WO 2013/ 052006PCT/ SG2011/ 000351 1 PARP-1 I NHI Bl TORS FI ELD The present
invention relates to the fields of nedicine, cell biology, nolecular

bi ol ogy and 208m8ti06Ss. 5 BACKGROUND More t han 350 poirlsiG2en/opessp! e

wor |l d-wi de are chronically infected with HBV. These peopl e have increased
ri sk of developing liver-associated di séases such as cirrhosis and HCC.
Treatnent of HBV infection relies on the |ong-termusage of drugs. These

i ncl ude i mmune-nodul ators such PARPHANHEIBITORSIi ch is not well-tol erated
as a result of severe side l1lOeffects in many individuals and the need for

injecti Oﬁﬁzwas wel |l as the use of nucl eoside anal ogues that inhibit viral
t o

replication by targeting the HBV pol ynerase [1]. Nucl eosi de or nucl eotide

anal ogues, tmgﬁi fREnticH &1 setsmh@ﬁadmgmwﬁnb,d&ﬁ!bi&la ,%&ECLHMiSI%%aS

t hey have re In the production of multiple resistant strains w
| ong- t erandyzagics. Whi | e new anal ogues are available, with time, the
generation of escape nutants is probably inevitable. 15Desi gni ng new

anal agu i ly not the | ong-term solution. Furt hernore, the
per si%gt g%%%'i%ﬂ)ﬁgév | evel s of HBV DNA | ong after therapy suggests that HBV

replication ngpy:d @aR850 Hﬁltli%n}ff@@ﬁle GRRALde AR AHrEniCAIREInRYRUWIAPHBRITheREPOr T S
i ndicating that vaccination is ineffective agai nst ‘certain genotypes such

as the hpayppleyhaveinta¢asebrisk 9ipdevElogingdivennssecistsdlasenses isaeh asunirbesis arslcldChat i on
strategies may be ineffective in 20containing their spread [2-5].

There is therglgifnfoNABY infectibf réles oh e l%h%-%rﬁﬁﬁéaﬁ@ofmg§ ThescABLae! | i ng
HBV replication. SUVWARY According To a 1t "aspect of the present

i nvent i cimmuvee-podvlathes susk apintafarond, ®ihechas not well-R8¢erated ps e pesudttaf sevapé side

medi came far the .treatnment ar prevention of hepatitis B or cancer. The
nuct 8 ¢ atets ey reaand teaRs Dl SaniedRombeosa BT as e Sisg pEguefGRiR

I ndependgaldgrieahat infibitNifaR¥ephtatiohdSPandans the HBVeolfedhsed |. Wuthaosiie or

i ndependently T or A. N at position 3 may be C, or T, preferably A or T,
nmor e pr efiustenidg amalogpest thpesh batientoteratag. e ng thyvdeal drugs of dwice, atichBave R at

positi Onre%‘ul[é%%n & ;')Ar"oduc\ﬁgn %9 ]m?ﬁllt?;ﬁg (r.’eosfss%q/st%ggg \:)Lviltfl (i’oon%:-)’t%flm %sage. While new
analogues are available, with time, the generation of escape mutants is probably inevitable.

15  Designing new analogues is clearly not the long-term solution.

Furthermore, the persistence of low levels of HBV DNA long after therapy suggests
that HBV replication may re-activate when conditions are once again optimal. Reports
indicating that vaccination is ineffective against certain genotypes such as the highly lethal
genotype F also raise concern that current vaccination strategies may be ineffective in

20  containing their spread [2-5].

There is therefore a need in the art for alternative means of controlling HBV

replication.

SUMMARY
According to a 1% aspect of the present invention, we provide use of a nucleic acid in

25  the preparation of a medicament for the treatment or prevention of hepatitis B or cancer. The

nucleic acid may comprise the sequence RNNWCAAA.

R rhay be independently G or A. N may be independently T, C, G or A. W may be
independently T or A. N at position 3 may be C, A or T, preferably A or T, more preferably T.

N at position 2 may be C. W at position 4 may be T. R at position 1 may be A.



The nucleic acid may have the sequence ACATCAAA or ACTTCAAA. The
cancer may conprise breast cancer. The cancer cells may be BRCAl1 and/ or
BRCA2- defwoizersios20bbe nedi cament rmay further conprise a eyrscaxiimoegent. The
cytotoxi c agent may 5conprise ionising radiation. The cytotoxic agent may
conpri se ABT-888 (Abbott). The cytotoxié& agent may conprise ARG14699
(Pfizer). The cytotoxic agent may conprise AZD2281 (ol apari b, AstraZeneca).
The cyt ot oxi CTlegsutleitragid amyyiiavs eheBSucnod ACNOAAAV@MACTTCARYe. cyt ot oxi c
agent may corrpri se CEP—8983 [ CEP-9722 (prodrug, Cephalon). The cytotoxic
agent may conprise MK-4877

t enozol oni de, 1§ %nlc?{smaycgf)al g)g%ﬁ%?ﬁgggr T ge%n%)e(rl cells%antbengcl) mﬁd} g 10

N- Met hyl BRICANLddgTRidM.Ni t r osoguani di ne (MNNG), topoi sonerase | poisons,
topotecan, oxaliplatin, gentitabine or carboplatin. There i s

provi ded, accgrdi 2' sBect of. the present | tﬁ

conpri sing ex@b“sﬁnﬁ C?}B?‘ﬁ IPPTOEWIISH 8oy IS 29y er‘fél' (é?il%a%e(ﬂ 81ay
conprs si @gnprive 1&QQH%P&@atBNWMto§§ ght M cARRYL. ABT-88BIABbdtheTRO! Y
ADP-ri bosylation activity of g 15ri bose) pol ynerase is reduced as

a resul tcmtomégemp@@m@prlse AGOl\ﬁé %(Efwed)eThaeﬁQMilweﬂbmay 3<Prapraf§>pect of

ropl oat koR2ef! CHPRARRZERERT: Bl bk Ol s Eib? PRLY M ase i n

or of thﬁv@:ﬂisb Tmywt&h&la@@m@y cOmptieCBP&SY8RY GBVETI (pfbdrlig;lﬂeﬁhaISnpﬂ"hw ded
a nmet hod of reducing the 20abil 7@& of a cell to repair DNA damage, by so
reduci ngEIPIEXiE@EERE A3y W%? Motk TheAviRieris agent maycogtPrishe cel | .

The ppet h@ﬂxo%m@e Pabhk ecgcl%p égnaﬁda% RIGSRYER- %r@gplsvﬁetmsegﬁaqmﬂg@mw

cyt ot oxi c agent e ‘a"cytotoxi c agent sét out a provi de,
accor di mgpbmonaelﬁsml pagest topbtetdng opal pdaimt, gemuitabinecor,caebopltinod of killing a
cell, by so reducing the activity of poly (ADP-ribose) polynmerase in or of

the cell. TheTﬁe?H &?@Xd %QEEHB{ ??2%§ﬁ@t o?ﬁle res-gnﬁﬂ%ion”%}he%ap“ se a

breast cancer ce cancer
BRCA2- d ecfdm:prfsmig eposiag pokl (ADP-ribose) pmlymei'etsb tc&& paxdelc atidtdomppisigehd sequence

i nvention re |s provided a. n Ielc a a of speci ficall i ndi ng
to poly W& Sﬁ&‘?ﬁ‘é‘?"&s@‘éﬁ ah thecRe Yg&% F ‘;‘?nﬂ& /1Y, ‘btjo%@x Q%PE

actip4 tYHb(;EEF leﬁlleﬁa's&se}@dlﬂ:e&ﬁya?&ﬁmo'f% dxpssurequence RNNVCAAA, i n which R
is Gor A % 0O"is independently T, C, Gor A and Wis T or A

2013/ 052006PCT/ SG2011/ 000351 3 Agcording to an 8th aspect qf t esent
i nvention, weWsrsoYide asrordug tapeg %B%Pgwe@é?ﬁﬁm ‘§Y‘ﬁ5‘°ﬁo‘? Vlegy&ér@?mlﬁ%@@;

ol mer ag t he
pol'y %Nheyﬁ%tug (ﬁBW?%ﬁfc&Rt@gﬁ%s% RE%,(:&%QH@E&W?&'O@I ggy(Amﬁbs%?

sequence i's independéently T, C, Gor A
and W i spdlymerage insarci thiessceNCATCAAA or ACTTCAAA.
As a 4™ aspect of the present invention, there is provided a method of reducing the
20  ability of a cell to repair DNA damage, by so reducing the activity of poly (ADP-ribose)
polymerase in or of the cell. The method may be carried out in the presence of a cytotoxic

agent. The cytotoxic agent may be a cytotoxic agent set out above.

We provide, according to a 5™ aspect of the present invention, a method of killing a
cell, by so reducing the activity of poly (ADP-ribose) polymerase in or of the cell. The cell
25  may comprise a cancer cell. The cell may comprise a breast cancer cell. The cancer cell may

comprise a BRCA1 and BRCA2-deficient cancer cell.

In a 7™ aspect of the present invention, there is provided a nucleic acid capable of
specifically binding to poly (ADP-ribose) polymerase and reducing its poly ADP-ribosylation
activity. The nucleic acid may comprise the sequence RNNWCAAA, in which Ris Gor A, N

30 isindependently T, C, Gor A and Wis T or A.



5We provide, according to a 9th aspect of the invention, a pharmceuti cal
conposition conprising a nucleic acid set out above together with a

phar macewyvopealos2@ecept abl e exci pi ent, diluent or carri eCT/SG2011/00085€re i s
provi ded;, in accordance with a 10th aspect of the present invention, a

nucl eic acid as set out above for use iB a nethod of inhibiting hepatitis B
virus (HBV) replication. We 10further provide such a nucleic acid for use
in a method oAc&ndiapes M8t hspectdfahOpicsdr ynvehtibRicSprogide adlisaldtencdmplax dr ug.
As an 11th aspect of the invention, we provide a nethod of identifying a

nol ecul ecqm@smmﬂ(/wﬁmh%wr@lmp@gq btgmééq)9np¢tepﬂﬁtdb$beyu<ﬁep>aﬁ’élrla®e to a
|
ot et g mPtsd e QdheRARAMLARE, B SRERRES T ofa PRI LEEGIIRIEE 050 82

pol ymer asrl Wasflasred such hmACh@(aﬁb«SAmet(me(mAAcandl dat e nol ecul e.

provi de, accordi ng to a 12th aspect of the invention, there is provi ded a
met h of ide th i t ment
et o e B AT PR ISR BB hpekagt
met hod ag sirpud nu&ﬂ)@&’ @md @ettdlﬁ' abde tagamtwmt a f)lﬁb(i‘tﬂaﬂét@lﬂhlll}otibcbﬁtablh%xalﬁ)mﬁnCe
of a candi date nol ecul e and detecting an increase in poly ADP- 20

ri bosyl a‘ili‘tﬁﬁt(arcctarr\ﬁrty of poly (ADP-ribose) pol ynerase conpared to in the

absence of the candi date nol ecul e. Such a nolecule as identified may
be suitabl e fPhert&CproVided@n béRRdHRE tvitBra whel\égéut oPthePresdppialeértion, Bnileic
cancer. According to a 13th aspect of th resent_invention, we

provi de aridres sebauGHbOVE ExtUSh i eﬁleﬁeﬁﬁétr‘h@um hematlflé \ﬁgJSdHBs\%peleﬁaEantWebe
f f
suf TRy i nghto ggpob@g%t}ttﬁ dReid it Tod 11&6 [[tttrethodm%n t@dt 1R 8’ oot out

adm nisterin er ape Ically effective armunt e| c a
above. ionisinglaéiation or pdmgi ded, according to a 14th aspect of the present
i nvention, a met hod of treating an individual suffering or suspected to be

suffering fro ?f“*’5§pe1tho% tﬁreefngg Ogl?é’eﬁ)gg(ﬁﬁé 5 fheRfd g‘ ?etngl[fp%iﬂggaﬂ\lloelccuﬁtge

t her apeuti cal I've anoun el c acl

30met hodmemypd wﬂhbhahg eQPmirigSm A (ADRirtHoss) pody raerat to tagic Rickidid) sed pueamﬂeum e to
ionising radiation. W) 2013/ 052006PCT/ SG2011/ 000351 .4 The pr of the
present thﬁ@éqs@m@rpf\mqandléﬁts|rwecwmtr@s%etfe9tlﬁe@\ftieer@a%eda.be&t%o % %ﬁ‘ thal

techt?s' qu ayggy 58 pof mgi%eeﬁd'}h@arr Pioqh AWYabsB &, @ttteoéagawatenﬁaeembnant DNA

and e W t e capabilities a person of ordinary
Skl|| in the art. Such technlques are eéﬁlal ned in the literature. See, for
exanpl e, J. SWereviRe, accorpingptp atl2C aspest akhe nvetion. dhsre is progded pmeshag ofr

C oni ng: r r bor
Labor at of élth?&%sﬁkgﬁéﬁl ERES S‘t@l‘?ﬂe%t\Ig EF‘Q %i‘g‘g{g and}ﬁ% :D | %ﬁ?@gﬁfp@?’é{r}gﬂP?
Current ﬁ’n@érodﬂlrﬁethdjﬁ Mh}awrh@perﬁjrmhr@@/mediod a9 set bt almwd id the 4odspedtiof e &
Sons, New York, tree, nd A. Kahn, 1996,

| sol ati oRVEHPnda ew ¢ OE% g@éﬂﬂ @ewﬁ i2hd etectsfaﬂt pgricass 18 petyﬁgél’a

Pol ajy anghokd®ien L&y NTFRE (A19PPibold) pelyntkrase compared to in the absence of the

candidate molecule.

Such a molecule as identified may be suitable for use in the treatment or prevention of

hepatitis B or cancer.

According to a 13" aspect of the present invention, we provide a method of treating an
25  individual suffering or suspected to be suffering from hepatitis B virus infection. The method

may comprise administering a therapeutically effective amount of a nucleic acid set out above.

There is provided, according to a 14™ aspect of the present invention, a method of
treating an individual suffering or suspected to be suffering from cancer. The method may
comprise administering a therapeutically effective amount of a nucleic acid set out above. The

30 method may further comprise administering a cytotoxic drug or exposure to ionising radiation.



10Hybri di zation: Principles and Practice; Oxford University Press; M J.
Gait (Editor), 1984, digonucleotide Synthesis: A Practical Approach, Irl
Press; D.wdl20ib/0skiokl ey and J. E. Dahl berg, 1992, Met hodecofsGzmayosssogy: DNA
Structure Part A Synthesis and Physical Analysis of DNA Methods in

Enzynol ogy, Academ c Press; Using Antibéddies : A Laboratory Minual :
Portabl e Protocol NO | by Edward Harlow, David Lane, Ed Harlow (1999, Cold
Spring 15Har bpke hrabed AR/ presc@s fvehtiBNVAE §MHI69 iddhs blhierwidt ildiachtals @ A
Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988, Cold
Spring Hemvemtidnabtsehitiguep obchergistry gppleculagiolpgy 3nisrgbiologpaeconingil ddRAof

Drug Screenin dited. by Ra rish iy B r.nandes
(2001, N&W ‘V‘é‘?&“f’ & W%é’?‘caé‘?w@@é‘? f’%ggﬁf%%Bﬁéﬁ%&g};&gi{‘?@%ﬁ&g’%ﬂg{? A
HandbookSwh tRemi@RSs arcRapidivddn tariteldherSeRefoe exdingle,NoShmbfook, EisE Httsdhhe
Bench, 20 Edited Jane Roskans and Linda Rodgers, 2002 C&Ld Spring Haar?or
Laborat o#id T-1MmNats. 18%% ddeleadarxlopiign Adiaberiery Marst -atecond Edition, Banksi In3,

i ncor poré&ﬁ%ﬁ%g@%&ﬁ%&grﬁt I%leefﬁ @egf_l. glgES EhdbRRlic fuaﬁpleméﬁtﬂur €

| A and Figur w ntification of an inportant regulatory
sequenceCumeiBomrbB ip Miutatéar. Biabkgy,ghr 8, 1BAasdh déyslohin & iedyf & Song NdvRRork,

Cor o pr oMot GribiNpes i Scabiriss i hofeh A9 PRG et eptietss B oestifhbcr oase

in luci f erasg,eXRERSHIRY 8£256ndsaVEfohk AR IARA! bD. Nighid, 19901y, sHhe rel ative
positions of factors known to bind these sites are indicated as white

ci rclles HpbridisatRE Peindiplis s PeagticeeQxfond Uneveesitydivesst M. V. Gaig(lotitor)TH@§4,

(o1 Dot RaRCl S st 4 Py yiboop Bl b P LGS o8 £ i

exert it g9t Meehosis of BRzyWdY0 S0 DA ASPRORR TP LAUS MR sisnd P HySidalctidisbis ¢hd t he
relative |uciferase expression for each deletion (Del) is indicated as a

per cent a§&Ao¥letpfiyinkngymolagy, Agadsnoesd msﬂ@m&@@b@m& fabagatory Manpalyyr es
oA IUBG bR POVl R ?bggﬂ“@@ﬁaﬁ%&%mgmﬁe Ha 1R él 9'@8,“@31& ginpBV core
| gur e Shows t r

pronot er. at a biotinylate obe contai fii ng the
" ACTIBCAABArbs e DntsoraterybPesks [SBNAv&T196D Heidor); AntibodiaseaA debaadenMamanlrtarEd o

B oo o edng e D Dt ot LRl sPr e TR e P Eay LB 4B o7
but not 3%9@%&51@%}1@@30&%%&% fskl‘é%ihﬁ‘,réa‘i’tg@by"?{%n{akﬁslﬁh%%hﬁe the

sanpl es, and sho that the novel factor was enriched with the biotinylated
probes. MhabhavatleB. Faokodes(2001, New XkDNTOMaFGH DRakkky SN 0180476062 -DCarthows

that a -JTOF/ T al.ysi.s of, the novel facter reveals the o

candi dar@éli%e%g: éﬂ%—oﬁ. Ogéaﬂg‘?fc L{aaﬁfé‘& F“&Cgéthﬁf Be%ﬁ%P ﬁ?’ﬂ@%ﬂ&e %@I’% Bepehyir e

2D shpwsEdifedENRARS SIaMsNad L igdSRed etd, 2002, Cdild BAREY Mafber LikiealoACTIRRAA"
87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A and Figure 1B show the identification of an important regulatory sequence

in HBV core promoter.

25 Figure 1A shows the effect of URR deletions relative to the luciferase expression of
the wild-type (WT) HBV core promoter in HepG2. Deletions resulting in 50% increase or
75% decrease in luciferase expression are deemed functionally significant. The relative
positions of factors known to bind these sites are indicated as white circles in the NRE and
black circles in the enhancer 11 region. They are—(A) NREBP, (B) FTF, (C) C/EBP, (D)

30 HNF3, (E) HNF1 and (F) SP-1. [B] Deduction of the exact nucleotides required for the novel
factor to exert its effects. The HBV core promoter sequence is as indicated, and the relative

luciferase expression for each deletion (Del) is indicated as a percentage of wild-type.



sequence. Smal | excess of specific probe renoved the PARP-1 specific band
whil e | arge excess of poly-didC failed to do so. The PARP-1 specific

ant i body wocesasbaek! y conpeted 15with biotinyl ated probechsoeee1idosssni shed

t he specific band, whereas the non-specific HNF4a anti body was unable to do
So. Figure 3A, Figure 3B and Figubpe 3C shows that PARP-1 knock-down
decreases HBV replication. Fi gure 3A shows a HBV-RFP construct
used to produEiguidBYA, Viguad 2By Kiguretd(oand Kigai@ 24y shoenthbyP A RB- lovindspthe HRR eér .
Figure 3B shows that PARP-1 specific knock-down rapidly decreases PARP-1
prot ei n EXPPEENYn even at 24h, during which the HBV- RFP construct was

i ntroduced into HepQ&2. Figure 3C shows that a PARP-1 specific

knock- down r epigaRS2 A SiidWAhSHHBibESiSted pabe REMbAIng the pACTATIA A ASké@ichee 4A,
Figure 4B, Figure 4C and Figure 4D show that PARP-1 inhibition rg)nhgnc S
t r anscr i padomnexel {astoripy dess-densnéins mannerHp prediicg 4 band gt ¢3naoklhs foupd grthparp

inhihkiti j - am ﬁﬁgﬂ';de (3-AB) on PARP-1 notif dependent
tran?cri%’?iggrﬁ&ﬁg%@kggﬂ?ﬂ h-7"cells treated with 3-AB have WD

2013/ 052006PCT/ SG2011/ 000351 6 increased |uciferase expression when
transf ect ed wFighretAeshawsdhatygeprBdincRin kdgyvnatsaxs bqupghthe nyekfagtor dut netghe

specific r. PARP- S..3-AB had neqgliqgible effect on the nt .HBY core
pr onot erE]&ﬁMrﬁgg&%f‘gﬁ tﬁ? Wétﬁﬁ’ﬂﬁggﬁasg% |°_H ! _s‘f _ g_S?IBgfe_-s ’Fi&g%&g%p}a*s S ©
***p<0. OfbWel factor was EhBéHed vith B BVinF AR probddhThé hoval fastdrRedtTdd MAIIDB4

i ncreases the anmount of HBV 5transcripts in Hep& cells. Cells transfected

wi th HBVIREH QRanglyféd viable with PJ-34 treatnent 96 hours
post-transfection. ***p<0.001l. Figure 4C shows that PARP-1 binds the

HBV @pre pronpgfe JMsHRR i@ MALDIOCTOBR'OF Aty sty Kovel factor revealsaHé 8niD
shows that the PARP-1 enzynme ADP-ribosylates nmultiple transcription 10

f act or s, capdishatertp iba P AR r Sasjupriied pepidediure upapmedghfl bpldor s t her ef ore enhance
pPgRNA synt hesis hence HBV replication. Abbreviations: R-ADP-ribose;

P- posphoryl at ki@fre J1h SV a/ERBA éﬁbwgfethé Bo&aiatyt dTep AREPRI-fdr the e AgMNiTtd ARA”
motif. Figure 5A shows the effect of single base nutations on each
of the niegheroei Siwall vkaeks of sphafipBrobeacTrGEhe PAREP] spesificibang wlitplergee on

PARP- 1 dependent,tr ription. % i [ ea or.. (5% decr e i il d-type
hot] vi ty SR ARSIl i, IR PARPI RRAE, dinday CRBERAR Golfbelld (1P
t hatq ¢ hewBYidonRRdd fRbhchdide GRAIMRAEE theSpédiSE binds Whkteds tHehonSpeERe eNPfo

ot her PARP-1 binding pronoters. Base frequency plot fromnmultiple
al i gnmenandibody pees fusabletd dgi 9oh t he WebLogo program

Figure 3A, Figure 3B and Figure 3C shows that PARP-1 knock-down decreases HBV

replication.

Figure 3A shows a HBV-RFP construct used to produce HBV. Viral production is

20  driven by its own promoter.

Figure 3B shows that PARP-1 specific knock-down rapidly decreases PARP-1 protein
expression even at 24h, during which the HBV-RFP construct was introduced into HepG2.

Figure 3C shows that a PARP-1 specific knock-down reduces cccDNA synthesis from
pgRNA. ***p<0.001.

25 Figure 4A, Figure 4B, Figure 4C and Figure 4D show that PARP-1 inhibition enhances

transcription at the HBV core promoter.

Figure 4A shows the effect of PARP inhibition with 3-aminobenzamide (3-AB) on
PARP-1 motif dependent transcription. HepG2 and Huh-7 cells treated with 3-AB have |



Figure 6A, Figure 6B and Figure 6C show PARP-1 inhibition by notif
recogni tion 20acts via domains other than the catalytic domain.

Fi gure 6AvehowswsBARP-1 i nhibition by notif recognition. pEhscaeqmwessses of
DNA dupl exes added are as indicated in grey. The PARP-1 notif is
underlined. Mutations are indicated in bl ack. Abbreviations: Non-sp

KI D- Nucl ear |ysate from non-specific si RNA knock-down; PARP-I KI D Nucl ear

| ysat e f mersakiiiiféraRadxpebsvibh WhEBAREnste @aEwith itlee WwillRNpe EBVReE: fomotérp<0. 01.
Fi gure 6B shows the functional domains of human PARP-1. The N- and

G- ter m nfWa)- hvaefkes isspeeifie farRARR as dspBdher neghgiblasicetanathe spdant ZHBY zj nc
fi 1. 7E2- 7] naer 2. 7E3- 7 D . ne_
IS e i SR OE B PR oot o1

2013/ 052006PCT/ SG2011/ 000351 7 ~ Figure 6C shows the effect of
over - expr essi RigurAd¥stowa RARPd ibkibitiongvish hiMd Pdrddniocrgased thadmseunt of HBS t o

al aninhe on tr.anscr.i ptjon.i & .cel ] s. j cid K893. was dto
i sol elici FASCRP& Hﬁﬁg? Cglfﬁ' &eh%ﬁgns&qcie@p&%m remaing dlaﬁlgzs%fﬂw)?'hit he | oss
of | uci f gEARCNEIRRSS pAL tMhEEctAMPRIRE. (09, over - expression of wi ld-type (W)
PARP-1. Mutations with 5little effect on notif recognition are indicated

with "+", . Figure 7A, Fi 7B igur.e 7C and Figure 7D.sh t hat
PARD- 11 i i Fieal By SHruts thar @BE Tt e AR e rhtgo b e viEmIG c b b1
death. snd hnRNPY € 7A shows inpaired DNA damage repair in HepQ&

transfected with 3 tandemrepeats of the PARP-1 notif. ***p<0.001 10Fi gure

7B shows increased apoptosis short|ly after e.induction.of DNA damage in
Hep& transf eE‘tgéFP_ WFIPP‘Y% atﬁb\RBg‘i{Pﬁ{v)F?ﬁme*APEG.‘W_Gilates muqulﬁFé‘@P%’r‘Péoghoyvs
' ncrﬂﬁ%%&%&gﬁ&»&% el bV SRABGARPIAHIBRES thetefofd tihahtAnIeRt €d Wi th
the PARP-1 notif. ing cells stain positive for annexin V hence fluoresce
green. 1S§Mithpsischeiie® EBdwspliedion etblrewbiivnst R-ARPHibesT, Rrpddpborylativsf ect ed wit h
1 tg of the PARP-1 notif conpared to cells inhibited with 10[1M cli ni cal

PARP i nhi bi toF%ure@%aF@ & ¥@Shd G RP4 BWERiA &, PARP inhibition with

100nM et oposi de or 0.02% NMJ, and the viable cells that remai ned 54 hours
after PARP inhibition was_ observed. bé[ilw i ght m croscopy. ) Fi gure
8A, Figure 8BFigrrein shaws thasfimstgl swghbase wtations oppachyiiihe rypleatides wihin s 20

PARP-1 d ) AISARDP.1 hindi 1t \/ Leat i
i ndi cat e%ggglﬁigcc |‘{‘1§fRegSAeR%clagll<nsdn{a?t &gp%ﬁ?nmgs#?%}dgﬁs? e{er%?ﬂlllgﬁﬁl' S%
Fi gur®e S8hcshswer T3atledrbmse HBWIIRARR detivay asnoasidored duhdtioeal)y sigmificadti bi t
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sequences of other PARP-1 binding promoters. Base frequency plot from multiple alignments

is performed with the WebLogo program.

Figure 6A, Figure 6B and Figure 6C show PARP-1 inhibition by motif recognition

20  acts via domains other than the catalytic domain.

Figure 6A shows PARP-1 inhibition by motif recognition. The sequences of DNA
duplexes added are as indicated in grey. The PARP-1 motif is underlined. Mutations are
indicated in black. Abbreviations: Non-sp K/D-Nuclear lysate from non-specific siRNA
knock-down; PARP-1 K/D-Nuclear lysate from HepG2 treated with PARP-1 specific siRNA.

25  *p<0.05; **p<0.01.

Figure 6B shows the functional domains of human PARP-1. The N- and C-termini are
marked by “N” and “C” respectively. Abbreviations: ZF1-Zinc finger 1; ZF2-Zinc Finger 2;
ZF3-Zinc finger 3; BRCT-BRCA1 carboxy-terminal domain; WGR-WGR domain; Cat-

Catalytic domain.
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wi | d-type PARP-1 reduces PARP-1 15npotif-sensitized apoptosis as indicated
by a reducti opighre Tashase 78¢ Figuid YC bid Figinfa27 ehd s tliat PARPd] wihibitivaby ausif DNA
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when Hep& CeFi%ﬁreaTﬁsﬂdvasﬁﬁfpﬁﬁéd?DNM tdmaect repalen HeERirsnstictddneithrd tardenPARP- 1
motif " ACA " . ***p<0. 001, Figure 10B shows alleviation of DNA
danmage ifisaerieef hpd) ]QJS)F@Q% HEpD OBl s transfected with the nutant PARP-1
notif "ACAGGCCA" and treated with bl eonycin (20ng/ m). **p<0.01. 25Fi gure

11A gnd Fi gur pighdeBr B i stifétbadet @pdptedis siirtly Bitert thansihegdrest Al danwigk fin t he
PARP-1 notif reduces HBV replication Figure 11A shows

co- t r ansHer@? sansbeciabenl AR R-ypetif *$wiH00] | g of HBV- RFP reduces t he
anount of HBV transcripts in Hep& cells. The relative nunber of HBV-RFP
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after co-transfection with the PARP-1 notif is also reduced. **p<0.01.
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in HepGZgr(e:eeAl s co-transfected with 500ng PARP-1 notif and 1g HBV- RFP. The
effect o '

15 Figure 7D shows reduced viability in Huh-7 cells transfected with 1pg of the PARP-1
motif compared to cells inhibited with 10uM clinical PARP inhibitors. DNA damage was
induced 24 hours after PARP inhibition with 100nM etoposide or 0.02% NMU, and the viable

cells that remained 54 hours after PARP inhibition was observed by light microscopy.

Figure 8A, Figure 8B, Figure 8C and Figure 8D show that HBV replication impairs
20  PARP-1 dependent DNA repair.

Figure 8A shows that HBV replication indicated by cccDNA increase peaks at around
96h post-transfection.

Figure 8B shows that the HBV PARP-1 sequence (underlined) can inhibit PARP-1

enzymatic activity.

25 Figure 8C shows that HBV replication impairs DNA damage repair as significantly
greater proportion of cells have increased DNA damage when treated with DNA damage

inducers.
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Figure 10A and Figure 10B show that the PARP-1motif inhibits PARP-1 function in a

sequence dependent manner.

Figure 10A shows reduced impairment of DNA damage repair by bleomycin
20 (20ng/ml) when HepG?2 cells are transfected with 3 tandem repeats of the mutant PARP-1
motif “ACAGGCCA”. ***p<0.001.

Figure 10B shows alleviation of DNA damage induced apoptosis in HepG2 cells
transfected with the mutant PARP-1 motif “ACAGGCCA” and treated with bleomycin
(20ng/ml). **p<0.01.

25 Figure 11A and Figure 11B show that treatment of HBV-transfected cells with the
PARP-1 motif reduces HBV replication.

Figure 11A shows co-transfection of 500ng PARP-1 motif with 1ug of HBV-RFP
reduces the amount of HBV transcripts in HepG2 cells. The relative number of HBV-RFP



10The PARP-1 Binding Mdtif nucleic acids nmay al so be used for the nethods
of treatnent or prophylaxis described. RNNWCAAA PARP-1 Binding Motif

As the tewonos/ss@d in this docunent, a PARP-1 Bindi ng WotrisG208/08033uc! ei ¢
acid that conprises, preferably consists of, the sequence RNNWCAAA, where R
i ndependently is Gor 15 A, Nis indepefidently T, C, Gor A and Wis

I ndependently T or A Exanples of PARP-1 Binding Mtifs include the

sequencegarsfictedWells thall ®iatn B0 hbak afier GTTa{sABACWIATRARA BPATHAAAISGISGACAAA
GTGTCAAA GTGACAAA GTATCAAA GTAACAAA GCTTCAAA GCTACAAA GCCTCAAA GOCACAAA
GOGTCAAACdsACRIKOSHBATCAAA GCAACAAA GGTTCAAA GGTACAAA

Figure 11B shows the loss of HBs expression by immunofluorescence staining in
HepG2 cells co-transfected with 500ng PARP-1 motif and 1ug HBV-RFP. The effect of
5  PARP-1 specific knock-down by PARP-1 specific siRNA on HBs expression is also shown

for comparison.

DETAILED DESCRIPTION

We describe a molecule capable of binding to and inhibiting the activity of poly (ADP-
ribose) polymerase (PARP-1). We refer to this molecule generally as a “PARP-1 binding
10  motif™.

The PARP-1 ‘binding motif may comprise a nucleic acid comprising the sequence
RNNWCAAA, in which R is G or A, N is independently T, C, Gor A and Wis T or A. We
find that such a nucleic acid is capable of binding to and inhibiting the activity of poly (ADP-
ribose) polymerase. Such a nucleic acid, together with its fragments, homologues, variants and

15  derivatives is disclosed in further detail below.

The Examples demonstrate that the PARP-1 binding motif described here is capable of
reducing or inhibiting the poly ADP-ribosylation activity of poly (ADP-ribose) polymerase.
We therefore describe a method of reducing or inhibiting the activity of poly (ADP-ribose)
polymerase, the method comprising exposing poly (ADP-ribose) polymerase to a PARP-1

20  binding motif nucleic acid .

The PARP-1 binding motif nucleic acid may be used for various means, including

inhibiting the replication of hepatitis B virus (HBV) replication or in order to kill a cancer cell.

PARP-1 Binding Motif molecules may be used for a variety of means, for example,
administration to an individual suffering from, or suspected to be suffering from, cancer such
25  as breast cancer, for the treatment thereof. They may also be used for production or screening
of anti-cancer or anti-hepatitis agents, or for production or screening of agents capable of

killing cells.

We therefore provide for the use of PARP-1 Binding Motif in screening for drugs
against cancer, for example breast cancer and for treating, preventing or alleviating hepatitis,

30 for example hepatitis B. The cancer may comprise invasive breast cancer.



GCCTCAAA GGCACAAA GGGTCAAA GGGACAAA GGATCAAA GGAACAAA GATTCAAA GATACAAA
GACTCAAA GACACAAA GAGICAAA GAGACAAA GAATCAAA GAAACAAA ATTTCAAA ATTACAAA
ATCTCAAA WoCAGBAAL06TGTCAAA ATGACAAA ATATCAAA ATAACAAA ACTT/SBA411/000351
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These are described in further detail below.

PARP-1 BINDING MOTIF

The methods and compositions described here may employ, as a means for inhibiting

or reducing poly (ADP-ribose) polymerase activity, PARP-1 Binding Motifs, including
PARP-1 Binding Motif polynucleotides, PARP-1 Binding Motif nucleotides and PARP-1

Binding Motif nucleic acids, as well as variants, homologues, derivatives and fragments of

any of these.

In addition, we disclose particular PARP-1 Binding Motif fragments useful for the

methods of treatment and diagnosis described here.

The PARP-1 Binding Motif nucleic acids may also be used for the methods of

treatment or prophylraxis described.

RNNWCAAA PARP-1 Binding Motif
As the term is used in this document, a PARP-1 Binding Motif is a nucleic acid that

comprises, preferably consists of, the sequence RNNWCAAA, where R independently is G or
A, N is independently T, C, G or A and W is independently T or A.

Examples of PARP-1 Binding Motifs include the sequences set out in Table D1 below.

GTTTCAAA | GTTACAAA | GTCTCAAA | GTCACAAA | GTGTCAAA | GTGACAAA
GTATCAAA | GTAACAAA | GCTTCAAA | GCTACAAA | GCCTCAAA | GCCACAAA
GCGTCAAA | GCGACAAA | GCATCAAA | GCAACAAA | GGTTCAAA | GGTACAAA
GGCTCAAA | GGCACAAA | GGGTCAAA | GGGACAAA | GGATCAAA | GGAACAAA
GATTCAAA | GATACAAA | GACTCAAA | GACACAAA | GAGTCAAA | GAGACAAA
GAATCAAA | GAAACAAA | ATTTCAAA | ATTACAAA | ATCTCAAA | ATCACAAA
ATGTCAAA | ATGACAAA | ATATCAAA | ATAACAAA | ACTTCAAA | ACTACAAA
ACCTCAAA | ACCACAAA | ACGTCAAA | ACGACAAA | ACATCAAA | ACAACAAA
AGTTCAAA | AGTACAAA | AGCTCAAA | AGCACAAA | AGGTCAAA | AGGACAAA
AGATCAAA | AGAACAAA | AATTCAAA | AATACAAA | AACTCAAA | AACACAAA




ACTACAAA ACCTCAAA ACCACAAA ACGTCAAA ACGACAAA ACATCAAA ACAACAAA AGTITCAAA
AGTACAAA AGCTCAAA AGCACAAA AGGTCAAA AGGACAAA AGATCAAA AGAACAAA AATTCAAA
AATACAAA WAGH3AA20AACACAAA WD 2013/ 052006PCT/ SG2011/ 00989AGEd11AMIFCAAA
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AAGTCAAA

AAGACAAA

AAATCAAA

AAAACAAA

Table D1. PARP-1 Binding Motif Sequences RNNWCAAA

For example, a PARP-1 Binding Motif may comprise the sequence ACTTCAAA or it

may comprise the sequence ACATCAAA.

ANWNCAAA PARP-1 Binding Motif
A PARP-1 Binding Motif may also comprise the sequence ANWNCAAA, where N is
independently T, C, G or A and W is independently T or A. Examples of ANWNCAAA

PARP-1 Binding Motif sequences are set out in Table D2 below.

ATTTCAAA | ATTCCAAA | ATTGCAAA | ATTACAAA | ATATCAAA | ATACCAAA
ATAGCAAA | ATAACAAA | ACTTCAAA | ACTCCAAA | ACTGCAAA | ACTACAAA
ACATCAAA | ACACCAAA | ACAGCAAA | ACAACAAA | AGTTCAAA | AGTCCAAA
AGTGCAAA | AGTACAAA | AGATCAAA | AGACCAAA | AGAGCAAA | AGAACAAA
AATTCAAA | AATCCAAA | AATGCAAA | AATACAAA | AAATCAAA | AAACCAAA
AAAGCAAA | AAAACAAA

Table D2. ANWNCAAA

ANTNCAAA PARP-1 Binding Motif

A PARP-1 Binding Motif may also comprise the sequence ANTNCAAA, where N is
independently T, C, G or A. Examples of ANTNCAAA PARP-1 Binding Motif sequences are
set out in Table D2 below.

ATTTCAAA | ATTCCAAA | ATTGCAAA | ATTACAAA | ACTTCAAA | ACTCCAAA
ACTGCAAA | ACTACAAA | AGTTCAAA | AGTCCAAA | AGTGCAAA | AGTACAAA
AATTCAAA | AATCCAAA | AATGCAAA | AATACAAA

Table D3. ANTNCAAA

The terms “PARP-1 Binding Motif polynucleotide”, “PARP-1 Binding Motif

nucleotide” and “PARP-1 Binding Motif nucleic acid” may be used interchangeably, and




AAGACAAA AAATCAAA AAAACAAA Table D. PARP-1 Binding Motif Sequences
RNNWCAAA For exanple, a PARP-1 Binding Mdtif nay conprise the
sequence WORIMGAAN0Gr it may conprise the sequence ACATCA&RSGANIHOSAA PARP- 1
Bi nding Motif 5A PARP-1 Binding Mdtif may al so conprise the sequence
ANWNCAAA, where N is independently T, G2 Gor A and Wis independently T or
A. Exanpl es of ANWNCAAA PARP-1 Binding Mtif sequences are set out in Table
D2 bel ovshoAdTHGAWAr stobTTE AP ACRTIGT M ATOTADNNA aT RNGARARRTIABGAAA MOACCAAA

ATAACAAA ACTTCAAA ACTCCAiAA A GCAA(‘{A CTACAA%
sequences, whether single strarcl:c]-ed or ou@le stranded (as described in further detail below).

PARP-1 Binding Motif nucleic acids may be used for a variety of means, for example,
administration to an individual suffering from, or suspected to be suffering from a cancer such
5  as breast cancer, for the treatment thereof. PARP-1 Binding Motif nucleic acids may also be
administered to an individual suffering from, or suspected to be suffering from, hepatitis B

(HBV) infection.

“Polynucleotide” generally refers to any polyribonucleotide or

polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA.

10 “Polynucleotides” include, without limitation single- and double-stranded DNA, DNA that is
a mixture of single- and double-stranded regions, single- and double-stranded RNA, and RNA
that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA and
RNA that may be single-stranded or, more typically, double-stranded or a mixture of single-
and double-stranded regions. In addition, “polynucleotide” refers to triple-stranded regions

15  comprising RNA or DNA or both RNA and DNA. The term polynucleotide also includes
DNAs or RNAs containing one or more modified bases and DNAs or RNAs with backbones
modified for stability or for other reasons. “Modified” bases include, for example, tritylated
bases and unusual bases such as inosine. A variety of modifications has been made to DNA
and RNA; thus, “polynucleotide” embraces chemically, enzymatically or metabolically

20  modified forms of polynucleotides as typically found in nature, as well as the chemical forms
of DNA and RNA characteristic of viruses and cells. “Polynucleotide” also embraces

relatively short polynucleotides, often referred to as oligonucleotides.

It will be understood by the skilled person that numerous nucleotide sequences can

encode the same polypeptide as a result of the degeneracy of the genetic code.

25 As used herein, the term “nucleotide sequence” refers to nucleotide sequences,
oligonucleotide sequences, polynucleotide sequences and variants, homologues, fragments and
derivatives thereof (such as portions thereof). The nucleotide sequence may be DNA or RNA
of genomic or synthetic or recombinant origin which may be double-stranded or single-
stranded whether representing the sense or antisense strand or combinations thereof. The term

30 nucleotide sequence may be prepared by use of recombinant DNA techniques (for example,

recombinant DNA).



ACATCAAA ACACCAAA ACAGCAAA ACAACAAA AGITCAAA AGTCCAAA AGIGCAAA AGTACAAA
AGATCAAA AGACCAAA AGAGCAAA AGAACAAA AATTCAAA AATCCAAA AATGCAAA AATACAAA
AAATCAAA WOAGRGAARLAAAGCAAA AAAACAAA PCT/SG2011/000351
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The term “nucleotide sequence” may means DNA.

Other Nucleic Acids

We also provide nucleic acids which are fragments, homologues, variants or
derivatives of PARP-1 Binding Motif nucleic acids. The terms “variant”, “homologue”,
“derivative” or “fragment” in relation to PARP-1 Binding Motif nucleic acid include any
substitution of, variation of, modification of, replacement of, deletion of or addition of one (or
more) nucleic acids from or to the sequence of a PARP-1 Binding Motif nucleotide sequence.
Unless the context admits otherwise, references to “PARP-1 Binding Motif” and include

references to such variants, homologues, derivatives and fragments of PARP-1 Binding Motif.

The resultant nucleotide sequence may comprise PARP-1 Binding Motif activity. The
term “homologue” may be intended to cover identity with respect to structure and/or function
such that the resultant nucleotide sequence has PARP-1 Binding Motif activity. For example,
a homologue etc of PARP-1 Binding Motif may be capable of binding to poly (ADP-Ribose)
polymerase. A homologue etc of PARP-1 Binding Motif may be capable of inhibiting or
reducing the activity of poly (ADP-Ribose) polymerase. Methods of assaying binding to
enzymes such as poly (ADP-Ribose) polymerase as well as methods of assaying enzyme
activity, e.g., to detect changes in activity such as enzyme inhibition, are well known in the

art.

The homologue, variant, derivative or fragment of PARP-1 Binding Motif may
comprise a nucleic acid sequence with sequence identity or similarity to the sequences
described here. With respect to sequence identity (i.e. similarity), there may be at least 70%, at
least 75%, at least 85% or at least 90% sequence identity. There may be at least 95%, such as
at least 98%, sequence identity to a relevant sequence (e.g., a PARP-1 Binding Motif
sequence RNNWCAAA ANWNCAAA or ANTNCAAA, or as shown above in Table DI,

Table D2 or Table D3). These terms also encompass allelic variations of the sequences.

Variants, Derivatives and Homologues

PARP-1 Binding Motif nucleic acid variants, fragments, derivatives and homologues
may comprise DNA or RNA. They may be single-stranded or double-stranded. They may also
be polynuéleotides which include within them synthetic or modified nucleotides. A number of
different types of modification to oligonucleotides are known in the art. These include

methylphosphonate and phosphorothioate backbones, addition of acridine or polylysine chains



Tabl e D2. ANWNCAAA ANTNCAAA PARP-1 Binding Motif 10A PARP-1 Bi nding Mtif
may al so conprise the sequence ANTNCAAA, where N is independently T, C G
or A Exanplhes/@boodANTNCAAA PARP-1 Bi nding Mtif sequencesTaceoa®bomsut in
Tabl e D2 bel ow. ATTTCAAA ATTCCAAA ATTGCAAA ATTACAAA ACTTCAAA ACTCCAAA
ACTGCAAA ACTACAAA AGTTCAAA AGTCCAAA AGTIECAAA AGTACAAA AATTCAAA AATCCAAA
AATGCAAA AATACAAA

at the 3' and/or 5' ends of the molecule. For the purposes of this document, it is to be

understood that the polynucleotides may be modified by any method available in the art. Such
modifications may be carried out in order to enhance the in vivo activity or life span of

polynucleotides of interest.

5 Where the polynucleotide is double-stranded, both strands of the duplex, either
individually or in combination, are encompassed by the methods and compositions described
here. Where the polynucleotide is single-stranded, it is to be understood that the

complementary sequence of that polynucleotide is also included.

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence
10 include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) nucleic acid from or to the sequence. Said variant, homologues or
derivatives may code for a polypeptide having biological activity. Such fragments,
homologues, variants and derivatives of PARP-1 Binding Motif may comprise modulated

activity, as set out above.

15 As indicated above, with respect to sequence identity, a “homologue” may have at
least 5% identity, at least 10% identity, at least 15% identity, at least 20% identity, at least
25% identity, at least 30% identity, at least 35% identity, at least 40% identity, at least 45%
identity, at least 50% identity, at least 55% identity, at least 60% identity, at least 65%
identity, at least 70% identity, at least 75% identity, at least 80% identity, at least 85%

20  identity, at least 90% identity, or at least 95% identity to the relevant sequence (e.g., a PARP-
1 Binding Motif sequence RNNWCAAA ANWNCAAA or ANTNCAAA, or as shown above
in Table D1, Table D2 or Table D3).

There may be at least 95% identity, at least 96% identity, at least 97% identity, at least
98% identity or at least 99% identity. Nucleotide identity comparisons may be conducted as
25  described above. A sequence comparison program which may be used is the GCG Wisconsin
Bestfit program described above. The default scoring matrix has a match value of 10 for each
identical nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the

default gap extension penalty is -3 for each nucleotide.

Hybridisation
30 We further describe nucleotide sequences that are capable of hybridising selectively to

any of the sequences presented herein, or any variant, fragment or derivative thereof, or to the
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|n05| ne ety of nodifications has been nad€ to RNA; thus,
" pol ynuctogb¢ catedspembngoedeatide mwhtqs,prmmpdrﬂntreua(el gt, zoPARBt laBmdur@Monf

20nodi fied for n ides a i N nd| at [ 1
s the craresror eSS EORL AR ENIKEA SN St Poliohd Be Pl T
" Pol ynuctgné Dde: Tabﬁeqmrrgﬁ@pﬁﬁymle@huysqhxy Eé"gér{eremj'l At o6l F%b.| A east 80 ben
referred to as oI| onucl eot i des. It will bé understood by the

skil | ed P¥pooat leas S?ﬁm@&fuhomgl@g@mtpdl@ HEEPSRANIEE RUSHF OB SRIBICNGRS Oy
PO YREP {londT af1ch ) Suclag hBafl A SDSNAGY iRlant {5 1RI%H 0 §AWB or SREE USC

her ei'n e M huct 86tiae sequence nucl €o e ‘'sequences,
ol i gonuctmdighols melfoddees, pol ynucl eot i de sequences and vari ants,
honol ogues, fragnments and derivatives thereof (such as portions thereof)

e nuel ot Sy RAHEATE Bk 05 EDA R o, B ARG R R BT e v
r epr esengged @nﬂé’t&oﬁ@nﬂ%ﬁs then% l’atth@eﬂﬁ(ﬂyraicﬂ@nde oy foasdridl avkidizeso tHeairebd atbhe t er m
level significantly above background. The background hybridization may occur because of
20  other polynucleotides present, for example, in the cDNA or genomic DNA library being
screening. In this event, background implies a level of signal generated by interaction between
the probe and a non-specific DNA member of the library which is less than 10 fold, such as
less than 100 fold as intense as the specific interaction observed with the target DNA. The

intensity of interaction may be measured, for example, by radiolabelling the probe, e.g. with

25 3P or **P or with non-radioactive probes (e.g., fluorescent dyes, biotin or digoxigenin).

Hybridization conditions are based on the melting temperature (Tm) of the nucleic
acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), and confer a

defined “stringency” as explained below.

30 Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the

probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at about



30 nucl eoti de sequence nmay be prepared by use of reconbi nant DNA techni ques
(for exarrpl e, reconbinant DNA). WD 2013/ 052006PCT/ SG2011/ 000351 13 The
term " nuovecbiss@equence” may nmeans DNA. Ot her Nucl ei c pégisd20Mb0e8ss0

provi de nucl eic acids which are fragnents, honol ogues, variants or
derivatives of PARP-1 Binding Mtif nuclti c acids. The terms "variant”
"honol ogue", 5"derivative" or "fragnent” in relation to PARP-1 Bi ndi ng

Mbti f nupdel © 2eec GeloRCT g endldw ssilisdnty bt bt 20°C t6a5° @b Din, Aedilfvecat i on
of, replacenent of, deletion of or addition of one (or nore) nucleic acids
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and inclU reY ér ences vari an ues

f r agment byteidiZaABPcdn B asddng iddatifyf orldetdeesimelatibit mrﬂtedwptﬂymmleodde sezpmame may
conprise PARP-1 Bi ndi ng Motif activity. The ter m " horml ogue" may be
intended to c el Lopshnue ch
that the resu eaﬁ{fmﬁﬁ gg%fd(%ne@e%lée&u SDt%%t %?'sb%% 25@ |V|ﬁ\léy
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binding to po ( ADP- Ri bo}swgS&POl ynmerase. A honol ogue etc of PARP-1 Binding
Motif nage. 39é5 pmbOéX8$C|( T Prl§ MNaGh GiddVingps thiataetliZy of poly

(ADP- Ri bose) pol ymerase. Methods of assaying binding to enzynes such as

poly (ADP-Ri b@?ﬁe)ra %Jl m&%@(gﬁe% VEYbn@and B i04R 9t assaying enzyne

activity, e.g. et'ect changes in activity such as enzyne inhibition,
are wel | knomﬂollynuql¢m1da$ WhIC'hhiee nird0Ygidentioahiol thereleviat saquenogs (og- & PARRnt

cequlthee! Paidhtd PRbRenf R CRRA REENEATNELE ARE0E RRA,SREF UM tgve

res pect ﬁ]OFeﬁ)@éJDe MCbld DRk Mayle(D3)dut Shivhlagd alby Jncludedrs Wﬂillyasbﬁmﬁilog&&st 70%
at least 75% at |east 85%or at |east 90% sequence (dentity her eOn%
CI‘

at | east vaBwgs apddgriyatives of RARP- bBuydingMqtihean lreo%%m%cymtaomanbeép Vame-

sequence i

AI\I'I'NCAAAVE(rgdrngaosf 1, SOfFicks M) SE 0l fff)lé’&gd%b? prRNENA RS ’?*.E dcfrom a

terns al mﬂgenﬁmdpahmlsafdr@kampleandlatdualmsfrouﬁ dtffwerﬂ pqpndatdms F(Vaathptes PARP-
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var i bnt s B ﬁ@a«kﬁo b mosbe Menufghird VYR oleT BRIEIST  RNA.

They mayphiéhed 'ré'&hﬁ)u%f PARP Bind! ff phdiaededs aﬂ&‘ﬁdﬂyﬁcﬁiﬁd@d ﬁl@y BE produced
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| |
ghgggﬂgfg]g%%% édgé\g'%cgﬁl&wg‘eéﬁép '?"S ({OCBPeacrl di ne or polylysine chains

In addition, other viral/bacterial, or cellular homologues of PARP-1 Binding Motif,

20  particularly cellular homologues found in mammalian cells (e.g. rat, mouse, bovine and
primate cells), may be obtained and such homologues and fragments thereof in general will be
capable of selectively hybridising to human PARP-1 Binding Motif. Such homologues may be
used to design non-human PARP-1 Binding Motif nucleic acids, fragments, variants and
homologues. Mutagenesis may be carried out by means known in the art to produce further

25  variety.

Sequences of PARP-1 Binding Motif homologues may be obtained by probing cDNA
libraries made from or genomic DNA libraries from other animal species, and probing such
libraries with probes comprising all or part of any of the PARP-1 Binding Motif nucleic acids,
fragments, variants and homologues, or other fragments of PARP-1 Binding Motif under

30 conditions of medium to high stringency.



WD 2013/ 052006PCT/ SG2011/ 000351 14 at the 3' and/or 5 ends of the

nol ecul e. For the purposes of this docunent, it is to be understood that

t he pol ynwol2emdse@s nay be nodified by any nethod avai |l blrsconitobessart .
Such nodifications may be carried out in order to enhance the in vivo -
activity or life span of polynucl eotidel of interest. S5Were the

pol ynucl eotide is doubl e-stranded, both strands of the duplex, either

i ndi vidual l'y Similan cemsiduratiins apply as ebtainiiapasise Horaylogtkes amdtaliolis variwhts of
conpositions described here. Wiere the pol ynucl eotide is single-stranded,
it is tothB@OUHE@fietQSé’&ClFﬂ%‘fe TAECEHYISEASESFS sequence of t hat
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"derivative" Varidd ald 9Rid/epedich HomORLEEMSLaIsE bE obthled Gbing @egeti¢érate PCR
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identity to the erflevant sequence z)e.g., a PARP1 Bi nding "Motif sequence
RNNWCAAAVANWNGAAAL stringddENCAnditioms loasr thhnthosabseddor clofialglsequoheesTwith eingl? or
Tabl e D3). . There.may be at |east. 95%identi.t at, | t, 96% i dentity,
2t | east egIUCE RET JEaITR Kpas auger dbntl s Sgpecieh bt Sak neep B

Nucl eot i glerd1PRnRdiddiMe RORBRIZY PRRFecHBYqRACKARSH aistmtigSeldR ddesmidnad liRbgUS. A
sequence conparison program which nmay be used is the GCG Wsconsin Bestfit
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creat’l on pena a e de gap extensi on®penal
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t hat are capalylaldgfonhhdmolageusrmgqueanicecmay bé \dentfiechly sdarhing rusdpaside esd/or
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Nucl eoti de sequences may be at |east 15 nucleotides in length, such as at
| east 20, 30, Alémetivedy sncicpaptudedidesimag bgohtained by site difheed sutagenesis of

"“hybridi zati on' as used rein shall,i .ude " rocess, by which a strand
of " nucl e BT S SHE T SRp R A0 e M RS oSt e Tng as
wel 128s fdifolBE RGeS vaiestittdghicaBtthBofaFhisdidyl Rusefil wheredel ¥xahsls silahai n
reaction technol ogi es. o )

codon changes are required to sequences to optimise codon preferences for a particular host

cell in which the polynucleotide sequences are being expressed. Other sequence changes may

be desired in order to introduce restriction enzyme recognition sites, or to alter the property or

function of the polypeptides encoded by the polynucleotides.

25 The polynucleotides described here may be used to produce a primer, e.g. a PCR
primer, a primer for an alternative amplification reaction, a probe e.g. labelled with a
revealing label by conventional means using radioactive or non-radioactive labels, or the
polynucleotides may be cloned into vectors. Such primers, probes and other fragments will be
at least 8, 9, 10, or 15, such as at least 20, for example at least 25, 30 or 40 nucleotides in

30 length, and are also encompassed by the term “polynucleotides” as used herein.



Pol ynucl eoti des capabl e of selectively hybridising to the nucl eotide
sequences presented herein, or to their conplenent, nmay be at | east 40%
honol ogowso 2813/0semst 45% honol ogous, at | east 50% honol egwiss20@toodsast 55%
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probes (e.g., fluorescent dyes, biotin or digoxigenin). ~ Hybridization
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bi ndi ng conpl.ex,. as, taught in Berger and Ki 1987 ide to Ml ecul ar
C oni ng ‘Fég%%ﬁ&dgs?loﬁfe?(ﬁ&ége T"ﬁ“@ﬁ%%%’g‘i&y t@:EEAPl ,exﬁ@gggm' c Press, San
Diego CA), and confer a defined "stringency"” as expl ai ned bel ow. 30Maxi num

stringency t ypitbaighyP ARBUrBinding Matift prifners QafyH€ poeNided erhtheiFromvor, thelyargpmobte) ;
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Bi nding Motif sequence \ NVWNCAAA or ANTNCAAA, or as shown above in
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honol ogu var | ' [ - . ndi L
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25  labels such as biotin. Such labels may be added to polynucleotides or primers and may be

detected using by techniques known per se. Polynucleotides or primers or fragments thereof
labelled or unlabeled may be used by a person skilled in the art in nucleic acid-based tests for

detecting or sequencing polynucleotides in the human or animal body.

Such tests for detecting generally comprise bringing a biological sample containing

30 DNA or RNA into contact with a probe comprising a polynucleotide or primer under



Further reconbi nant PARP-1 Binding Mdtif nucleic acids and pol ypepti des may
be produced by identifying correspondi ng positions in the honol ogues, and
synt hesi sivogomospioeduci ng the nol ecul e as descri bed el seshsceoiimodssti s
docunent. In addition, other viral/bacterial, or cellular honol ogues of
PARP-1 Binding Mtif, 20particularly celqular honol ogues found in mammalian
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Sequence alignnents can be perfornmed using conputer software known in the

art. For exanple the W sconsi n. Pi | ey rogramis w dely. ed. 10The

ri et s used DHGLUEHER ZEReTEBREITIoeR e feoRng st Cstabls ped
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char act erermadtisequences, for exanple, PARP-1 Binding Mtif nucleic acids,
or variants,

20 Small Molecule PARP-1 Inhibitors
We describe small molecule inhibitors of PARP-1 activity. Included are any molecules
that resemble or have a biological activity of the PARP-1 binding motif (e.g., a PARP-1
Binding Motif sequence RNNWCAAA ANWNCAAA or ANTNCAAA, or a homologue,
derivative, fragment or variant thereof). We refer to these as “small molecule PARP-1 binding

25  motifs”.

Such small molecule PARP-1 Binding Motifs may bind the PARP-1 domain(s) which
interacts with the PARP-1 binding motif. As shown in Figure 6C, the domains involved in
binding the PARP-1 binding motif are likely zinc fingers 1 and 2, although the possibility that

other domains are involved (such as the BRCT domain) cannot be excluded.



20 honol ogues, derivatives or fragnents thereof. This may be useful where
for exanple silent codon changes are required to sequences to optimse
codon pr ekenersesckor a particular host cell in which tlreTpohynwedsoti de
sequences are being expressed. O her s ?g)tcjence changes may be desired in
order to introduce restriction enzyne r&tognition sites, or to alter the
property or function of the polypeptides encoded by the pol ynucl eoti des.
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conferrmg an increase in net negative charge [39-42, 46]. Furthermore, it can act as a

transcriptional activator or repressor by binding DNA in a sequence-specific manner, directly
regulating the expression of viral transcripts and genes including inflammation modulators
such as IFNy [29, 66-70]. The extent of PARP-1 sequence-specific transcriptional regulation

25  however remains elucidated.

Many questions regarding PARP-1 sequence-specific transcriptional regulation remain
to be answered. A PARP-1 sequence-specific binding motif has yet to be clearly defined. The
question of how PARP-1 discriminates between non-sequence specific DNA strand break
binding and sequence-specific binding, as well as how their respective binding affect its

30 catalytic activity remain to be resolved.

The following text is adapted from OMIM entry 173870MGI.
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conposi tions .described, her.e make use .of PARP- | ypept i des ich are
descri be‘(A)‘Blrf)r'lr ibRsE ypits B’etfl%\‘/!}m%gn(ﬂ%té’ dﬁﬂ‘él%r, pr@ﬁgsgﬂéﬁ %e&%%%ﬂegomp?%%t ended to
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effects of noxious agents. During repair, NAD+ is consumed and the NAD+ content of the
cell decreases. Concomitantly, nuclear proteins are ADP-ribosylated. The enzyme is induced

by single-strand breaks in DNA which serve as cosubstrate for the reaction.

Cloning
15 Alkhatib et al. (1987) isolated cDNA clones for this enzyme from a human hepatoma
lambda library and studied its expression. Using synthetic oligonucleotide probes based on the
partial amino acid sequence of poly(ADP-ribose), Kurosaki et al. (1987) isolated and
sequenced cDNA clones for the enzyme. The open reading frame encodes a protein of 1,013

amino acid residues with a molecular mass of 113,203 Da.

20 Gene Function
Loetscher et al. (1987) proposed that poly(ADP-ribose) may signal altered metabolic
conditions to the chromatin. They were led to this proposal from the finding that the
constitutive level of posttranslational poly(ADP-ribose) modification of chromatin proteins in
mammalian cells is related to the availability of NAD, which varies in different physiologic

25  and pathologic states.

ADP-ribosylation is a eukaryotic posttranslational modification of proteins that is
strongly induced by the presence of DNA strand breaks and plays a role in DNA repair and
the recovery of cells from DNA damage. Grube and Burkle (1992) found a strong positive
correlation (r = 0.84; P much less than 0.001) between poly(ADP-ribose) polymerase, or

30  PARP, activity and life span, with human cells displaying, for example, about 5 times the

activity of rat cells. The cells studied were mononuclear leukocytes. Grube and Burkle (1992)
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maintenance of genome integrity.

Yu et al. (2002) demonstrated that PARP1 activation is required for translocation of
apoptosis-inducing factor (AIF; 300169) from the mitochondria to the nucleus and that AIF is
5  necessary for PARP1-dependent cell death. N-methyl-N-prime-nitro-N-nitrosoguanidine,
hydrogen peroxide, and NMDA induce AIF translocation and cell death, which is prevented
by PARP inhibitors or genetic knockout of PARPI, but is caspase independent.
Microinjection of an antibody to AIF protects against PARP1-dependent cytotoxicity. Yu et
al. (2002) concluded that their data support a model in which PARP1 activation signals AIF
10 release from mitochondria, resulting in a caspase-independent pathway of programmed cell

death.

Using cultured human cells from malignant cell lines, Nicholson et al. (1995)
demonstrated that PARP is proteolytically cleaved at the onset of apoptosis by caspase-3
(CASP3; 600636), which they called apopain. In addition, they showed that inhibition of

15  apopain-mediated PARP cleavage attenuates apoptosis in vitro.

Tomoda et al. (1991) found that in contrast to reactive proliferative diseases, malignant

lymphomas showed increased expression of poly(ADP-ribose) synthetase as demonstrated by

level of mMRNA.

Cohen-Armon et al. (2004) found that poly(ADP-ribose) polymerase-1 is activated in
20 neurons that mediate several forms of long-term memory in Aplysia. Because poly(ADP-
ribosyl)ation of nuclear proteins is a response to DNA damage in virtually all eukaryotic cells,
it is surprising that activation of the polymerase occurs during learning and is required for
long-term memory. Cohen-Armon et al. (2004) suggested that the fast and transient
decondensation of chromatin structure by poly(ADP-ribosyl)ation enables the transcription

25  needed to form long-term memory without strand breaks in DNA.

Vasquez et al. (2001) included the PARP gene in their list of candidate genes for
enhancing gene targeting. Gene targeting by homologous recombination, which was
developed by Smithies et al. (1985), Thomas et al. (1986), and Thomas and Capecchi (1987),
has proven highly valuable in studies of gene structure and function and offers a potential tool

30 for gene-therapeutic applications. A limitation constraining this technology is the low rate of

homologous recombination in mammalian cells and the high rate of random (nontargeted)
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were inhibited by ATP. In vivo, PARP1 incorporation was associated with transcriptionally
repressed chromatin domains that were spatially distinct from both histone H1-repressed
domains and actively transcribed regions. Kim et al. (2004) concluded that PARP1 functions
25  both as a structural component of chromatin and as a modulator of chromatin structure

through its intrinsic enzymatic activity.

Pavri et al. (2005) determined that PARP1 was necessary for retinoic acid (RA)-
dependent transcription in HeLa cells, and transcription required the direct interaction of
PARP1 with the mediator complex (see MED6; 602984). The interaction did not require the

30  C-terminal catalytic domain of PARP1. By chromatin immunoprecipitation of a mouse
embryonic carcinoma cell line, Pavri et al. (2005) found that Parpl localized to the RA-
responsive promoter of the mouse Rarb2 gene (RARB; 180220). Parpl was necessary for the
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25  cancer.

Andrabi et al. (2006) and Yu et al. (2006) demonstrated that the product of PARPI
activity, poly(ADP-ribose) (PAR) polymer, mediates PARP1-induced cell death. Andrabi et
al. (2006) showed PAR polymer alone could induce cell death in primary mouse cortical
neurons in a caspase- and Parpl-independent manner. Degradation of PAR polymer by PAR

30  glycohydrolase (PARG; 603501) or phosphodiesterase-1 (see PDE1A, 171890) prevented
PAR polymer-induced cell death in cultured neurons, and increased Parg expression in mice

reduced damage caused by ischemia following middle cerebral artery occlusion. Yu et al.
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core histones or pronoting t he di sassenbly of nucl eosones. The
aut onodi f i cat Spmnthetad fethatity' af a PedRmEniias cputertdry tsan emghtinerhiply tumor cell
25  death results from lethal synergy of 2 otherwise nonlethal events. Fong et al. (2009) used this
model to treat breast cancer cells that have homozygous loss of the tumor suppressor genes
BRCA1 (113705) or BRCA2 (600185) with a PARP inhibitor, resulting in the induction of
selective tumor cytotoxicity and the sparing of normal cells. The method aims at inhibiting
PARP-mediated single-strand DNA repair in cells with deficient homologous-recombination
30  double-strand DNA repair, which leads to unrepaired DNA breaks, the accumulation of DNA

defects, and cell death. Heterozygous BRCA mutant cells retain homologous-recombination

function and are not affected by PARP inhibition. In vitro, BRCA1-deficient and BRCA2-



20 nucl eosones, causing the release of PARP1 fromchromatin. The

NAD( +) - dependent activities of PARP1 were reversed by pol y(ADP-ri bose)

gl ycohydrwbass/sBARG 603501) and were inhibited by ATPpcirsceimM®poBARPL

i ncorporation was associated with transcriptionally repressed chromatin
domai ns that were spatially distinct frdm both histone H -repressed domains
and actively transcribed regions. Kimet al. (2004) concluded that PARP1
functi ongefik R0 téllsasera up s UODOTEld rearaREmEthe tofP ART Diiifich g waldtypersers! at or
of chromatin structure through its intrinsjic _enzymati.c activity.
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101 ongeraGti¥p%in BRCATRYLUOPARIBE Sact i vity i s essential in honol ogous
reconbi nati on-deficient BRCA2 nutant cells. Bryant et al. (2005) exploited
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inhibition alone. Treatnment with PARP inhibitors is |ikely tqQ be highly
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activity, 20resulti'ng in chronosomal i1nstability, cell cycle arrest, and

subsequent apoptosis. This seens to be because the inhibition of PARP | eads
to t4te persi st@RR¥S0f DNA | esions normal |y repaired by honol ogous

reconbi nat i onpcBAER! alet198Y) condRASd tHaPh ErsIRMcfidiAl PARP denk 85 HokSthiah 1536 at e
how di fferent pathways cooperate to repair danage, and suggest that the
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DNA from panels of somatic cell hybrids.

25 Herzog et al. (1988) cloned a cDNA for ADPRT and localized the gene to 1q21-q22
by in situ hybridization. Herzog et al. (1989) mapped the ADPRT gene to 1q41-q42 by in situ
hybridization. Using high resolution in situ hybridization techniques, Zabel et al. (1989)
localized PPOL to 1q41-q42. With the conditions used, only 1 additional site of hybridization,
14q22, could be detected; this probably represented a pseudogene which had previously been

30 identified and called ADPRTP2. By nonisotopic in situ hybridization, Baumgartner et al.
(1992) confirmed localization of the functional gene to 1q42. Two other hybridization peaks,

one at 13q34 and one at 14q24, suggested the location of pseudogenes.



25cancer. Andrabi et al. (2006) and Yu et al. (2006) denonstrated
that the product of PARP1 activity, poly(ADP-ribose) (PAR) polyner,

nedi at es WORPL/jsagyced cel | death. Andrabi et al. (2006pcs/sooed/ 0B pol ymer
al one coul d induce cell death in primary nouse cortical neurons in a
caspase- and Parpl -independent manner.28egradati on of PAR pol yner by PAR
30gl ycohydr ol ase (PARG 603501) or phosphodi esterase-1 (see PDE1A, 171890)
prevent ed PARppRPw}eﬁddg@ﬁwced cell death in cultured neurons, and increased

Parg expre on in mce reduced danage caused h che ng m ddl e
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Subset o pronoters, suggesting a functional interplay

bet ween PREPS (amﬁmlaraadRAﬂ?éAl(éV/‘lMO@f nucl eosonme bi ndi ng. Thus, Krishnakumar
et al. (2008) concluded that although HL and PARP1 have sim |l ar

nucl eosome- bi pdi ng,. properties and effects on chromatin structure in vitro,
they have distinct roles in determ ning gene expression in vivo. 'Synthetic
| ethal ity' asAaerttateht 9 démpnstatedshatited BARPigsne s 43vidnlong andvkplghntoddor cel |
25 eath results fromlethal synergy of 2 otherw se nonlethal events. Fong
et at” (9%989) used this nodel to treat breast cancer cells that have
honobzygous | oss of the tunor suppressor genes BRCAL (113705) or BRCA2
(600185) wit hA/bleI?MaPGewhn'zcbi tor, resulting in the induction of selective
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unrepai red DNA breaks, the accunul ation of DNA defects, and cell death.
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Animal Mode!
Streptozotocin (STZ) selectively destroys insulin-producing beta islet cells of the
pancreas, providing a model of type I diabetes (see 222100). PARP is a nuclear enzyme whose
30 overactivation by DNA strand breaks depletes its substrate NAD+ and then ATP, leading to
cellular death from energy depletion. Pieper et al. (1999) demonstrated DNA damage and a



deficient cells were up to 1,000-fold nore sensitive to PARP inhibition
than wildtype cells, and tunor growh inhibition was al so denonstrated in
BRCA2- defwoizersiosx@pogr afts. Fong et al. (2009) reportedparpieasa/odossii ni cal
trial of an orally active PARP inhibitor olaparib (AzZD2281 or KU 0059436)
in 60 patients with mainly breast or ow®ian cancer (612555, 5604370),

i ncluding 22 BRCA mutation carriers and 1 who was likely a nutation carrier
but decl mapdagbnadbh 6f PARPIiN@andeutiRliblets @ STt treatedanice! Tiase nficd digplayedas-
observed only in confirmed carriers of a BRCAL or BRCA2 nutatjon; no

obj ect i vi®lhircreasminrbloedksglysnse andyraior pRaEEItSdsiehdynagee it @ick WIHHRRMQFYSERRS BRCA
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have X he?tBRisc TRy ggﬁg CHMHH I}}ayagfgg‘é‘ipét?é’at iRafhop YR}%IHEY B&Q'Ipeéﬁ@%ﬁeﬁgf%py.
Fong et @{hich PARAOInhARRed MiRdatfGAlth&ARRIticHBh&tt i on has antitumor activity in

BRCA nmutation carriers. In mammalian cells subjected to oxidative stress,
Mao et al. (2011) showed that SIRT6 15(606211) is recruited to the sites of
DNA doubl e- st V&RE 2shiderat tﬁﬂﬂ“"é’teﬁvrﬂjﬁg‘iae Fd‘gﬂlgsﬂaee-téﬁt(h??(?) phavad thatgBice ¢ hr ough
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hi eved. b i ' | i
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gene to 19g41-942 by in situ hybridization., Using high resol uti OQ in.situ
hybriddi Z&erednre rereiedpieanantieipaied gle of PARPgR dglomgredength geeppationagd pearvidega o
Wth the; ot . . i 4 tfe of hybridization, 14922,
coul d bemglg?g@del ; tn |fgﬁ?gﬁg%?lélr%?gpgﬂggr}?ggﬁypseudogene whi ch had

previ ously been 30identified and called ADPRTP2. By nonisotopi¢c in situ
hybri di zat i onDeBatioryeirEMRP increages the figgpancy o Fecombinatign ogens ampHHCHON: he
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0
one at 1 suggde ocat1 on of pseudogenes.
2013/ 052gifiealindSPRBP Ih ROB&hteABndeAf RPndise sthb en B Aflpwayesseade psdydggene or

a gene w.t xt ensi ve, i dent| to the RT e was studi ed by Bhatia et
% O bR RSt LT b e BPERT G5te U, oL ud e Y, o
pol yrmor phii 5518 AvRbladts defRed HoBNEARP /- IfiS0 YRR/ wWARARi P LRAGKDs6Maains
Caucasi ans. Bhati a et
in other regions. Neither the chromosomal gains nor the tetraploid population were apparent in
PARP -/- cells stably transfected with PARP ¢cDNA, indicating negative selection of cells with
these genetic alterations after reintroduction of PARP cDNA. These results implicated PARP

25  in the maintenance of genomic stability.

Steroid response and stress-activated genes such as Hsp70 (see 140550) undergo
puffing, a local loosening of polytene chromatin structure associated with gene induction, in
Drosophila larval salivary glands. Tulin and Spradling (2003) found that puffs acquired
elevated levels of ADP-ribose modified proteins and that PARP was required to produce

30 normal-sized puffs and normal amounts of Hsp70 after heat exposure. Tulin and Spradling
(2003) proposed that chromosomal PARP molecules become activated by developmental or

environmental cues and strip nearby chromatin proteins oftf DNA to generate a puff. Such



5al . (1990) suggested that this deletion mght be a predisposing factor in
several forns of malignancy. Lyn et al. (1993) studied the 2-allele (A B)
pol ynor phwermofioskdee gene on 13g34. An el evated B-al |l el eprtrsguenmyossas f ound
in germine DNA in bllacks with nmultiple nyel ona (254500), prostate cancer
(176807), and col on cancer (114500). Th¥y found that the A allele 10 has a
cl ose sequence simlarity (91.8% to the PPOL cDNA coded by 1942 and is

i ntronl eksal Isoxgggtmaygfatihaite trinescptien anl m3gtrasiantly nudke gsadinpoenydogs nere They
presented data indicating that fhe pol ynorphismref|ects a 193-bp

dupl i cat?‘iﬁﬁssﬁ?f’ﬂ‘ﬁoéﬁéa q‘b@@é%‘&ﬂ‘gﬁég(%%ﬁ‘erﬁ od we dgvelAPRELlence of this
duplicated region being characteristic of the B genotype. Doll et al.

(1996) confi rTednddistamdthe bicldioBigaHicare o iR ARP htleawngautriiliret l. &2604ATer i cans
and an 15 all el e _of the pseudogene | ocus.(which they synbalized PADPRP) on
chr onos ogenated RO RPA kaeckip moyse medeldn Whigatie gaspasiedlervageiisPtdsARRB ent i al

didat - P .
S Fuct ar SEXTRR 1B} @ iy R Eder HEgretehd o 1ot el B REL THEE S g
and spl i Parbhknockdn Rlexoers highty esistaat to@ewetoxasshBckued gentestinaibnd (chaB7)

suggested that the defect. jn Fanconi, anem a, (FA, 227650) is one .of inpaired
ADP-r | boSsiteRparperissiny which NirEnverHed SECaPdiser sHETHRYRNSRBSERA hhat

ADPRT i aggtget RSsubdEnBEdIS dQE 1d I8 cOMbAIMISN HrodFARAYTsp@ielinflamitsiyer . Fl i ck
et al. (1992) 25could find no abnormality in cells froman FA patient of
conpl ememediatosh Dpspitgonoxmat kintingjof aucik@dadtpr kenparth(seah 601 1 5ta Bptde 2dikBi n

(STZ), selectjvely destroys .insul.n-producing beta.slet cells,gf e
panc Oeasr,negltat?\q;%@%ﬁﬂlp loﬂﬁété‘f‘ of %% W&RF‘?kﬂ tgsg%ggnc(esoggasfﬁeiﬁaﬁanﬁgﬁg i's a
nucl ear PAEUNE aM2664)2IOncN@IdhAt tHEPARP1RYcabif Slehil @hﬁii@lagﬁsamﬁﬁﬂlwaﬁﬁtoi ts
substrate NAD+ and then ATP, leading to cellular death from energy

depl et i othe regudasion fitheinflapygtayy respaRsdn Vioed DNA damage and a WO
2013/ 052006PCT/ SG2011/ 000351 29 maj or activation of PARP in pancreatic

i slets of STZndegted adhmed frdheswnijce displayed a 5- fold increase in
bl ood gl ucose and najor pancreatic islet damage. In mce wth honozygous

targeted_del eti on of P bl ood gl ucpse and pancreatic islet structure
wer e norﬁﬁ'l"?El‘i'HHiFE’&tﬁArgﬁ@il?‘ﬂvaﬂTq Tdf&fmﬂf%t ection from STZ di abet es.

Par tha | prot ef‘}\k%r-"l BFn(c;anrgrlslg)tif rrrlla§11 gL %ge%zix%&!'égning for molecules which mimic the
structure or activity (such as anti-PARP-1 activity) or both, of PARP-1 Binding Motif. We

refer to such molecules in this document for convenience as “PARP-1 Binding Motif
Mimics”. Such ARP-1 Binding Motif Mimics may be used as candidate drugs against cancer,
for example breast cancer and for treating, preventing or alleviating hepatitis, for example

20  hepatitis B, or generally for cell killing, optionally together with agents capable of killing cells

or cytotoxic agents.

IDENTIFYING PARP-1 BINDING MOTIF MIMICS

PARP-1 Binding Motif Mimics, in particular, small molecules may be used to

specifically inhibit PARP-1 for use as anti-cancer, anti-hepatitis B or cell-killing agents.

25 We therefore disclose PARP-1 antagonists and small molecule PARP-1 Binding Motif
Mimics, as well as assays for screening for these. PARP-1 Binding Motif Mimics may be
screened by detecting modulation, such as down regulation or disruption, of binding of PARP-
1 Binding Motif to PARP-1. Such modulation of binding may be accompanied preferably by
reduction of the inhibitory effect of PARP-1 on enzymatic activity of PARP-1, such as poly

30  (ADP-ribose) polymerase activity.



5ani mal s. Thus, PARP activation may participate in the pathophysiol ogy of
type | diabetes, for which PARP inhibitors mght afford therapeutic
benefit. wo2013/09%08g 2 different techniques, d Adda di Pagagneaisvosai .
(1999) showed that mice | acki ng PARP di splay tel onere shorteni ng conpared
with wildtype mce. Telonere shorteningdMwas seen in different genetic
backgrounds and in different tissues fromenbryos 10and adult mce. In
vitro tel omer age tteedforei fryvidéavempouyndnapabieoovf ddweraldting Akpexpression, amuose
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aneupl oi dy. The absence of PARP does not" affect the presence of
si ngl e-strand_over hgnn%s naturally present at the end of. telonmeres. This
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20Si mbul gz iaasst hel.ceipdl 5 (1099P9) denpnstrated an unstable tetraploid
popul ation in ifmortalized (fi brobl asts derived from PARP -/- mce. There

were partial chronosomal gains_in ofher regions, Neither fhe chronosonal
gai ns nor theFr’t%ﬁ“F Iths %FS@b‘ﬁgif gf*%’nli ﬁéﬂé“%ﬂ@ﬁ&?&\?“qsﬁeg@eﬁrm‘@gﬁ stably
trangf eCéﬁ&tme{hd%ﬁF’mSi@NﬁeS b tHetRidiRg oNBARPL 1@@&1’%@%{% EARPA! W$ 244N
these genetic alterations after reintroduction of PARP cDNA. These results
i npl i cat mdy BARPe2B5ayingthe tiidmgeofatelRP-dfBigdimg iVl otifso A RR-1 yn the presen@t efr i d

response and, stress-actiyvat.ed gen uch a 7Q. {see 14055 under go

puf fing, Caélgfdél&earf“o CEUS AR AP 18?“8’0?‘35%%?6%%?03@ ?ar?gb({afedg?]ﬁ?'ge'a@%’gg’ag? ed with
gene i ndpeldcRs whithRigtapi Fiduge, lorbd@liodad thy Binding FPISRP-TWihdingMbti#re adl i ng
(2003) found that puffs acquired el evated | evels of ADP-ribose nodified

pr ot ei nsPARE-t may bpagleciohas pulefiNeranti-qapcqsr gHubepatits poalielillsieAsuesouf f s and
normal amounts of Hsp70 after heat exposure. Tulin and Spradling (2003)
proppsed that AghiherReA by FABR RS BARPECLAMRItRE héFrQendyordevep.gpnent al
or environnental cues "and strip nearby chromatin proteins off DNA to

gener at eBindingf MotiSteghthenwith @ tandidaio ovicrlesapd ontiqyedg 51 thgebsapeapf theoseni ng

may facilitate transcription an ransiently nmake _prptejn, conpl.exes
mor e accsdRfempBERE Mol SRR whlMENER: iu 0% pREBYEI M PR
devel opngfidct off PARPIEB& dAiRAMOHCoMPARPYI GctBiigihdy ot tedfas PARRLe ahtauage,
Petrilli et al .”(20041) generated a PARP1 knockin nouse nodel in which the
caspase #tchenaghs ey ¢dl-flingadpas. spEVD(214), was mutated to render the
protein resistant to caspases during apoptosis. The
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20 By “down-regulate”, “disrupt”, “reduce” or “ameliorate” we include any negative

effect on the behaviour being studied; this may be total or partial. Thus, where binding is
being detected, candidate antagonists are capable of reducing, ameliorating, or abolishing the
binding between two entities. The down-regulation of binding (or any other activity) achieved
by the candidate molecule may be at least 10%, such as at least 20%, at least 30%, at least

25  40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or more compared to
binding (or which ever activity) in the absence of the candidate molecule. Thus, a candidate
molecule suitable for use as an antagonist may be one which is capable of reducing by 10%

more the binding or other activity.

The term “compound” refers to a chemical compound (naturally occurring or
30 synthesised), such as a biological macromolecule (e.g., nucleic acid, protein, non-peptide, or

organic molecule), or an extract made from biological materials such as bacteria, plants, fungi,



Par pl knockin mce were highly resistant to endotoxic shock and to
intestinal and renal ischem a/reperfusion, which were associated with
reduced iwblammatawey responses in the target tissues angcesicheiiguessio the
conprom sed production of specific inflamatory nedi ators. Despite nornmnal
bi ndi ng of nuclear factor kappa-B (see 364011) to DNA, NFKB- 10nedi ated
transcription activity was inpaired in the presence of caspase-resistant
PARPL. Petdnimhl (p&iticalarly pZ204li0 oellsugdedsidspir dvbe aiPAfdiidanid damageorenaatulé.s
physi ol ogically relevant to the regulation of the inflammtory response in
Vi vo. [EﬁEF empoupd mayRstWRMIPOR-OM M SCREENI NG FOR PARP-1 BI NDI NG MOTI F
M M CS 15PARP-1 Binding Mdtif nmay be used in screening for nol ecul es which

mmc the strpgimipies 6f podéitial hltigdnSHEHf BERBI BmBARRAti Befirhick includer bot h, of
PARP-1 Binding Motif refer to such nolecules in this docunent for
conveni e#tibodiss, smximalegilagnpeleqistes pndhgiragalogagse MchRmE) PUBings R PWIRS f

Mm ndl i Feo f st
cancer i e ot ERAEL Bl ARoR SR ki ARG AT PRI MUETS ) o
20hepat i ¢.gs aBragmenge X RP1yBihdihg dbtif, &i dnhdlh@pleoples ohadhlbynd oghe RARPA t h
agents capable of killing cells or cytofoxic agents. |DENTIFYI NG PARP-1

BI NDI NG W@“@Fﬁﬂ’&t Mﬁﬁyf’?ﬁ? ?}‘pr ?lsfpr?\)feﬁf"gs?tci n particular, snall

nol ecul es may be used to specifically inhibit PARP-1 for use as

anti - cansergennNtiKilrepatitis B or cell-killing agents. 25W therefore

di scl ose PARP-1 antagonists and small nol ecule PARP-1 Binding Mtif Mmcs,
as well as asThymafeoinlsseressaryfior fuoh strhesag toFbkRPnduBehtiap e Potkagedintd as may
be s\cheened b[}/ det ecti ng nodul ati on, such as down regul ati on or disruption,
of bithdi B8 RP1L Bi nding Motif to PARP-1. Such rodul ation of binding may
be acconpani ed preferably by reduction of the inhibitory effect of PARP-1
on enzynmati c &wth asscrgenofg RRRsdul fouddendfyippPxRPO( Biding Mot & Mimidsy rbe ase

activity. WD 2013/052006PCT/ SG2011/ 000351 .31 refore provide a
corrpoundscé%FﬁéftﬂZ‘@t @PYHBWHEI?%I%‘?‘ -1eRg F@RB&%%ﬁ/(?ﬁ,(b)é’m{;ﬁ 1n§ i]\@?tﬂﬁjl
PARP- 1. PHCHrénfMOMA] cORPriRes HBAH . The kbi8edIRS RRdfyadeh#iodRRBbid Sfore of
descri bed here for treating or preventing cancer, particularly breast
cancer. thaRPmpoBinttingeded/firistrepmipg tasaicedribed bplowyd e serecrangkis saytoptionalth ng of
smal ] nol ecul e .5§ub§t raftes and ligands in, for exanple, cells, cell-free
prepar at YORSCARRHCUST T Biri es, and natural product nixtures. These

substrates and ligands may be natural substrates and |igands or may be
structural orSérewng bitamayalsebe psavideevioh agaapaile af dgtectng PFARPPr ot ocol s i n

| mmunol Og)}/présglzc))rl:a(fjt]laepﬁ[u%[eiCSacgciL ?e%ell). Such kits may comprise a primer for amplification of
PARP-1, or a pair of primers for amplification. The primer or primers may be chosen from
any suitable sequence, for example a portion of the PARP-1 sequence. Methods of identifying
20  primer sequences are well known in the art, and the skilled person will be able to design such
primers with ease. The kits may comprise a nucleic acid probe for PARP-1 expression. The

kits may also optionally comprise instructions for use.

Screening kits may also be provided which are capable of detecting enzymatic activity

of PARP-1, as described elsewhere in this document.

25 RATIONAL DESIGN

Rational design of candidate compounds likely to be able to disrupt PARP-1 Binding
Motif / PARP-1 binding or inhibitory activity of PARP-1 Binding Motif on PARP-1 may be
based upon structural studies of the molecular shapes of a PARP-1 Binding Motif. One means
for determining which sites interact with specific other proteins is a physical structure

30  determination, e.g., X-ray crystallography or two-dimensional NMR techniques. These will



In general, the assays for PARP-1 Binding Mtif Mmcs rely on determ ning
the 10 effect of candi date nol ecul es on the binding of PARP-1 Binding Mtif
t 0 PARP- IwoAD13a53@y hay i nvol ve assayi ng the bindi ng of pEARR2d11Bvesdi ng
Motif to PARP-1 in the presence of a candidate nolecule,  and optionally in
t he absence of the candi date nol ecul e. Xandi date nol ecul es whi ch di srupt,
reduce, or aneliorate the binding of PARP-1 Binding Mdtif to PARP-1 may be
sel ect edpragidp BhRfah¥easad bl 4IRiIRAb acidltbéid 8 Fainh hiotec@lar eBhthcthbdibh) Foela UgS.
15Anot her assay may invol ve assaying PARP-1 activity in the presence of
PARP- 1 Bildteiledflemstrtion b geateis strygtingl determgating éeemﬁ-lgeéluléi,e“atﬁd Jelnsoshh?718) in
t he abse Of i.d ?:q,rg | dat e nol ecul es whi ch di srupt,
reduce, gfo?%{ﬁer}%@g@&?%ﬂ};ﬁ#ﬁ@#?ﬁ%ﬁg ect of PARP-1 Binding Motif on
PARP-1 activity may be selected as putative anti-cancer, anti-hepatitis or
cel | - ki | POPERTIREBINDOBy AS8oVh- r equl ate", "disrupt”, "reduce" or
"anmeliorate" we include any negative effect. on the behavi our being studied;
thi sy be tMoévla&rsw%nt%aOmS%ﬂfsP,A%éraéﬂwmm GPIGs8iop £fush aagﬁé%é’rgd,

candi dat g; LS (Walol N i ng, or abolishing
the bin |‘rﬁ‘g et \%gfe%ﬁl?lﬁj@ﬁf???%gﬁﬁ%g;m?%gkﬁg?lilgg%{fd'bi ndi ng (or any
ot her activity) achieved by the candi date nol ecul e may be at |east 10%
such as at Ieélstbelze%l)l%ﬁt forgng ghe agemyy may suppkytcopRaigoghesens o4 gtixing gcapdidpigast

60% at V. S 0 lga Q . ARPH iR kndi ng
(or whic O%?ilotélrn Zgﬁ}ﬁ a\a}%othél@ ér?n?dﬁéﬁ%\g?érllgﬁ?%? 8'? éﬂ%aaﬁgiag)at e no 12@13%34 hgs, a
candi dat @l reixtire, medstidbg ectivity of PARTS 1 aolypeptatpanitist mixayre bandoroenpahing lthe s

capabl e of, reduci ng by 10% nore the binding or other activity., The term
b E b THatHe b e U TRt Crahs 2oniiis PhEAGE T

30synt hegjagf) Moty BERP-1bi ol ogi cal macronol ecule (e.g., nucleic acid,
protein, non-peptide, or organic nolecule), or an extract nade from

bi ol ogi cal materials such as bacteria, plants, fungi, )
2013/ 052006 PCTHESPDLIE DOtPSE'ES Sy léernﬂrﬁgﬂ%@ R bingig e §1Y$&%%R%A) IN&N | s or
ti Ssues’asgé’g(@/l{facﬂ dRRclsPHGRbGWRE L IR A s @%R@lﬁﬁd‘hﬁ%mﬁemwd may be an

ant i body. anpl es of potential antagonists of PARP-1 Binding Mdtif Mmcs

i ncl ude anti bodi es, small nmol ecul es, nucleotides and . their anal ogues,
i ncl udi ng pur PReYPaREassay feradediiyng FadiP-1 Hingipg Matd Mimjesdeseribgddiess ns whi ch

Bi ncing ML E S TRk M TAIRE A RO R iy Enfbmli g RRASTRE o T

t hat actwhichys bdund A Ribll yRiaging ddotifsvigr @venimmapbidisad casdidaieMubi@akicTS

Tnto a MRGPRRE AR ind O 0 W ehieh BE FRE e BT g s B A0
i dent i f yiiRginBARPARFB Bdig Mttiif bndP ARPS1. ATRSnARERE HeRanditihte FBYStARERdySIRS
(a) a PARP-1 'FOl ypeptide, and/or (b) a PARP-1 Binding Mtif. The screening
kit may oonphiliss and|theyPARY-1 TieREdr BiadinggMiiif complex brgohutioa aadyodne or nore
of t co olglﬁnts needed for screening, as described bel ow The screening
it Ay GpLTaRsG

The binding of the substance to the PARP-I Binding Motif Mimic to PARP-1 can be
transient, reversible or permanent. The substance may bind to the PARP-1 polypeptide with a
Kd value which is lower than the Kd value for binding to control polypeptides (e.g.,
polypeptides known to not be involved in cancer growth or progression). The Kd value of the
25  substance may be 2 fold less than the Kd value for binding to control polypeptides, such as a
Kd value 100 fold less or a Kd 1000 fold less than that for binding to the control polypeptide.

In an example assay method, the PARP-1 polypeptide may be immobilised on beads
such as agarose beads. Typically this may be achieved by expressing the PARP-1 polypeptide
as a GST-fusion protein in bacteria, yeast or higher eukaryotic cell lines and purifying the

30 GST-PARP-1 fusion protein from crude cell extracts using glutathione-agarose beads (Smith



15conprise instructions for use. Screening kits may al so be provided which
are capabl e of detecting PARP-1 expression at the nucleic acid |level. Such
kKits may worpriiseoa primer for anplification of PARP-1, pom/s&20aion03si
prinmers for anmplification. The primer or prinmers may be chosen from any
sui t abl e sequence, for exanple a porti ol of the PARP-1 sequence. Methods of
identifying 20prinmer sequences are well known in the art, and the skilled
person Wadd JohBsoabll 88; Tresle 57010):S LaD). PARE BiMdihg MeaTes thEheoknds)tnay conpri se
a nucleic acid probe for PARP-1 expression. The kits may al so optionally
conpr i seinmpekibiged PORPARR-1fydon protein. Screening kits may al so be provi ded
whi ch are capabl e of detecting enzymatic activity of PARP-1, as descri bed
el sewhere in Thd Bindw Weanaﬁaﬁéﬁb%e &kl ifAhobilised PRERP-Opalypdpedegn of
candi dat e conpounds [ikely to be able to disrupt PARP-1 B|nd|n Motif /
PARP- 1 binabiiding the disphpemlmWtf&cRAKtPtlﬁledm@mm 1mgy feping detrminegn Thiael nay
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2013/ 052006P 011/ danc id
resi dues for 8%3?533)? %’rﬁeé(?pnl%l& IS—S(?P’ uﬁméﬁ ?rch?\?@m?c? claglﬁnof
protein %sfe%fstﬂdf ahmeBitisihglonabf v ,coﬁl@ﬁnerﬁ’s Gor, exBmiphedie]-NTAGE adsxd Iﬁﬁd) histidfhéb)
Protein ystal | ography, Academ c Press, New York. PCLYPEPTI DE BI NDI NG

ASSAYS 5WBERA camionentsd ant agoni sts of PARP-1 acti Vi ty or expression (such
as PARP-1 Binding Mtif Mmics) may be identified by any neans known in the

art.qo | NBidaglg ofhé"PbI¢Béptide idithelchRdiass sitSstdiRY nidlyHel déte@imRdibyar ddiRtySt eps
of m xing a candidate conmpound with a solution containing a PARP-1

pol ypept oldacthnds welbkmpan erﬁhﬁ @rtnfonayempla; grefngnnimnehilisedcempraen eimqyrhy
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contacting t PARP- 1 pol ypeptide, wh I's 1 mmobilise ol i d support

and on which is bound PARP-1 Binding Motif with a non-inmobilised candi date
subst ance det Epndidate gubstracescire Hpigadly added goa finak P@rﬂenvﬁ@néérfmr@ atte 18¢hst ance

di srupt Snrﬂf) /rlh?q e ca&ﬁ lgg ri@b'ﬁ oPn1 FARRe éas@'o'f'gbtﬂg)d!\)@t t!hg éxAgﬁrakon

Alternatlve Y, te su stance may be | mmD 1|se e PARP-1 /
PARP- 1 Bus&dnm@pl‘datly froap gl ©X500Mgaal, whdhoas fesiml 200 o 3EOLgMbbI | i sed.

Modulators and antagonists of PARP-1, including PARP-1 Binding Motif Mimics,
20  may also be identified by detecting modulation of binding between PARP-1 and any molecule
to which this polypeptide binds, such as PARP-1 Binding Motif, or modulation of any activity

consequential on such binding or release.

CELL BASED ASSAYS

A cell based assay may simply test binding of a candidate compound wherein
25  adherence to the cells bearing the PARP-1 polypeptide is detected by means of a label directly
or indirectly associated with the candidate compound or in an assay involving competition

with a labeled competitor.

Further, these assays may test whether the candidate compound results in a signal
generated by binding to the PARP-1 polypeptide, using detection systems appropriate to the

30 cells bearing the polypeptides at their surfaces. Inhibitors of activation are generally assayed



The binding of the substance to the PARP-1 Binding Motif Mmc to PARP-1
can be transient, reversible or permanent. The substance may bind to the
PARP- 1 polvppemidisd@swi th a Kd val ue which is | ower than toesikdomabess:for

bi nding to control polypeptides (e.g., polypeptides known to not be

i nvol ved in cancer growh or progressiol). The Kd val ue of the 25substance
may be 2 fold |l ess than the Kd val ue for binding to control polypeptides,
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binding to the control polypeptide. In an exanpl e assay nethod, the
PARP- 1 pofi thpemdidaie eaprayediinelssivelsed on beads such as agarose beads.
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of the PARP-1 Binding Motif, mnay then be determ ned, Th
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and ant agoni sAsy ofic ARPactous tachniglien galPBiREsed tBisewhiratg biptd frotvifreedsndi®® nay

also be identified b et ect .ng noduyl .ati on of bi ndi bet ween PARP-1 and
iy ol CRATENE oot Creree phPSER: (e st S B BRA FVENd ng wo i1,
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CELL BASED ASSAYS A cell based assay may sinply test binding of a candidate

conpoundweihéte oncaiaigatianeidhe eclt membranes bearing t he PARP-1 pol ypeptide is
detected by neans of a |abel directly

20 The assays may involve exposing a candidate molecule to a cell, such as a breast cell,
and assaying expression or activity of PARP-1 by any suitable means. Molecules which
down-regulate the expression of PARP-1 in such assays may be optionally chosen for further
study, and used as drugs for the purposes described above. Such drugs may be usefully

employed to treat or prevent breast cancer.

25 cDNA encoding PARP-1 protein and antibodies to the proteins may also be used to
configure assays for detecting the effect of added compounds on the production of PARP-1
mRNA and protein in cells. For example, an ELISA may be constructed for measuring
secreted or cell associated levels of PARP-1 polypeptide using monoclonal and polyclonal
antibodies by standard methods known in the art, and this can be used to discover agents

30  which may inhibit or enhance the production of PARP-1 protein (also called antagonist or



or indirectly associated with the candi date conpound or in an assay

i nvol ving conpetition with a | abel ed conpetitor. Furt her, these
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generated by binding to the PARP-1 pol ypeptide, using detection systens
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measuring secreted or cell associated |evels of PARP-1 pol ypepti de using
nonocl ongks ancb PPARI-pARrvaRYy 1 bodi es by standard net hods known in the art,
and this can be used to discover agents 30which may inhibit or enhance the
producti on of PRRRA- dnpmatiehssayaere peetbireel iantipleandsatsingrthe WORP Universal
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Colorimetric Assay Kit (R&D Systems). 1ug of nuclear lysates were used for determmatlon of
relative endogenous PARP-1 activity in different cell lines. Sug of nuclear lysates was used to
test if DNA sequence-specific binding could inhibit PARP-1 activity. To obtain the test DNA
duplexes, equal amounts of 100uM DNA oligomers (1% base) were mixed and incubated at
95°C for 5 minutes, then cooled to 37°C for 5 minutes and further cooled to 24°C for another 5
25  minutes in a thermocycler. 1ul of cooled annealed products were added per well. Lysates were
dissolved in PARP buffer with PMSF and protease inhibitor cocktail (Sigma-aldrich). Assays

were carried out as recommended.

The assays may be performed in the presence or absence of a candidate modulator

(optionally in the presence of PARP-1 Binding Motif) and the appropriate activity detected to



agoni st, respectively) fromsuitably manipul ated cells or tissues. Standard
nmet hods for conducting screening assays are well understood in the art.

ACTI VI TY weSAsHsAmsays to detect nodul ators or antagoni $rs/sicepiimadisy

i nvol ve detecting nodulation of 5 any activity of PARP-1, in the presence,
optionally together with detection of mdul ation of activity in the

absence, of a candidate nol ecule. Such assays may optionally be conducted
in the pdasamnaelubiioRARPARPBI adivily abithefice identificatiers afyscaddidake wedwator speci fi ¢
bi ol ogi cal , activitjes o‘Iﬁ?\PARP- 1, such as poly (ADP-ribose) pol ynerase

acti vi t yandhpntagoniskef PARB-lassays typical Iy invol ve contacting a candi date
10nol ecule (e.g., in the formof a library) with PARP-1 whether in the form

of a pol ypept Pnotér Hindihghgaptioderocaniditgte hedpabispelith diad to andlocefféct the
organel l e, extract, or other material conprisjng such, with a cangi date
modul at offanseriptipeonsxpesssier obPARREPNEY glsp e H@e%gn@ldat?w trs anty et Peity
of PARP- ( SIe . vl i.ned

bel oy ey "B SFTF Bl AR AR G TS AP AR Moo A e W dat o
nodul at okndvasinahgy art.5mkifaee for example déssibyd irf, GlanBb&RA- df [eqiSvideyingy @liteddyn i n

the art._An ex e of such an_ass foll . ASS PARP- I VITY
PARP- 1 cREPARHED §§§§@}§’S%Q@V§@+ o?*%/faﬁeﬁwfqlp@ﬂéfﬁ&gfﬁy r Qggﬁqﬁﬁgf{ﬂp

Uni ver sajspi@gaoanioRehiohc Assay Kit (R&D Systems). 1lig of nuclear |ysates
were used for determ nation of relative endogenous PARP-1 activity in

different cel] lines, 5p, f nuclear |ysates was used to st if DNA
sequence- speci B§ ECTERNH Iﬁﬁt%e‘g%q‘ﬁ‘“i‘l?ﬂﬁﬁﬁ? X‘Pﬁﬁ\m’?yd@ tVT%?i %%YS’T%&S%%F}WYW t est
DNA gypl : i B : m xed
N ﬁcugigog@gﬁf&%r 9419»95&.9}2 vibQdda i\/g%lrgl 1h9(90@é)§)70%:ﬂ1?ta RAEMmpH_InG

at 95C for 5 mnutes, then codled to or 5 mnutes and
further BABPeltottbe 2at@idate makvoulken tis &entanefi RARP+ BindingrMoiely & #rvirra111 of

| ed | duct dd L1 .. t i | ved i
PARP.but PER (AR MSEB g7 Brea e R elf o R aehed S e B )
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detect nodul ation of PARP-1 activity and hence identification of a
candi dat extrasti@r awwficdpratedts. Jhesgymniike agspyRponducted, thesmaygmployHArTs a

ass a1y§ to ngg&ﬁ?ecrtnofé%%gsi eexagﬁnﬁlelf bﬁh&%ﬁe%gﬂip ?‘8 @@ota%sagg _%a rbﬁ%frﬁcfg?};eedt he

transcri%atl or ~expressi on e us

nmodul at oTherbRye, tePA RE- 158 1p5pidé aray fbeicbm@risal indycellpsuch 2 hekesdodomslyuSech
Details of such screening procedures are well known in the art, an% re for
exanpl e #edbmay &g ajtinsgaairdisdowhish hey bepnspemesie do caupssdd b 1 R dase sﬁ na

Seet hal a,p frabhavat hi B. Fernandes (2001, New York, NY, Marcel Dekker, |SBN
0- 8247- 0562-9).

Where an extract is employed, it may comprise a cytoplasmic extract or a nuclear

20  extract, methods of preparation of which are well known in the art.

It will be appreciated that any component of a cell comprising PARP-1 may be
employed, such as an organelle. One embodiment utilises a cytoplasmic or nuclear
preparation, e.g., comprising a cell nucleus which comprises PARP-1 as described. The
nuclear preparation may comprise one or more nuclei, which may be permeabilised or semi-

25  permeabilised, by detergent treatment, for example.

Thus, in a specific embodiment, an assay format may include the following: a
multiwell microtitre plate is set up to include one or more cells expressing PARP-1
polypeptide in each well, optionally in the presence of PARP-1 Binding Motif; individual
candidate molecules, or pools of candidate molecules, derived for example from a library,

30 may be added to individual wells and modulation of PARP-1 activity measured. Where pools

are used, these may be subdivided in to further pools and tested in the same manner. PARP-1



The screening nmethods descri bed here may enploy in vivo assays, although
they nmay 10be configured for in vitro use. In vivo assays generally involve
exposi ng woeeidosemepri sing PARP-1 to the candi dat e nol eeglrsG2mitbesspr esence
of PARP-1 Binding Mdtif. In in vitro assays, PARP-1 is exposed to the

candi date nol ecule, in the presence of ¥ARP-1 Binding Mtif and optionally
in the presence of other conponents, such as crude or sem -purified cel

ext ract, acfivitpuot &xaible bvideignstivither @aristriptidnabc@asbydomacivitgnaluddserdbedt hese
may enpl qy arrays_ of 15candi date | ecul.es (for exanple, an arrayed

| i brar y)¢l5qwheys ghissogyraentayaygen @%ﬁ%ﬁ: Therefore, the PARP-1 pol ypeptide
may be conprised in a cell, such as heterol ogously. Such a cell may be a
transgeni ¢ ceplterniivety ohiasaddRiDn 16 i 38 1Bethbds dwsprilgRisabBARPsbtastidescr i bed

above. Where an extract is enployed, it may conprise a

cyt opl asPoeedagsia@t alen beusedde eeptibomaduylataes or aniagapigs o5 P Ak e pdyader shchof

whi ch; ar. . K i : Wl i at:
componont S ECPRedltel AR5k atmojeclss ifbloyidsl AR €GBl g nith

or ganel | endidae rasbodes@iphbld of firkdsniag ay h apldakiorqe gr, colliektest, quckpaesatacon,
e.g., conprising a cell nucleus which conprises PARP- escrij bed.. The
nucl ear ]ﬁ)l?ré’da‘?fa{?‘i’lswﬁ%?cb&ﬁﬁ NS 8" BRES HMAAIFRIS RieTen e e AEjupgacied

per meabi f},58f Mlurad®Tbf moREACIBARI LR e db UxflRE &G 8 heh AAR|TER actiAly, by
exanpl e. Thus, 1n a specific enbodi nent, an assay format may ‘i ncl ude
t he fol | owonge taa nell compriidingP 8RBt for @ cpmporerit thesent) agdeseribede| ude one or

nore cells expressing PARP-1 pol ypeptide in each well, optionally in the
presgnce of g Ri Al bRIaMbfumol il i Hahy GR2RHedBhGudt GGy s@h POOI S
of igﬁdidate nnsééﬁlgs,bsé??%egﬁ?gragxaﬁﬁﬁe ¥ro§1§ Ii§$ary, 30 n%§ be added

t 0 i ndi vinddwhtovseds| fellawsl Arogtoplasmisror aficlPARR{rhctanay bd pregpared Sromeasuitdbhrellpool s
are use t hese may, b ubdi vided in,to further pools, and tested, in t

e manHs SBALPEY b° GgnIS1 9 BESI0RRRTY s E TN S0 B Tigh £y bY P of
exanpl e i'ﬁhﬂﬁhd@lgmﬂl%ﬁ&ﬁ Witlﬁéﬁﬁtfopliiﬁ@%%ﬁﬁécﬁéé. PNBE eLtPacR il depRitddUT aABbAMALLY, it Rl

described el sewhere in this docunent may then be assayed. )
Al t er nat logeethg ability to aftigt PABK-t Binchien esasdiyityrer pxidessipss Arseeofadiractions

" ive" d . . d ' i f I
ant agont S19L5 e BGRAR 16 B [ €4 BRI b bR bl 27D a1y o

nmol ecul es is provided, which conprises one or nore candidate nol ecul es
capabl e of f ultctillelsorbg agpregiateddbdtabamabaove “depletei”|or Extbtraction”rassdyanay bt r act ,

i brary of ,nol ecul es, etc), .and.one or no component s .i g renoved, depleted
o subt e dan PR i Ssp AR Bitatls BRabR BRRRN shihet SRRy ooy
etc, is pheRrAskayestdnitiveli théi“dypletioh ot [FOsbiFaetid®’ &shehhy ORI t6 icOAiMARP- 1
(or a conponent thereof) as described. 10Thus, for exanple, an

" mmunodiép meadulstory ssE WY el mpleculs idragitied by ethermeans (forgxemplfod i PatitYS’ as

foll : V. S C d froma suitable
col 120 il QR ARl EisBhndu L B 0 e TG RoBRALE ¢ Dt at 1 v
nmodul at ors, such as by use of i mmunodepletion with appropriate anti bodi es.

| f the extractandiddeplodacales sibjectebipthapssey and whjchjarg fsiad thbe abinferesy may
ffect PARP-1. f i t{ Mt . i on. i f. ti
St or b PPBRE AR SR YEbta O PRBREP b enf TS S agpbest  one

ant agoni gk $ype of moledile whployéd, Sthelter &fipirethe fbradoft hlibraiyh Rowiang caddidhet i on”
or "subtraction" assay nay be used as reljmnary step to identify

put at vemﬁjt?éll%rlleét“@rl&?“’lgééftt?ﬁ/ at 35 onf Gen wiheer %Eﬁ?fhawcvszm ety gﬁowd’ etc.
alternatively, the "depletion” or "subtraction" assay nmay be used to
config m t he npglutadae @eketived hapbe provideddnl e fodla ol aflibegly Oy odk Beibodiedns,

(for exanrrlgleet ar(lrjl or';epgasnidi[dia}/eer'r'lolecule may be screened simultaneously. A library of candidate
molecules may be generated, for example, a small molecule library, a polypeptide library, a
nucleic acid library, a library of compounds (such as a combinatorial library), a library of
antisense molecules such as antisense DNA or antisense RNA, an antibody library etc, by

30 means known in the art. Such libraries are suitable for high-throughput screening. Different

cells comprising PARP-1 may be exposed to individual members of the library, and effect on



20screen as described el sewhere in this docunent) as a putative nodul ator.
Candi dat e nol ecul es subjected to the assay and which are found to be of

i nterest woeyotsmse®o! at ed and further studi ed. Methods ofcirschatiioosssof

nol ecul es of interest will depend on the type of nol ecul e enpl oyed, whet her
it isinthe formof a library, how mam candi date nol ecul es are bei ng
tested at any one tine, whether a batch procedure is being foll owed, etc.
25The cathdiPddatre 1 sovivire de@aminey. Aeaypteomadag) may béemployad 6dr this ipulpoas.yThel n one
enbodi nent, nore than one cagd' date rIDI_ecuI e rFray .be ,scr?ened

si mul t angdls ray begppiiallyasepargied clop gxararle. ifyedls of anitrlite@lalener at ed, for
exanple, a small nolecule library, a polypeptide library, a nucleic acid
library, a |ibyrafemsfdiieitposigals motdeale 1sarg icomipioped. Byi afsnlallhaleyyle”, ave

i brary of antisense nol ecul es such as anti sense DNA or antisense RNA, an
ant i bodyrefartie amplequie whgsegooleanar weishirmanbe lees than abay el kPaplngparaculayr o

suitaple -hi. gh- I ] | S -1
ray bo cSpAIeRS:d At AORUbICELARDE Aol Rl Pl LA & |ESTR o0 T {
2013/ 05260h RECIsSHEAQ hbotAGITIa @ddedshkarPAREDA acdd. Viirgriehadfench sreall mélacales,
technol ogy may be empl oyed for this. purpose. The cells may he spatially
separ at efre f gg“‘?—ﬂ(‘&@%? ér,nalf H’%I“'esl%'f‘r‘%u |’i‘$aé’ roPtan B"%Peé’(t'é?s’ Isf\’/i‘aﬁ rﬁ’egﬁ?r%éd %ent, a
smal | ”‘)&%&%Hl@, plen%tmee@roy:zo SmEIPARKES fe B, for AMble, D) 190 s&imin¥RcitisfShplko 2
nol ecul e se l ecul ar wei ght may be | ess than about 50 kDa. In

parti cul empuadheth. nents, a small nol ecul e may have a nol ecul ar wei ght
which is | ess than about 30 kDa, such as |ess than about 15 kDa or |ess
tha“ﬁolo kDa o 1i8Rati 1P bAT 3itRh, SEGRbRARLL MRLECH EScrib@l iR MRhGIdkes to as
"small nol ecule I'rbraries”™ may contain pol ypeptides, snmall peptides, for
exanpl e, bglewt mdebe sdred o modwdatocssor antagemists of PAR Pek.ahgshes, fot BARPO1 aptivBy

am no aci d%, sjbrr‘EI e conpounds, etc. 10Alternatively or in addition, a

conbi nat YFAEITIPLRBINS- as described in further detail below, may be
screened for nodul ators or antagonists of PARP-1. Assays for PARP-lactivity
are descLigragiebove. LI BRARIES Libraries of candi date nol ecul es, such as
libraries of polypeptides or nucleic acids, 15 may be enployed in the
screens for Phikrarksaftangiditesmelegnlgs.isnph s ilreres efipolyngstidesmpnucigicragidsg Mot i f
M m s, described here, Such lib ine re exposed, 1o PARP; 1 Lkn, and
thel 1 er PRLEe eplogay i s S of PRPS ot AR Brir ol Mot 2o

Sel ect i oBin@iri Meaf Mifs, d&sofigdd Hege. Sash liBariseaiexpoel b BAGP-1 phitéin) a-l are
known in the art, as typified by phage display techniques. Such systens, in
whi ch dithéwéfefieﬁtanwrsﬁaa@h\e@sofzge BOEIYAEMDed on the surface of
filanmentous bacteriophage (Scott and Smith (1990 supra), have proven usef ul
for creating bdlbstami fR6to6dls Bdttisaehy dekredBRMbefsdTdarkd Bbitics fetknd@nsietieences
t hat encodi ng t.hen% for the in vitro selection and anplification of

speci f i carhmsitytgd by BpgedisplayHaehniquss Suchsygems.dnwhigdrdiverpepeniide sequegees

seq ce n I e I i t ich
enootn | B SRPRS ed b e B titineh s BRRerRlsRand (K58 ah® SAERT OITAEL Ravl
co/ i andpraserudefsiUbi crediihgrldsadidsaftanabddylfegyndnisa@ne theualeotidd sqqhenesltian t he
surface of the bacteriophage, typically as_.fusions to_bacterigphage coat

pr ot ei nseneedige thasm) for gl vt 56.560 {lé%émp_@féwtong tSqub%gﬁfF@a hp@dnts dhat

di spl ayeﬂ'ingég&g@@nkige@r’rﬂempféatim%qse&@@éﬁ&ain@m@v%%l\gsrzgio@ar@dm@a age of
phage- base I Spl ay "systens Is that, because they are biological systens,
sel ect edgdniefragmentsentieh snade ldaderangnals thetdisichibien thyheypeasiplasmic bpacphbhde

ai e ¢ ri BaeanC e gl i a Gt rn 2 sp B s L R au et aS “renber
i s cont apRedidphage, BpRaHly @k fikie8esbkteriophage coat proteins (e.g., pIII or pVIII).
Alternatively, antibody fragments are displayed externally on lambda phage capsids
(phagebodies). An advantage of phage-based display systems is that, because they are
biological systems, selected library members can be amplified simply by growing the phage
30  containing the selected library member in bacterial cells. Furthermore, since the nucleotide

sequence that encodes the polypeptide library member is contained on a phage or phagefnid



WO 2013/ 052006PCT/ SG2011/ 000351 40 vector, sequencing, expression and
subsequent genetic manipulation is relatively straightforward.

Met hods fwo 20fsmsemast ructi on of bacteri ophage anti body @icsplcayiiovéssari es
and | anbda phage expression libraries are well known in the art (MCafferty
et al. (1990) supra; Kang et 5 al. (1994) Proc. Natl. Acad. Sci. U S A,

88: 4363; C ackson etal. (1991) Nature, 352: 624; Lowman et al. (1991)

Bi ochem dckof, sedlenciddl 8xpre&ivi 4 sabfquertb@Adc Mamipulaiiad Isrelddady Sci US. A, ,

88: 10134; Hoogenboom etal. (1991) Nucleic Acids Res., 19: 4133; Chang et
al . (199%samehtionwaidol ., 147: 3610; Breitling etal . (1991) Gene, 104: 147
Marks etal. (1991) supra; Barbas et al. (1992) supra; Hawkins and VVnter
(1992) J. | miRelods feddhe &hbirudBinksT vatteriOstlage ad@bdy HidplB/ librihi&nand 1268da
16007; Lerner etal. (1992) Science, 258: 1%1 i ncorporated herein by

ref er encEl)age stpmssiarchbradesease wig)l kpewadu e asd(MeCatteswd af {19999 suprs; &2pB 65 si on
general | e de. | i roach
has Sgen34 gﬁ%% R%% Vx%%ggeﬁﬁﬁgrggpg qg%pgghggﬁ?(ﬁﬂﬁ?n%ﬁﬂ%%§28?220|ence
242: 423L@thh|§l an(199a) chﬂé}ﬁ&ry,BlOOd?%ﬂthrtoﬁ\@B&f (1961) RAId. Barh. Aca&'SScz
5879-5883; Chaudhary etal. (1990) Proc. Natl. Acad. Sci U.S A :

1066- 1078:S 4% 81104 ﬁ@tgﬁnbom%@)(@ﬁ b Nucleie, setldf 41331 §9a5e gmfr a:
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( Mor phosye?emw%ﬁ}encxw Sabh @Eﬁmqﬁ&%@%&hs@tﬁe@ﬁﬁieeeégyryrfef BERRERssion
Al ternative rary sel ection techndl ogi es include bacteriophage | anbda
expre35|9ﬂw§¥bﬁém9YPWHKEHﬁﬁﬁVSbe screened directly as bacteriophage pl aques
or as col onies of lysogens, both as previously described (Huse et al.

1989) S avih Acad.
Sci o USoA gy PRpyiAds aovireleet SpeRhareiey puic Tl due i oo

8095 Pe(fisbR. Bt el al. ((199@)1&14?466242 NS, Hastoa. e 861 1988, Brop. NatBghcadq 891 and are

Systions Ty o ATt PR CEpaRRR el AL TRET NI AR Sl Re PR FOAY

l'ibrary, McCa oF #1990 UPALClaREorDér ZMEI9 1NBUra; Maley er SiL ((EEIN)RGpraY St ens
rely, for exégﬂ¥ o% dlke?t chem cal synthesis of |ibrary nenbers. One 30

early ne@h@WeHﬁle@é@zlﬁ@ndyﬁﬂﬁﬁéléoo&)@éﬂ$ﬁé@§ 6@9&)%%¥®0Ya@ﬂWk or rods,
such as gﬁﬁ&cﬁ%@ﬁt ok Qcﬁ%ﬁﬁér?&%@ﬁéﬂaaéd %'nrﬂakt@ﬁﬂﬁﬁaég ant'p?eft% eac ﬁtdbgcq ed.

synt hesi § on I's an
i ndi vi duRéfinenindy (yf phegbeisplay appiesaifes bl&chlsorkridvxﬁi, fd?&kanplel\ds descbed in

2013/ 052006PCT/ SG2011/ 000351 41 4,631,211 and a.rel t descri bed
1 b2 BOOSTO02RSSna DD RN hirciiA Rereres C i et SNBSS | nvol ves

t aggi ng @?&?hﬁse zbhwﬁngth&ngg§M&N§*gﬁb&@gbmﬁggh as an oligonucl eoti de,

so as to |dent|f|cat| the am no acid sequence of each

| i brary menber. These inproved bead-based net hods are described in
W93/ 06121. SAHemAGYe brany slectioy iechralpaienivehida bagigiirrhage lambdagxprcatipr of

arrays Og%ﬁﬁgl WHRR [ﬁarb L 0@ Bir n{)@%& %@actgﬁoﬁnﬁy [4368 dr'h %oram@%msegéns

pl aces e st nct rary me irque pept| e sequence)
di scr et ebotp lae;ierwldmekj descrdiedQHuser\ettdhe(l A% dyiendh @46 dBITSE Cytoofanéxciprdwskkn ar y

TS oBRLPLTL T Bl 3 DL B R M ob I Rl AT AR
(e.9., agy-R0opiMidsoRBHal EBOY Y PRoc. Narl. Acad. Sci. U.S.A., 88: 2432) and are of use in the
methods and compositions described here. These expression systems may be used to screen a
large number of different members of a library, in the order of about 10° or even more. Other
screening systems rely, for example, on direct chemical synthesis of library members. One
30 early method involves the synthesis of peptides on a set of pins or rods, such as described in
WO084/03564. A similar method involving peptide synthesis on beads, which forms a peptide

library in which each bead is an individual library member, is described in U.S. Patent No.



10l'i brary nmenbers occur is determ ned, thereby identifying the sequences of
the reactive library nmenbers on the basis of spatial |ocation. These

met hods awe 20ssseiobed in U.S. Patent No. 5,143, 854; W9@L1s02011a06551

W92/ 10092; Fodor etal. (1991) Science, 251: 767;; Dower and Fodor (1991)
Ann. Rep. Med. Chem, 26: 271. OQther sy®tens for generating libraries of
pol ypepti des or nucl eotides involve the use of 15cell-free enzymatic

machi ner4,63Q21 1t &iwl 4 Rlated methey i dessiileddh W062/0009 lay sigrifivaitsmptavenieat afet hod,
RNA nol ecul es are sel ected by alternate rounds of  sel ection agaipst a
target |ngReyl-based prothodsnvofyes sageyig qarhbead Wb a@sique (depgfsr @8; BisE &8s 2B49:
505; ElI} A o i | que
may b U2 gnpRe R, RF R o e i B o

t ranscr i peinber. Theteamp(oMei dsadibased nisalodds @lO@BEribddah VOIROH U] . 20Res. , 18:
3203; Beaudry and Joyce (1992) Science, 257: 635; W92/ 05258 and

W92/ 514843) : AHotﬂerS(!h i@ S}\/i@fesisJ rﬂ%té-b{i [RolyedfRd é:y}llh%gif %Pgrrg%.ogi)ggtli&é:g (OJ;I_hese

synt hesi se pol ypeptides as a mnet or generating large~l
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descri bed further in W88/ 08453, V‘l)QOéI%S?BS, W90/ 07003, W91/ 02076,

D91/ 0505BIURAPIdD SFenes3 gt a disersienBicrciancdileptiap 18 horastay- TR ARy ©f fegh 25
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use the polysones to di splay polypeptides for sel éction. These and t he

f or egoi nghete binding intearionabeweer o prrdetetrothed ercdé¢auldle. g:.of reeepterg and reactive
| NATORI AL LI BRARI ES. . Li.br.gries, in particular, |ibrarjes of
cand tiat P3| BEPES SCoREys dEIFPBTY sEetor A Pgrhs SRS RoIRarash Gl bary
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2013/ 052006PCT/ SG2011/ 000351 42 A "conbinatori al I|braré%, as the
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termis &8I WAPY180€anshVO924 0998 dradet e (189 Dhitwiaricp) 25 1s pelsiRawasfand
Che”‘CalE%%?Fﬂ#ﬂgﬁnhﬁ@?.ﬁ@9§gﬁ&n9§&5%qd°”1y sel ect ed subunits.
i may

Conbi nat ori a rarie e sctreened for nol ecul es which are capabl e of
i nhi biting PARP1 such as PARP-1 Binding Motif Mmcs. 5Various

conbi nat or i al Othebsystdnessfoo gensihasingd dirartespp alyaisptides or nudleaiidey inyphiel thp hse of

i ncludi ng,libraries..active agai pst. proteqlyt.ic.and..non-pragteolytic enzynes,
| orbir e S RiE MabliReR L 05 b BT ekhih 51 BB RaPerE b, <

( GPCRS) , mkihbd RNASmEletilvearagéledied by alerfilErounk 9€bdedtidn Ggainktd @fpet ligand on
channel s, domain interactions, nuclear receptors, and transcription

f act or s)andrRCR prplificationdi ugikend Gold (199AL Sriensy- 41 S8 Kllinglps @pd weostalr get s,
anong ot . 0 A j f LAt oL [ ' '

part L cul e PHhre SRERIREA Sk R KhGHe Ry BITRLANR R0 DN ALl illeh
(1999), UiodampaddeatmEedihuman oransdripGhe acsarr(hies@l antl Bish4 ] 9%B ucB2AciBef er ence

is al so pade t i natorial pept] library pro di ted by Shnuel

Cabﬁq Y, Ee%otlé\:m_g?oqﬁl%?‘_‘ Ty Iaﬂﬁir_g‘w el"?@ﬁ%ﬁ’ﬁ%%?*l\@éh%&iﬁ@ﬁ 1%8Cul ar Bi ol ogy

V. 87). RRSR4i8235 WRIL S in Jilh Bhh8Si A GAnRIBAIS & athelifeholy GRS Het | on

are disclosed in United Statés
a method for generating large libraries. These methods which generally comprise stabilised
polysome complexes, are described further in WO88/08453, W(090/05785, W0O90/07003,
W091/02076, W0O91/05058, and W0O92/02536. Alternative display systems which are not

25  phage-based, such as those disclosed in W095/22625 and W(095/11922 (Affymax) use the

polysomes to display polypeptides for selection. These and all the foregoing documents also

are incorporated herein by reference.

COMBINATORIAL LIBRARIES

Libraries, in particular, libraries of candidate molecules, may suitably be in the form of

30 combinatorial libraries (also known as combinatorial chemical libraries).



15 Patent 6,168,914 (Canpbell, et al), as well as in Baldwin et al. (1995),
"Synthesis of a Small Mol ecule Library Encoded with Ml ecular Tags," J. Am
Chem Socwo2di3/BE2®8- 5589, and in the references nenti onedrisG20hmsesst
docunents. In one enbodi nent, the conbinatorial |ibrary which is screened
is one which is designed to potentially? nclude nol ecul es which interact
with a conponent of the cell to 20influence gene expression. For exanple,
combi nat or i al Al“cbmbina®siabliiranSt ascthe ik nsaitm it do@lmqnit it @icoBeatiayi ofe

screened. Ot her ljibraries which are useful r thi i ncl ude
conbi natBpitigle #neﬁlﬁapfl @?na@é.ca@powdétﬂaﬂ%éoml Fandomly %%ﬁ%ﬁié@uv 8.9, histone
acetylatg Hlato%ﬁﬁmaﬁemayt,étgdr c8 e REule Civhidhar h§lb%ﬂﬂh%ltm§ PARP-
exanpl e, ation or denethylation. 25Further erences descri bi ng

chem call sxmhtasrmtkﬂ-l éBmdm@i\/&)‘ufééunlthm r production and use include those
avai lable fromthe URL http://ww. netsci.org/Science/ Conbi chem, including

The em cal Payi Sphi nx
Phar ncout | car o el BpfRgd Bf el ol GREGirdiuy g3 e,

Conbi natiatiudlngditeaiestacyve dzafist pttowyytfccundtxhﬁ proteollydc endybies] ifrariesd i agonists
Systens discusses t role its oj ect Li s 30in mana

di ver si t3nd 4%91555}”@9{9% fegp! W@@@é@?@iﬂﬁ%ﬁ %aaﬁweta 3 0BG
Chemi st 1y defy qﬁggaqn%&sov&{aﬁams I6RafPintdmActidh qmcleédr@@ébuh\ﬂs sz tMn8éripticand
Barry E. Toyonaga, togen Corporation (Published July, Non-"Pepti di c
Br adyKi nfantoﬁécaeqbllbrarlew ®BAI8/c0B 2000 PGTABGRINBO0S BLgetS ammg@dmrs tAs Fr om a

Structurally Directed No t| de r Sar.v .Chakr avart .
Ve kel SomEeR R a5 e pahartbuseopg Ui in RN heiE RIS
1995) ; Gaobide@iPDbR¢ afdqBls61 (199 C,)h b @il SRS IBInkSHRDC ROAGRCO0FNONE 4DpyRr Si ty
Keith Davies and Cive Briant, em cal Design Ltd. (Published July, 1995);
A Dat abad¥®. Bgfrence finelscmedsioGersbinalorial pentiee; l§r@xwé¢fp¢rﬂﬁ£e§1ted by Shgiughnes

and oGl AT PR SREL b \DDREAT | AU L il S

Chem st ryombigatbhial Dibvares add ¢he@laido €6 theéir Whistractidehagidesalosékmi IgmtddtSiates
(Publ i shed Julé 199%); Novel Software Tooqufor Addr essi nrggL
Di veldsi t Ratert 6.168. B Famphell. ehpldrasii\asip Baldyyia ehilat! 9@ hphY Eesafn  Smait

Theor et i ; ap e AH“CHé?ﬁSSé&’I gBcossol Buibld shed
June/Jul@becw;%ggﬁuég%?legog%gP €4 tg.tl onal Chem sﬁssiffor dggad by the
New St r athegéfessnees ixniignd sctbosrdocumantSpi ni on, Yvonne Connol |y Martin,

Comput er Assi sted Ml ecul ar Design Project, Abbott Laboratories (Publ i shed

June/ July, 191916311119 Wln\?&?ﬁo&é %ﬁ@%lﬁf lrl%aﬁrr\ghl%)lises%we £d QO\{I@WIEWISCX)ur se at

the University o scriptio Arno F patol a, Departnent of
Chem st rdesigdad uep(ﬂemtyallgfmdlﬁdmmobvmlbst wh(cﬁuimierashwdh Aumavpduéry of ﬂl@gﬁ)l 10

jcally Generated Screepin %rarlg ent and. Fut.ure. R.
PaV| SPHPFRECEBRAT FERTEHANC BPCX AP, P ‘cS‘ﬁtoé‘P Rpraries Jgainst %meétauctura‘

June/ Jul Mote%%%a b&hiedanea! O@Err l‘%r@ﬂéﬁhlgﬁ’ Brel REAPEHGHIR Qn@%ﬂm ﬂfcﬁld%

Mol ecul ar D|verS|ty Into The Drug Discovery Process.. Mchael J. Sofia,
Tr anscel ¢01ﬂ160¢tno$ldtjlrmﬁs lagainst(sione @h@@catmnemmms (elgslaytonmeéy era@fe ment

for i.nat ori Chem str on. gr ation and
Shei 1 i BaGReR e o A Red R AR saBRie PN IR

Var ner - Lagrigahylagsrpany (Published Novenber, 1995) and The | npact of High
Thr oughput Organi ¢ Synthesis on R&D in Bi o-Based I ndustries, John P. Devlin

(Pu tﬁg shed Malgurrt}ier re%‘greklces describing chemical combinatorial libraries, their production and
use include those available from the URL http://www.netsci.org/Science/Combichem/,
including The Chemical Generation of Molecular Diversity. Michael R. Pavia, Sphinx
Pharmaceuticals, A Division of Eli Lilly (Published July, 1995); Combinatorial Chemistry: A
Strategy for the Future - MDL Information Systems discusses the role its Project Library plays

30  in managing diversity libraries (Published July, 1995); Solid Support Combinatorial
Chemistry in Lead Discovery and SAR Optimization, Adnan M. M. Mjalli and Barry E..
Toyonaga, Ontogen Corporation (Published July, 1995); Non-Peptidic Bradykinin Receptor



Techni ques in conbinatorial chemstry are gaining w de acceptance anong
nodern net hods for the generation of new pharnaceutical |eads (Gallop, M
A. et al .wolk9BMs2eb6 Med. 25Chem 37:1233-1251; Gordon, BcTKG2et1/0ad351 1994,
J. Med. Chem 37:1385-1401.). One conbi natorial approach in use is based-on
a strategy involving the synthesis of [4braries containing a different
structure on each particle of the solid phase support, interaction of the

| i brary whtaomists FrothlacStre g fllyoDiredtéleNbh Pepridd Dibraa§. Sdieajit lhakiravivey, Babu J.
interacts wth the macronol ecul ar target, and determ nation of the

st r uct ur Mayunkel.dipbiy Antle Denakt |- fvder', Seioadiovadnq. Abyblighedslulyet1985):, 1991,
Natur e 3@?1&13%@%%1 chfnRl %ﬁﬁ}g#y I?ﬁséérg%sti Ehzﬁ@ﬂ{;%%rb Rﬂe}%@ilg&&mé\%ﬂnd.

rel ease o I ned alI quots n romthe s support, wth
subseque6tiveBtientnChahicahDesigraLtd. hibjished Jabl, DHDNA Datebise Systamifon of t he

particle fromwhich the active conpound was released,. and uci datj on. of
its str u€9@gwawa§$¥@[§?51%€>&tf@mﬁnﬁg rai oS angd hevgfeingger, DayTightEhdmicd!

2013/ 05291@%#0§§§Q@ﬂq’s,%93@ﬁbl‘ﬂﬁle@|July, 1583, ARG NR o MERgembht AlRfitecture
90:11708-11712), or by reading its tode (Kerr, J. M et al., 1993,

J. Am Chefor Sombiraléria S hemise] Keith Kalvies end CethegnaWhite] 0b@nicpepesigrRbsl.
6. 161- 170Q: . Oh 1. etal .. 1993, _Natl . Acad..Sci.. U
90: 10922@6%}?9%@2? %%'eﬁf"éej §8§W%6%‘?‘?ﬁ%?°6 ﬁ‘@#gsgﬁngféahﬁfnégaﬁ%&%}p 3? St hesi zed

using a paiRhad, PhbdstoB} Pr MAlécldaGapies ald PhcoddticaPMotBlimy, Oal1¥gdses of
pepti des which was first described dy Furka (Furka, A. et al., 1988, Xth

| nt ekthat Plsmmiacsiriversitheliohexee (Rublishad Jone/duly: F396):ddpnosastties fayd ompitrionah.

tal., 1 . 14 td . Bi_.ocheni )
Furka, ATy AyigBl B kNG SlraBROLEBRODIERREITN Bblnfon, RyBHHE oy
const r ucMaetin, Glongukdt A seisteidMaletdar Devign Poijaat,i Attbostdraberiterips fBsblahed been
described (Houghten, R A et aL. 1991, Natur? 10354; 8@-86). K _S. Lam

di scl osettneHulynbv¥): GarabiarabEherisiyy gaddtalenular dUKASRUECWE ASPRYMYREINUDI e
random Coaol RakiML: :]/Iﬁﬁbeédr%'ii@ﬁ,' Ko I-8BhMIDREStAREH omsém@tﬁomawe?gngrdfal

libraries on solid phase supports, so that each support "had a tést conpound
of uMi f oL.oniswlle (Rublishest Junethuly ] 9%hdCleoried lye@erteated Séneeming bibraridso Btesgnti or

| of t est nd th t .SOl i i ndi
br ot ocol & e RicnatPRTFA Soligd Priipcitiitin Bhidh o sBEAREALIMH or y o
candi dat RilgBLEC YO%); CRIMBRE Sra33pMsTriIRtréRIRIo CdrBEHy@katé W&War(l?r&_si,ctjy #nto
ul

conbinatorial "chemcal library), a cellular extract, a bodil | (e.g.,
urine, blawBrugRiseevers Reagess..dlickeadl iveofia, dransedleFechnglogics lnst ( het i c or

nat ural praduct : 8. i \Y I tion
et o RLSSHGL P By BB B gPLREHAES B ARARRIEL S0
ol i gmpepChides CorfopnioyipagSheit:sH. DeWie) Piske-Davik Phgniaestical RpgpatdhdBévisibn of
proteins; nucleic acids (e. g ,..antisense; DNA; RNA. or peptide nucleic
aci ds, PRaynerdsmbesrompany { RpbishsdiNaveabesy 9503208 ddsdmpagiof High i hraugheyt of
the libraf fcasﬂym &ALk B in Wio B8 LdastHEY, Yok P ADLVIRLBLSlishEd Harck? 1996).
conpr esseoéélnl brary S. Or‘I}'lhe ﬁlgr zi(r)y may cont gslr’ no purified (coml:)oundsar%r’ can) be
"dirty" (i.e., containing a significant quantity of inpurities).
Techniques in combinatorial chemistry are gaining wide acceptance among modern

methods for the generation of new pharmaceutical leads (Gallop, M. A. et al., 1994, J. Med.

25  Chem. 37:1233-1251; Gordon, E. M. et al., 1994, J. Med. Chem. 37:1385-1401.). One
combinatorial approach in use is based on a strategy involving the synthesis of libraries
containing a different structure on each particle of the solid phase support, interaction of the
library with a soluble receptor, identification of the ‘bead” which interacts with the
macromolecular target, and determination of the structure carried by the identified "bead

30 (Lam, K. S.etal., 1991, Nature 354:82-84). An alternative to this approach is the sequential
release of defined aliquots of the compounds from the solid support, with subsequent
determination of activity in solution, identification of the particle from which the active

compound was released, and elucidation of its structure by direct sequencing (Salmon, S. E. et



25Commercially available libraries (e.g., fromAffynetrix, ArQule, Neose
Technol ogi es, Sarco, G ddco, Oxford Asymretry, Maybridge, Aldrich, Panl abs,
Phar macopwei2a13/fSc@en, or Tripose) may al so be used wi t hpChscretivoass1

descri bed here. In addition to libraries as described above, special
libraries called diversity files can betdused to assess the specificity,
reliability, or reproducibility of the new nethods. Diversity files

30cont ai 41., 299 R Pg6c. Natipead Sti. COAPOLINGs8 (167 m), orl}0Rading ﬁt@b@des(rmnl, Jnol. ecall, es)
represent ative of §y cl asses of conpounds that could potentially result

i n nonspE¥3 |- dmyehemSosn! 2 -2add alyikolamy. 20 £83l0d28b dloer Rse 14)-009351 45
D ver st fninid 87 WG £OMAIEn 603 g, cﬁx@a«cg@gﬁe@@%wo@bﬁ%bf@assehb' ed from

i ndi vi dua npounds comer Ci aI aval romthe vendors |isted above.
AGENTS WHI CH FACI LI TATE CELL DEATH We describe a conbination of a
PARP- 1 Bi ndi nBeINbleirandogyeantzipatofigltibagricsgean bevﬁwtmswwchesmg @ gimpde e@mlp'@eat h.

Th
such 5 corieafoh ot SRuRREF Hingu3E BerlRls PR XD ATRRE" o1
facilitatFeskaal bt deaDng rmy Iiternatienhl S@nﬂpb!;lhma)mlelbﬂlcﬁiabﬁhaﬁlsayCB\IiH@Estcel | .

An agent which is capable of facilitating cell fQleath i S one whlch when
exposed 18 Fukpghtetab 988 i 4tbJatepational {omeress of BioshermistxLragueoto88uf £ i ci ent

to caus hi.goPU a el
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an agent litrheesfoo iterapve$ecaing/hasnlarees deshebaiamodghtelm RgA. diad.l O, iNoaturer

abl atj on e y . PARP- 1 Bi din Mot.i f refe d. enbodj nent ,
col | iontfr EEON R 37 141g gl P 8¥eiiy wixpefish oSl Kb BRE g IRGE cel 1 s
whi ch haygeluMe iR éd?ﬁsmaaﬁﬂnmrynéar Léiﬂ s hE9ER ralR cotBhbhRehEkbiaded &if
treatnment, with PARP-1 Blndl‘&g Moti f. uch facilitating agents nay have

the abi | solijl phesequpperts se dial @uhpqrhhadn@test @wpound dberi forarmolggelar stepsguref or
t reat ment f tu LoLsganger t d| dat e
reenf]-[:q) Z {ZH’IG]S &110 f ?osr ré%%"ﬂi #‘ﬂle & 8 %ohlfq%%r(ﬁlgkhr%%hg )

for use %n ng agen Weve whi ch

facilitagotid phasd bifléiag protecuds (Teel, K. d;eatah ,flaei INdtati3sg:8agnt " shoul d be taken
to include those agents whi ch work to prom)te cell death when used in

CoIat  of oy & Bt iRt foklles FouBE h s e S R SR g

by nore ¢dntindodal de@lhﬁ:al ha{arﬁog/@elm&xtrﬁtar\aﬁ&%yﬂma@e b hafind B¥6odeas, t han
50% nore than nore than 60% nore than 70% nore than SOCV% nore than 90%

nor e t hafwverb OYselovmpaar other ixtyee efeynthietie pr pajuial prodpeth 63/2-ot libraey of wealhent s
(e.qg., Pé@@c&e%%ﬁ?fe?x?neﬁ@ﬂ&{ &ﬁahl% e. The cell-death facilitating agent may
or

work in an xanpl e, the 25agent may be directly toxic
to the ceII Agents in thls category include cytotoxics, which are used in
tunmour t her apfh librang of gieculasynayiinelhde. forexsmwlaaminy acidss ebganepiidenune

ol  rathat Vst PRleipy Yy HaEpEtb 8F bl 8k of BB ik ARt Bt b RanRLG, g

bot h cel DN RNA g6t prpddiupheic atids, PRAE aptaspean secarbolydedy @pobfsasdhatidagent s
i nclude cytotoxjc T cells and dendritic cells. Furt hermore, the ag ent may

30 conprka@d raﬁnh‘aé)rﬂtthq/dﬂﬁrew qag be spngHlas opsan beca part PhAMIXEKE B é§66’rﬁ’§"é§e such
as a cyt ﬁ’llﬁjaﬂﬁ Tﬂ:eol'ibrary may contain purified compounds or can be “dirty” (i.e., containing a

significant quantity of impurities).

25 Commercially available libraries (e.g., from Affymetrix, ArQule, Neose Technologies,
Sarco, Ciddco, Oxford Asymmetry, Maybridge, Aldrich, Panlabs, Pharmacopoeia, Sigma, or

Tripose) may also be used with the methods described here.

In addition to libraries as described above, special libraries called diversity files can be
used to assess the specificity, reliability, or reproducibility of the new methods. Diversity files
30  contain a large number of compounds (e.g., 1000 or more small molecules) representative of

many classes of compounds that could potentially result in nonspecific detection in an assay.



WD 2013/ 052006PCT/ SG2011/ 000351 46 exanpl e, cytokines such as |IL-2, GVCSF
etc may be used to pronote the host's i mrune response. The cell-death
facilitatwogosyseaienay be applied directly to the cell, POm/SGR011t080381 Ci nity.
It will be appreciated that, where the cell-death facilitating agent is
protei naceous in nature (e.g., 5a peptigle, a polypeptide, a protein, or a
fragment of any of these), the cell-death facilitating agent may be

admi ni st greg; mleéﬁfre fcﬁfnmeﬂﬁalf& PRI G egi Qs@w&qérgglea HnPRRNiEE

pol ypept i de, a nucleic acid may preferably be 1n the formof an
expr esmmnpcnmﬂmcqmmnntlaibftdvaﬂ@lé tomrthk verglosulkiftedrgwiver s and constructs, and
the i nduction of expression fromthese, are known in the art. Furtherm)re,

we envi sgge %@@H&@EFQ uselte éEEﬁ, pehagilitating agents in the form of

10cel I's pro ucl ng such agents or exanple, a cell capable of expressing a
cel I -death fagjel degaemerwco%%ﬁﬁuo%f\élprptml q;fm&aﬁgwmagaﬂ@erwm & &geatwdlich
sequence encodi ng that agent he cell may be transfected or transforned

wi t h 5a nfaciligates cedli dgathf Ghe mhech faﬁllétmrceklsiwh MayCIoDIPrise ACHLoKgC agrnt.cel |
death facilitating agent, for exanple, cytotoxic agent, a cytostatic agent,
a cytokine, %cgsc!:corﬁ&na?tloﬂrof%rPAmrﬁlgﬁﬂ M&W@ &GRdrl ittt dpch@®hicht ati ng
agent need not necessarily be nol ecul ar %n natu e. Thus, the use of

t r eat nmenfasilivhesodellckzathenaebd udeditd killa ¢9)l wiches a nearscellhs known in the art, is
al so enconpassed. Exanples include the use of radiation, whether applied
externally OrAhQ%&ﬁ@mlé}ny c ?ab'ﬁé bt fa&ﬁﬁtﬁlg%&’l@ Iaﬁﬁﬁ 1516115%151019%}{(?% ex%§elaqg§ of
usi ng radi otherapy as prinmary or auxi ry therapy for tunmours I's known in
the art.tag@Tbel tiasugetr tisglelmass) is soeessary bi sftieienaesanwicell eleath phsshcant agehhe
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cel I, tl@&»tsct%tﬂ éu%ﬁ'dﬁ ag&ﬁ%é?é’fo eﬁ:‘r‘éﬁl &hlﬁn@@sﬂﬁ@&ell Kifing¥RARien ok he agent
to he

may be t opi cal ¥ applie in; i's i s advantageous if for exanple
t he t ar gadtlatiom| elf qc@dé)mwl?rdlBl(uﬁmg M@@sfrrm aepreéer@rduemhoamﬁ)cellzisathﬁahléltamge
t he agent st‘em cal | ystem
of whi Chag[eﬁg Sgeétocmloi3 up ?Xd€ ?%}i:'stvyﬁx éa‘éfga%%{hgr Val Ver{egﬂ n?g ered

oral ly (paese, bé}énfﬁhuffbétedB}aﬂﬁ|tfeyitmdﬂ,|wi\tlePA®PuBBhgiuhg posiane technol ogy, etc.
The agent may be directly injected into the tunour mass or at or near the

S|te e delive ed he fo ressing
he gent . 7 oy AriiRing Sty mas bpychE ALY [iFarSlielasBnen (el sgh sel IS
expressu&ae&paﬂﬁ &y Liddarst ﬁeaaﬂeﬁtt&,tuﬁl@urs@xmbg,aslklno&n in fhelofOMA suftalilbe art,

and described in for exanple, WD 2013/052006PCT/ SG2011/000351 47 Mr

etal ., Jeandigeieder heerasmcellxicathfaglitaing agentogwever ghe grm “ageggvhighfacddateer
Drugs 9, . dkat®Afd “cell death facilitating agent” should be taken to include those agents which

work to promote cell death when used in combination with PARP-1 Binding Motif, as set out
20  above. Preferably, the administration of such cell death facilitating agents enhances cell

killing by more than 10%, more than 20%, more than 30%, more than 40%, more than 50%,

more than more than 60%, more than 70%, more than 80%, more than 90%, more than 100%

compared to the cell killing efficiency of the treatments (e.g., PARP-1 Binding Motif) alone.

The cell-death facilitating agent may work in any number of ways. For example, the
25  agent may be directly toxic to the cell. Agents in this category include cytotoxics, which are
used in tumour therapy. The agent may further be one which causes an immune reaction in the
host, to the effect that the target cell, tissue, etc is eliminated or killed by the patient’s normal
immune processes (including both cell-mediated and humoural immune responses). Examples
of such agents include cytotoxic T cells and dendritic cells. Furthermore, the agent may

30  comprise an agent which is capable of recruiting immune responses, such as a cytokine. For



The agent may be delivered by being | oaded into a suitable carrier. The
agent may be delivered into an intracellular conpartnent by the use of
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The cell-death facilitating agent may be exposed to the target cell, tissue or tissue mass
by any suitable manner. For example, the agent may be topically applied to the skin; this is
advantageous if for example the target cell is epidermal (for example, a skin tumour).

25  Furthermore, the agent may be systemically administered to the patient or to the system of
which the target cell, etc forms a part. The agent may be administered orally (taken by mouth),
nasally, delivered using liposome technology, etc. The agent may be directly injected into the
tumour mass, or at or near the tumour site. The agent may be delivered in the form of a cell
expressing the agent, for example a cell expressing a cytotoxic agent. Use of cells expressing

30  such cytotoxic agents, for example, 1L-2, is known in the art, and described in for example,
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PEG (polyethylene glycol). Use of a PEGylated agent increases the circulating lifetime of the

agent once released.

The cell death facilitating agent may be radioactive, i.e., a radionuclide which is used
25  in radiotherapy. The radionuclide may be a radio-isotope as known in the art, for example
cobalt-60, iodine-131, etc, or a molecule such as a nucleic acid, polypeptide, or other molecule
as explained below conjugated with such a radio-isotope. As noted above, external radiation
sources utilising such radionuclides, in the form of external and/or internal radiotherapy may

also be used to facilitate cell death in the treated target cell or tissue.

30 It will be appreciated that it is not necessary for a single agent to be used, and that it is

possible to utilise two or more cell death facilitating agents, sequentially or simultaneously, to
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daunorublcm amygdalin, azobenzene mustards, glutamyl p-phenylenediamine mustard,

20  phenolmustard-glucuronide, epirubicin-glucuronide, vinca-cephalosporin,phenylenediamine
mustard-cephalosporin, nitrogen-mustard-cephalosporin, phenolmustard phosphate,
doxorubicin phosphate, mitomycin phosphate, etoposide phosphate, palytoxin-4-
hydroxyphenyl-acetamide, doxorubicin-phenoxyacetamide, melphalan-phenoxyacetamide,
cyclophosphamide, ifosfamide or analogues thereof. If a prodrug is applied to the target cell,

25  tissue or tissue mass in inactive form, a second biological effector molecule may be applied.
Such a second biological effector molecule is usefully an activating polypeptide which
converts the inactive prodrug to active drug form, and which activating polypeptide is selected
from the group that includes, but is not limited to, viral thymidine kinase (encoded by
Genbank Accession No. J02224), carboxypeptidase A (encoded by Genbank Accession No.

30  M27717), a-galactosidase (encoded by Genbank Accession No. M13571), 3-glucuronidase
(encoded by Genbank Accession No. M15182), alkaline phosphatase (encoded by Genbank
Accession No. J03252 J03512), or cytochrome P-450 (encoded by Genbank Accession No.
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30 Preferably, the cytotoxic comprises chemotherapeutic agents having an antitumor

effect. Cytotoxics are used mainly to treat cancer, although some have other uses (such as for
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identity. There may be at |east, 95% 20such as at |east 98% sequence

i dent i t ybelapenay bepmploxpd d\ eompbinplirisofivioy BEeR PHEGIUSHPOEESfPHNAR no aci ds
whi ch ar i ri At L C: acl

Wher e o BABRou QHETHE! Ry Mork B LAt el ik e R Ry here) gpoy,
pol ypept badgivau dhe affeE8BPeliptolk ivs iyt reedrio e earéfintle nobaikoted andfodoodttests barried
met abol i ¢ or physi ol ogi cal function of PARP-1, including simlar activities
or i %)I’O%(ﬁe%@%r&li ties or these activities wth decreased 25undesirabl e
side effects. Also included are antigenic and i nmunogenic activities of
PARP- 1. EXRPpl PoLobEmupts activities, and nethods of assayi ng and
gquantifying these activities, are known in the art, and are described in
det ai | el sewhBABPiInpdalppeptidescmaeb¢ useiREAT NMENTY OEMEANCERe activity of PARP-1 may

descri bed ahove, PARP-1 Bi ndi ng Mt | y. he us .0 kill a cancer..cel] or
o Lt eat Possdusiosntie. Sughcas B9 i of BABPY L Byt ssiugtec S SGE MM GReh. T
or BRCA-ephafifis BR/iru} ré%ﬂ*iﬁ:ht‘i‘drﬁ oF fRkaBAE a cameetell, sW¥R as a breast cancer cell.
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descy | bed herg“su' tabl(%/:,,er}abl e an i qﬁrgove nt in a .ma?surabl e criteripnin
an il_rﬂ)di vi dual 't BOWRBHThETRLAPRERTPIY 4BHIT'B §OTPBIPE & Ot BOBHEMIRGHEs not
recei vediol g 16 LM SR by feplidd Birdls BHIRRAFRA RpHeTB&Ids Ofe. Gebti®d isdstBRY. be

desi gnat'ed, which refléct the progress of 5cancer or the well-being of the

pat i ent . “Rodyfeptide’rrefess fodbatagharnadiaingecanumonly referred ta aspsptides abgepieptides air gest
di mensi o S d UTRL 1o SN DURREE 1 PLEREDE . 0f o LUTOMY, IREKEY faf SHGHACS

al pha-fe?%goﬁl}%?’& } 8%%” &5y SR el 'S “he a&%ttees’, et P THUS"™ as an
exanpl e, arfinbraerlk ©ther fAn\thd2@genrencodsindindacidease i n tunour size or nunber

as neasured by an appropriate assay or test. A treated individual may for

exanpl e 10 shqy.a 1% 2% 3% 4% 5% 6% 7% 8% ,9% 10% . 15% 20% 25%
5056 oo 5004 P Ies i ardbecfsaoheds hod g Bhor by R fredbsds So b
a parti cilicRhs hodiiansla@nall pRICERTR, bNby tHEMIEal isHIBEatiof tedh@ides GBMMAANENellO an
i ndi vidual who has not been_treated. I n sone enbodi nents, the effect

of the tknoarmaihe arg Sighmgsiifcagiganareryedlreseibed 18 basieitoxts anddn grorg detpileds t he

i nternat| i I . ] iLerjadl

ol { d 15rengunE Bl Eaf HOATIGHnYs FGTERRORGS, MKBINALRTalOLEEdhTuhtie
S. G Ariucholymiptiad,.indledifg the pepldule backted, tesantiao avidlsidetchaind @nd esomisie ok o
treatment in solid tunmgrs. European Organi zation, for, Research and Treat nment
of - Chcesarbae feomili- AL B PRSHIRER et d1e HE (PR RIOGfiSHHa8 MRAPS BRSS! Bancor

I nsti tut @eQimEBPesding ddefdal bt £ONGR el 151 géh BdlypdRRIe1R1so! & gf%}??gllypept_ide

embodi ments, the effect of the treatnent nmay bé dquantified by ow ng the
20adni ni say eentain naany typsstaf mpdoficationsl s described in the Cinical Trial
(Exanples El to E8). Thus,

Polypeptides may be branched as a result of ubiquitination, and they may be cyclic,
with or without branching. Cyclic, branched and branched cyclic polypeptides may result
25  from posttranslation natural processes or may be made by synthetic methods. Modifications
include acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of flavin,
covalent attachment of a heme moiety, covalent attachment of a nucleotide or nucleotide
derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of
phosphotidylinositol, cross-inking, cyclization, disulfide bond formation, demethylation,
30 formation of covalent cross-inks, formation of cystine, formation of pyroglutamate,

formylation, gamma-carboxylation, glycosylation, GPI anchor formation, hydroxylation;



assessnment of the effect of the treatnent may be carried out using one or

nore of the protocols, preferably all, as set out in Exanple ES8:
Measur enewD 20f3/08bdoect . Where this is the case, the trearoesic2myosssult in
a Partial Response (PR) or a Conplete Response (CR): Al t hough the

control s described above have been desc¥libed as i ndividuals who have 25not
received treatnent, in sone cases, a nore suitable control may be the

patient fi¢atmentiof oftier dfsotdery, €quhi aéip3gridsiseaidrri@imatoid arthritie). Cahéer ot M Svithf
this docunent, the term "cancer” can conprise any one or nore of the
f ol | owi ngytotaeigs & knpmimrs chemetherapk apd hag avanety alcpirposeyelhsi qytatexiremay be AML) |

e R e R R S A

cancer, brain tunor, reast ¢ nital system
cancer othe phiemanptuenaye had bdensseatediwitlcamgaralor radld RGP/ ©520GHPHE/ spfead hihd 000351

55 nervous system | ynphons, rvical cancer, chil dhood rhabdonmyosar copm,
chi | dﬁhpo%rogvé!){ STEON3RY BIRIQLS (RHBRLAPBOMETAP MO8 RAGHTSY, DL hF &mﬂgyrﬁ%}eaf r
l'eukem ant Giedse. @HérH&hé‘r%fl% 'h?a?z%' gi NG Qlire tROURLasE RRGLEure %@lﬁg&@&ﬁb@! tocancer,
endonetrial sarcoma, esophagéal cancer, eye cancer, gall bl adder cancer,

gast ri c ecutrobits syyapiomei(pellbaitvevhemothatapysancer, hairy cell | eukeni a, 5Shead
and neck cancer, hepatocellular cancer, Hodgkin's di sease, hypopharyngeal

cancer, Kaposb%l%t(,';@gscsg le Mr%@%ré’?&@ﬁg? e&%dﬁﬂﬁ?@'in&é‘d@ﬁhlaﬂiﬁg’&% L2,

| eukem a, liver cancer, lung canc Ignant fibrous hi'stiocytom,

mal i gnandntinkepatwiiees, vietaababaidsnedabiielantbmticsrplatinpimeompehindse(e. gnpaboplatinnas al
cavi@ andéﬂ%aranasal Si nUﬁ.bcancer, aso har%/ﬂg eal cancer, neJ.vous bs%/stem
cancer, AEHIESHPBYF YRS HBRPEBEg RIS Y mSHSTRITSPBICa MY E]VY §A CdivEERab (@

100r ophamyR&geial GREERY ) a4 8RRk FPER inteNAIKi BN OBRR pRIferrRPaPls of cGRAGEES
parathyroid cancer, pénile cancer, pharyngeal cancer, pituitary tunor,

pl asma ciarludeblspmasin, ngncareioptaBNSSUrgmiph deveprulp eivs easbeplatam éaxol, misempdin ancer ,
respiratory system retinobl ast i | and .c er. ki p,.cancer
e e o e

cancer, i98éli 84dthér SeNEAE driglyélated (€ aytehosphaniidd YO Ry &g Mchiatiger , uterine
sarcoma, Vvagi nal_15cancer, vascul ar system Wl denstrom s macrogl obul i nem a
and W | nglorambgil (Leukeraneyid mtraggm raustarddMuskeEgs)-nay conpri se breast cancer.

PHARMACEUTI CAL COWMPQSI Tl ONS The PARP-1 Binding Motif sequences may be

effective in $aeirimdgedtRpatbeéd gseB to RtQGhhe, MAAnHAASEPe iRl Al @dodhs SEaRES .
20We di sclose a nethod of treating cancer related di sease with an effective

amount ofroglapgimdiargpfien stnwated by deale pexprympeese(theapdrozspp-andspalfisag Mot i f
sequence r.OVi [ t ' . - T teins
and pr ot (Zdlng@% Pgdglryg gf&‘é{eﬂﬁﬁgﬂgﬁs@%erﬁt@goﬁ ?ge glg (l% g%‘?’gﬁ‘}sz B%:Qéﬁg % é*l talhglg)g%sgi ng
f or nul at Analogmess b denddombin, suwhtak baserelin, gostireiar, Yeupkartlin, iand tryg@o@tih, may also
20  be used. Some breast cancers are stimulated by oestrogens; such cancers respond to the
oestrogen antagonists tamoxifen and toremifene or to aromatase inhibitors. Any of the above

cytotoxics may be employed in the preferred methods described here.

Also included within the term “cytotoxic™ are cells such as Cytotoxic T lymphocytes
(CTL) and Natural Killer (NK) cells. Furthermore, it has been found that compounds which
25  inhibit the effects of VEGF, such as PTK787/ZK 222584, have the potential to provide
effective and well-tolerated therapies for the treatment of solid tumours (Wood JM, 2000,
Medicina (B Aires) 60 Suppl 2:41-7). Accordingly, the use of such compounds as cell-death

facilitating agents is also envisaged.

The cytotoxic may be taken by mouth or given by injection or infusion. In general,
30  cytotoxics may be administered in any suitable manner. Preferred routes of administration

include administration systemically, orally and nasally. A highly preferred route is local



25The PARP-1 Binding Motif sequences may be adm nistered in the formof a
phar maceuti cal conposition. Such a pharmaceutical conposition may include a
t her apeutwoabipsedoect i ve anount of PARP-1 Bi ndi ng Mt i Pcssguenmeosst oget her
with a suitable excipient, diluent or ‘carrier. The PARP-1

Bi ndi ng Motif sequence may in particul &3 be introduced into the
30circulation of a patient, for exanple by being injected into a patient
via, e. glodmathﬂimibthyIMrﬁ £y 20108 REXTd £816A0 BrbtddDAR o @ising, phosﬁmyﬂuii@ﬁ,i ons
suitabl e for parenteral m ni stration include aqueous _ .and n eous
sterile Ii’rﬁjl)éé‘ﬂ%ﬁa%mlf@tﬂpw apAy lahonvgylfatinme: Hansternk Aoea%ratﬁflgd Bev Pgﬁ@mo

Dact er ! O 8 pANGnS St B Srtl1GRod SRIGE ghArali G Sk Aol ARhBOURBIFrst LN he

bl ood of the intended reci nt; 'and adqueous and non-aquedus sterile
suspensi Srrgctvdaioetl MalyculacPropertzndndrid. i B@zagbtoanW . tthiFcéearanrapd 3ageping, The

el o, NEB B LRSS0 SLC ks, GpHir e Aoy e Madbetions Satse e o

(1'yophi |Pﬁf§ﬁéct§9§9'ltipﬁ P(ﬁﬁ#ﬁr{sldﬂzgnﬁlrﬂ‘%aﬁé?@m&h%‘oPPrJtJ)Fz‘v #. € ijbignsbhaui d
carrier, for exanple, water for injections, imediately prior to use.

Ext errpor&iheAg&derm? Buostss. e ve B il 683 S@rfder@tlslpe ﬁsnalym fqegrobaen podijmations andm

sterile ' nul dta L. escl i hed.
10These Odlr%gglfl g‘ﬁg e6€E Zf@‘@ 3%2 %g"eé{f IS }‘r(%{esémﬁ“ﬁ%lf'ude
but are P&'&trdﬂsrzﬁhbﬂﬂ M&ilﬁéﬁ’tﬁ)hs ah @Bk, Awhwalcauscz((nm)m_mg éntravitreal or
intracaneral), nasal top| cal (incl udi ng buccal and sublingual),

i ntrguterine, |nql ent i ncludin ubcut an .

e BberT  omeTHE R Apolhelie S meRidR: i BRbiSyMheRE BRI Rons uoa igthe

i ntratragheaéh 2 AN B RivED D Peptided She pEBfide iy bedehntigeARAetermManBEiEoH A |
|ntracerebroventr|cular intracerebral, 15intravaginal, intrauterine, or

par ent er Bicell epigppe. The penfida iy, bei immupogeniein visephetnenbdumay pe capablariscul ar)
r out es. gﬁgmﬁ)gﬁ%tl]al g%{? (M)stl%f d,%equence formul ati ons may cpnvenl ently be
ni

pr esent e orm and ‘may be prepared by conventi onal
pharmaceutical techni ques. Such techniques include the step of bringing
| nt o associ at Aspapplied ta@ARPel ,lthgreemhtaemﬁmmcudw@eqz@rmanml@aymonear meE riers)

i pi efornulatlos ared. by unifo rﬂy and
"ht Tt otV ipeh g PRREI A e G ROTRE AT BARESIERMER fadfor el
carri er sm@had PARPY! sblypepeide. 98 IphflicGRF,[th€fetm Chololdgue’ass ctsiaentity withaegssar y,
shaping the product. In addition, the PARP-1 Binding Mtif sequences may be

i ncor por QSEYCUFR @dmrcfwafgwad&w@ngéhwmlsanaﬁmm a5l Jegpensg banPABE-lastivlige” of
t he conpgi 48 epg gQA@' HIEE Rie Qge %ﬁhﬁ&k]tgmﬁe%hﬁ % eh&I 704, ¥udd ?s"m%a ¢ drug

delivery is or exanple, at t a tunor or |
t hat t he7PARRcA aBaU’ldastS‘M)!;uch asaqleesn@@% sqe¢meligentiey. &zhse:dnasybe aatrieasa%% The

bi o%ograda | e 3{@53 and thg are descrl bed, for £xa 4 lnddet ai |l
" BB 9 a5 ot g2t KRy SEUPEeageTt . alheat B 50 ERTAORIES RAFPRURBSCSF el so be
used to fR5AUhHR £QBS Gvﬁich%ge Q%lh'c"(/ﬁﬁé(tl&i(s oﬁ‘km&l@lj—qgﬁéléﬁtabfarb%qﬁgncg ARP- 1
Bi nding Motif sequences through cannul ae to
Where reference is made to the “activity” or “biological activity” of a polypeptide such
as PARP-1, these terms are intended to refer to the metabolic or physiological function of
PARP-1, including similar activities or improved activities or these activities with decreased
25  undesirable side effects. Also included are antigenic and immunogenic activities of PARP-1.
Examples of such activities, and methods of assaying and quantifying these activities, are

known in the art, and are described in detail elsewhere in this document.

TREATMENT OF CANCER

As described above, PARP-1 Binding Motif may be used to kill a cancer cell or to treat
30  cancer. The cancer may comprise breast cancer, such as BRCA-1 or BRCA-2 (or both)

deficient breast cancer.
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The PARP-woBosdisp@eMoti f sequence may be |inked to cytotrorxisG2eg®ndssi whi ch
are infused in a manner designed to nmaxim ze delivery to the desired

| ocation. For exanple, ricinlinked high4ffinity PARP-1 Binding Mtif
sequences are delivered through a cannula into vessels supplying the target
site or direcThymithods atecdmypgitions Sechibedihért Suidibdy enable dleimpreventenit in &
5control | ed manner through osnptic punps cou?l ed . to infusion cannul ae.

Pr ef er r etiegiyrablgeritggen maryindiyidughte wham thedecatpeH dnapnlisg, compargdtopps v

unit, daj - ein above recited, or an appropriate fraction

t her eof ,h%%ofh%eggﬁlﬁlﬁi@te@%' ingredient. It should be understood that in
addition to the ingredients, particularly mentioned above, the formulations
descri bed her Borhip umasecienustbss of silerie mayddepignaiadl wiigh fedlectthe pragressiohg
regargl t&n%gi‘eorttﬂé)aleHjbe{ngrorf'fljléjﬁz{g@ﬂt. eﬁygﬁtrefig&a include thifouf @E&'t&m@hpd' ng
Mot i f~ sequence conjugat€s nay be adm nistere N any sultable way. usually
par ent er dindeyisiohdargextatimessiomd f @uennushyuratun et rmeened oftamboliymatkerstsactday d
sterile, non-#%ro en)im%1 formul at | onsf of diluents and carriers, for exanple

i sot oni c2BBF-fei@ PIAJ#HRh degiRT AT BYBPL QT MetasiaientiGsl y). Once the PARP-1 Bi ndi ng
Mot i f sequence conjugate has bound 15to the target cells and been cleared
from the bl ooThis; ean éxampie aaraadyindividahlohay sovealdeoredsaketintouiidize o so, the
pro-drug is adm ni stered, usually as a single inf u,sg,d,ddoze, or the tunour

i s i mage@umbst ag Msganed By an aRIOPTide pyppon tesl Adreatedudividuaerigy ﬁ‘?:ré’xé@ﬁ;%gat e
MRy Re i GINNOISNDE,, 36 abQSDR6HA 795, SRR, AlBRN SHATUOIYPPEESS A, S6W, Pe
admini stered to provide a | onger period for treatnent but usually this will
not be néesHy8020Me 100%agenak debreaseARPurho B snati afg peotiduiar semoemn oe

descri beg here.v%ll depeBd onl%t e di sease staf.e ,or c]i) diti PF beti ng treated
and ot heP EFHnITYMOPLRYBPY- A ’a?g%reér{? an g WhooRrs St beed tfrdn o
animal and the route of adm nistration of the conpound. Dependi ng
upon the hal f il solve afibddireeiRéRRe dffdsit nflthegrebmdrft isssifalely cantifiddhesingestdridard ar
ani mal or hu , the PARP-1 Bi.ndi ng Mot | equence n_be adm nj ster

Dot ween_ Geocan aoreaaa gaFradrenee! by HediSbomel Sohgiont e bo8aa ¢ hat

the et hogsoan QRE@WI?)%&&&H&@M&%@ iRaERil hRYReraRR! P8I GOAHIRK, 4al.h human
and veterinary use. The methods described here contenplate single as well

as mul t i R080RdINEwigsidelingotesvalyatgdhe wispinse taireaimeninasakd {unmrs.dusepean

pare. 1P Rarg b oS mamalal ST R gy el PR oa

a rout i nStawsyNsiohaBChnuP Ustigs sBCariads 3 UeNatiatiresr ikt $398): 2gatl6. (at | east
follow ng intravenous delivery) are highest after about 4-6 days, whereas

conj ugat o boulTi AP THRSDNIuE STt oF e vpovsel B b ap i daTaBLE per
gramo i SadreiRiratiGieih@iest@l pro®tols ideRSibed in the Clinical Trial (Examples E1 to E8). Thus,

assessment of the effect of the treatment may be carried out using one or more of the

protocols, preferably all, as set out in Example E8: Measurement of Effect. Where this is the

case, the treatment may result in a Partial Response (PR) or a Complete Response (CR).

Although the controls described above have been described as individuals who have
25 notreceived treatment, in some cases, a more suitable control may be the patient himself,

prior to receiving treatment.

For the purposes of this document, the term “cancer” can comprise any one or more of
the following: acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),
adrenocortical cancer, anal cancer, bladder cancer, blood cancer, bone cancer, brain tumor,

30  breast cancer, cancer of the female genital system, cancer of the male genital system, central



Therefore, the optinmuminterval between adm nistration of the PARP-1

Bi nding Motif sequence conjugate and the pro-drug will be a conprom se

bet ween peekotawsews Sconcentration of enzyne and t he bestTwicadrijobessi on
rati o between tunour and normal tissues. The dosage of the PARP-1 Binding
Motif sequence conjugate will be choseddy the physician according to the
usual criteria. At least in the case of nethods enploying a targeted enzyne
such a; ﬂel’\%v@igtsggsind?m@h@md dentidszavzmu&hﬂﬁh&gﬂahhbdo&@o&heom?méﬂgm& d ][ ug, 1
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t her apy, Q. b 5 one
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sequenc ecanogyj, gaj Htlelder tdncer, gadtde tancbe gedtosmestmebivaad capet, haimp cethleukemizer i a,
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Bi nding Motif sequence conjugate. DI SEASES PARP-1 Bi ndi ng Mot i f
sequenc esandes oalipesnt fibroas histipcysmaphalignant thempoanmelanpinar mesoshed oo

conposi t | ﬁ@s mi%l Re usgl% a1 thl.ecat {te%}lémerﬂrt na(tjs];l ﬁr?nscc%rnCerFr?gsotlpa? uggosnesr of
this docl 1%?“? PN T ORENRER Y an coﬂp?lse aﬁ§ She oronbre ot 220 e

f ol I owi ngerv@ABLly StemWAREL Lk Eblastati€ Moa-Helgkin's Berpghomay elabtavityeukesti a (AM) ,
adrenocortical cancer, anal cancer, bladder cancer, blood cancer, bone
cancky , eyephasyRgpabeancess agleesarcaRdepVariag samer.granesatiq eanseie Pfatiyieifl cancst.em

cancer of_ & i.Lal t I Y ,
corvi car PerbiRSale GHARALLA afks Sl SAIOA PGNP RS, L
| ymphocylyimphbmakgostate(c@hdex, rectal cancer, ragpiratdy dyeteke ndtmobl@hbina, sabivery gt
25rectal cancer.,, colon cancer, endonetrial cancer, endopetrial sarcoms,
esophag e%nc?faﬁ‘d% (ance, énl‘:‘ﬁ AREtne SANGah) SObidE UL Shama. S@&E’PEE@“"E& [fégpac

gastroi ntesti pRlicdidraahcdt 2GR cdiRby, YriR&Y lsystEkam R, uibeRtkapdthd)Sgdinmancer,
hepat ocel | ul'ar cancer, Hodgki n"s disease, hépopharyngeal cancer, Kaposi's

sar cldma, caaceinegsculansystem,| Waklagserem’ s maceoglobubnkoiiand Wimkewingr. | i ver cancer,
| ung cancer, nalignant fibrous histiocytoma, nmalignant thynmoma, nel anong,

nesotheliona,FQngH%k;gk%ag%ghgﬁqmnﬁygggﬁgm(Qﬁégj cavity and paranasa
cer,

si nus cancer, nasopharyngeal ca nervous system cancer, neurobl astons,

non- Hodgki n"'s | ynphoma, oral cavity cancer, WO
2013/05ZBﬁﬁF@ﬁﬁEE?GTEFBﬂG%SﬂTE@“oropharyngeal cancer, osteosarconmm, ovarian

cancer, pancreat] nger,, rafhyroid cancer eni.l e cancer, .phgryngea
cancer | pi tui 15 SAREAO B BRAT SR hchs BRP B8 RN SRR HER G,
prost at ejnéRA6H hnd EfRbPlel @ EiSdases €SPi ratory system retinobl astons,
salivary gl and cancer, skin cancer, small intestine cancer, soft tissue

sarcgm, sto h,.cancer, st ch 5cancer, testjcular. cancer, thyroid

Sancll . ur i nalt WReEArictRRCOT (EHIBE CHR oS EHER ISR ifhh eliective amount of a
PARP-1 Binding Motif described here. The PARP-1 Binding Motif sequences may be
provided as isolated and substantially purified proteins and protein fragments in
pharmaceutically acceptable compositions using formulation methods known to those of

ordinary skill in the art.

25 The PARP-1 Binding Motif sequences may be administered in the form of a
pharmaceutical composition. Such a pharmaceutical composition may include a
therapeutically effective amount of PARP-1 Binding Motif sequence, together with a suitable

excipient, diluent or carrier.

The PARP-1 Binding Motif sequence may in particular be introduced into the

30 circulation of a patient, for example by being injected into a patient via, e.g., a vein.



cancer, vascul ar system Wl denstrom s macrogl obulinem a and Wl ns' tunor.
PARP-1 Bi nding Mdtif sequences described here, for exanple in the form of
phar macewvbdeais/semposi ti ons, can al so be used in the treatrwsendiimbossancer
rel ated disorders. Such disorders include but not limted to: solid
tunours; blood born tunmpurs such as 10 36eukeni as; tunor netastasis; benign
tunours, for exanple hemangi onas, acoustic neuromas, neurofibromas,
trachomas, anHomayAg Rk SuigHbid bk ?ﬁﬁﬁteraﬂ l@kiastEitidn dfidlide dgusouspmdmodsiqaeouscul ar
angi ogeni c d| seases, for exanp di abetic retinopath retinopat hy of
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vascul ogenesi s, hemat opoi ésis, ovulation, menstruation and placentation.
EXAMPL ESreqﬁiDmEmWhESd@Aﬁﬂ' Oﬂ.theW@@C@IGPAWQHEXPRE%WGNHJW@ TS HBV

REPLI CATI O\I(Fx [)r,p (Jf & {i al s and .I\/th ; Hep& was
mai nt ai nEAMEASHPIASIR PRF FXCEITARONUNCGH?T aodmwgsﬁgﬁpsnwwaﬂ}am

(Dul beCCQreEar@@(ﬂﬂofﬂ ﬁ@hlé?ygkvae@ graileindstplptse e I6dd previvusBdesoribed. f et al  cal f
serumin the absence of anti biotics. 25 Exanple 2. Materials and NEt hods -

Plasm d Constrycts and si RNA . o] I onot del

cl onetd usi ng (’im@tsg‘ﬁn%arlhlfeeﬂmmﬁfefaab tﬂ‘ﬁa&é)fod‘tetsyﬁéesgél?ci (iﬁ eerl10 from
HBV genofiymped f: ‘6?3?1 k&ﬁpbbmﬂamla(lmml %_ﬁitrd‘\ht%hll bt intlatfSeral), AR81, |Basic
vector. Using this as the | at e, " TCCCCAGT GCAAGT GCA ) was used

wi th r evendedipg breqal a)dsubhegl@l) )ntra@ltemse@gtméomr@ttﬁr@h(lmmég sabratanenesai ns

t he 30nucl eoti.de se yence I

11 SR BFeaf SRRt R e B B0 Rl PRGBS core
pronot er epl&’iﬁmn&nran@érmlntmtapemnmqh&@ctrhldel sraueobeyeithioukd, mgrdcblebfal end of
the deletion site was then used with reverse prinmer PGER (5

TTTdécGTmmmw@yr% OF PHEMELA! £8 + HEragenogpdnkaspingd SHIGUMCOPT Ohot er . The

2 hal ves; Wer e al via their conplenmentary sequences and anplified
usi ng prllnrrersS%p(]ELE % PGLR PCR was perfornmed 5 using the Expand Hi gh

Fidelity PCR System (Roche), and ran on 1% agarose gels in TBE buffer. DNA
of appropri at €haPARE- b\BF@‘%(MPHE@e@He%Ifﬂ@W AlongimagyLsoareientlyERe praganteshingi t

t
trnoal ou STABLE R, W Ao SRE K oI R Bl RS AR PGS Sicher.
Pl asm d thbﬁa@&d%F?ndludB/thEsepm essgiap iMeasoriaias t}&mtihehigzmhrmand tiel ows. Tot al

RNA was extract ed from Huh-7 usin he Nu RNA 1 | (Machery
Naget) aBhAIMAGSUlicH. caﬁms)@aﬁé@mepgf%i Eahgwaga d@? 51% ke prépated by

spect r ophot Ry hnFtimatelb¥ndthg tht@‘gggglggo@fhel%ﬁ%@ﬁ relie?B will dighiParM@s orsed

for reverse transcription using the Accuscri pt( Eh gh Fideli ty 1st Strand
cDNA Synfihay |dsv141@dSOQIStcalateaﬁ;wr’£@)h wnd HleJJOLfmgCQSSﬂr&I Shﬂmgéhﬁcbrodm@o dT priners
as instructed. The 15 codi ng sequence of PARP-1 was anplified using the

Expand Long Tempiqaidn, B ANSH S5thdiRg MGt s8hidhclItRay B¢ IRWEJoE A infBr S

biodegradable polymers allowing for sustained release of the compound, the polymers being
25 implanted in the vicinity of where drug delivery is desired, for example, at the site of a tumor

or implanted so that the PARP-1 Binding Motif sequence is slowly released systemically. The

biodegradable polymers and their use are described, for example, in detail in Brem et af (1.

Neurosurg 1991 74:441-446). Osmotic minipumps may also be used to provide controlled

delivery of high concentrations of PARP-1 Binding Motif sequences through cannulae to the
30 site of interest, such as directly into a metastatic growth or into the vascular supply to that

tumor.



PA RP-1 -F: 5" TTAGCTAGCATGGCGGAGICTTCGG PARP-1- R

5' AAGCTCGAGCTACCTCTCCCAATTACC The codi ng sequence of PARP-1 was anal yzed
wi th t he wol2bpvwisp@ssequenci ng priners: 20PARP-1 -1 : 5' PCT/SG2011/000351
TTGCTACAGAGGATAAAGAAGCCC PARP- 1-2:- 5" ATCAGCACC AAAAAGGAGGTGG PARP-1-3: 5
AAAGCCATGGTGGAGTATGAGATC PARP-1-4: 5' TGGAAACATGTATGAACTGAAGCACG

No nutations were found. The w | d-type PARP-1 PCR product from Huh-7 was

then 25i nser tgee PARP- PBIAIAE NittiFéequértie nidiete latkdd XhojtotorRtdgestsivdiictsarees. To
investigate the effect of single base nmutations in URRLY and the effect of

si ngl e avwfysed drq magugssicpigned riaximizoARpyary do Higi desiredieeaitano her Gpwle dici-ed

out, eacg . T/ / | he

Qui ckcna R BB e e o e SR Sl

i nstruct vessds supplying thegardget sitelor datdtiseintdBile tpepat Sydh afefitappr dsd daeiveted it .al X
HBV genone starti ng‘ﬁg{lom nucl epti de 1535 ending at nucl eotide 1930) driven
by its ottt map oMk PRGNS B ROMRGH A i %?WBE‘eand inserted into
pcDNA3. 1+ via the Mel and Mul restriction sites, upstream of the CW

pronoter. PripRfGredinit dassgeaBriglhiienssire tHBde ddredifing @' daily dose or unit, daily sub-
TGCCAATTGTTTACGCGGTCTCCCC HBV-M ul R 5'  TGCACGCGTCCT C%‘AAATTCT TTATAAGG The
codi ng séefactdierdipabevedesifedopiaappronsia Eackiop tessotnelthe adminigered he 10
pTur boFPRARN; [ bAMel SRR hYp bBlifioh BPHB GRNEHer, pARFAuRIGRBMRIRU NI
t he HBV @g%ﬁ]&\g é}?ﬁt ot eeb@%vtlha rPl<pnl1 gngﬁNot = sl %es’.ﬁé ! y'cl'lﬁe efnf ect of
PARP- 1 salgwentbe fapmtitions deicritledere mapARfude atbgreapdntstcodi¢atipeglan thewas t est ed
w th the PARP-1 tif construct. .Forward.(Test-F) and reverse (Test-R)
ol i g]CPmer@Véﬁ%WgﬂgggfhWP%oé{9WH@§P%Eﬂq‘%fﬁ Ynnealed in a thernocycler with
the follow ng paranmeters: 1595C 5 minutes, 60C 5 mnutes, 25C 5 m nutes.
The anneal ed PhoPARP- WBimdinpeMotihisguéed confugatps DABe ddmwuiisterotl éh amynshitablel
restriction sit FS' The ge uence- (ile endent lr egui r enent I t he P@R&P 1.potif
was test @@ sty prgeiere Rt loRpTampIG By Fiously PL AUFARCR P R Hest ﬁtﬁlﬂ oach
usi ng prjdehwodti@t@miulAdds MdiflefsRnd e8NS xhRbleliSfGohiB SMlideq@hHehi goner s
are as follows:T Test-F:5 AATTGIACATCAAAGTACAT GTACATCAAAGA 20Test-R 5'
CGCGT CT Tadnn Gl niaxTeiACr OreaAGTERP-1 Binding Motif sequence conjugate has bound
15 to the target cells and been cleared from the bloodstream (if necessary), which typically takes

a day or so, the pro-drug is administered, usually as a single infused dose, or the tumour is

imaged. If needed, because the PARP-1 Binding Motif sequence conjugate may be

immunogenic, cyclosporin or some other immunosuppressant can be administered to provide

a longer period for treatment but usually this will not be necessary.

20 The dosage of the PARP-1 Binding Motif sequence described here will depend on the
disease state or condition being treated and other clinical factors such as weight and condition

of the human or animal and the route of administration of the compound.

Depending upon the half-life of the PARP-1 Binding Motif sequence in the particular
animal or human, the PARP-1 Binding Motif sequence can be administered between several
25  times per day to once a week. It is to be understood that the methods and compositions
described here have application for both human and veterinary use. The methods described
here contemplate single as well as multiple administrations, given either simultaneously or

over an extended period of time.

The timing between administrations of the PARP-1 Binding Motif sequence conjugate
30  and pro-drug may be optimised in a routine way since tumour/normal tissue ratios of

conjugate (at least following intravenous delivery) are highest after about 4-6 days, whereas at



Mitate-F: 5 AATTGTACAGGCCAGIACAGGCCAGTACAGGCCAGA Miutate-R 5
CCCGTCTGECCTGTACTGECCTGTACTGECCTGTAC PARP- 1 specific knock-down
was achi ewedowidsosi | encer Sel ect Val i dat ed si RNA #s109@ctAchiampessThe
Silencer(r) Select Negative Control #2 si RNA (Anbion) was used as a
25non-speci fic si RNA control. WO 2013/#62006PCT/ SG011/ 000351 62 Exanpl e
3. Materials and Methods - Luciferase Assays Assays were perfornmed
Wi t h t hethButhe theaibbsiursendiapoer dodfughiesayindys thenuhBiuo ire@ s vf pdicent of injected
nodi fications. Hep& cells were seeded 18 hours prior to transfection in
24-wel | éfrsstpérsgr.aﬁnﬁlpwpr@a{légeaékerél%f‘énsity of 1.5 x 105 cells per well.
Transfection was perforned with 2. 2R1 5Li pof ectam ne 2000 (I nvitrogen),

liug of PG3 Bagtfors dnsdptiucim pliasal kbraech adigis@htidiest thé A RIPUL Bifids Motif
construct per well. Additionally, 250ng of over-expression plasmds for

PARP- 1 nifaHeRcs capiugatg 8a¢) theHue-dragivi bbed comprapysechatwerndiaak Supiite | ysed with

601. 11 | i £ 7 ! i i .
vashing SHiesuBHoh&E oftbyt/dndiRe Rt NRKHAh REKPRREer BncaPalll MULEEHRUEST |
Ibysat e V\7(El$éeo dids_agrs?ﬁhé @?}t{ml Béredingn Motil baﬁkn&ﬁ:ddmﬁ' | gtatemtvﬁlt l&échoisl\jtadb}ci)he@hyéiaian
ottons rnpin an m.nescence neasure oMax(r
Ml ti - M 3¢ 1%&% thmpwahﬁrgrsﬂﬁe%fd@%st ?rpﬁhs fa5Ht .m@\gt%ﬁwﬁwmwaéé?taql Nz
Met h d - i [ , i . Eor: i .
0ds sucMAL Eég?h&)sﬁ%?&%ﬁtrf\téngﬁ :ﬁﬂe %%lahn as the8%ic -dﬁJg‘, ?%‘?6‘ a@t (tiﬁ%tgwﬁave

PARP- 1 sequen specific sites, ported sequences of probe
been val 0.das ¢0.0wesres pdrahadrt yneadeiofbedy wirfdee ifva, flefsitdy 1X0-¥.6andme2ikélySto Wit h

15rej i il all d I hi d PARP- 1 d
20t U ¢y DSAPPARRTENS - A oA eRDY a SRR GRY OTES 80 AU BRaut e b pdor
cor espOl Bithd Sfiay e ROHRY. PRRR dadEPEANPI BEARUANGEr Nafodcien used

for frequency usr ng 0go whi ch y be assessed using the foll ow ng
URL: ht t gonjugatsowdgomilerlk bé elyosen a¢doodjog tgnormal critefiz araplicilaly Whhb esfemhee nd
Met hods 5 Protein Extraction,, Wstern Bl ot s, nof | uar escence Staini ng
and Ant | DSBS SRERTHPEPER e GRS B B st of TG TPRE NEPGRRARIL O Ther o
Sci ent i f fréatmasst WigICRPERNGArt Upbh itise r\é?ﬁiitg%ﬁ QK IBCo Ry liMehunB réddBoRfegence of
PMSF and protease inhibitor cocktail (Sigma-aldri CK). Protein concentration
was ket ePARReBindinggMetif sequencgcenipets. t he Bradford assay. Unl ess used

i mredi ately, |ysates were stored at -80C and fresh protease 25inhibitors
added whppyeiaBpyved. 15[ig of nuclear |ysates was usually used unl ess

ot herwi se stated. SDS-PACE was performed with 10% gel s under standard

condi tions. SPARPArBindirgcNMobabicquéndegdedcribapidrat fotlexungileinte @ pfer f or med
onto | mmobi | o- PSQ PVDF tr.ansfer nmenbr antﬁ MITi Por e) under standard

condi t i oPRAMAgeyEiR3! coMPAsItigRs My RS dised By 1F JREMMENt AlcsaBeera rotator with 5%
mlk in PBS with 0.01% Tween-20 (Signa-Aldrich) as the bl ocking agent. WO

2013/ 052006 PCFérSk Plrbo S8 @3 THis BScument, the term “cancer” can comprise any one or more of

20  the following: acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),
adrenocortical cancer, anal cancer, bladder cancer, blood cancer, bone cancer, brain tumor,
breast cancer, cancer of the female genital system, cancer of the male genital system, central
nervous system lymphoma, cervical cancer, childhood rhabdomyosarcoma, childhood
sarcoma, chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), colon and

25  rectal cancer, colon cancer, endometrial cancer, endometrial sarcoma, esophageal cancer, eye
cancer, gallbladder cancer, gastric cancer, gastrointestinal tract cancer, hairy cell leukemia,
head and neck cancer, hepatocellular cancer, Hodgkin’s disease, hypopharyngeal cancer,
Kaposi’s sarcoma, kidney cancer, laryngeal cancer, leukemia, leukemia, liver cancer, lung
cancer, ma'lignant fibrous histiocytoma, malignant thymoma, melanoma, mesothelioma,

30  multiple myeloma, myeloma, nasal cavity and paranasal sinus cancer, nasopharyngeal cancer,

nervous system cancer, neuroblastoma, non-Hodgkin’s lymphoma, oral cavity cancer,



| mmunof | uorescence staining was perfornmed as follows. Culture nedi um was
renoved and cells washed thrice with PBS, then fixed with 4%

par af or mralvoensds2@si gna) for 30 minutes at room t enper argrSG2M 061

par af ormal dehyde was quenched with 50mM NHACL for 10 minutes. Fixed cells
were perneabilized with 0.1% (v/v) Trit#h-X in PBS for 30 5 m nutes.

Bl ocki ng was perfornmed using 1% BSA (wv) in PBS for 30 mnutes at room
t enper at oo har§1 a$ taicBi, B§tePardoRiaBdaridnt dandt! pantiBati€ shirclr, pachthytoid tahker,
Sant a- Cruz | ocki ng buffer overnight at 4Cin a humdified chanber.
After Wanmllﬁg:a@Wsl phanyingeppanesr, pitwiar wmesrasyacelgicoplosmi prifmay @42h,

DyLi ght - o i S
added at ﬁﬁﬁ)gﬁqﬂ{aé&rger a’?c Srﬁg&i %Q@Lé/ang ké%? gér(toéllﬂéur J %‘&%ﬁ@toﬁ% ége{sT gf},n%%n%\nvat h
10 500ngéanteDé&h céﬁdegrsmlls‘mteetmd dahedr, §odr tiskle sarcuthe Stonedchrcensvastomacht hri ce
in PBS and rmuntlr] i bodies for Lamn Bl (Abeam and PARP—
(Santsa craeyts {rstien %Fd@éﬁera@w?% RRANCENPEPAY Y HeMFaBF S WPTRE ?aé%{’d’éant"aglﬁa
concent r &GN Sakilal SEARTERIREnst AR s h&%}b%%lﬁﬂn%famnﬁmllﬂﬁmme on a rotator
for 2 hours. 'Blots were washed thrice 0 mnutes each with 0.01% 15
Tween-20 in PBS. HRP-conjugated secondary anti bodi es (Dako) were dil uted
20000X i n bl oBRREg! Bi otihsrquenses Bescaledhers. fonexamrle 17 6E farmnglir at room
t enper at [

it e, Paepattueh oot bal pik HOaarha uf: Cedth el ViR PR OReR.

West Fento Maxi mum Sensitivity Substrate (Therno sci ent| f| Cc)
chemi | uni nscedechsdipdersinclygel hylﬁ aett limitedyies sqliql tyronrs; blpgd Esemwn@usi sughegri al s

and th I ] i EVRS Jas
perff(\)érenegqgesmlﬁg tﬁ'l%“ EQQ%{ %%l ]?et %“MO %J/Sm%r%ee;s(gcnel@ﬁ%ﬁn Therno. éllcenr?t c)
with 21, h@rdaﬁhir@laﬂumlcb@had yﬁcﬁbﬁﬁgeamcgrhmgorﬁas elnhnbita@t iarthitigd; @dorpasesy esulgrl st
base) (TTGA eCQCTTCAAAGACT&TG((];G% Bi oti néH at ed EB@Q Erobes rovi dfd in
the kit JReiREHcSsRsesyiyskarpple GHig| reting PRy tiRaRathe P HFW@H“ A or 45
m nut es Ysi-RGaford ebARA! r@ﬁﬁf?%J@Jtldnnnemégc%lir%%kbﬂgsmtra_lléﬁtapﬁ&%'pfhglabl’lf&%ls Wa?ﬂ\/l

conprised of 10X binding buffer provided in the ki 5% gl ycérol, 0.5
EDTA, 0. Qslgr-BBehbed Spadionie; dyoeardial arigiogsotsys; p(taqaie:neq\[amulmnambodﬁblsgmhasaused

11 ol SantReTIRC RS BTN e, SEHPY B AN Bay D T B S e hons,

El ect r opbsifa@ssals] aRSioP&Ious hiBdraitiohs; @éheﬂﬁ@hhibrhr&%geﬂésisvﬁecgﬁls@l@& 1:§9Mhat OF
1.5 30hours. Subsequent steps were Berformed as directed in the |nstruct| on

manual . rewoicpty SbuBiTe PEbE Sy s tTEations helisehasFereiatediseasssa fracturrs.

Met hods i 10111 of Dynabeads
M 280 St ¥aé§§1§§‘?“ S RO ‘%‘%ﬁ?ﬂ\%@@g Rt b d acenadion, liug of

bi oti nyl ated probes (1St base) was used for the binding reaction. 70iug
Hep&2 nuEKAMPLES/ sates were used in 1000 binding reaction wth binding
buffer identical to that used in 5 EMSA. Binding was perfornmed for 45

mi nuikes BNAMPLENEART bpREDCTIONORRARRB] BYKREASION lpensiTe HRY RapiLum1aeN 300r pm
to keep the probe-bound beads in s ensi on. Washi ng was perforned as
suggesteﬂxﬂlﬂl’i?ahM%‘Gf‘@!se’l“dslvﬂeﬂm‘isu&q%cﬁ%“%eth EMSA bi ndi ng buffer. Bound
proteins were eluted by boiling protein-bound beads at 95C for 20 ninutes

in 20R1 2X r efgpt:; P gaShiaintdittd hoFdCneo Rl €0, iPhemikiGE éﬂzﬁfbsﬂ%é Qi REIMERI NG

all the eluate 1n 10% 10gel s under standard conditions with fresh reagents,
and t he daulbescaisreetlified Hagle's shedivm) supplseented with 10% (v/v) fetal calf serum in the

absence of antibiotics.

s

25 Example 2. Materials and Methods - Plasmid Constructs and siRNA

The HBV core promoter deletions were cloned using a multi-step strategy. First, the
wild-type core promoter from HBV genotype A was inserted via Kpnl and HindIII sites on the
PGL3 Basic vector. Using this as the template, PGLF (5° TCCCCAGTGCAAGTGCAGG)
was used with reverse primer BX, where “X” denotes the deletion number and contains the

30 nucleotide sequence flanking the 3’ end of the deletion. This amplifies the 5 half of mutant



Coonmassi e overnight. After de-staining wwth fresh reagents, the gels were
washed thrice in mlli-Qwater in new y-unwapped sterilin plates for 10

m nut es ewohoizasdogel s exci sed with new scal pel s for eaebrsandiimbossnt er est .
Excised gels were sent to the Protein and Proteom cs Center in the National
Uni versity of Singapore for MALDI - TOF/ T® anal ysis. 15 Exanple 8. Materials
and Met hods - cccDNA Assay Total DNA was extracted in replicates of 3
f rom cul ¢atre promdteo Prislek OX @nesining innglebtide dobearys Bhrkacp thed’ Ehd siithe kleletion

th f RNas ] titat |-tinme PCR
s per Bl et WO Ve Dy OGrGl Rdat 6 SPOTSUNC UECE RIGECSHAE & con |

(Roche) ASm | DA det ect ed
usi ng théfs}J E}be%g%%lg)evé ﬁeggtgrfl ners: c&bmo{gij % BQ{/@SW Ar%%ﬁgﬁcscccl? 5'
TGAAGCGAAETiEACHaXSGRGMAces and amplifidldaising] pii‘mare P@Mumﬂ REFLR R an@erformed

nor ized t e relative a t.of transfected pc 31+vetor

Rocont - Fure GerrarhbEy e Ry 20K sltos iREPeS end il Sans dsomers TP ¢ hat
250f 6h pgrad DN@D@ff FdRfate sTRS wiré BRFaRtdal; £ Chd LKA m@y&%nlﬁtare as
fol | ows: cr P T ToAcT &%s@&% : 1
ATTTGCGTEAATEEG emec AETGd With zm&ém@pmﬁmlawb@mmn@anealed using the
Therm)cy ggif%ﬁlo ggers are as follows: 94C for 5 seconds, 56C for 10
seconds Yd~'seconds and fl uorescence acquired at 78C for 45 rounds.

Exanpl e 9. Materials and Methods - PARP-1 Activity Assays PARP-1 enzymatic
assays were pé€vkssructdn phWildiType C4REs! BEismid t he PARP Uni ver sal SCoI orinetric

Assa Ki t (R S rmnation
ly at| ve end%%%guosv)ebﬁ’éﬁgsff)ogc‘%?&rﬁv ?i' |¥|1%§éas§%eren§ﬂa uﬁ%g |nes ég of
nucl ear Exteated Sroma STublisPeingotht mmsmaﬁmgqum@mawmga) b diebcrgl. ROIA d

inhibit PARP-1 activit To obtain the test DNA dupl exes gual amunts of
100M DNAC%!CPI@&%@WH@%?GHBH@@WW@ ‘PFPSP@H‘CQHH RiNAuwsh é@o@pogh@wﬁe%l 8 and

m nut es, Gl r

ot hor | £078%s ER8 ©F rdrsd apicBlput Tl WO Artpls HIEK ERRAL Y Sl tONAT v
added peSynméslls KityStwdtegenapwah d D&@ﬂo“ﬁé &N amﬁﬁgdadl"f fpeimevd ashnMFedaﬂfﬂe

pr ot se ahi bi tor c -aldric S ar out as
Feco % e & T K s AEPLOG S IRE T Jaond KPR BBkl ey o 1. 5
x 105 Heg@hé)s‘k,mtﬁ@qbgo\wl\gqﬁmrgransfect ed with 1.1l of Lipofectanm ne 2000
15(Invitrogen) and 1 g of plasmd in 24-well plates. 24 hours |later,

culture nediu S, renove s were added at the
fol |l owi ng congl‘éﬁﬁf [:I oné %&féﬁ%ﬁgﬂé&@ﬁw@%ﬁ& Sigma), 50nM et oposi de
in DVMBO (Sigma-Aldrich) or 0.02% aqueous N-nitros-N-nethylurea (Sigm).

Cell s were coPhBPte#: at StANSGHIEGASCIACOICTECEMATTAEKt and al kal i ne COVET
assays were perfornmed usi ng the Conet Assay(r) kit as instructed (Trevigen).

'2I'(r)i $t6k| gg‘?r;[sntS coré% e@eén ?Agﬁg E)f%g ﬁal%%l\xl%ﬁgle%ﬁoé%g g(?uC%ittlQ p’i‘iﬁ?ers:

I‘SIOI’]

20 PARP-1-1: 5> TTGCTACAGAGGATAAAGAAGCCC
PARP-1-2: 5> ATCAGCACC AAAAAGGAGGTGG
PARP-1-3: 5 AAAGCCATGGTGGAGTATGAGATC
PARP-1-4: 5 TGGAAACATGTATGAACTGAAGCACG

No mutations were found. The wild-type PARP-1 PCR product from Huh-7 was then
25  inserted into pcDNA3.1+ via the Nhel and Xhol restriction sites.

To ’investigate the effect of single base mutations in URR17 and the effect of single

amino acid substitutions in PARP-1 domains, mutations were carried out, each base was



Exanple 11. Materials and Methods - Cell Death and Apoptosis Assays Cell
deat h was observed at tinme-points indicated by staining for annexin V using
Annexi n \Wol2amssé¢d@eche). At indicated time-points, cult@Cce/Scedilwm3sas
removed after gentle 25shaking.to renove dead cells if any. Annexin V-Fluos
was added to Hepes buffer as indicated,gjand added to cells in the dark.
Staining was perforned on ice in the dark for 10 m nutes. Excess dye was
renoved and. fre t. j ept . i iately.
oot osi Uit SELUF S uBBEu AT BE Pl AR AR, RIRSHEREITIRRT 01
usi ng Campaseiond.o(r) 3/7 Assay (Pronega) as recommended. Replicates of 5
were performed in 96- WO 2013/ 052006PCT/ SG2011/ 000351 66 wel |l plates. 3 X
of

104 HepQ&X2 cel re seeded wel | and rever.se, transf e i g
pl asm ds usi ng‘ﬁb@‘ﬁﬁ“ fE?‘S‘@@%@X ﬁ%“%??og ﬁpﬁ)\r/(i) l?lgtgebn?'.&(%ﬁ]ﬁ gm&ég}aﬁ?ﬁp S
then r epfra@efhciobiitle 1O30ehdins it mildotde 1 93 iduve € byitabhrgrddmdamelmed nducer s
as indicated before lysis wth equal vol une of rea?ent. Lum nescence was

|

/ q )
meas ur edfromtarotheecasheband ynseried into BNPRASItatia thouYifs] ppd Mipkrgeictiopsitiiega)
25 m nut ' | g . - entification of Inportant
Regul at olr?ytr %’é&gﬁ%%éw a@@%@.@néﬁrgﬁiéﬂeﬁglyﬁé pronot er has been
described to contain several el enent 81,‘\,%13’ 14, 20, 21]. It is made up of
t he upper regtdBM-MIE: efi BFRCCORATGETHACGHIGTRECHELal core prompter (BCP),
10whi ch binds the basal transcriptional machinery. Several transcription
factors bind g MRRR: bst TGORECEGTEEMU LAATIUTITITABAAERAD! e as _
t herapeutic candidates [14-19, 22]. To identify host proteins that bind to

the URR, 21 sequential 15 base-pajr del etions e designed.and tested for
pronoter acti vhg ?Rdt‘%%eqéﬁ‘%%%%‘i 7 W?%Bf%‘“g‘néﬁﬁg)eﬁ"%ﬁ ?‘B%@nbl@@r eases the

chan of i { Wi 5 It o} nd B Lpfgyg of the
ex acft\{’a n uféT%rgtg?%(g’ss Nr ({emaﬂ(?gr%g g%%dgi?§élr %ég\égtor;[gg gfmgé?{(r:} e r‘%'?g)l? lﬁi@lﬁ%@i%b 2% fect of
each del ednstnctuste theStEivia i paép@ Notlisiteh i s supportive of HBV replication.
Consi stent with the described roles of the regulatory elenments in the core
pronoter in NN i . i ARpl iaps 1 to
5) generall yHr?%a{esu: t ?{r:p‘lkﬁ?r(Pagéggg‘ldle&???gggisngmgxpr%‘ég})oln%v%uﬁég( gg\lllldgﬁpgﬁs in
enhancer whd tebet avxithdho PARPA setif Forgptuet. FadwardET est-E9laikDresenyel EFeseR ) ohgomers
produce ¢greater than E‘O%i ncrease ar. great er than .75%.decrease in

| uci f er aSe PaIMELS PYHhstized apd, arngaledn Blée”?‘ﬁ%‘{l‘?ro‘?ﬁlgf TpHOVIRE RATAMCIGEs

i ncl ppe 9eiced hiftesl 60 5 findtds, 23T 8ffindds. TEE ahROKR) prd@h@ Wad thend AiteRE esto 1
and 5 correspond to the binding sites of NREBP and FTF respectively, while

del et i onpeglahjdadridesa Michadavinl 2astagsionesites Adieseduenee-Benearen requitsmest OitheRp,

HNF1 and L respectjvely.. | etion i - or

HNF3. 25“&55\%\/%‘??@ i t:eét%gﬁvéthgg%r ua%a@gﬁgiﬁéﬁ%%m@%?ﬂﬂs%% g}%@:é ed to
be funct ignaplimeisyiotateaRtnd Mieae RC Saqichaéscfor wrerinseeted oligahead arclisfoHegstence
of deletion 17 was thus identified as a novel binding site for a regul ator

f HBV i I.Qn. , i ' h iy dli f I
Pactor, the niblGoli desScArnaeionat g Y R A AR R A AT e A A8 ATS T

Figure 1B with the relative luciferase expression indicated as a
20 Test-R: 5" CGCGTCTTTGATGTACTTTGATGTACTTTGATGTAC

Mutate-F: 5 AATTGTACAGGCCAGTACAGGCCAGTACAGGCCAGA

Mutate-R: 5" CGCGTCTGGCCTGTACTGGCCTGTACTGGCCTGTAC

PARP-1 specific knock-down was achieved with Silencer® Select Validated siRNA
#s1098 (Ambion). The Silencer® Select Negative Control #2 siRNA (Ambion) was used as a
25  non-specific siRNA control.



30 percentage of that of the wild-type HBV core pronoter. Since deletions
of sequences 14 and 18 produce relatively ml|d phenotypes but deletion
sequence Wb 2om/@bfoect ed to a great extent, WO 2013/ 052006RGR01368€s%1/ 000351
67 the nost inportant nucleotides nmust lie in the center of deletion
sequence 16 and at the 5 end of deleti® sequence 17. This suggests that
t he sequence recogni zed by the novel factor correspond to "ACTTCAAA".
Exanpl e ESampksdMsteriaRARd MeBiodds iBifersse Askiysnot er i n Sequence- Specific
Manner 5The "ACTTCAAA" sequence was biotinylated and used as bait to
determne if it could ovel fagtor eC|f own
B oure 2a A Be R S B B Bt e B B DR i {prgRed)
dose- dep@nﬁamalfﬁwﬁaﬁg Hepisceh$ fdici@eduais] SSIRAEREa-t6 pasifédtion in4tval plaes of
equi val ent anmounts of EBNA probe, failed to produce a simlar band. The

bi ot i nyl @ttéﬁll‘seé‘thPéﬁé'énﬁAHSOfslui)ééau@rhlﬁIP?r welddl ramsfertion was psrfpﬁa@b\@ﬁhélrﬂul

t 2 | t
b1 nder _oF PSR PaR e P BREE Rt T B P et 1 i SpRCH
expect edjyyif&ast hnIRbct pePdell CAddiBoraB o nghe o@gﬂ-%?&s@@plaSMSSfoPPNI@ p was
sent for MALD - TOF/ TOF anal ysis, and the results indicate poly (ADP-ribose)

pol ymer ametants(vmalasai) whe infieated. Traosfedtedietlls WdEe fysed walD)oOulty sisrbafter ath¥t’Ct he

novel factor i .nterest L ndeed, PARP- 15wi t h

o b - §1,& Shebing PoHaret Seba mUges Afich adhih s Sdies ol M0 hotRbratth oung
non-  spegifsesabh ¥nd 90;11“)‘? tiRd lgﬁalt@ Wa@h%ﬁ’sf&*&&p&ﬁcp){nt& ibldcK®6Rfell ;Slﬁte@'%\hﬂh' didart O

bi nd DNA strand breaks and bl unt ends, 1000-fold excess of poly-dldC on top

of tHe hbxg@nw(&smng))‘, anldyluphescetiod Gamisured ahithhe Sdoivai hMulte Miempldton was

shown to e to yenove the band of interest (Figure 2D, |ane 2).
However , Ng‘?t blg‘?"f’élﬂg{m nt of 100-fol d excess of non-biotinylated probe

was 203uff| Ci ent to do so (Figure 2D lane 3). PARP-1 thus binds the probe
i n a seqHemaplesh Materialsrmanddethods - tMinltiphr SequaencaAligimmentsspeci fic for the
DNA- bi ndi ng domai n of PARP-1 was able to dimnishi ng the PARP-1 specific

band (Figure gh th%‘glg%n@lent EP%&O{;&I??%R@C e@h@r&% ¥01§g§ tes, e%&ﬁ%ﬂ%@éﬁ%&’s g th

non-speci fic antl es suc 0se
i ndi cat i pigbéthaht HARBedn ilidded Weee SIAGATRCAAMNEd sethitke Chuskad XCeersiBY 20003, evith

prormter 25specifically. The effects on the ronoter actiyviiy observed
Wi thL heretieration gt rsporaedmelyigp@hisrs A8 465 of A&PD breReadent 3HVIBLBY t o 1-1 NF1

or HNF3. mﬁf&ﬁﬁgée 121851‘66 aERHleli Sor TR@%u@le%@&éﬁh%e'ﬂ@Me?ﬂhhﬁ% 'tlfé'f'oe_ cligsy I f

PARP-1 was | ap03|t|ve regul at or HBV replication, a replicative
HBV consPABEt! deenddno sapicaredwasthen tseed fopSequeacy pibt udveg BMYLpgombidrmapbe hat

ggmo%sfsr an Cr ! gﬁgqnllow1 erﬂﬂﬁ? h?t?) Awé logohberkel?ey € /loggrcglrmt er (Figure 34).

Example 5. Materials and Methods - Protein Extraction, Western

20  Blots,Jmmunofluorescence Staining and Antibodies

Nuclear lysates were obtained using the NE-PER kit (Thermo Scientific) as
recommended. Lysis was performed on ice in the presence of PMSF and protease inhibitor
cocktail (Sigma-aldrich). Protein concentration was determined using 1ul lysate with the
Bradford assay. Unless used immediately, lysates were stored at -80°C and fresh protease

25  inhibitors added when thawed. 15ug of nuclear lysates was usually used unless otherwise
stated. SDS-PAGE was performed with 10% gels under standard conditions. Semi-dry electro-
blotting of separated proteins was performed onto Immobilo-PSQ PVDF transfer membrane

(Millipore) under standard conditions. Blocking was performed overnight at 4°C on a rotator

with 5% milk in PBS with 0.01% Tween-20 (Sigma-Aldrich) as the blocking agent.



WO 2013/ 052006PCT/ SG2011/ 000351 68 used to drive RFP (red fl uorescent
protein) expression, which served as an indicator for transfection

ef fi ci enayo 20tmsemest ruct was transfected into Hep& celpcs/sg4ohmoess: af t er
PARP- 1 specific knock- down, by which tinme PARP-1 protein expression was
significantly reduced (Figure 3B). 5PARP 1 knock-down had little effect on
cell survival, consistent with its redundancy in rodent knock-out nodels

[ 23-25] . Transh@ohéfuoreténceiseiitiyg Oas phéommﬂ&utsrf@mwmltaieaﬁedmh wdsf ect ed by
t he use of PARP-1 sgemflc si RNA or _non-specific siRNA. The rel ative rmunt

of cccDNEMYRE prd pellsvasheshihpigrrgath vb’d%Sé hyed it resrnfey eilY%é%lgmab %nd
non- specy h‘fnd”t%‘fﬁ@%’@egg%rﬁ&omws@ i Bt dafry deChd e\%l#e'a WD GREENH,E]

knock-down | ncrease rod ction as a resu‘f’l pPgRNA synt hesi s
wher eas fon | PARRutes. dpesd dells Wermpﬂmxdaimhzed\heh Driés edeElmitonOC TONBS }ﬁmro?dljct ion

was t observ . . These re uIt |nd | 0s of PARP-1 is

dot r i hentus, B NSNS Re aﬁiﬁzﬁ‘@m E@ﬁ FOmnuesREOM 1 ¢ he
HBV cor eteH{prE%r@raI{d%ﬂ#hﬁé %érf&%%f‘tﬁ @rﬁﬁ?l'BsR&d 9sz10! Fd@esﬁ{tﬁJC?rhé)% blockmg
replication of RP-1 enzymatic act|V|ty is required for it

DNA r epabuffefr@rvcmlgm at ¢ m@tlamdnf@ducham er] Biftsr whehang tgjige relB$ ot roPARP- 1 rmtl f

dependent transcr.l t he effect enzymati,c in b|t

3-am nob%ﬁ?ﬁfﬁugg f?'pltd L s‘a’af}h\ﬁeys'tl‘of}&az{gg(fon%ggted S‘f%’B hgmh(xi?loge”%r%r e
t r ansf ecs@entvfid) ak faadé@ dtGodr BEn B Mufedh ehddLRBSrEN hdid dNﬁ’e‘lB%ré- staed iwAth bi t ed
24 hours after transfection, In contrast to its DNA regﬁér functlon PARP- 1

i nhi ¥ t i ¥Pngrek RALEThermn Seienptic)dfar 4@ mimdesimforegyashingdhmpeedn RBED

dose- dep&gg&tm 20 manner in Hep& cells (Figure 4A). Since del et| on of the
PARP- 1 not did not result in a dose- dependent increase in |luciferase

expression, this result indicates that the s?eci fic inhibition of PARP-1
enhances t r andatibestigsoier Lagnini B AfAhcanand PARI-I £Santaerua S"Slea?,ddﬁﬁéﬂ@a%d

| uci fer Apedd ?Eb{%@lf%%wﬁﬁ Pﬁc%ﬁtrgi%}{s h@hﬁ‘éﬁ' éﬁdmﬂa BV core

pr onot er CI’I I Ca I catlon anced

transcri pembrngynRABRtdr fonDhburk. }letsonerb h@slﬁmﬁhﬂte ab nlrlBMek eavhswith PI0$%anas
i nvestigated. Hep&2 cells transfected with HBV-RFP was treated wth PJ-34

(1511V)  Dwese) & %% dARPregpwgaed ﬁf&ﬁend%m&ntﬂpﬁdgesr P} wereidilutpd 00PPK An 3- f ol d
i ncreas ebl'o@klhg ?ea@grllt d’lﬁc@%&r\kﬁh e tmﬁ\fo{]f E&%_ﬂa{t s teqigpel?eﬁfﬁre_sonl Hoftof Fi gure

4B) . Further ours after PARP in rtion, the relative percentage
of vi abl Afteel stashdsam O\ﬁ)é%aT'MBMmr%&ifoedf)ednu\taseanhgspetlfmamoﬂem tandhmere han 30

cells tr ated, wi O control. . WD 2013/ 052006PCT/ 11/ 000351 69
Thus. SE64 With She DRTRTL DL P PRSI SPBRO Y SHRBE 4 T eased
tranSC“Rﬁé&ﬂﬁc%h&rﬂﬁm‘ﬁﬁé&eﬁ@i&s@&@ﬂﬂ&t@ﬂ 4iting iPARRy1l notif dependent nanner.
Exanpl e 15. Discussion: Exanples 1 to 14

20  Example 6. Materials and Methods - Electrophoretic Mobility Shift Assays (EMSA)

EMSA was performed using the LightShift Chemiluminescent kit (Thermo Scientific)
with 2ug HepG2 nuclear lysates and 1ng 5’-end biotinylated probes (1* base)
(TTGAGGCCTACTTCAAAGACTGTGTG). Biotinylated EBNA probes provided in the kit

were used as negative control. Binding was performed at 37°C for 45 minutes using a

25  thermocycler in 20ul reactions. The binding buffer was comprised of 10X binding buffer
provided in the kit, 12.5% glycerol, 0.5mM EDTA, 0.3mg BSA, 0.05% NP-40 and 1ug poly-
dIdC. 1ul antibodies were used when indicated. The monoclonal antibody against human
PARP-1 was purchased from Santa-Cruz, while HNF4a specific antibody was from R&D

Systems. Electrophoresis was performed at 4°C on pre-run 4% native gels at 100V for 1.5

30  hours. Subsequent steps were performed as directed in the instruction manual.



This study shows that PARP-1 is a transcriptional activator inportant for
HBV 5replication. Targeting PARP-1 nmay prove to be a useful strategy for

t he treatwenbisnfs2ddBY i nfecti on. However, conventional drrggscacti/obyssi
inhibiting the enzymatic activity of PARP-1, which could |lead to enhanced
HBV replication. This is because PARP-16enzymatic inhibition prevents

aut o- ADP- pol yneri zation on PARP-1, to which 90% of cellular ADP-ribose

pol ymer sEgsi pkdti ®aterialy iabMethodss Stedptaddin PuibDohar gal MXCPINGR/@QE ng it
from bi ndi ng DNA 10[ 26, 27]. Such a phenonenon has been observed in the

transcription, of vipentin & nscri.ptional activit t .the human . T-cell
| ouken o vi r bl sBRRboads™ S abd SERGa Bin hArotSb etsafashig, by P Pgdh T
enzyme i DONBL L v@at {04l : rq@gﬁ} tic
activati g%é(needn%%?@gp\;\%tf}gyﬁe&ggq??&sg&;f&gﬁ ﬁrl}g)}y@ éﬁ‘cgaggdgtgoughtz a ou{Im by
PARP- 1 niydatés waiel gad in Miul dindingabasiphavish bihdiag buffot deatodai wnthat dshd af her
protei ns_such as 15 phosphoryl ated ERK2 and even by ADP-ri bosyl atiqn

medi &t edEMpPAiadinpagas perfoamed fap A BriRutey on ybench-top thesmoimxeta 3dHs #ptle of

DNA dana t P- L&t S 1] = L % m

Enzymat | £ g AR 30 (EAEED heTERS-Botf dehds ANt AR

i nduct i operfernied at higrgeftod & inenwhétert is vesttuotionsoweaER I bindog| butfer..Boundi f i ed
PARP-1, increasing transcriptional activation hence HBV replicatign.

201 nt er eBiOfSH Yyere ;w@f By heibng proseibatad beads gt %%-leoa%% nﬂwn@oﬂi 4X bi nd
within t AN YR ' i ndi Ngnsi i d | 26,
36, 0] LRISnE SURSABH LAk S0 BAGL R BB ARG A RERhE Ittt 0 on
f act ¥ s, gélsnohdedistagdard cbrditionseerip frostsreagraits, asd Heldell stamnd widbUfRshHiltdred ar e

known to_nedi at e R nthesis.[39-42]. By conferring an increase.in net
negat i veCERFgEE OB ERHERTH-ShEife Wil kit ORIy (R Se RN E R

25r api dl ¥ i@ Glatetah Re WL ddvithSpddr BHIRY fIRAbS R 1036h06S c4@Md 8ds EQliscdBMth
replication (Figure 4D). As such, targeting PARP-1 al one could be an

ef fi ci ennewrecatpelofor canhtapH [of irgethsipBrgisadszels, wers serido ithedfroteireahdoRrotdemics
reductiop of < .synthesi s 1 0 PARP-1 kn - Fi.gure 30C).

i e papeier BGONVSET R0 Tl O BPAL OB B ROE B8 2 "The e
core pronoter, this phenonenon seens at odds with previous findings that
HBV Fepl EsampleB. MatdeigbsransdMethotisRcaddNdAssap, as the latter is known to
depend on PARP-1 enzymatic activity [43]. The role of ATR in HBV

replication h ] ; j t :

2013/ 052006%?%@50\1&%%%%%%@3?1 act ;\1/%9 gﬁ%gﬁff de?%té’%/ér%gﬁ P s‘b‘?ln?/%\gxsxé‘%m? the

r e- st ar t Dhigast Blobé dnd &pkuchkit (@iagén) ik thegmekense @l RiSasentv (Dmech)i Quardiaative
recruitnent .of to activate, k 1. ekl. cycl rrest pny

damge reabuRed I utnpaRTEd ot oL ich veiS] P ardRanaE oD S SHEL e 1
enzymat | £@fehéViih Y ofiBreh &Rk t&taintheSMDES DRG CEOHNA {A0MBdtdNRind A8
partially doubl e-stranded DNA rmade from pgRNA of 5HBV that is encapsi dated

and Atcabillomand grimersycl ed to nmai ntain the nucl ear cccDNA pool [6- 9, 12].
In such case, PARP-1 enzymatic activity is only required in the early

st ages of HBVCd'CF}f e?td'}@ ££F d@G?&?E@?Si zed fromrcDNA, and when
t he nucl ear pool of ccc needs to be replenished. A fine balance of

PARP-1 enzymatic activity needs to be maintained for efficient HBV
cccR: 5" TGAAGCGAAGTGCACACGGACCG

The relative amount of cccDNA was normalized to the relative amount of transfected
pcDNAZ3.1+ vector to account for differences in transfection efficiency and normalized to that

25  of 6h post-transfection. The primers for detection of pcDNA3.1+ are as follows:
pcDNA-F1:  5° TGGATAGCGGTTTGACTCACGGGG

pcDNA-R1: 5 ATTTGCGTCAATGGGGCGGAGTTG



10 replication. H gh or normal PARP-1 enzymatic activity conpletes cccDNA
synthesis fromrcDNA carried by infectious particles. This need not depend
upon DNA wequesnsesospeci fi c bi ndi ng. The newl y nmade cccDRATISOROE /00351
tenplate to initiate pgRNA-synthesis, which is dependent on PARP-1
sequence-speci fic binding on the core pfonoter, hence requiring PARP-1 to
be an inactive enzyne. Large anounts of virions may then be produced from

15pgRNA,  hencgh@&hioegdlinggatidyetére Atd &abilows: JA0P PsrESScoiidsO 56 BABP1 4 sesdausat i ¢
activity_to a basal minimumallows |arge anpunts of pgRNA to be
QC%NA made from pgRNA

transcri bed, fonhd pecordsand upressancepeanired atm8iniar 45frop

can be recycled to nmaintain the nuclear cccDNA pool for sustenance of HBV

replicat EQﬁnpi@SMaﬁeQﬁﬁtﬁﬂIM&Hdﬂstfl’@\RF—dU&éfi\Qg RésayBV replication in PARP-1
knock-down cells, 20 the proposed nodel of PARP-1 dependent HBV replication

predicts that PARP-1 sequestration instead. of. enzymatic,actiyvjty. nodul ati on
houl o' be mor PiBhel BATRF e MPEAREHTGR Hepgie it SARKLONRilige. ar e
knowns t OCBl%Yi%e?ﬂﬂbRR‘ss]ay &6 &Drﬁkteﬁﬁ)ﬁgﬁg' o‘f'nPMleaﬁkk&i%s‘ Wéte SEALRR AEEARFAlibh 6
recognition may be a“good starting poirnt tor the devel opnent of a novel

cl ass of reRARPehd@@hows RARRPOddti@it iisdiffehins céthiined| Siop off micteariBahtel was usdder
PARP- 1 25de?endent di seases, such as inflammatory disorders [24, 36, 46] and

hel p redigsidf DOH pequsprecsieridisdinding sanld ibitit RARET k 3sivey sl pbtaia thafssbPNA

rEcoou TP e ERy S agRM DAL Blegomi T, oW bl 11 T
" ACTTCAAgS Csfog 8 efiaate Q) fthdnh@oldd\o GOTE@ fqrrsafpiuess aho fiirdgy casled R0HBY foepdteatd on

(Figure 1). To determne the inportance of this sequence in PARP-1
depeltentinutesis @rthgrmosycler hal effqopled appealed profugys woeraddadiperawel]- deysaigs were

investigated. ;. 2 - 1 AS  SUMTAK | in
Figur e SRR R S RS AR B et ook (S ERaSHRRY, A8 T
had | i ttivereahfritownns ReRMnkndahendent transcription whereas at |least 1

mut ati on on each position of the "ACITCAAA" sequence resulted in the |oss

of greatgr_th /3% PARP- 1 ndent n hob4onal. activation. In

parti cul g?‘?ﬁlﬂ%glf)oiﬁte'flﬁqgaﬁlgﬁgﬁwggf éltr(élﬁlﬁi{)m?%esg%‘fs 5t he sequence as all
base changes reduced PARP-1 dependent transcription to | ess than 10% of
wild-type. Thé&SH 107 0TeAGRteHs ivere remese transfevitad with tlubof Lipafectantne 266

| uci f erase expression by near|y 50% suggesting that the "ACATCAAA"
sequbhcellpytrogen)spd iIHﬁI°¥ pemyhingZdonell B'&%én%”ehqlﬁ? }aﬁ&F@‘-ltl‘red@E HBEWES

spoci 11 ca1oyd aTblgl Mol Sf Bheh SRR A0 oPE RIS AR L aud i por i

transcri gjuconsableaay¢iu &Bigomn),ridhM etopesidd ihiId SOUSignxe Aldrich3 endl0A%Cceutousk nown

PARP- 1 bj ndi . As PARP- 1 bi ndi ng. h t

beon desSrTEAN-FHETE [Ere SHTYREI SOBrORF SARPPLNS AT A LR IEHEY wer o

used 10 HRHMCOMH IEAHISIGHerP piformiddAiding tR&Co sséy kiPas inSfucked (T own,
d to gRh M Ipeitfornfe RBLoh’BAssP kiPhs inbBucted (TréVige)

t he HBV PARP-1 bi ndi ng 'sequence bears great resenbl ance to the pre- T%m' nant
20  Atleast 50 comets per treatment were analyzed and scored with the TriTek ComentScore

version 1.5 software.
Example 11. Materials and Methods - Cell Death and Apoptosis Assays

Cell death was observed at time-points indicated by staining for annexin V using

Annexin V-Fluos (Roche). At indicated time-points, culture medium was removed after gentle

25  shaking to remove dead cells if any. Annexin V-Fluos was added to Hepes buffer as indicated,
and added to cells in the dark. Staining was performed on ice in the dark for 10 minutes.

Excess dye was removed and fresh culture medium gently added and analyzed immediately.

Apoptosis was assayed by detecting for caspase-3 and caspase-7 activity using

Caspase-Glo® 3/7 Assay (Promega) as recommended. Replicates of 5 were performed in 96-



15 " ANTNCAAA" sequence obtained fromthe frequency plot, where "N' refers
to a position with no specific base preference. Thus, the HBV core pronoter
cont ai ns woconsasroed PARP-1 bi ndi ng sequence, enabling PARRGRod@pesdent
PgRNA synthesis for HBV replication. Exanple 17. PARP-1 Enzymatic

| nhi bition by Mtif Recognition PARP-1 & nding to DNA strand breaks
activates its catalytic activity to result in auto- 20 ADP-ri bosyl ati on
[55] . Whethelatd3ARR: 10*rHMpd2 detls O@Rd §cdedet par veetiondneeerstepanttetd with 200ng of
transcriptional requlation also results in the activatjon of the PARP-1
enzyme i Blagmpigs wsing Orenblhspofectamine 260Q dayitonen), Colwetmedaun mas shangeplagedoNa

dupl exes_¢ ining the "ACAT " . optimal ,PARP-.1.dependent .t cri ption
bt £ vonfRaDBR s anetimeonaind® bR drpis ifGRRIB I tatd BB 18
I nt er est {yiif leYfual VORINRASH bag2nt. QunfthticshiR|vRx 88cas @Rl it the GIENaARRIH- not i f
reduced PARP-1 enz%matl c activity when conpared to |lysates with no DNA

dupl ex aNderdplarE Multinagls)Reatter (Prgshegso de nonutgaaiterdysis. sequence- dependent, as
di sruption of the optimal recognition sequence within the core of the

8- nucl eofi 4@ pReAU RISt LYIdeRAFCATINSE ﬁﬂﬁtﬁjtﬁittl?&%la{eryaSéﬁi}ﬁ_cgﬁﬁﬁW Chre

al l eviated PARP-1 enzymatic inhibition. Miutation of” flanking nucl eotides 30
(Non- sp. Prameter) however had little effect on notif-dependent PARP-1

i nhibition. Taken together, these results suggest that, in contrast to the
bi ndi ng of 5 , 0343/ 1 72
Speci 1. bi ndi b PR e e e T 1 g Y o
enzynmat i made tp of thy upplowegulaterynmgiond URRiae weedl asshdbasehwore prokorpden(BCP),

PARP- 1 is.a large otein wi.th at 1east 6,functional .dopains, (Figu 6B) .
i) 9 ¢ ewbEht e e st e madRiey s e g pus BRI bibfgly VR

zi nc fing@mode of MRnRERARy dr8ethih1E @8l tHePdpeMREMUIdARS [ 14-19C09NT4 ideAtifyerBat N
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conser veprogmsibatdund ta e URR 2 1weaintiak brbastwai delstians worewicpigned end tesieéd f or
its abil Ly t I.vat ran PLI en

over - oxpl el RN R S SAGRNE RN el b o1 B0 B TR Blect

subst i t uideatifyirRClBsDositil el Flidmenal edsbid pispdiatng éfale bxacl Budléided Bjuirkd for
ability to trans-activate the HBV core pronoter (Figure 6C).. These dopnains
cor r Bspothg negelAinder £q bigdy The effchef gach deletion was {gstef i Hepfid. whiehr igBRPHIVEThi s
resul t igpﬁg@t@? ilddh several domains of PARP-1 act together for the
recogni tion of lhe PARP-1 noti f However, as none of the am no acid
substitutions in the catalytic domain disrupted the transcriptional
activation capaesistgntayiththroescribed ralessefdhesgylatony elemeatspatie qorgrqnpoteisin

unl i kely ' : bLerh DL ' in's
active /S SrpOARELE his! kR R NRRAERAER o) gehBalfFHRit ettt

i nhi bi t oluciféralARPrdssidbRyhileakeidtiahs orerthamet [ldrehatedeotidrevisb§ FigaARPAL Daidtedi ti on

by Mptif Recognition Sensitizes cer Cells to e- | nduced. Cel |
Deat # 20F8UERCS thah Produemersaier i SRFP pare Ao Shats /’éﬁgqrmv YHgThe
cat al yti g foRRINWAE tioiEheBD¥ TendtdRallBifdporBARThdseSRAUES L1864 RN, BENAg. 19

enzymatic inhibition by notif recogriition is thus a novel neans of PARP- 1
act i vi t yamdb2ulQfithea, ddietionsaqudnees Landherordependivatic bodingtwteapENREBPmndposes.
To_show H]latrestpgc ivlg yI,QI\?v_hzll‘le %Q]te%ign ge!,q%gr?ce(s: E}'?lé aRFa T coe'rb‘egg(_)nld i gl%hfn% st (e:é ot ty to

bring
C/EBP, HNF1 and SP-1 respectively. Deletion sequence 17 may bind to HNF1 or HNF3.

25  However, since the overlapping deletion 18 was not classified to be functionally important,
these candidates were eliminated. The sequence of deletion 17 was thus identified as a novel

binding site for a regulator of HBV replication.

To pinpoint the binding sequence of the novel factor, the nucleotides corresponding to
each deletion are indicated in Figure 1B with the relative luciferase expression indicated as a
30  percentage of that of the wild-type HBV core promoter. Since deletions of sequences 14 and

18 produce relatively mild phenotypes but deletion sequence 15 is affected to a great extent,
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be obtained with non-specific antibodies such as those for HNF4a (Figure 2D lane 5),

indicating that PARP-1 binds the “ACTTCAAA” sequence hence HBV core promoter

25  specifically. The effects on the core promoter activity observed with the deletion of site 17

were therefore as predicted, not due to HNF1 or HNF3.
Example 14. Results - PARP-1 Modulates HBV Replication

To test if PARP-1 was indeed a positive regulator of HBV replication, a replicative
HBYV construct was cloned and inserted upstream of the CMV promoter so that pgRNA
30 transcription depended only on the HBV core promoter (Figure 3A). The CMV promotér was
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investigated. HepG2 cells transfected w1th HBV RFP was treated with PJ-34 (15uM) 24 hours
after transfection, and this resulted in more than 3-fold increase in the relative amounts of
HBYV transcripts 48 hours later (Figure 4B). Furthermore, 72 hours after PARP inhibition, the
relative percentage of viable cells that were HBV-transfected was significantly higher than

30 cells treated with DMSO control.
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increase in net negative charge for DNA repulsion, enzymatically activated PARP-1 may
25  rapidly inactivate multiple transcription factors required for HBV replication (Figure 4D). As
such, targeting PARP-1 alone could be an efficient means of controlling hepatitis B, as was

indicated by the reduction of cccDNA synthesis in PARP-1 knock-down cells (Figure 3C).

While PARP-1 enzymatic inhibition might increase transcription at the HBV core
promoter, this phenomenon seems at odds with previous findings that HBV replication
30  depended on ATR activation, as the latter is known to depend on PARP-1 enzymatic activity
[43]. The role of ATR in HBV replication has not been determined. Considering that the
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for sustenance of HBV replication.

Taken together with the reduction of HBV replication in PARP-1 knock-down cells,
20  the proposed model of PARP-1 dependent HBV replication predicts that PARP-1
sequestration instead of enzymatic activity modulation would be more feasible for the
treatment of hepatitis B. Since no drugs are known to have PARP-1 sequestration activity,
studying sequence-specific recognition may be a good starting point for the development of a
novel class of PARP-1 activity modulators. This may also prove useful in other PARP-1
25  dependent diseases such as inflammatory disorders [24, 36, 46] and help reduce

contraindications for multiple conditions such as cancer, inflammation and HBV infection.

EXAMPLES PART 2: PARP-1 INHIBITION BY MOTIF RECOGNITION

Example 16. PARP-1 Recognition Motif

PARP-1 binds the “ACTTCAAA” sequence of the HBV core promoter to regulate
30 HBV replication (Figure 1). To determine the importance of this sequence in PARP-1

dependent transcription, the effect of mutating every nucleotide was investigated.
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As summarized in Figure SA, mutation of flanking nucleotides T1704, G1713, A1714
and C1715 had little effect on PARP-1 dependent transcription whereas at least 1 mutation on
each position of the “ACTTCAAA” sequence resulted in the loss of greater than 75% PARP-1
dependent transcriptional activation. In particular, A1710 is the most important nucleotide of

5  the sequence as all base changes reduced PARP-1 dependent transcription to less than 10% of
wild-type. The T1707A mutation was the only mutation that increased luciferase expression
by nearly 50%, suggesting that the “ACATCAAA” sequence is the optimal recognition
sequence for PARP-1 dependent transcription. This is the first report of a consensus motif that

binds specifically to PARP-1.

10 The “ACATCAAA” optimal PARP-1 dependent transcriptional activation motif
identified must bear resemblance to known PARP-1 binding sequences. As a consensus
PARP-1 binding sequence has not been described, multiple alignments of known PARP-1
binding sequences were used to obtain a frequency plot (Figure 5B) [28, 29, 66, 68-79]. As
shown, the HBV PARP-1 binding sequence bears great resemblance to the pre-dominant

15 “ANTNCAAA” sequence obtained from the frequency plot, where “N” refers to a position
with no specific base preference. Thus, the HBV core promoter contains a conserved PARP-1

binding sequence, enabling PARP-1 dependent pgRNA synthesis for HBV replication.
Example 17. PARP-1 Enzymatic Inhibition by Motif Recognition

PARP-1 binding to DNA strand breaks activates its catalytic activity to result in auto-
20  ADP-ribosylation [55]. Whether PARP-1 motif recognition in sequence-dependent
transcriptional regulation also results in the activation of the PARP-1 enzyme is however

unknown.

To test this, short double-stranded DNA duplexes containing the “ACATCAAA”

optimal PARP-1 dependent transcription motif was tested with nuclear lysates extracted from
25  HepG2. Interestingly, the addition of DNA duplexes containing the PARP-1 motif reduced

PARP-1 enzymatic activity when compared to lysates with no DNA duplex added (Figure

6A). This phenomenon was motif sequence-dependent, as disruption of the optimal

recognition sequence within the core of the 8-nucleotide sequence by increasing single-base

mutations gradually alleviated PARP-1 enzymatic inhibition. Mutation of flanking nucleotides
30  (Non-sp. mutant) however had little effect on motif-dependent PARP-1 inhibition. Taken

together, these results suggest that, in contrast to the binding of DNA strand-breaks, sequence-
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specific binding of PARP-1 to its recognition motif inhibits PARP-1 enzymatic activity. How

this may be achieved is however unknown.

PARP-1 is a large protein with at least 6 functional domains (Figure 6B). While
recognition of DNA strand breaks is dependent on zinc finger 1 and zinc finger 2, the domains

5  required for PARP-1 motif recognition remain unresolved.

To address this, single amino substitutions on highly conserved amino acid residues
within each functional domain were tested for its ability to activate transcription at the HBV

core promoter when over-expressed in HepG2 cells.

Interestingly, 5 single amino acid substitutions across 3 functional domains resulted in
10  the loss of ability to trans-activate the HBV core promoter (Figure 6C). These domains
correspond to zinc finger 1, zinc finger 2 as well as the BRCT domain. This result indicates

that several domains of PARP-1 act together for the recognition of the PARP-1 motif.

However, as none of the amino acid substitutions in the catalytic domain disrupted the
transcriptional activation capacity of PARP-1, this suggests that the PARP-1 motif is unlikely

15  to compete with other PARP inhibitors for the catalytic domain’s active site.

Thus, the PARP-1 motif may be used as an allosteric inhibitor of PARP-1 ADP-

ribosylation function.

Example 18. PARP-1 Inhibition by Motif Recognition Sensitizes Cancer Cells to DNA
Damage-Induced Cell Death

20 To date, all commercial PARP-1 inhibitors act by inhibiting the catalytic domain of the
enzyme [33, 37]. PARP-1 sequestration hence enzymatic inhibition by motif recognition is
thus a novel means of PARP-1 activity modulation that can be further developed for

therapeutic purposes.

To show that the PARP-1 motif alone can impair PARP-1 enzymatic activity to bring
25  about reduced DNA damage repair, 3 tandem repeats of the sequence “ACATCAAA” was
inserted into the pcDNA3.1+ vector and reverse transfected into HepG?2 liver cancer cells to
increase transfection efficiency hence increased homogeneity in cell population. 24 hours after
transfection, DNA damage-inducing drugs were added, and the resultant DNA damage was

determined by alkaline COMET assay 18 hours later. As shown in Figure 7A, treatment with
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10 Persistent irreparable DNA damage leads to cell death. This is a strategy commonly
used in cancer therapy. To further prove that the PARP-1 motif can be used as a novel means
to enhance irreparable DNA damage, the relative extent of apoptosis was measured by caspase
activation at an early time-point of 18 hours atter DNA damage induction. Consistent with the
increased severity of DNA damage in a larger proportion of cancer cells, Figure 7B shows that

15  apoptosis was increased in cells transfected with the PARP-1 motif when compared to vector

controls for all drug treatments.

This increased cell death was also reflected by enhanced annexin V staining in HepG2

cells transfected with the PARP-1 motif when compared to vector controls (Figure 7C).

To demonstrate the feasibility of the PARP-1 motif as a novel agent for enhanced
20  cytotoxicity when used in conjunction with DNA damaging agents, Huh-7 cells transfected
with the PARP-1 motif were compared to cells treated with clinical PARP inhibitors (10uM)

and DNA damage was induced 24 hours later with etoposide (100nM) or 0.02% NMU.

While all PARP inhibitors tested resulted in reduced cell viability when compared to
DMSO controls, cells transfected with the PARP-1 motif displayed significantly reduced
25  viability than clinical PARP inhibitors (Figure 7D).

Taken together with the enhanced viability of cells transfected with the PARP-1 motif
in the absence of DNA damage induction (Figure 7D), these results indicate that PARP-1
enzymatic inhibition by the PARP-1motif is an alternative to specifically reduce DNA damage

repair hence associated cell death.
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BRCA negative or I clrent cell
time-point, and alkaline COMET assays performed 24 hours later revealed increased DNA

damage with bleomycin, etoposide and NMU in greater proportion of cells that have been
transfected with the HBV-RFP construct (Figure 8C). HBV replication per se did not result in
cell death, as DMSO-treated cells did not stain positive for phosphatidylserine (Figure 8C).
15  Therefore, PARP-1 dependent DNA repair involving base-excision repair and strand breaks
repair are impaired in HBV replication as a result of PARP-1 sequestration and enzymatic
inhibition as predicted. This can lead to the accumulation of irreparable DNA damage, as
indicated by increased DNA damage induced cell death shown by increased annexin V
staining for phosphatidylserine and increased caspase activity (Figure 8D). Therefore, HBV
20  replication in host cells impairs PARP-1 dependent DNA repair, potentially leading to the

gradual accumulation of DNA insults hence the development of HCC.

Example 20. PARP-1 Motif Specifically Inhibits PARP-1 in a Sequence-Dependent
Manner Without Enhancing HBV Replication

To demonstrate that the increased DNA damage and associated cytotoxicity brought
25  about by the PARP-1 motif was mediated specifically by the inhibition of PARP-1, the effects

of PARP-1 over-expression in cells transfected with the PARP-1 motif was investigated.

Wild-type PARP-1 was cloned into an expression vector and shown in Figure 9A to be
over-expressed in the nucleus 48 hours after transfection. As expected, reduced DNA damage
was observed by alkaline COMET assay with increased PARP-1 expression in Huh-7 cells

30 transfected for 48 hours with the PARP-1 motif that have been exposed to 24 hours of 0.01%
NMU (Figure 9B).
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2013/ 052 e 6RKITs 5620t/ o6t Fadur8 9, the PARP-1 motif is a DNA specific sequence that acts to
inhibit PARP-1. Therefore, the sensitization of cells to induced DNA damage and associated
15  cytotoxicity induced by the PARP-1 motif in Figure 7 and by HBV in Figure 8 are specific to

the impairment of PARP-1 dependent DNA repair.

It was shown in Figure 4 that PARP-1 inhibitors acting via the PARP-1 catalytic
domain can enhance HBV replication. Given that the PARP-1 motif does not act on the
catalytic domain (Figure 6C), and that it is able to compete with the HBV core promoter for

20  PARP-1 binding, the interesting interaction between endogenous PARP-1 and the PARP-1
motif on HBV replication was investigated. HepG2 cells were co-transfected with lug of
HBV-RFP and 500ng of PARP-1motif, and the relative amount of HBV transcripts generated
compared with HBV-RFP transfected cells treated with empty vectors. Figure 11A shows a
reduction in the amount of HBV transcripts in cells 72 hours after co-transfection with the

25  PARP-1 motif, suggesting that the PARP-1 motif can inhibit HBV replication. This is further
supported by the reduction in HBs expression, which was only achievable with the specific
knock-down of PARP-1 expression by specific siRNA (Figure 11B). Therefore, the PARP-1
motif inhibits PARP-1 enzymatic activity specifically without enhancing HBV replication,

eliminating the potential of aggravating hepatitis B.
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i nducer DNA danmage %Oell death 1 Background control None None None M ni nal

2 Background Y’R’&t[; Pcan regu at\éetxsan%cnptlon in many ways. Besides regulating chromatin
compaction, PARP-1 has been shown to bind promoters in a sequence-dependent manner [28,
29, 41, 66-71, 73, 74, 76, 78, 79]. However, no PARP-1 sequence-specific binding consensus

5  has been identified to date. Through single base mutations on each of the 8 nucleotide

positions of the HBV PARP-1 binding site, significantly enhanced transcriptional activation
was achieved with the sequence “ACATCAAA”. The characterization of the PARP-1
transcriptional activation motif should help in elucidating the extent of PARP-1 sequence-
dependent transcriptional regulation, which would prove useful in the understanding of

10  PARP-1 dependent diseases including cancers, inflammation and hepatitis B [33, 36, 37, 53].

Interestingly, as opposed to binding DNA strand-breaks, PARP-1 binding to its
recognition motif inhibits its catalytic activity (Figure 6A). This suggests that DNA sequence-
specific binding of PARP-1 is unlikely to be mediated by the DNA strand-break binding
domains. Considering that PARP-1 enzymatic activation results in the auto-ADP-ribosylation

15  hence repulsion from negatively-charge DNA [27, 55], the inhibition of PARP-1 enzymatic
activity by motif recognition is a plausible pre-requisite for PARP-1 to effectively mediate its
transcriptional activities. This has been demonstrated in a number of instances, such as the
transcription of vimentin and in the transcriptional regulation at the T cell leukemia virus type
I tax-responsive element [28, 29], where enzymatic inhibition of PARP-1 enhances

20  transcription. PARP-1 sequence-dependent transcriptional inhibition such as at the BRCA2
promoter may also be modulated in a similar manner [74]. This limits the spectrum of diseases
that conventional chemical inhibitors of PARP-1 can act on, as the condition of PARP-1 motif

recognition dependent diseases would be potentially aggravated with their use.

Since PARP-1 enzymatic activity may be inhibited by motif recognition and
25  sequestration, understanding how this may be achieved could lead to the development of a
new class of PARP-1 inhibitors that act on allosteric sites of the enzyme. Furthermore, it
suggests that the PARP-1 motif may itself be used as novel DNA PARP-1 inhibitor for the
treatment of PARP-1 dependent diseases.

Using the treatment of cancer as an example, PARP-1 enzymatic inhibition would
30 impair PARP-1 dependent DNA repair, sensitizing cancer cells to the cytotoxic effects of

DNA damage inducers. However, this increases the nuclear pool of unmodified PARP-1
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hence PARP-1 dependent transcription, resulting in potentially serious complications in other
disorders that the patient also suffers from, where PARP-1 is required as a sequence-specific
transcriptional regulator, such as in hepatitis B. In such case, inhibition of PARP-1 enzymatic
activity increases HBV replication (Figure 8A, Figure 8B), further endangering the health of

5  the patient. In contrast, the use of the PARP-1 motif as a DNA inhibitor of PARP-1 activity
would not only achieve the desired effect of DNA damage repair impairment for cancer
therapy (Figure 7), sequestered unmodified PARP-1 cannot act on the HBV core promoter to
bring about pgRNA synthesis hence HBV replication. This advantage of PARP-1 inhibition
cum sequestration may be further extended to inflammatory disorders, reducing

10 contraindications when PARP-1 is the therapeutic target of interest.

EXAMPLES PART 3: PROTOCOLS FOR TESTING THE EFFICACY OF DNA PARP-1 INHIBITOR

Example 22. Efficaby of DNA PARP-1 Inhibitor in Controlling HBV Replication - HBV
Animal Models

Human HBV preferentially infects humans and primates. Several animal models for
15 HBYV infection are available, such as non-human primates including chimpanzees,
woodchucks and transgenic mice. These models are unable to recapitulate all the hallmarks of
HBYV infection in humans. Human-mouse chimeric liver models susceptible to HBV infection
are also available, but laborious surgical procedures may have confounding effects that hinder
data analysis. As such, the use of the transgenic mouse model is recommended for

20  determining the effect of the DNA PARP-1 inhibitor on HBV replication.

Example 23. Efficacy of DNA PARP-1 Inhibitor in Controlling HBV Replication -

Experimental Design

Treatment Expected outcome
Experiment PARP-1 Validated Liver Serum HBV Serum
inhibitor HBYV anti-viral |damage DNA HBs
Vehicle .
1 Vehicle Vehicle High High High
control
Positive )
2 Vehicle Yes Low Low Low
control
Negative Random DNA )
3 Vehicle High High High
control sequence
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may be delivered into the liver using a variety of delivery vehicles and these include

liposomes, polymers, liver-specific viral vectors, electroporation, ultrasound and even

conjugation to hepatocyte penetrating peptides. The optimal mode of delivery and

concentration of the DNA PARP-1 inhibitor used has to be empirically determined. To reduce

confounding effects from experimental procedures, minimally invasive methods are

recommended. Validated HBV anti-virals such as the immune modulator interferon-a and

nucleoside or nucleotide analogues such as Lamivudine, Adefovir and Tenofovir may be used

as a positive control.

1. Confirm HBYV replication in transgenic mice by obtaining liver biopsy

Treat young adult mice with appropriate dose of anesthesia.

Clip abdominal fur and scrub mice with Betadyne followed by alcohol.

Cut ventral skin followed by peritoneum with sterile surgical equipment.

Cut half of right liver lobe with scissors sterilized in bead sterilizer at 250°C while

gently holding liver in place.

Cauterized liver should not be bleeding.

Close the peritoneum with one suture.

Rejoin ventral skin with wound clips.

Wipe wound with Betadyne.

Perform southern blot on liver biopsy to confirm presence of HBV DNA.

Histological analysis of biopsies should not reveal abnormalities.

Allow mice to recover for at least 3 weeks before treatment.

Low

e
t

5
ow
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4. Data collection

10 Collect small samples of blood once every 7 days.
Determine and record HBV DNA and HBs concentrations in the serum.

Determine the extent of liver damage with the use of a panel of liver damage indicators

such as ALT.

Sacrifice the mice and perform histological analysis for signs of liver damage and

15  HBV replication.

5. Analysis of data

Calculate indicators of HBV replication and liver damage as follows:

% Indicator change = 2x=2222y 9= Frevesinens w22 0 1())%, for day d

Eretrzzimert valis

Significantly reduced HBV replication accompanied by significant reduction in liver
20  damage in treatment groups compared to vehicle controls indicate that the PARP-1 inhibitor is

a potential candidate for the treatment of HBV infection.

Example 24. Efficacy of DNA PARP-1 Inhibitor in Cytotoxicity by DNA Damage

Inducers - Cell Line Selection

Any cell with measurable PARP-1 enzymatic activity may be used. The effect of the
25  PARP-1 inhibitor is expected to be enhanced in cells with defects in DNA repair, such as in
BRCA negative or Ku70/80 deficient cell lines. |
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Inducers - Induction of DNA Damage and DNA Damage Assays

Any agent known to affect PARP-1 dependent DNA damage repair pathways, namely
10  base-excision repair (hence single-strand break repair) and DNA double-strand break repair,

may be used.
These agents include:
Ionizing radiation (UV-irradation, X-rays and y-irradiation)
DNA alkylating agents (Example: N-nitroso-N-methylurea)
15 DNA strand-break inducers (Examples: Etoposide, bleomycin)

The concentration in which these agents are used is cell-line dependent and requires
optimization. The dose used should be sufficient to induce sub-lethal but measurable DNA
damage. Evidence of DNA damage may be confirmed by COMET assays. This has to be
performed before DNA damage-dependent cell death can occur, typically 8-24 hours after the

20  induction of DNA damage.

Example 27. Efficacy of DNA PARP-1 Inhibitor in Cytotoxicity by DNA Damage
Inducers - Assays for Cell Death

Cell death can be assayed in a number of ways, such as detecting for caspase
activation and the expression of phosphatidyl-serine on the outer leaflet of the cell membrane.
25  Assays dependent on measuring DNA damage, such as TUNEL, are not suitable. Cell death
assays should be performed before visible cell death is observed. The optimal time for

performing the cell death assays is cell line, inhibitor concentration, DNA damage inducer and
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assay dependent. These have to be determined through optimization. Assays performed after

96 hours of induced DNA damage is not recommended.

Example 28. Efficacy of DNA PARP-1 Inhibitor in Cytotoxicity by DNA Damage

Inducers - Experimental Set-up and Evaluation of Qutcomes

5 An example of how the PARP-1 inhibitor may be demonstrated to show sensitization

of DNA damage dependent cell death and its expected outcome is as outlined in the table

below.
Treatment Expected outcome
Experiment -
P PARP-1 DNA damage DNA % Cell death
inhibitor inducer damage
1 Background None None None Minimal
control
2 Background None Yes Low Low
control
Validated
3 | Negative control PARP-1 None None Low
inhibitor
4 | Negative control ACATCAAA | None None Low
Validated
5 | Positive control PARP-1 Yes High High
inhibitor
6 | Test inhibitor ACATCAAA | Yes High High
Null mutant of
7 | Specificity control | PARP-1 Yes Low Low
inhibitor

The use of the adherent liver cell line, HepG2, liposome-mediated transfection and the
DNA damage inducer N-nitroso-N-methylurea (NMU) will be illustrated. Cell death will be
10 assayed by microscopic examination of percentage of phosphatidyl-serine positive cells.
Experiments should be performed in replicates of at least three. A range of concentrations
(0.5nM to 500nM) of the novel PARP-1 inhibitor should be tested. Any validated PARP-1

inhibitor such as NU1025 may be used as positive control.

1. Prepare single-cell suspension:
15 Grow healthy HepG2 to a confluency of about 70-80%.

Remove culture medium. Gently wash cells twice with sufficient PBS.
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sci ssors. 5Renove necrotic material. Cut -27mB fragnents with sterile

bl ade. 2. Prepare Mastermix of PARP-1 inhibitor for transfection:

Prepare the test duplex PARP-1 inhibitor 1000X stock in nuclease-free water.

Dilute enough PARP-1 inhibitor to 10X stock with 50ul of OPTI-MEM® per well. Mix
10 well.

Dilute 1.1ul Lipofectamine 2000 (Invitrogen) per well with 50ul OPTI-MEM®. Mix

well.
Let the mixtures sit at room temperature for 5 minutes.
Mix the diluted inhibitor with the diluted Lipofectamine 2000.
15 Incubate at room temperature for 20 minutes.

3. Seed and reverse transfect cells:

Re-suspend cells to homogeneity.
Prepare single-cell suspension of 3.0 X10° cell/ml of culture medium (with serum).
Mix the PARP-1 inhibitor with cell suspension in the ratio of 1:5.

20 Add 600ul of mixture per well.

Observe cells under light microscope. Make sure cells are not clustered in any part of

the well.
Return the cells to the humidified 37°C, 5% CO, incubator for 24 hours.

4. Induce DNA damage:
25 Observe the cells 24 hours after transfection. There should be little sign of cell death.
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Add 500ul of diluted NMU per well.

Return the cells to the humidified 37°C, 5% CO, incubator.

Perform COMET aSsay to confirm DNA damage induction 16-24 hours after drug

treatment.

10 5. Assay for cell death and DNA damage
Cell death assays may be performed 18-72 hours after drug treatment.

Observe cells under light microscope. Most of the cells should still adhere to the well.
Gently remove culture medium.
Gently add appropriate amounts of diluted fluorescein-conjugated annexin V.
15 Incubate on ice in the dark for 10 minutes.
Remove annexin V and gently wash once with culture medium.
Gently add 500ul culture medium per well.
Immediately perform microscopic examination of percentage annexin V-positive cells.
Example 29. Efficacy of DNA PARP-1 inhibitor in nude mouse cancer model

20 As PARP-1 inhibitors are especially potent in cells with BRCA mutations, the use of
the MX-1 xenograft in nude mice model is a good starting point for the demonstration of
efficacy of the novel DNA duplex PARP-1 inhibitor. The experimental design and outcomes
needed to Support PARP-1 enzymatic inhibition and tumour regression with the tested

inhibitor are tabulated below.
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inhibitor

Use at least 6 mice per treatment group. DNA damage inducers include strand break
inducers such as bleomycin and ionizing radiation, DNA alkylating agents such as
5  temozolomide and cyclophosphamide, as well as DNA cross-linkers such as cisplatin. The
dose of the DNA damage inducer chosen should be sufficient to cause DNA damage but
insufficient to cause significant tumour regression when used on its own. Validated PARP-1
inhibitors such as ABT-888 may be used as a positive control. Any means of delivering the
short DNA duplex “ACATCAAA” sequence into tumour cells can be used as vehicle. These
10 include liposomes, polymers, viral vectors, electroporation, ultrasound and even conjugation
to cell penetrating peptides. The optimal mode of delivery and concentration of inhibitor used

has to be empirically determined.

1. Propagate MX-1 tumour in female nude mice
Rapidly thaw MX-1 (BRCA-deficient human mammary tumour) fragments in 37°C
15  water bath.

Prepare ~27mm’ fragments with sterile blade.
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Repeat implantation procedure twice to ensure stable growth of tumour.

2. Drug treatment with MX-1 xenografts

Remove a tumour from a donor mouse of mass =18g.
10 Remove necrotic material.
Cut ~8mm’fragments with sterile blade.
Implant fragment using a sterile 2Smm diameter trocar under the right flank skin.

Randomize mice with similar tumour sizes according to desired representative disease

stage.
15 (Early stage: ~46-1 50mm’ tumours; Late stage: ~300mm?® tumours)
Weigh the mice and record their pre-treatment weights.
Inject the randomized treatment regimenf at 10ml/kg.
Repeat injections may be performed when deemed necessary.

3. Adverse reactions

20 Check the mice for toxicity by taking their weights every 2 days.

Weight loss of =15% pre-treatment weights or abnormality in behavior (e.g. poor

appetite) indicate toxicity.
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Efficacy is demonstrated if values from the test inhibitor group are significantly
smaller than that of the vehicle control group when compared using the Mann-Whitney Rank

15 Sum Test.
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Par agraph 6. A nmethod according to any precedi ng Paragraph, in which the
nucleic 15 acid is 30 or fewer, 29 or fewer, 28 or fewer, 27 or fewer, 26
or fewer,w@20mmost@eer, 24 or fewer, 23 or fewer, 22 or fPewsGodbosstfewner,
20 or fewer, 19 or fewer, 18 or fewer, 17 or fewer, 16 or fewer, 15 or
fewer, 14 or fewer, 13 or fewer, 12 or Péwer, 11 or fewer, 10 or fewer or 9
or fewer nucleotides |ong. Paragraph 7. A nethod according to
any precedi ng MRy, ZQrHpé, C.i TianhX G VanMetot) \M.eiAa, BN, Vsitdgh, MasSdlmoseguence
ACATCAAA or ACTTCAAA. Paragraph 8. A nethod of reducing the ability of a
cel | to fpamoven HRHEEomplse DINA Rpairmesh Stsshiby @féwaev&BABﬁé AERSEi By of

poly (ADI?Z;[B hegghopp! ymerase by a method according to any preceding

Par agr aph. Paragraph 9. A nethod of killing a ceII such as a cancer
cell, the nethod conprisi ng 25reduci ng the activity of P{ y (ADP-ri bose)
pol yner ase by McBridenBe WacEBeraend-+ bakonydinC.pamalspap¥Ws E1Hugmary pply(ARE-

presence K&ﬁ% [ t jg to
Par ag?apﬁl%éseq 5’%58%%92% gre éogﬁ%giogggﬂgﬁ%g%x%q 1 Wégﬁﬁﬁ ?ne'?l cancer
cell. WOeabtl36:052080PCI87S5G2011/ 000351 100 Par agraph 11. A rnet hod
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conpri si ng reduci ng the activity of poly (ADP-ribose) polynerase by a

met hod acBh-di ng to any of Paragraphs 1 to 8. 10Paragraph 13. A conpl ex
conprising poly (ADP-ribose) polynerase bound to a nucleic acid conprising

the sequence RNMM—BM\AD W, MIAhTIRohﬁ)eﬁ‘:yom A, Wilisncbirt gprn ey, Iy KT, G&Hang or
A and Wis T or h 14. A nucleic acid cgf)able of
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Paragraph 17. A nucleic acid according to any of Paragraphs 14, 15 or 16
for use in a nmethod of inhibiting hepatitis B virus (HBV) replication.
25Par agr apb 208/058006ucl ei ¢ acid according to any of Paragcapieaotishpossd or 16
for use in a nethod of enhancing the cytotoxicity of ionising radiation or
a drug. Paragraph 19. A nethod of treati®8g an individual suffering or
suspected to be suffering fromhepatitis B virus infection, the nethod
conpri si ng adrSimbslas/Rasenthall GeMadéaddadd. | R., Rbseadial M2 SanWeaierdf., Goleutanei
acid accordjng to_any of Paragra ha 14, 15 or

16. WO . .
2013/ 052006PEFRsGE0Y: bbdhs IVatges-Q. Ricdad . 5pulpm. 16 B Ahiemeromab foerFations ng
an i ndi viidpalRpsyf Hrk! fhofle SABAPAELEh fnfinSi%al Dl Fi%é Gl QAUERH ol APP-

met hod conprising adninistering a therapeutica fective anmount” of a
nucl ei ¢ athose)gobyonataserINA alPrpc OfatPAcalySap96: 13391418186, 1999. opti onal |y
together with a cytotoxic drug or exposure to ionising radiation. 5Each of

the 2Bpl i catl asuaRdcPasenL RIBNEbARES. §NKbblcndPGHTRNuchBhgBAC. document

cited or referen I'n each of i cat’ions and patents,

i ncl udi ngngbutiomef DINA sequsecvinicthe biimaachroafosoinel e iobat locusshyalmen@aganst s
("application.cited documents: ny manufacturer's instructions or

cat al ogudECHRyFNALN- ?W&Jmaz?%é%’n@rggnenti oned in each of the applications
and patents and in any of the application cited docunents, are hereby 10

i ncor por at ed H&oaias, KyR.[ €hpgoehic ¥. R Wit hireoed eputadenedoby parettargetihg th moudehi S
text, and all docunents cjted qr feren in docunents cited in this

t ext, an&"&%‘i){/o'aﬁh‘(f’gg?ﬁ%?él& gelilgé’tg(ﬁcﬁzo%?or cat al ogues for any products
cited or mentioned in this text, are hereby incorporated herein by
refenence. Varfihouts AR { Felatt, BNR. a0epevei) Mt ROH$gofreduefcydiafeting oflgérrts hods
and system of the 15inventign will be apparent_to those skilled in the art
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i nventi on has been described in connection with specific preferred

enbodi ment s, iTonsddaut d KlaeasHigd €T $ Mpiki Ay ath BB oto) Ve Tujigibt@ S CT ai girdi, shoul d
not be unduly limted to such specific epbodi nents. | ndeed, various

nodi f i catﬁnbﬁ@ceéfexmésm%mlb@é)lgﬂé@ge) syrthetase gene in waltignane lymphoria dm-vhi ch
are obvi 8,5Kidohed in nol ecul ar biol ogy 20or related fields are
i ntended to %’?é\ﬂag’ﬁ??’tthdglscope of the clains. WO

2013/ 052006PCT/ SG2011/ 000351 102 CLAIMS 1. Use of a nucleic acid conprising
the déquence RNNWCAARpPradhingih chhrrmagin lonseaa b pelyyABPribase pelymerase

| ndependqphth, Ty plGeoGhifpufy BACSWERS: J9UISHERAE Y T OF A in the

preparation of "a nedi ca or t rea or prevention of hepatitis B
or cancer. 52.Use according to Claim1, in which: ) ) )
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(a) N at position 3is C, Aor T, preferably A or T, nore preferably T, (b)
N at position 2 is C, (c) Wat position 4is T, or (d) Rat position 1lis
A. 103. Uswoaocmsdiong t o any preceding claim in which tlrerseedriooosaci d has
the sequence ACATCAAA or ACTTCAAA. 4. Use according to any preceding -
claim in which the cancer conprises br83st cancer, preferably in which
cancer cells are BRCA1 and/or BRCA2-deficient. 5. Use according to any

pr ecedi nFurraerAsppcYhi ch t he nedi canment further conprises a 15cytotoxic
agent, such as selected fromthe group consisting of: (a) ionising

radi ation; (bJuABii-asp88s {nalodmtiadjmenie0tl the 9vehibn arwrmow BT DRAB 1he toillapang b,

AstraZeneca SI-201, (Sanof i Aventi s - 8983../ CEP-9722 rodrug, .
Cophal onIHARRRABTPhE G I8 P SSTped TG JRYeaHP R ETopihasien YRC Alptdis:
cycl ophospham de, N-Methyl-N -Ni tro-N Nitrosoguani di ne (MNG,

t opoi somer ase Phragoiphdn g, meihpd tewmprising xghdspiggioln(AQRnihosaipotenanast to a

carbopl atin.. 20. 6. A net hod conpri sin oly -r.i paose) pol ynerase
to a ucpéaﬁlcé‘ﬁld(foggfls&gttﬂ? P Vﬁi&%"ﬁé%ﬁ “?%ghﬁ%%f ‘é‘hpﬁﬁe pol y

ADP- 11 bogyeBtARAtIRGt CYGoF DhndW ¥ T(AHDE-ihiviRSLhe PRlYADPaRRs| Btib ARG IS a
result of the exposure. 7.A nethod of: (a) inhibiting hepatitis B virus
(HBV) r epblyd@DRsniboss pplymeeasadd iedueedes absesulttaf thd exposeel to repair DNA
damage, preferably in the presence of a cytotoxic agent as set out in Caim
5; or (c) kil lphpgr@hoell msH6d adrdng &P&heaBh Il ; inSHEth RSat BodItiERTtis CARGR'
cell or a BRCAL and BRCA2-deficient cancef cell; WO

2013/ 05200 erREFAISG20 01 T 0008 Fefetdly The net hod conpri sing reducing the
activity of poly (ADP-ribose) polynerase in or of the cell by a nethod
accoaﬁ' ng to ‘ﬁa@' Fapfi-3. A mBthodalléedifh fo %gkag@wb,ein%iéwmfpbaabhzié)c.ndl ng
to poly (ADP-ri §s§)) pol ymerase and reducing its poly ADP-ribosylation
activity, the nucleic acid conprising the sequence NWCAAA, in which R

3 RN , In
is Gor A N iParagrmpsgleidenihpg ageoréing & Baragraghd 395 & i viichaW at position 4is T.

Paragraph 5. A method according to any preceding Paragraph, in which R at position 1
is A.

Paragraph 6. A method according to any preceding Paragraph, in which the nucleic
15 acidis 30 or fewer, 29 or fewer, 28 or fewer, 27 or fewer, 26 or fewer, 25 or fewer, 24 or
fewer, 23 or fewer, 22 or fewer, 21 or fewer, 20 or fewer, 19 or fewer, 18 or fewer, 17 or
fewer, 16 or fewer, 15 or fewer, 14 or fewer, 13 or fewer, 12 or fewer, 11 or fewer, 10 or

fewer or 9 or fewer nucleotides long.

Paragraph 7. A method according to any preceding Paragraph, in which the nucleic

20 acid has the sequence ACATCAAA or ACTTCAAA.

Paragraph 8. A method of reducing the ability of a cell to repair DNA damage, the
method comprising reducing the activity of poly (ADP-ribose) polymerase by a method

according to any preceding Paragraph.

Paragraph 9. A method of killing a cell such as a cancer cell, the method comprising
25  reducing the activity of poly (ADP-ribose) polymerase by a method according to any of

Paragraphs 1 to 7 in the presence of a cytotoxic agent.

Paragraph 10. A method according to Paragraph 9, in which the cell comprises a
BRCA1 and BRCA2-deficient cancer cell. '



9. An isolated conplex conprising poly (ADP-ribose) polynerase bound to a
nucl ei ¢ acid conprising the sequence RNNWCAAA, in which Ris Gor A Nis

i ndependew0l2913052@@6 G or A and Wis T or A such as ACAPCAAG20r/003FT CAAA.
10. A pharmaceutical conposition conprising a nucleic acid according to
Claim8 10together with a pharnmaceutical@ly acceptabl e excipient, diluent or
carrier. 11. A nucleic acid according to Caim8 for use in a nethod of

i nhi bi ting hepatdgtiph B. W method HR}dihg ) Paragrapin 9@ 10 MinavhiE thedydiodahgamei ng
the cytotoxicity of jonising radiation or a drug. 12. A nethod of

i dent i fyith¥glestadolirerp thegroup epnsisding of t (@hiosisingragigion:{b} ABTr $&8ARDRED- or
preventi f j by (o] ¥4 A ¢.S51-Ag i .

(DP. i bosey pasErter) 27D281 (ARETY, Al RLCBSERTPIGRONTh SHRRR CEEBRY ) 5
in the pré&&PReR2qpralregitphdte) ol MEMEY 7aMerdot act (chgneozdeartida pating, bi ndi ng

of nucleic acid to pol ADP-rj bose) pol ynerasg c d to in the absence
of t s c&ﬁﬁpa%ﬁseflmdséﬁﬂ\%.emx@.-gﬂr%&ﬁﬁwswam?ﬁ MY oPRsPREESe! such as
sui tabl epfo%né!%&&aﬁ,ﬂ%ali?ﬁﬁﬁ,@ﬂicit%in@%ﬁd’@ﬂbbﬂﬁ'ﬁx?f hepatitis B or cancer,
the nethod conprising performng a nethod according to 20 Claim6 in the

presence of a candi date nol ecul e and detecting an increase .in poly

ADPr i bosy| at i $ATagENL2% @?tﬁﬂi for lelnbwngihs%gasqwr%@%%weeh%@ne@etnafvthw t he

absence Qe AicHRl e BRIVES WrBoly (ATMribATBORARRE b} LeAkhOPa@Brding

i ndi vi dual n@uﬁpg“ ng or %usﬁ@gt e‘gotyo(pbe gu@%‘eﬁ%ﬁg F on?ﬁepat‘?k??s B V¥ rus

i nf ect i oany vhBamgtahbsll 60%pri si ng adni ni stering a therapeutically effective

anmount of a 25nucleic acid according to Caim8. 15. nmet hod of treating
f

A
an i ngi vi dual eYs) . farj r AR B to hhe
met hég conpri Spla tl%iag;gn%%hfgg{ogﬁf %g&g‘t"? ﬂséégg%(gﬁt(??gl ﬁ/dsébgq%%@%g armgr%(t) t‘Jlof a
nucl ei ¢ aacldicactbeopriirignth€sajuend; REMWCAAA, yn bt ey G A Naiscyt ot oxi ¢

drug or SXpOSHIS} S, LoV & Ahd R 49K

Paragraph 14. A nucleic acid capable of specifically binding to poly (ADP-ribose)
polymerase and reducing its poly ADP-ribosylation activity, the nucleic acid comprising the
15  sequence RNNWCAAA, in which R is G or A, N is independently T, C, Gor A and Wis T or
A.

Paragraph 15. A complex according to Paragraph 13 or a nucleic acid according to
Paragraph 14, in which: (a) N at position 3 is C, A or T, preferably A or T, more preferably T;
(b) N at position 2 is C; (¢) W at position 4 is T; (d) R at position 1 is A; (e) the nucleic acid
20  has the sequence ACATCAAA; or (f) the nucleic acid has the sequence ACTTCAAA.

Paragraph 16. A pharmaceutical composition comprising a nucleic acid according to

Paragraph 14 or 15 together with a pharmaceutically acceptable excipient, diluent or carrier.

Paragraph 17. A nucleic acid according to any of Paragraphs 14, 15 or 16 for use ina

method of inhibiting hepatitis B virus (HBV) replication.

25 Paragraph 18. A nucleic acid according to any of Paragraphs 14, 15 or 16 for use in a

method of enhancing the cytotoxicity of ionising radiation or a drug.

Paragraph 19. A method of treating an individual suffering or suspected to be suffering
from hepatitis B virus infection, the method comprising administering a therapeutically

effective amount of a nucleic acid according to any of Paragraphs 14, 15 or 16.



10

15

20

WO 2013/052006 PCT/SG2011/000351

101

Paragraph 19. A method of treating an individual suffering or suspected to be suffering
from cancer, the method comprising administering a therapeutically effective amount of a
nucleic acid according to any of Paragraphs 13, 14 or 15, optionally together with a cytotoxic

drug or exposure to ionising radiation.

Each of the applications and patents mentioned in this document, and each document
cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (“application cited documents™) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all
documents cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in molecular biology

or related fields are intended to be within the scope of the claims.
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CLAIMS

1. Use of a nucleic acid comprising the sequence RNNWCAAA, in which R is
independently G or A, N is independently T, C, G or A and W is independently T or A, in the

preparation of a medicament for the treatment or prevention of hepatitis B or cancer.
2. Use according to Claim 1, in which:

(a) N at position 3 is C, A or T, preferably A or T, more preferably T;
(b) N at position 2 is C;
(c) W at position 4 is T; or

(d) R at position 1 is A.

3. Use according to any preceding claim, in which the nucleic acid has the sequence
ACATCAAA or ACTTCAAA.
4, Use according to any preceding claim, in which the cancer comprises breast cancer,

preferably in which cancer cells are BRCA1 and/or BRCA2-deficient.

S. Use according to any preceding claim, in which the medicament further comprises a
cytotoxic agent, such as selected from the group consisting of: (a) ionising radiation; (b) ABT-
888 (Abbott), AG014699 (Pfizer), AZD2281 (olaparib, AstraZeneca), BSI-201 (Sanofi-
Aventis), CEP-8983 / CEP-9722 (prodrug, Cephalon) and MK-4877 (Merck); and (c)
temozolomide, platins, cyclophosphamide, N-Methyl-N'-Nitro-N-Nitrosoguanidine (MNNG),

topoisomerase I poisons, topotecan, oxaliplatin, gemcitabine and carboplatin.

6. A method comprising exposing poly (ADP-ribose) polymerase to a nucleic acid set out
in any of Claims 1 to 3, in which the poly ADP-ribosylation activity of poly (ADP-ribose)

polymerase is reduced as a result of the exposure.
7. A method of:

(a) inhibiting hepatitis B virus (HBV) replication;

(b) reducing the ability of a cell to repair DNA damage, preferably in the presence of a

cytotoxic agent as set out in Claim 5; or

(c) killing a cell such as a cancer cell, such as a breast cancer cell or a BRCA1 and

BRCAZ2-deficient cancer cell;
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the method comprising reducing the activity of poly (ADP-ribose) polymerase in or of

the cell by a method according to Claim 6.

8. A nucleic acid capable of specifically binding to poly (ADP-ribose) polymerase and
reducing its poly ADP-ribosylation activity, the nucleic acid comprising the sequence

RNNWCAAA, in which R is G or A, N is independently T, C, Gor A and W is T or A.

9. An isolated complex comprising poly (ADP-ribose) polymerase bound to a nucleic
acid comprising the sequence RNNWCAAA, in which R is G or A, N is independently T, C,
GorAand Wis Tor A, such as ACATCAAA or ACTTCAAA.

10. A pharmaceutical composition comprising a nucleic acid according to Claim 8

together with a pharmaceutically acceptable excipient, diluent or carrier.

11. A nucleic acid according to Claim 8 for use in a method of inhibiting hepatitis B virus

(HBV) replication or in a method of enhancing the cytotoxicity of ionising radiation or a drug.

12. A method of identifying a molecule, such as suitable for use in the treatment or
prevention of hepatitis B or cancer, the method comprising exposing poly (ADP-ribose)
polymerase to a nucleic acid set out in any of Claims 1 to 3 in the presence of a candidate
molecule and detecting a decrease in binding of nucleic acid to poly (ADP-ribose) polymerase

compared to in the absence of the candidate molecule.

13. A method of identifying a molecule, such as suitable for use in the treatment or
prevention of hepatitis B or cancer, the method comprising performing a method according to
Claim 6 in the presence of a candidate molecule and detecting an increase in poly ADP-
ribosylation activity of poly (ADP-ribose) polymerase compared to in the absence of the

candidate molecule.

14. A method of treating an individual suffering or suspected to be suffering from hepatitis
B virus infection, the method comprising administering a therapeutically effective amount of a

nucleic acid according to Claim 8.

15. A method of treating an individual suffering or suspected to be suffering from cancer,
the method comprising administering a therapeutically effective amount of a nucleic acid
according to Claim 8, optionally together with a cytotoxic drug or exposure to ionising

radiation.



