we

- obdePRiiMB&eaRll SRviiddnlof BEPERSE Qctﬁiitg‘kﬁfcfsg'ggé.d?me &Fage and the

~compared to cells treated with T RA or 4-

digruptien afauiechendrip magrebmng petehtial after fididsed THAStr¢dtment upon
L KiDQ: 1 Ner.ease i po RN evel s r.e,.not notaply .

PR ki Ddighy BGERA Dot Savgise, S i, nel peked s

apopadsyss(Fig. Syma protein |l evels were not affected and

the E2F1-dependent p73 induction was reduced by TSA

RGN HihrrabldR; copfCRE, APRUNE! N MR GH, won xors

abivdtiom. primary E2FI pro-apoptotic target whose
expression is substantially upregulated by 10 HDACI s

i.n - of el nclevel .S .observati on. wa
SRR, Mok B PR RA Bison war
actilationand esdeRBRY dORHRAGS 12 wfiehdcS Bigi &Fr _'r052§ri!d ahdlyzed its

both cases SA treatnment of cells infected wt
* bjglostontchestsu Toothif 4d T WOURCIRdr BRURE] cxpressing cells with Bina-

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-E2F]1 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 panel). As a result, ER-E2F] expressing cells

treated with Bim. siRNA showed a marked decrease in SAI{A—induced apoptosis in the
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in Bimexpression conpared with cells infected with
Ad-LacZ (Fig. 2c). In contrast, p73 and Puma were not
affected. Collectively, these results suggest that
HDAClI s sel ectively- 15 activate E2FI pro-apoptotic
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m&iares the bpdiédiopatntationR@bh BOF1 hdtiva@st @tedpofse to HDACIS.
sensitivity of HDACIs upon E2F1 activation. To

AR Ao B PSR el i BB LD rocputmst (o e Bim

gcnsPatomdidri nterference to silence Bi mexpression and

anal yzed its biol ogi cal effects To this end, we
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padsNiRREAH b Qhesh'%? Gl gﬁﬁesqtel':t?f': ﬁgp Ii%vealed the
n e ar y co

expressi on nor e an 90%
plaﬁmlce ohéur Mﬂﬂsmmladw:éd cbusmbnerzmlnnd:ag enatif ['B’L['ﬂf(C/G)GCGC] at

RS AT PRy et | K el 8RR i criasl 2l oo he

tr&zﬁs&ﬂbﬁon §thit BRE [FRX BRESEY Aétefink Svheltef #feCkunthd BirBi pfomoter was
si RNA showed a mar ked decrease i n SAHA-i nduced

WEV@SWS ERRLt we 1sgl_gt@r &% rgepomic mﬂfg(gng??s spanning the Bim
ofior bt “1S B0 B4 Lo s B etk BRnE onf i Jorsp e B2F1

binﬂdl.gcilte@ nfebDeCﬁV‘BNAThé ansf Bedrmans wefUtlbed idlo thf HegBiivciferase
abrogati on of apoptosis enhancenent by E2Fi in

15PQEHo rFoBStUSt JRFinenaty sy |%fr proragior testiviet.  Ths sepshues nwere then
coffankBbeeli’ St et rald Seflf mep# &ﬁ(vé*fblz g%cﬁNhS ef} ln?éreasmg

Bim5 expression alsor su te rease _
ameaithofr E2Pb mspresaing Slasimid Sagsha? wﬁi lasnorinafigationdcasitoh Relative

Ad: E2FI (Ei 3C n resul t sho t hat
i e BB G RSP0t AT ST 0L SRR Bl bfen induce up
td!BO-RolBAfducAbh itY PhdnRbted Aotf Qﬁ"iﬁ@re&;@rt&'%gkﬁuct ﬂk@%ghﬁms -1415/-
i nduce Bimtranscription rough tncreased E2F
2pécugigesimatthaioE2 Rk ISBICmab@nfa agirating ¢he Bim 1415/—205 promoter. In
contrast, Bim -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 E2F1-RE, in the Bim promoter.

To confirm that E2F1 binds to the E2FI-RE in vivo, we pcrformed 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 1n ER-E2F1 expressing cells in the
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10 BH3-only proteins including Bimhave been proposed

to be an E2F1 direct target. However, functional E2F1

binding sites in the human Bi m pronmoter have not been

previously identified. Sequence analysis of genomnc
bR OL B0 L entod BB B A Eor H L SRR S0P saHA
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prempisr after HI3AEY inhibitionds a@nampd ivgithothe pprogralaieen @fcﬁmﬂpyesswn
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WioooR. sEfputd FRopbues Tronss o, BEACH BRRAH shithg from
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activity of the reporter construct that contains

inactivates Rbsfamipomembagge8t ﬂ% resliingrp the petivagipn of ghepgndogenous

R e e

rediiujnse ThHDACK, wp utfatted R bERFI-tpe IR OF celld with Id'mxﬁressing

thin -1415/- 205, ear e be a ti gnal
&&56‘?&?@&0 pdsRONITUS. dagter o shaw %ﬁ@&{ﬁ@% < fectsl with A-BIA
e;afr.sa"s'%gfter B-'i-ﬂl SRNHTT, Boll Bder SAHA Rlefiflfont, Bibd Buthsdt b7R5vds Turther
Vi Vo, performed chromatin 30 I mmunoprecipitation
m@meﬁ) (étmsaiycslﬂus |U9@S‘ar¢e!almtexprﬁﬁ¢g AW verdy nauclk MOR sensitive o

CRpdngFECRERGRS 178 by %@%ﬁ%ﬁ#&%ﬁ (g, 5o right

p.E?izéE). E2FI -RE is readily detectable in ER E2F
expreSS|ng cells in the 32 absence of 4- CkW

ca ndoge s., bi 2F1 o t he
o el e e A SRR Tk E SPERGh Srer st G (VG ed the impacts
of mﬂm%nrorms llz)ggil:brbdlif%:hf@ BhdNal Eé}ﬁ%ﬁ& & nohﬁ?lt diploi® hesan Gibroblasts
, I Ndl N e I M pPpronoter was
IMRéﬂu qalls 2and) transfermeds %@eﬁs ﬁtablygﬁmmglg/\&ém dy dperresponse

SBLBE L  S9908, B B0 g iR Mt

nonspeci
tdagsFornidil BVIROO nelis {Bigt 5h). tHoviRiver, heirmgl MR@OM&H& vte&r gadically not
of E2F1, our_stud igﬁntlfl ed the functi onal

TePABTIYG 18i $eHh 2l e Thiinth indycingo prorieds %ﬁ%"/"%u?‘?‘ﬁféﬁs the same

‘ nggfr@aﬁ 12k BA- th D 3forhOF DORIB Teltd ufieredOf SRR SPOPRREQ~1d8%) (Fig.

5S¢, 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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pronoter after HDAC inhibition is. associated with the
upregul ation of Bimexpression. Rb inactivation

i nduces Bim expreSS| on and sensitization to HDACIs. 10
We next exam ned the apopt osi s response to HDAC
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pat Greuehghednduefiopod Biting after SAHA treat ment, Bi m but
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normal and transformed | MROO cel

ERBlsiFYA-tiestedetells RG0S efghs papelp 16@5& t;-au!ltsyclnaﬂy danonstrate that
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&P ACIansformed | MROO cells triggered a strong
apoptosis (-' 60% (Fig. b5c, Ieft panel ). This
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DR ey PSSR & ey Futforibs FCHRDe Py el (63). In s

- cell systdm, EQEMS ARBEkO theRebBoLohPicBStMO(ER)AGAdIAg \?Aﬂﬁﬁm (64) and ER-

reduced by SAHA, an observati on consi stent
BBt is @viévatsdoby ERnligand | 4-kydrexytamokifano-ORAD eidesaribgd previously

i i E1A ,C I fic .l
Gl BTl Bl e g6 rDAG ARG SRM A e Hackeaty
ibehrased apsptosip APGEHEF Eholived @i B $iGHTI n nor mal | MROO
cells leading to the increased 5 endogenous E2F1

Hedetgimpipe §1a1§?qp¢%d)r9$@@ethefe¢qn§1%esmm PAdlfinguced apoptosis as
AP0 AF '@thacltﬁgﬁ&n, W& 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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part through the induction of Bim W further used
Rb- deficient Saos-2 cells to examne the definite role
of endogenous E2F1 in apoptotic response and Bi ni
i nduction follow ng TSA or SARA treatnent. Saos-2
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array. We began by defining apoptotic genes activate
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tigal-yzed and di splayed in the Tree view software (62

. -

t had bogn fesorbesl npur prEvisrus 2pelyafidpt Biise obstraatinns support two
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“regul ated by E2FI. Anong E2FI regul ated apoptotic
, BCl2LII, TP73, CASP3 are previously known E2F1

Baf&logeRRE MR a5 LY BA HeE ik ALK Péxpression.

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 ASKI 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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E2FI. In addition, we found for the first tine that
RUNX3, ATM TP53BPL, RPS6KAl1 were al so substantially

activated by E2F1. 5 To identify SARA responsive genes
that refl ect the E2F1 apoptotic activity, we next
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ofFREL 53 BanlSifihe biofiPiebion ot Pesil e dnpiuing the putative
FaB Mﬁ@ﬁ@ﬁt&%h&p&ﬁh@%ﬁu&? hiquldt Yoﬂ%&‘fé‘ﬂ Bcfi’stltu@fsgﬁfs can be seen

.gene-specific manner. (2) ASK Fl -regul ated
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phdéter. n was accumul ated follow ng 4-0111"' in ER E2F|

expreSS| ng cells (Fig. 7A right panel). To ‘
Tiorsranting tteeimtien esruit@iit of TFd stoithe ASK! gene promoter, we used the

- ER-E2F1 or a DNA-binding deficient mutant (ER-E132) expressing cells to perform the

chromatin immunoprecipitation (ChIP) assay. In the absence ‘of 4-OHT, anti-E2F1
immunoprecipitated the proximal region of ASK] gene promoter from 273 to +125,

| containing the E2F1 motif in both ER-E2F1 or ER-E132 expressing cells, whereas

contro] IgG did not (Fig. 8D). This indicates that endogenous E2F1 binds to the ASK1
promoter. In the presence of 4-OHT, which activates ER-E2F1, recruitment of E2F1 to
the ASK1 promoter was substantially increased in ER-E2F 1 cells, whereas the activation
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associ ated with the endogenous E2F 1, we arrested the
human osterosarcoma cells UW20OS 35 in GO d phase by
serum starvation (Fig. 7B, left panel). Expression of
E2FI was el evat ed when serum starved U2C0S cells
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del etion mutant for reporter constructs. As can be
TQ emshgam Whetherg&SK1 hetiptonitiRractivity thrdughdhhibittonlof Rl lwe used

R ea it A S T e R

refalagom 6ie Biae proMbent halvit? "Tnbﬂiédhﬁﬁ"e{a%'r‘égoﬁé}atassay, ecotopic
nmedi at es t he i nduction, we next measured

eHreiioneel Bkl wtﬂ;atqsistg premetoy endiad expeotednmuaﬁzﬁl fifitetion was

N, 90 SRBSHEURRS R, B S8 PR YR s

exlﬂms[(mslﬂasrﬁa Fréversealntha Glepmivieceffdd€of RY dnHA0 -Re@aRliaictivation of
for up to 12-fqold, suggesting that the putative 25
BisperotboigeiFig Wi Lhys, icsnrespitsyuppars tiegonclision thas K | induction

bR RSRRVE Y
F he in v‘lgvo recr th%ﬁ:ﬁ{onbgn @%ﬁlpﬁ L}%E%g%rsﬁﬁg ea%é@ﬂ}' Hirough a
ppsivvofeedhackioopsed t he ER— E2F1 or a DNA- bi ndi ng
S%C' ent n’#z t &5{ I‘eSSI ng cells to perform
PERIPBIER |“E ‘i“@ﬁ (Chl P) assay. In
MidRafRp %51951§fas4s% ifig - E3hRdicates 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 ASKI1 promoter, we performed the ChIP assay.

Indeed, under the SAHA treatment in the presence of 4-OHT, E2F1 binding to the
ASK] promoter was markedly increased (Fig. 10B).
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30 i munopreci pitated the proxi mal region of ASKI gene
pronoter from-273 to +125, containing the E2F1 notif
in both ER-E2FI or ER-E132 expressing cells, whereas
control 1gGdid not (Fig. 8D). This indicates that

| Tg?%géﬁ%ﬁ%&&?k%%@s%lgfe@u%?%oﬁl inddetddy SAHA,

wee compdrod rthe ofMERXN " ahdt BVROD ecASKktablyo eRfressiWe E 1A oncoprotein.
Csubst%%{n.i al, | %c&gﬁﬁed, i.n ER-E2F! cells, whereas the
QRSIPGRY i the f BFHYYY i RO O Argedls, thasq eells egpress higher

1681 of MY DRt QphRAse RSHIkSe Afts GRA ﬁﬂéﬂ? t. rtet{:eiaﬁﬁgntlASKl

activates ASK] transcription a
expregsian whs fiethen inda®id (Fig dliCt cko EaErnine thevddfnitt holo WFIE2F1 in

: S%ﬁ‘ﬁ‘%‘“&@é dlﬁ%fegﬂ&g% %&fﬁ%‘gggﬁﬁ/ %M I(Sé }é]bﬁg,ﬁ%ﬁl, grpression

in U208 o¢lls afd Boamindd {888kt bR A 101 b&%ﬁﬁ%ﬁ% {fpptment. Fig.

activity. ASKI has been recently
108 showe tthatndAHAaipriieed: ASKREXp883ion Des timbsieri20§ cells and ceils

' ot pPesSiDLLity that . 4.nducti.o . i
RSB PIRKUDb ot bR 0K B! OB RR) i,
Thkai tdgethef, ethearisulty Ddfeaty tHal bbttA6deéhdvk. arfd YRIbeERIS E2F1 is

ossihiljty, we determ ned whet her ASKI knockdown by

requigrih fordbe Indpeing of AYIG naesnease SAMAE2FI targets. In

' N ion of by
ORISR S deifuces o Bl WAl By S 2
Vé¢ hrext ERéhined athg edole p7 ASIB] nnaBAHAyduCedEapdftodid werlting from
t hat ti n.of,[AStﬁl by. si RNA not_only __prevented
epibabogs AT ARt Toythis. 634 Weruse SKL SRMAL foaredyce the ASKI
clepRRai 6 Th EREIM datblek 2 6 | b B g
g%@. _This result g%gégiggs?%lstaﬁgt%b i%%?%ﬁﬁre igfué tiE[é%:ihg level of
aperiods fdlpwieg SAERA reposint inan Edéldidivktief (et 110Y). Eafdistent with

GO O Al AP RGO o

ABK deplesonbRbdltedlCihinvirked fdustitihof BiM Bi fospohs@o BAHAVFig. 11B).
‘gsgg the E2F1-responsive Bimpronoter to test the ' )
£ 18%¢ PERVIoNsly deponstrpted that JE 1aBise pathengy| playsomn tmpasiant role in

% Vi the-k tG reportef a :
DA RRIRE LAY e, ity B DERSRT ShPRRIPE Py AL can rduce
A eapopiopie aleggbnbd idsof@F impairiag iven intastiad of Wb ithed obiérvation
co-expression. of pRB (Figure 9B). Further introduction
seeclahat B, Aotiveamipespioans ff e ASKI-Eak fordbrrbgaeduleis neosssary to
tpef ; - ' ti-vatd ' .
O (e apBPLoRR i TSR A HIIACR e R IR Bl il (e increased
Buwadivityhat ASKI i nduction by. E2FI results in Rb
LhaGgtdvati o and t hereby inc¢cr es E2F1 activity )
P e, AP S P! B2 SRkt Sibtransduction
pedfayraadladiod JNBKAnd ﬂl@ Y88 1Rfogen-activated protein kinase (MAPK) family

leading to apoptosis in embryonic fibroblast and pheochromocytoma cells (70, 71).

Given that ecotopic E2F1 expression results in ASK1 activation and promotes SAHA- -

induced apoptosis, we examined the INK-p38 activation following E2F1 activation and

SAHA treatment. The activation of JNK and p38 MAPK in respdnse 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-JINK following E2F1 activation, SAHA
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M croarray analysis as shown in Fig. 6 indicates that
ASKI, like Bim is weakly regulated by E2F1 and this
regul ati on, however, can be significantly augnented
foll owi ng HDAC i nhi bition by SAHA. This observation is
further validated through Western blot analysis in
treafmen of beihy indicating theinraged; apaptesis ot dps te dignnereased INK or
pﬁmﬁh@eﬁfo 30 the increased ASKI induction by SAHA upon
E2FI actlvatl on is associated with the increased E2F1
recruitnment to the ASKI pronoter, we perforned the
Chl P assay. |Indeed, under the SAHA treatnent in the
of 4-OHT, E2F1 binding to the ASKI pronoter
D\gs)aggggﬁszl y increased (Fig. 10B). 37 To investigate

whe r. .the endogenous E2FI is_required for ASKI
m&@@ Iprppresparatderegdo be msamising shemofiRoweulitiagentiotie to their

- SRS LAR MRKPRERY Ot A SREDRE Tl T ERERISARY of thse

certhpamds & dre ot mlvbd ghestions @) eTheofesSkKitsaibed bageasetiish the

to the ce and after eat ent ASKI| N
oRRBrE bk Sy ™ FECRE HIPAGE Fdcjcistiate that HDACTS
R dHifient dpRptafs tﬂtduﬁh %@ﬂl@aﬁ%ﬁ JE30F1 i dpopteEfud el GBhortantly,

KI expression, we used the E2F1 siRNA to inhibit
“Ezﬂintefxqﬁr Bimi ama drifica agdingdr] i Hisl peocass. ridat iRWE fpethway is

SRS LSRR Rl o SR 1 Bty

tld2dpSeetle IchfrympCenbehded Ezmme Wdfthe B2&el of inRNéeu#t cofitions for
control siRNA effjcientl é i shed ASKI induction. 10
S‘#ﬁ%‘é’#ﬁ"@&@f’ﬁ%‘?‘“‘ ?ﬁﬁ@é%ofr% AGls TAkECiaeRiherh e PoSE fhat tumors with

| nductl onag? ASKI i n re p%ﬁ)glé(’ﬂt%eg Eﬂlﬂa f‘ﬁ@‘f{ﬁ% Spmiﬁcal_ly.

sacsitivedt FOM Contiibitat es t o apopt osi s induction by SARA
W next examined the role of ASKI in SARA-induced

L@@aghgiﬂd&cmg g\m%gf%ap gﬁﬁﬁghtﬁ%ﬁ@gjgﬁggémﬁ&adoééﬁevto sifulate cell
ceslp pregressoni de@wEaﬁbhqumloa,slsutng a]selelqmppewl mm sappressor
K 1 | f t fol l
N e RGN I AT T

RS IRARIN ofhdrthal BB, Al B @hcAIlLs Mis H&hﬁﬁéﬁ fid ﬁ%ltly controlled
f eedback regul ati on on E2F1 activity, we found

OAskaabtfépﬂOeatl oph MabigRAnE eytgrowika Hhe@fqre,d@ctapwmappmwmmfor fully
ES50807 ot 21930, (o ooftriElinayalll SFBFoL SRl T b sppocprually

'ﬂé@ﬁlﬂe Itﬁ ZdhidvAldmdragedifié iaRHentemt Thusl NIRitatidihioP BRI Amediated

of ASKI expression by si RNA can reduce SARA apoptotic
tREehYHPEsEOr Tynetion thf%lﬁh EHIAE Aehibitign etithont emsme RN Aamage may

b S, e
SRR G D B USRI Rl vt
utilizing this strategy is obvmus‘ 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 ievels by HDACIs upon E2F1 activation. Moreover, silencing of Bim

expression by RNAi efficiently abrogated the cell death enhancement induced by

‘HDACTs in E2F1-overexpressing cells, indicating that the sole up-regulation of Bim is
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pronote the apoptosis in response to HDACIs at | east
in part through the increased E2171-Bimactivity. 25
The ASK! protein connects to several different
intracel lular signal transduction pathways including
JNK and the p38 nitogen-activated protein kinase
suffispmt) to fdsive Kthese ¢abladitogtiong apepiosis Mmi in agndmpyptotic BH3 domain-

n ochr ma cell.s.(70, 71

ol RS FEBBRTFRGH, AR SN FFhst fiic Apdiagdd pashviey Trough
advaiivRof Baxape, 43, om;t e:anﬁﬁaﬁiy, 'H@NG[%dtréd@ﬁgﬁtol%'sﬁts ¥€a marked

exam ned the JNK-p38 acti vatl on follow ng E2F!
ingreass 3 ithen caghebesd aciiyy end RARIhcleaTige ascwell asitbe <h$ruptlon of

S t o SARA.was

AR B R e Rnf AR IO LBt R b g T W do no

exbddec thepdssibilitp Iat adhdtionat o0 Btheriptbviokki®) uniliéhtified B2FH] tarpets
sing.cells, we _did not observe a consistent

gt AI5R SenTie 49 BiessoBTEHion 96 apopiats. Blevpisiih dhe Ueady complete

alif’rg I cati nggﬁtﬁés I%%E'Jskﬁéﬁa{slglg %g S{:\%\g@ | SE(%%{[I {CS %at?%[{n plays a

cénteol s indhi3Ikoess. p38 act i vat i on. DI SCUSSI O\l 5 HDAC"
inhibitors are considered to be prom sing

ARG GRENLG RAG Sie Q) Stﬁiﬁ)gﬁg groéﬁ%] §&% XsePuqxa and Noxa

activity toward cancer cel asl's
altetmnsraf&eteddm HDtég,C afhibities,ealbeib they Lune alsb previeushf 1delnﬁﬁed E2F1

ol d ues The resuy]ts .descrihed, he
tagels (¢ il &ﬁé&%@% (patefiptaies fhe, SIFRAG 254VaLiop HgERF1 target
g Hﬁﬂ&ﬁh@@ﬂ%o@ﬁﬂ@@ﬁtﬁ ahebdengire iy fepoftéd BLESF1 activity can
efficient apoptosis through activatiion of E2F1

- bapepdwiated thrapgh insreasqdrpentylatien pt Iysinevmesiddesnati 11%di 28, mnd 125

0850, b SO O BB AT T, T st

E@Eh d:ﬂg& wﬁdaﬂdnamgthSo@iﬁﬁﬁ efithihtdhded akd:t Jatioh BF'BRF1 since the
cells carr enhgnced E2F1 activity ine a set of
ayIalion 2 TEBTRPHP 16 iPirSuch @ et 14 9733fwemﬂqunyrterlead to the
t h
Sﬁéﬂoﬁ%s&tﬁg{tﬁﬁ%g&?@%é@%%&gﬁg ‘%gn?%ep S\!vé f(}dﬂﬁtth?t acetylatlon-

I rnme Fegul a

d@ﬁCIPﬁenEEﬁlEMZE\I\MHwngIaﬂ dhersips of ’thedhfdc)lysﬁ& to arginine did not
DAC i nhi blto s. Lik at of qQncoprotein
gt finfats breHor i ssuelas gﬁ@@@@tﬁac fegbonse o HDACT

(&dth et @ﬁcﬁmel Thus¢ ¥6dHe a® léﬁaéteéfSH% {%ﬂ fikd the result of E2F1
proliferation, but is also equip E

%%@1@% diself. o principle, btycmﬂddm d@ apephtﬂsﬁhs acﬂ-?b'ilfﬁwn of proteins
bR, EnlB AR P BT el ihinent e BT, subsequent

atdtiyEating ohisiones dfaffcc@hipkomeept rol 1 ed 20 or disabled to
al  ow mal i gnant outgrowt h. Therefore, therapeutic

PRERLO4Y, QﬁﬁiléS%O&%!\tYDNA 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 pS53 targets and participate in DNA
damage-induced apoptosis (49-52), there is no evidence that Bim is a pS3 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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restoration or activation of oncogene-induced

apopt osi s appear to be conceptually feasible to

achi eve tunor-specific intervention. Thus, elicitation
of 132171-nedi ated tunor suppressor function through
HDAC i nhi biti on wi thout causi ng DNA damage may be an

pratein ditrisy dMAPIR) guthway 655DV end gatieipasp@ciapbptosis induced by

kil.lin The.f herapeutic benefit by 25 utiljzing this
- oydoking wythdraw. Eﬁ% 355: appearg {q %qpe@r%i et frog thglem of BH-3

0189 $rSteRE 8Rd ehRrdra3B keyl nedidor o%ni:%%ﬁé-ﬂdu@%ﬂk %@sﬁ, ¥hereas

ey nmedi ator of” E2F1-induced apoptosis prov
PupaCNoxa, oo Bad pre virboasily insdelved fih cINB2 Bimpgeo apd gisdtmediated

ol S BT SR o oy oAb oo
‘Mye-ih@idad lﬁiﬁh&ﬁ%%?eﬁ@@@!tﬁb@gﬂt LN cReaPWhERAGE 8 wm&% Erget of

activation. eover, silencing of Bim expression by.

Myal akenftpgathans Bim appeatidpdg a key medidtoretancogavksndisad apoptosis.
i e . : ' F1- gyer.e si ng,cell s .

9 A Ehohoq 1AL Rkl ek B33 56 KB TR Baiafo, paptotie pattway

might fiediesrtd coapldronvegchiteRsiof€id SrdePtotachicve g RIMICREORbIBeostatic
Bimis a proapoptotic BH3 domain- only menber of the '

megavisty. o pqAiioR arrerigiadicatenthor HRACK Bt aSilikely Subject to

cm&m&rmg%% Gtibal nWAnddr cHfx (36, 43, 44).

Consi stently, S treatnent results in a marked :
i ncrease in . the caspase 3 activity and, PARP cl eavage
In, supmapy. gue fge cﬁ"§1se&ﬁﬁ ity shey thahiincseasesh &Fprsw%ﬁﬁr%’fé or R
iddeh@ohatsull ifraFste ' ¥ i
ir4ok | # i 2l &oﬁgg{oﬁfﬁﬁﬁﬁﬁ bﬂ %ﬂ d@gltlcl,éﬁ%\[)?fomsmﬁng&tanﬂy,

excl ude the pos Ity t ion~of ot her

- this bad beesl demomitated inf hewnaEABtsus Sagsforsnednietib aindissongly supports a

ook RSB BLAR FEbHEP By el pim i e o
PO Waldé ipsedictive irharkat AN chy dBlermink RV CPeEndendd %gﬁ%ﬁd to the

that Bimplays a__central role in this process.
cpmenlygeh gesijaed histonss, since HBAGIH induedlarpeBiastybatiop of histones in
ol £l s, P ( are not af ted..b

oBfihdt i idhaf oSHUTS, PR BBRQITHT ofhod i REadib but psa-
mddpetdent egofifddid providgetis pRARY . of ThSicHM| @t kétorbBGi Bf oncogene-
.that dictates. the selectjive activation of E2F1 target .
“&jﬂﬁ%‘% apRPisEsArItot sagsing RNSvamage ina feapblerstigtegy ifer eanger specific
theppRrted that E2F1 activity can be nodul ated through

I ncreased acetylation at |ysine residues at 117, 120,

nd, 125 15 thrqugh hi stone acetyl|transferase (HAT)
@cf#%‘gy-aaﬁlt@@%: 65 Fﬁ’mt.s et ghight be smvalved i e process, we

iﬁtefrsgeltte@&ki AL R EHRE of mﬁgépﬁﬁlﬁﬁt%p §M a%(? ¢8RS£ 8h the gene

acetylationm of E2FI" since t acety

“expressien tipmgenoffZRtapoptosisatlated ppbS. BudstpdBisviaiime kvithvthe previous

RENE TR S T R i T
the intrinsic apoptotic and receptor-mediated apoptotic pathways (65). Consistent with a
possible role of E2F1 in SAHA response, a number of E2F1 targets, such as
BCi2L11(encodes Bim), CASP3, APAF1, TNFRSF10D, MAP3KS5 (encodes ASK1) that
have been identified either by previous studies or this study, are activated by SAHA.
Importantly, upon E2F1 activation by 4~OI—I'I_"-, inducttons 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 enhanced HDACI response resulting from E2F1 activation.
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deficient nutant ER-E2F 1 carrying an alteration of
the three lysines to arginine did not 20 interfere
with its ability to transactivate Bimas well as the
apoptotlc response to HDACI (data not shown). Thus,

“;2% qg effect_ of HDACIs is not likely the result of
EAPW hers Using R integferepce a5 well pna idpmenant-negative mutsat of E2F,
| G & P i
O AShCLa Bk kot Mo MO R FREL AR re T GO asic
indndionubs e\t ASKCetiy iatdived of rdultipleo rsigpaling pﬁﬂhﬁwﬁjﬁi Géidmg to

r onot er.s Pr evi ousl di es_show t hat
al%Pgﬁﬁt@ E‘é}2:51 t i b gepasisd et &Sk raedjpted @@p@ew i mediated
C
ki CbhoSphcRkitiond b ﬁd%""%%ﬁf‘?“ak%ﬁédﬁ&h Op3E e IRES signaling
aliwsdunm@e cellatsystomt knfaet, weadid aot okmtveoam imtreE2BIp38 or INK
Qpt o cfunctlonb doe uire either
PR alitn i s X8 B etgn, FuEEETIDE Bet the

 cdfventaADkSIE iof B8K1 Znf@Bplovic ffﬁﬁ@ﬂ%ﬁ @Id& cla%'bh@n@idﬂﬁﬁs process.

BH 3 only 30 nenbers such as Puma, Noxa and Bid
Impartaptly tesr gave theid ASKd koogkdowni by DM dmﬁag@wﬁnmmwﬂ the

uﬁ@%ﬁ%ng(?f'g r% ﬁ&hﬁ&ﬁdméﬁgpe BZ# 8?1({1 11%1']%}1\{1138 I)t,hus propose that

' a dppbradre diubytiar oMASK Rdhduction dizglif thBrfesdback regulation of E2F1

%wsphatl dylinositol 3-CH kinase (PlI3K)/protein
WYse B (PKB)/ Akt (53, 54) or ERK/ mtogen-activated
40 protein kianse (MAPK) pathway (55- 57) and

d b i 7
T
aaimr Ineadiition, 0E2BH- ativioy | itight omu b6 @@ﬂa&ﬁeﬂﬂ@ﬁtha& feedback

nedlator Qgene-i nduced apoptosi s, where
%iﬁfirf E %F@gﬂr&%ﬁ« Fpyinstanes, dws b ﬁetml;mm that E2F1

priare st ESich st 1925 e SRR, CHIEE ftin

-0@n&@@énémmwymenducedwuun&mnghnedﬂ&h@ﬁSbf tlougdtivity iasd Rb

el BRG D 7 (oSt Rt SEon el sl Anris gphibicory for

Rb@ﬁ@ﬁﬁﬁ(ﬂéﬂl ki€ SiEbva ﬂﬁa@%&h&dlate& Eeﬂrésﬁihlbc-f Eﬁﬁpﬁ&hﬁ)@ertabﬁ{*atmn by
in tunprs where p53. is lost, Bimnedi ated apoptotic

EZE{ iampe revassnd bie ABKYl evsTaxpuassion.o Vo grpose has AGKd. induction by
' | -safe h
ol DL AL G0 TESF] e B iicn. T,

EﬂBA@Iaﬁ berregulated | bykigdtl pobibive Ghd hepati¢h FARILES Mol RHILh its
53 nutatjons in cancer cells. I'n sunmary, we have

slgshese The [weressianef Bie industion anddnbibisioprof@poptpsis inguction by
t
i) PAGTIEASE, IRikddl Dbl A0 AL s o

S been
Seditynisduced edili dwaﬂnbmbteumslugﬁzmamﬁj apopdiic akivodanslithough the

rSeiog QA B A< soPioRRarE e TR A gL cow dta sugacst

that the concomitant inductions of ASK1 and Bim reflect the efficiency of the

mechanism through which E2F supports the sustained Bim induction that is central to
inducing apoptosis.

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

modifications may be made whilst remaining within the scope and spirit of the invention.
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nore valid predictive marker that can determ ne HDAC

response, as opposed to the currently used acetyl ated

hi st ones, since HDACIs induce hyperacetyl ation of

hi stones in both tunor and normal tissues. Using

HDACIs to pronpote MR-nedi ated but p53- independent
REPPREDNES provi des the proof of concept that

restorati on of oncogene 20 induced apoptosis w thout
1.cauBbngliDBA Glahalgetons, R. We 3 iSaligdesd, Nt £9QR00DY ChaCaHcer Drug

specific. ther apy To identify additional gene

el dEEAE2:t334t53m ght be involved in this process, we

interrogated the genom c response of HDACI i nhi bi t or
2.8A|§Ahmncdaef RcWs &dLizht, b, (00%) Cender €88 kprs-ghanges of

220 apoptosis-related genes. Qur study is inline wth

th V{ OWS t af

3 exg\ﬁ%g(gl tc))n}d{‘df[gl\,é ﬁ’%d'l e gg%gwg%o& éﬂ Q qé‘ tAh é@ﬂé éurr Opin
I Nt@rad$ 13, 4303t ot i c and receptor-nedi ated apoptotic
pat hways (65). Consistent with a possible roI e of

SRR o R RS

I\/AP3K5 encodes ASKl) that_ have been identified .
Sei therd- I@WD@U casPoZbeng. §..Wamsil, RaPe Jr, Rifkind, R A,

actyvak k{jinag I :
act i vatl on b B%—H‘ I nduc %’%g OT(ZE@%J(?EI{&%%%Igs,alr%l-BO.
SK@V e fur (e éncreased by SAHA. Thus, in_addition
to H@'e{'yr 1999 deamatolagicaBhSupal EBAALST3, ASKI

appears to be anot her target gene whose product m ght
TparKelty, pet K., imConm:e, ©@nhgikreg, HDACICHigs POHS eldaﬁeyu IML| GOrley, T

1 iqn._.4 how h K
| nearGregnrsCat e Bl Tavk, Wio RO Triog SHREmiraRichatdson, S.
E2Fchy tinabiAeks ., vars, @ e CcHeR 8% MEnd2 V. Mf\%?&%;} / Clin Oncol

activity is required for the ASKI induétion
ASK23,i39234300l ved in nultiple signaling pathways

| eading to apoptosis- (70, 71). It has been reported

- 8t hawodiifd, MIE i@ MBI B S& iTfep gﬁdra(qwb ﬁBifohtﬂHﬂf%s 17174-

t he phosphor yl atl on and activati proapoptotic p38
and2JNK signaling pathway in some cellular system In
fact, we did not observe an increased p38 or JNK

9Ph0RRJh@ﬁyVaMOEm'ilﬂmi &5 PRI, tEJ ﬁ%ﬁ&\ YPMedrAl IR, Rifkind, R. A. &
activation, ]&ggestl %t hat 't h convéntional rfole o
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ng the suitability of a cancer patient for
treatment with a histone deacetylase inhibitor, the
et sthoddapadseising the suitabilgy af bicah@gpetidnt fargehendht with a histone

he patient. for, el eyvated E2F1 activity. 5 2, met hod
ﬁﬁelee‘%‘%FeeH’?\“HEfa awséf*a (FRPIPEREr BiSaxiRg At lﬁﬁ?ﬁmf faple from the
Eﬂ%ﬁfbra@eﬁt%mpﬂaa%?‘pri sing selecting a patient who

as assayed positive for elevated E2F 1 activity. 3. A

. tr ing a _cancer tient ergin
T bl FEBung h SRt ficat R Frimenliih S HRG the mettod
eoifipriier Ridetibge Eﬂﬁ’éﬂt hb his ERRFRT pdIRe IGANER-IOF LLYRty.
for elevated EZ2F1 activity. 10 4. A nethod according

0 cedj claims .wherejn the.cancer .
oA TG o Rl Rttt SRR S0 g mifod s Wating e
paticnhwithadOAE] ahd edsieincths patientisWadics AR BBayed Patilivefar elevated
%%?nd funor, pancreatic cancer, glioblastona
L P9'%5¥%a and mantle cell |ynphoma. 5. A method
according to any of the preceding clains wherein the
dné orthudr sccofbngitw laoygiof ahe paegelimig claimsdwBertinSthd@Sncer may be

gﬁlls Hg)ody fluids and jsol ates thereof etc., isolated

peird e Jhe oW CPRYRINE QL viefinobiastoma s breast eappers lungy cancer,

Edlitiafls pPird. tuolre SRMeMd Rt SiiL YT

HDA(%%Si n the manuf ac?ure of a %E%gil égsgér%%t‘ﬁ%lgr tlgwleérld mantle. cell
Ot of a cancer patient whose cancer has

assayed positive for elevated E2F1 activity. 7. A Kit

\shen rhicthel iabcdrdimgt 20shyobf any précelld BRinds WheRin \WRELRE MNor more
%Q(g kit conprjses one or 20 nore reagents for use in
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Gonisp o ripaTin e HapuBihrecel smedsampmofor ik hevacaicata cancer
Pacbe vAREE B ReOkas U8LSES boWlivt BREKSHPEIE LLEAY.

7. A kit when used in a method of any of claims 1 to 5, wherein the kit comprises one or

meore reagents for use in assessing E2F1 activity in a biological sample.

8. A kit according to claim 7, wherein the kit further comprises one or more components

for use in performing said method selected from the group consisting of:

(a) a labelled antibody or nucleic acid probe capable of detecting a marker protein or

marker nucleic acid in a sample;

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

the sample;
{c) instructions for intexpreting the results obtained using the kit;
(d) a buffering agent;
(e) a presgwative;
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mar ker nucleic acid in a sanple; 25 (b) neans for
determning the | evel of the marker protein or marker
nucleic acid in the sanple; (c) instructions for
interpreting the results obtained using the kit; (d)
a(grffering %ﬁent; (e) a preservative; 49 (f) a

pridk BPFPERRORIZngREcalhent ; (g) an enzyne or a
substrate for use in detecting the detectabl e | abel;
an(@) at khzyod enveesubstiase frekent datectingttheeditectabisalabenind 50

(h) software for selecting patient treatment.
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