DNA Damage Repair Inhibitors for Treatnent of Cancer
This invention relates to the induction of cellular
wo edolabicsy in cancer cells, in particular canckeT/G8ke0g/005025

that are deficient in honol ogous reconbi nati on (HR)
dependent DNA doubl e strand; break (DSB) repair. The
effective repair of DNA damage in cells relies on
nmechani sms of damage sensing foll owed by the
transduction of damage signals to downstream effectors
t habNar natdgaairegel b oyGlig toheCkppiTres tasht €paiancBNA
damage. Cells contain a nunber of distinct pathways of
signals and effectors that nediate the repair of
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nprise; admnistering an inhibitor of a base

The l@%@F%?EﬂPQ’@ﬁQIFBE@?ﬂﬁﬂ?ngﬁnce between the various DNA repair

pathways remains poorly understood.

The present inventors have discovered that the inhibition of the BER
pathway, for example by inhibition of poly (ADP-ribose) polymerase
(PARP), 1is selectively lethal to those cancer cells that are
deficient in HR dependent DNA DSB repair pathway. This has important

implications in the treatment of cancer conditions.

One aspect of the invention provides the use of an inhibitor of a
base excision repair pathway in the manufacture of a medicament for
use in the treatment of cancer in an individual,

wherein said cancer is deficient in HR dependent DNA DSB repair

activity.

A method of treatment of cancer in an individual may comprise;
administering an inhibitor of a base excision repairpathway to

said individual,



sai d individual,wherein said cancer is deficient in

the HR dependent DNA DSB repair pathway. The cancer
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or abrogated ability to repair DNA by said second

repair pathway relative to rormal cells. The HR

dependent DNA DSB repair pathway repairs double

-strand breaks (DSBs) in DNA via honol ogous nmechani sns
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Nat. Cenet. 27(3): 247-254 (2001)). The
repalr é%gnéﬁgs of the HR dependent DNA DSB repair pathway

Include ATM (NM_000051), RAD51 (NM 002875) , RAD51L1
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The base excision repair (BER) pathway repairs DNA single strand
breaks and gaps and removes specific damaged bases. Gaps in the DNA
helix are filled by the sequential action of a Poly (ADP-Ribose)
Polymerase (PARP) and a ligase. (K.K. Khanna and S.P. Jackson, Nat.
Genet., 27(3): 247-254 (2001); F. Dantzer et al. Biochemistry 39,
7559-69 2000; J. H. Hoeijmakers, Nature 411 366-74 (2001)). 2An
inhibitor of base excision repair may inhibit any one of the
components of the base excision repair pathway. Components of the
BER pathway include: UNG (NM_003362), SMUGl (NM_014311), MBD4
(NM_003925), TDG (NM_003211), OGGl (NM_002542), MYH (NM 012222),
NTHL1 (NM_002528), MPG (NM_002434), NEIL1 (NM_024608), NEIL2
(NM_145043), NEIL3 (NM_018248), APEl (NM_001641), APE2 (NM 014481),
LIG3 (NM_013975), XRCCL (NM_006297), ADPRT (PARP1) (NM 0016718) and
ADPRTLZ (PARP2) (NP_005475).



(NM_145043), NEIL3 (NM 018248), APEl (NM 001641), APE2

(NM_ 014481) , LIG3 (NM 013975), XRCO (NMI306297) ,
WADBRD5I6FPARPI ) (NM_0016718) and ADPRTL2 ( PARPZRCT/SB2004/005025

005475) .BER inhibitors may be used in the treatnent

of HR dependent DNA DSB repgir deficient cancers in

conbi nation wth a DNA danmagi ng agent. Preferably, the

DNA danagi ng agent is used in a dosage or formul ation
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A metﬁg?%g t9®€F§§$§ Jf‘#?%ﬂ%é%@ahe?ﬂéﬁﬁﬁﬁ kaﬁé ééht A DSB

e activit dep dent
repaiDSBﬂﬁepamdlpa@meymmByxmm@lseduced or abollshed in the

OJ&ErrlﬂEs@@fl%gC%”‘ﬁﬁhpC? h$piddie @cklypt i/ncﬁ’:fv;&{‘u%l‘” hor €
conmponent s of e HR dependent DNA DSB repalr pat hway

may be abolished in the one or nore cancer cells of
A PARP inhibitor may be used in the manufacture of a medicament for

use in the treatment of cancer in an individual, wherein said cancer

is deficient in HR dependent DNA DSB repair.
PARP inhibitors are described in more detall below.

A cancer which is deficient in HR dependent DNA DSB repailr may
comprise or consist of one or more cancer cells which have a reduced
or abrogated ability to repair DNA DSBs through that pathway,
relative to normal cells i.e. the activity of the HR dependent DNA
DSB repair pathway may e reduced or abolished in the one or more

cancer cells.

The activity of one or more components of the HR dependent DNA DSB
repair pathway may be abolished in the one or more cancer cells of
an individual having a cancer which is deficient in HR dependent DNA
DSB repair. Components of the HR dependent DNA DSB repair pathway

are well characterised in the art (see for example, Wood et al



an individual having a cancer which is deficient in HR

dependent DNA DSB repair. Conponents o f the HR
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characterised i n the art (see for exanple, Wod et

al (2001) Science 291 1284 -4289) and include the

conponents |isted above . In sone preferred

enbodi ments, the cancer cells may have a BRCAl and/or
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with pﬁ%ast cancer 1s well-characterised in the art ° (Radice P J Exp

Clin Cancer Res. 2002 Sep;21(3 Suppl):9-12). Amplification of the

EMSY gene, which encodes a BRCA2 binding factor, i1s also known to be

associated with breast and ovarian cancer.

Carriers of mutations in BRCAl and/or BRCA2 are also at elevated

risk of cancer of the ovary, prostate and pancreas.

In some embodiments, a cancer condition in an individual may have
been previously identified as a cancer which is deficient in HR

dependent DNA DSB repair.

In other embodiments, a method as described herein may comprise the
step of identifying a cancer condition in an individual as deficient

in HR dependent DNA DSB repair.



step of identifying a cancer condition in an
i ndi vidual as deficient in HR dependent DNA DSB

WO eais3ese cancer may be identified as a HR depr@id6BR004/005025
DNA DSB repair deficient cancer, for exanple, by
determ ning the activity ofg the HR dependent DNA DSB
repair pathway in one or rmre cancer cells froma
sanpl e obtained fromthe individual or by detern ning
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I nclude a deletion, insertion or substitution of one
analygpsm@m@@p@@pl@{g@ chromosomal abnormalities, enzymatic or

DNA binding assays and plasmid-based assays.

In some embodiments, a cancer may be identified as deficient in an
HR dependent DNA DSB repailr pathway by determining the presence in
cancer cells from the individual of one or more variations, for
example, polymorphisms or mutations, in a nucleic acid encoding a
polypeptide which is a component of the HR dependent DNA DSB repailr
pathway.

Sequence variations such as mutations and polymorphisms may include
a deletion, insertion or substitution of one or more nucleotides,
relative to the wild-type nucleotide sequence. In some embodiments,
the variation may be a gene amplication, for example an
amplification of the EMSY gene (CAD22881; gene symbol Cl1ORF30). The
one or more variations may be in a coding or non-coding region of

the nucleic acid sequence and, may xreduce or abolish the expression



relative to the wld -type nucl eotide sequence. In
sone enbodi nents, the variation nmay be a gene

wa@epbiosmb: on, for exanple an anplification of P¢EGBMBY005025
gene (CAD22881; gene synbol CL10RF30J . The one or
nore variations may be in agcoding or non -coding
regi on of the nucleic acid sequence and, may reduce or
abol i sh the expressionor function of the HR dependent
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R 15 ecting, in one or nore cells of a test sanple, the

presence of an encoding nucleic acid sequence which
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the nENe RSB Jiepakiuddtdway conmponent. Furthernore, having
sequenced nucleic acid of an individual or sanple, the

sequence information can be retained and subsequently
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itself. Thus, for exanple, scanning a database of
absengéqﬁ%ﬁtéapﬁﬁBrﬂEﬁ%%ﬂ?dugFﬁﬁ an individual of a particular

nucleic acid sequence, for example a nucleic acid sequence which has
a mutation or polymorphism that reduces or abrogates the expression
or activity of a HR dependent DNA DSB repalr pathway component.
Furthermore, having sequenced nucleic acid of an individual or
sample, the sequence information can be retained and subsequently
searched without recourse to the original nucleic acid itself.

Thus, for example, scanning a database of sequence information using
sequence analysis software may identify a sequence alteration or

mutation.

Methods accérding to some aspects of the present invention may
comprise determining the binding of an oligonucleotide probe to
nucleic acid obtained from the sample, for example, genomic DNA, RNA
or cDNA. The probe may comprise a nucleotide sequence which binds
specifically to a nucleic acid sequence which contains one or more

mutations or polymorphisms and does not bind specifically to the



sequence analysis software may identify a sequence

alteration or nutation. Methods according to sone
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determ ning the binding of an oligonucl eotide probe to

nucl ei c acid obtained from-he sanple, for exanple,

genom ¢ DNA, RNA or cDNA. The probe may conprise a

nucl eoti de sequence which binds specifically to a
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a compingiyeordiodpBSBI and khoserskidricwdhyhridésakion For
i nstance, probes may be radioactively, fluorescently
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cleavage and allele specific oligonucleotide probing. Probing may
employ the standard Southern blotting technique. For instance, DNA
may be extracted from cells and digested with different restriction
enzymes. Restriction fragments may then be separated by
electrophoresis on an agarose gel, before denaturation and transfer
to a nitrocellulose filter. Labelled probe may be hybridised to the

DNA fragments on the filter and binding determined.

Those skilled in the art are well able to employ suitable conditions
of the desired stringency for selective hybrxridisation, taking into
account factors such as oligonucleotide length and base composition,

temperature and so on.

Suitable selective hybridisation conditions for oligonucleotides of

17 to 30 bases include hybridization overnight at 42°C in 6X SSC and



el ectrophoresis on an agarose gel, before denaturation
and transfer to a nitrocellulose filter. Labelled
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filter and binding determ ned. Those skilled in the
art are well able to enpl oy suitable conditions of the
desired stringency for selective hybridisation, taking
into account factors such as oligonucl eotide |ength
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involve precipitation with isopropanol, resuspension and sequencing
using a TagFS+ Dye terminator sequencing kit. Extension products
may be electrophoresed on an ABI 377 DNA sequencer and data analysed

using Sequence Navigator software.

A specific amplification reaction such as PCR using one or more
pairs of primers may conveniently be employed to amplify the region
of interest within the nucleic acid sequence, for example, the
portion of the sequence suspected of containing mutations or
polymorphisms. The amplified nucleic acid may then be sequenced as
above, and/or tested in any other way to determine the presence or
absence of a mutation or polymorphism which reduces or abrogates the
expression or activity of the HR dependent DNA DSB repair pathway

component.
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Mutations and polymorphisms associated with cancer may also be
detected at the protein level by detecting the presence of a variant

(i.e. a mutant or allelic variant) polypeptide.

A method of identifying a cancer cell in a sample from an individual
as deficient in HR dependent DNA DSB repair may include contacting a
sample with a specific binding member directed against a variant
(e.g. a mutant) polypeptide component of the pathway, and
determining binding of the specific binding member to the sample.

Binding of the specific binding member to the sample may be
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Cancer cells in general are characterised by abnormal proliferation
relative to normal cells and typically form clusters or tumours in

an individual having a cancer condition.

A cancer condition which is deficient in the HR dependent DNA DSB
repair pathway as described herein may include any type of solid
cancer or malignant lymphoma and especially leukaemia, sarcomas,
skin cancer, bladder cancer, breast cancer, uterus cancer, ovary
cancer, prostate cancer, lung cancer, colorectal cancer, cervical
cancer, liver cancer, head and neck cancer, oesophageal cancer,
pancreas cancer, renal cancer, stomach cancer and cerebral cancer.
In some preferred embodiments, the cancer condition may be breast,
ovary, pancreas or prostate cancer. Cancers may be familial or

sporadic.
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inhibitor. PARP inhibitors are described in more detail below. A
method of assessing a cancer condition may comprise;

identifying a cancer cell obtained from the individual as
deficient in HR dependent DNA DSB repair relative to normal cells,
and;

providing a PARP inhibitor suitable for administration to said

individual.

In some preferred embodiments, the cancer cell which is identified
as deficient in HR dependent DNA DSB repair may have a BRCAl or
BRCA2 deficient phenotype.

An individual may have a predisposition to a cancer which is
deficient in HR dependent DNA DSB repair. Methods and means of the

invention are particularly useful for such individuals.

An individual may, for example, be heterozygous for a mutation or

polymorphism in a nucleic acid encoding a component of the HR
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In some preferred embodiments, an individual who is heterozygous for
a mutation or polymorphism in a gene which encodes a component of
the HR dependent DNA DSB repair pathway may be heterozygous for a
mutation or polymorphism in BRCAl and/or BRCAZ2.

A BER inhibitor suitable for use in a method described herein may be
any compound or entity, such as a small organic molecule, peptide or
nucleic acid, which inhibits, reduces or abolishes the activity of

one or more components of the BER pathway.

In some preferred embodiments, the BER inhibitor may reduce orx
abolish the activity of the enzyme poly (ADP-ribose) polymerase
(PARP) .

The term PARP as used herein refers to PARP1 (EC 2.4.2.30, Genbank
No: M32721) and/or PARP2 (Ame et al J. Biol. Chem. (1999) 274 15504-
15511; Genbank No: AJ236912) unless context dictates otherwise.
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6-one, substituted 5[H] phenanthridin-6-ones, especially 2-, 3-
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analogues and derivatives thereof.
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11. %%%@raéoﬁbo&ﬁhsFQuEﬁrég'égffélgg gﬁa. vlline, and thymidine,

p-ro-pyl)nicotinic am doxi ne, na ogues and

and agatpyad \pasl ﬁﬁé#@ﬁﬁlvefothF¥$Q@a2|nes i ncl udi ng fused
pyri dazi nes and anal ogues and derivatives thereof. 11.
Ot her conpounds such as caffeine, theophylline, and

AdditiRpad ARE 1aRdPaRRTDGFes daner thad Fari vealferiaopse, 635, 642,

Uss, 5é~dd8§4 0%208@8@05@?' bddz@b%%*ﬁwdeﬁ@éb@@@séws exarpd 57145,
635, 642, 384 VEEOOSO

H020008B e b 7O H ] 10EBOCTSE8RE | ADBBSR8s 185, 02003007955,

w020 0Y0RODID5 1809005604408 35 s YWEEMBI0Q 62681 0 446426 405001085687,
WO2003007959, WP002094790, WXX002068407, US6476048,

WO2OO%@§6@¥bgﬁ6ﬁﬁOl@tﬁﬁﬁﬁ0§§8g91057038 W02001023390,

Wo2001021615, WO02001016136, W02001012199, W09524379, Banasik et al.
J. Biol. Chem., 267:3, 1569-75 (1992), Banasik et al. Molec. Cell.
Biochem. 138:185-97 (1994)), Cosi (2002) Expert Opin. Ther. Patents
12 (7), and Southan & Szabo (2003) Curr Med Chem 10 321-340 and

references therein.

One preferred class of suitable PARP inhibitors includes
phthalazinones such as 1(2H)-phthalazinone and derivatives thereof,

as described in W002/36576. In particular, compounds of the formula:



W02001085686, W2001079184, WO2001057038,
W02001023390, Wo2001021615, WO2001016136,
wOBRe0iwBEL199, WDO524379, Banasik et a . J . BPOI/GB2004/005025
Chem, 267:3, 1569 - 75 (1992) Banasi k et al. Ml ec.
Cel | . Biochem 138:185 - 97,(1994)), Cosi (2002)
Expert Opin. Ther. Patents ?2 (7), and Sout han & Szabo
(2003) Curr Med Chem 10 321 -340 and references
and 1E9ﬁéf%f1sa§@§ p%éi&ﬂﬂé%d Eh@ﬁfbéﬂiysBEE@Q&@%&W¥8@ms and
i nhi bi'tors T hcl udes pht hal azi nones such 2H) -
prodrpfs hdtesohonBaanee deedy 40T vEd iléiaaf PA%% d@@éﬁiubed in
A andVED@$ 6. rLPrPA L %%l@%tléﬁaﬂy§UQQEsgitJﬂB% fused aromatic
formul a: and i soners, sol vates, chemcaily
ringipr ot ect ed formns, and prodrugs thereof, may be used for
Re islHHARIskhB8d WEL—\R@ervﬁié}e A and, B ﬁo@ﬁawef represent
an optionally substituted, fused aromatic ring; Ris
- (CHplopr®seifttadrsby - L- R, where L is of formila: - (CH)
where1nQ1102n2 (a@ld) nE]?aréNha%rc@.i Belegtdd &REmNOAre, @a@hdng eHee@um
fromO, 1, and. 3, the sumof n_and n is

, 2 or_3
of My ejlﬁisnsséﬁe%te% G Gnpnd NHseéeﬂéido#rom Er & -NH, C(=0)
or —CRIgre Fharw rRR afe Rgndﬁ@&ﬁﬂﬁ@bh&eﬁ‘@iﬁ@e&@cfzé@rﬁrom hydrogen,

hydr ogen,, ha or nal | stituted alk
haloggyoF oofgﬁlﬁgﬁagﬁgt%u}?%e&@iﬁ% L ba e Ghitay taas Vg ien
the catbat et abmvaich oguelyl eral i(iydacglreduﬁorm ahsmayche: alkyl

saturated ( kyI ou nsaturated (a C
sroupg it Ty Pegratir et P orr RS R B e B o
unsatatrtiehec C@vany@IMNemyR tooddr, moanou@satt R admdl RZ may be

attacv\%&l‘%?l '%e% pold & Wi ¢ arﬂpﬁgégéu%%gc@ﬁ’o@ﬁfo%ﬁe}]&

ar e "at a
growpwbs@ntqen@mdsgartha)fcaRbonambm]s it® gpicloral byd R; are
stjtute aryl l.e hydr ogen,
attaCﬁg? Io%a Iy Sttt gge%ﬂnﬁ Sa%d E’??eé%%ﬁ:l yl, and C
and Ry J@r;@lptlhwlcm;s,ubetthéutedn%rzo amgni;nendani do, t hi ol :
Ry istggfggfgﬁrfré&”ﬁﬁ@?og@n§n5bé§gﬁ%9@9'substituted Ci-7 alkyl, Ca.ag

heterocyclyl, and Cs.,o aryl, hydroxy, ether, nitro, amino, amido,

thiol, thiocether, sulfoxide and sulfone.

Preferably a compound of the formula:

O
A
o
|
N
B ~
Rc

or an lsomer, salt, solvate, chemically protected form, or prodrug
thereof may be used to inhibit PARP,

wherein:

A and B together represent an optionally substituted, fused aromatic
ring;

Re is —-CH,-Ry;

Ry is optionally substituted phenyl; and



Preferably a conpound of the formula: B' Rc or an
i soner, salt, solvate, chemcally protected form or
w@e@dnssyel her eof may be used to inhibit PARP, REEGBR04/005025

A and B together represent an optionally substituted,

fused aromatic ring; Ris 4@H -RL/ Ris optionally

substituted phenyl; andR is hydrogen. In sone

preferred enbodi nents, a conpound having the structure
Ry isofydddo@@58684 or KU- 0058948 as set out in Figure 2 ,

or an isonmer, salt, solvate, chemcally protected

form or prodrug thereof, nmay be used to inhibit PARP.
In sofui padof e HeARRmb okt tiGr, S aatemeiudde hacbmarertcd aktkycture of

_ L} abl e, or e synt hesj zed known met hods from
0= 0 R IR POPP L L HR A P Bt kb P SBet B BaRgiel sait,
solva8at ocledmigdallinprotecerd Douy, Des pro@rid 7therkd f(; 1881 )Ye .used
A ass of base excision repair inhibitors
ke lnﬁEQ%Q égﬁéeptide fragments of conponents of the BER

pat hway. For exanple, peptide fragnents of the PARP
suitab§gu ﬁ%&b?%oyé eagfet %1ltHQJAB%:__§mrFe)’%%Ea§W F#J}:Hﬁ&[')?g ug£ may be

or abolish activity of the pat hway.~ Pepti de
synthPragaits kreynbecyerts fired abdftipgomaparidlys Bpat are known
(see, CREM SalmNt BES) SeushiNgahbe- ARl phed sequencgs_ of

t he conponents, for exanple the published PARP
(1991g¢quence (Ace No: NM 001618). Peptide fragnents can be

readi |y prepared according to well -established,

standard liquid or, preferably, solid -phase peptide
Anotheynehdi € InbPRBIRXCHemer APPYES dmpPi bAssS dmcilden rerfide
fragmBhOadbfy Rvpohahte {58 BOR SXAHMNE, F&P example, peptide
fragments of the PARP sequence may be used to inhibit PARP and thus
reduce or abolish activity of the BER pathway. Peptide fragments may
be generated wholly or partly by chemical synthesis using the
published sequences of the components, for example the published
PARP sequence (Acc No: NM 001618). Peptide fragments can be readily
prepared according to well-established, standard liquid or,
preferably, solid-phase peptide synthesis methods, general
descriptions of which are broadly available (see, for example, in
J.M. Stewart and J.D. Young, Solid Phase Peptide Synthesis, 2nd
edition, Pilerce Chemical Company, Rockford, Illinois (1984), in M.
Bodanzsky and A. Bodanzsky, The Practice of Peptide Synthesis,
Springer Verlag, New York (1984); and Applied Biosystems 430A Users
Manual, ABI Inc., Foster City, California), or they may be prepared
in solution, by the liquid phase method or by any combination of
solid-phase, liquid phase and solution chemistry, e.g. by first
completing the respective peptide portion and then, if desired and
appropriate, after removal of any protecting groups being present,

by introduction of the residue X by reaction of the respective

carbonic or sulfonic acid or a reactive derivative thereof.



J . . Stewart and J .D . Young, Solid Phase Peptide

Synthesis, 2nd edition, Pierce Chem cal Conpany,
woR@ENSI2 |1 1inois (1984) , in M. Bodanzsky BCTGB2004/005025

Bodanzsky, The Practice of Peptide Synthesis, Springer

Verlag, New York (1984); and Applied Biosystens 430A

Users Manual, ABI Inc., Foster Cty, California), or

they may be prepared in solution, by the liquid phase

otherTBLRQL DI %maeﬁnggr@m%h%@ngsgl bgm phase ol LAY gER
phase and sol ution chem str E]?I rst conpl eting

pathviphe Pedpect POBPpeptY e Ba%%% AP awaietlﬁélhg e dedipepsional

strucde apprafy |c%¥n§on@1f1’@ &ndr ﬁgl)r\@'ra@?;floﬁay oFre} eddiBg to prov1de
oups being present, by introduction of the residue X

r
candl% te e%?f‘flcf%ﬁldéf viRR RALHERLPY AUSHOAF cSRAPSUISLSR| gnd charge

chara@@b@ll@tflcas r eaehh¥edses iivat bveod h%@o&xﬁhﬁm Gnaﬁ)dbdaé e
i nhi_biti a conponent of

. conpounds for inhibitin
funcﬁégﬁﬁ\?:ﬁnaslﬁgﬁeasoﬁﬂﬁiep%éf}ebfer a4 Bh ?Hbeeﬁ I%OHIBOP‘P% which
inhib3+tdi ﬂlE@Sdcﬁf@@heﬁt:[ uck umecelotdie aemrrb@ﬁenmaﬁrtdueusamg

rati naI desjgn to provide candidate c
sunct SR B TP ST AT S H & T er o OB Ay gueSton,
i.e. dhanagtBricsifiees. waAtlc amei diateraaﬁﬁolnlst or, acﬁmvﬂyamﬁl*ehe DNA

"functiopal naI e |defra
repalgrié%ﬁ‘]er conﬁSﬁﬁ Q\/\hlE’g mPn |b|§ Sutc egcgi hen ln
chemifcahctompralndsnahdgbeatmsotibel sdne ﬁ:anembbmaiheacthn:eet y

dlmen%io%hf & t%%% Of Q%%?%oﬁgg&a nqn!gnqgggg %P cg?t%%Fs

|nter ere Wt eractions or activi
anothBNAcolewmemtpaahvl/ayn qoénehar ‘@mmphfesg@ﬁemm the key

anal ggues: jncl yde I.eak .compounds which are
Aming g 19 tél resen%ﬁ?%y{gﬁg fhi ee di mensional structure
of the conmponent in an area which contacts anot her

Anoth%?nP?Q§§]tof %ﬂ@!tbﬂl@af!éﬁ S_BHEFM}# rl%h%‘iﬁ@@_g?“ﬁ{glh‘&fest BScieic

am no acid residues as ey appear er cl ass
acid @ﬂcgﬁim%maertBER pat miayhenanbia icd di pefurieee MfcBefemponent

£ th@CBﬁ ehcadiang Bakrh & kb QAcd R .amneoBgi#) sequence
° aRcorrpor?ggt of the BER ga(t: hvvay stch asfp3 ARP (Ace

complﬁ@enmmlwmfza) whieh t il {04 hpR GHSHEYt REr B@CT i o down-
regullaRRhBi rAGLdt bhY o Bradtinet honykuptdewn -

For example, the inhibition of PARP activity may be determined using
conventional methods, including for example dot blots (Affar EB et
al Anal Biochem. 1998;258(2):280-3), and BER assays that measure the
direct activity of PARP to form poly ADP-ribose chains for example
by using radioactive assays with tritiated substrate NAD or specific
antibodies to the polymer chains formed by PARP activity (K.J.
Dillon et al, Journal of Biomolecular Screening, 8(3): 347-352

(2003) .

For instance, expression of a BER pathway component may be inhibited
using anti-sense or RNAi technology. The use of these approaches to

down-regulate gene expression is now well-established in the art.

Anti-sense oligonucleotides may be designed to hybridise to the

complementary sequence of nucleic acid, pre-mRNA or mature mRNA,



regul ati ng production of active pol ypeptide. For

exanple, the inhibition of PARP activity may be
waledsosiened usi ng conventi onal net hods, i ncl udPemyGBREI04/005025

exanpl e dot blots (Affar EB et a Anal Bi ochem 1998;

259(2):280 - 3), and BER assays that neasure the

direct activity of PARP to form poly ADP -ribose

chai ns for exanple by using radioactive assays with

intertfekiﬂlgatvﬁekﬁwaet §§$@d%9n06f specidhise aptidadi esphor thahway
ner cnal ns

¥ ormed hy PARP act|V|t¥ é% J. Dhllon et
compogent 3 HEt 4f S BRSPS H at S SEWERANG! “’3‘)19 534Y-%52
substbA003) 1y Jopblebsipntevea¥pd essirvRdal t 8oBER patrhwdyng coding

nponent may be i.nhibited u -sens
sequef g hniOT gy T ReCEE GRoF HESe B p 8o hes TP o grEro]
sequenbé@L%fuaaqyaae expre&smaa 5 ﬂmammwablse@ﬁﬁnﬂﬁ |shembby1the
_ e o |gonucl ot |
ant L gR TR 5SS GBT SRHIRAy Sebhente S Rhcr ol
sequeaces, prres cmﬁhwmﬁwtuvmtufeammmw%enmbesé@uemqpsmahh their use
15 acREOtuCt ion of Lhe. base oxcl sl.en Jiepal T PAMAY povscys,
nponen Xpression is "t educed or
90: 5466ﬁ<§)4lete11%900r asdb@;ttcamel,ahhly capl ehekyaprievdotedol | rB2:329-
dd on to targeting codi ng sequence, anti -sense
376, & lﬁ j
tec ni ques may be used to target control sequences of
a gene, e.g. in the 5 "' flanking sequence, whereby the
Oligoaneieosialpse mgli Gordrlegatpdedn catrionper erelwd Ar

admin@¥PEESAIPNCANLE Ol RRAURACKS, HENGRAPSLLMCL] %v@fw:ﬂ!ﬁln
-sense sequences and their use is described f

cellsesdanphrech womeyram wid ool hande CHes- CﬁhuﬁkﬂﬁQﬂﬁée 9br&Hyipd DNA

may besgﬂacéégggkraegeQ&%Q&%l fany RemorBharacolneyEoxi col .
329 - 376, (1992) . digonucleotides may be

Orlenﬁéﬁé?%ﬁeﬁthnt@??r?ﬁ%ﬂscékp9+%Q)qﬂ)ﬁhﬁdﬁ¥ﬁ+s§%ﬁﬁﬁléﬁr%ﬁd of the

DNA yaews 2054 1 BNAL 583618 clieRes A &d hBrMhY GnA RirBns&tired
whi ch down -requlation is desired. Thus,

from tg?r%ﬁfb%ed PRA e’ FeepltaESet Hder tﬁéec%?ﬂﬁltﬂmeéiglaﬁy anti-
sensePROADE&fudnited i sl ENVRIg3E @héeNEAHieR" wstE miNMatto form a
duple&taygﬁggfgfﬂantggnéfg%i%gtLf-gﬁgﬁgidggggggschNAP%rom the
target gene into protein. Whether or not this is the actual mode of
action is still uncertain. However, it is established fact that the

technique works.

The complete sequence corresponding to the coding sequence in
reverse orientation need not be used. For example fragments of
sufficient length may be used. It is a routine matter for the
person skilled in the art to screen fragments of various sizes and
from various parts of the coding or flanking sequences of a gene to
optimise the level of anti-sense inhibition. It may be advantageous
to include the initiating methionine ATG codon, and perhaps one or
more nucleotides upstream of the initiating codon. A suitable

fragment may have about 14-23 nucleotides, e.g. about 15, 16 or 17.

An alternative to anti-sense is to use a copy of all or part of the

target gene inserted in sense, that is the same, orientation as the



DNA yi el ds RNA which is conplenentary to normal nRNA

transcri bed fromthe sense strand of the target gene.
wab@sosaspt enentary anti - sense RNA sequence i BCT/O82@h005025

then to bind with nmRNA to form a duplex, inhibiting

transl ation of the endogengys nRNA fromthe target

gene into protein. Wiether or not this is the actual

node of action is still uncertain. However, it is

targeQStgébé W@cﬁ@@%etf@iu&ﬂgntﬁﬁ@;ﬁ‘é%s\ﬂ@ﬁ@ tﬂéetarget gene
Iete sequence_corres ondlng to_the codi ng sequence

onp
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routine matter for t per son ski inthe art to
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n. e Ry Nt Eioas e o (Faafloe CHBVE Ml ACEHGS MG A8
specidddoand aind ofeehapsraaite ROR It €r fateheot (RS )upst r eam of
the initiating codon. A sui tabl e fragnent may have

about 14- 23 nucl eoti des, . abqut 15, 16 qr
RNA IHtEEfetiSRe 102aht~ Sts?é’nBEOF S0 F&§éta %W af Sﬂ?a‘berd

withipaitheOfellheot giged gene hﬁSéff@ﬂdgﬂR&&ﬁS&SlHNlA&b b8 ddwt
S or.l ent at en_as thet ar get ene a
21-2 358 T 0h T hestpr LR O (0P P URE G GBE Ger iy overhangs

(~2ntQ0- $h|@psm\m|somar@@tgeiﬂe &oBaeldsmrdielg( ﬂlﬁﬂp?)se'léjmnEb/BO

sPec%%ﬁ@g?y Oture gg©§t§0§1 gégg?gg VCHDI e sflr ar%g&lél%%ﬁ}ial Biology,

8, 9,( A4RNA}O hal0éen found to be even nore effective in
gene silencing than both sense or antisense strands
alone Flre

9
Rt Bl e PERAT AT ¥ qeHRoShatt Fi% CARAL 5 papthesized
SlRNPI @DpEelxeFB\Vébf nher anenteucRMA: JwithRNA-bnesrdrer ende [ Zamre

P JR0CESS Fl IS, Gl.eav LD the
i et & C%he @I d g o? Zt%ép g Fg\lAn 5° Sl%\gupofexa%ou ve
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heteﬁgﬁﬁé%%ﬂg§§%§%2%% a Q@H% %gﬁ%€60f§&§3&159§ &Qﬁf%ﬁBBQding

(Elbashir SM. et al. Nature, 411, 494-498, (2001)).

Another possibility is that nucleic acid is used which on
transcription produces a ribozyme, able to cut nucleic acid at a
specific site - thus also useful in influencing gene expression.
Background references for ribozymes include Kashani-Sabet and
Scanlon, 1995, Cancer Gene Therapy, 2(3): 213-223, and Mercola and
Cohen, 1995, Cancer Gene Therapy, 2(1), 47-59.

Methods of the invention may comprise administering a BER inhibitor,
such as a PARP inhibitor, to an individual. This may occur
subsequent to having identified the individual as having a cancer

condition deficient in HR dependent DNA DSB repair.

While it is possible for the active compound to be administered

alone, it is preferable to present it as a pharmaceutical



specifically for destruction (Zanore . . Nature

Structural Biology, 8 , 9, 746 -750, (2001) RNAI nay
w@b®e/osBee2 ef ficiently induced using chem cal | yPCT/GB2004/005025

synt hesi zed si RNA dupl exes of the sane structure with

'-overhang ends (Zanore PDyat al Cell, 101, 25-33,

(2000)). Synthetic si RNA dupl exes have been shown to

specifically suppress expression of endogenous and

compdgtebnl 0YRPUS rgenesatibrd Wl 1ARYE a0f 18BMe)danceeld
El bashir SM et a . Nature, 411, 494 -498,
ComPQF§301?§ %ﬁﬁﬂ?ﬁe?b%8%8|qﬂqetP9r|¥9q®hﬁpenﬁﬁl¥ﬁ§? acid is
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... to cut, nhucl ei [ eC| cC sSit
aiuarsr oFi RS PSR g ahs e Sh BHe B0 gort cants,
or othefreneteeisafsofel L bozawreso arbieskKasbanin Sabetrtandd
1995, Cancer Gene Thera 213 - 223,
PE LR Uit AR COTElT, CFOSE D AR CCaRe Ther apy.
2(1), 47-59. N@thods of the |nvent|on may conprlse
1.0l rin nhlbltor a_s. a PAR
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excipi@ntﬁisb@ﬁﬁaisal@ﬁéuvants,sspab#kﬂaﬁmSe to prlesemeteriabks, as
descrdpBRALIRGEH! kG FONRAY LhOPnd GrdknodbOBOUL A M herein.

conpri si ng 'at ast one active conmpound,
above, together with one or nore pharnaceutlcally

The t@@ﬁe%@%@a&@&&esﬁy a@:@ieﬁé‘féﬂié’f X elsRh e S 1 iRt 35 o
Ilers, buffers, stabilisers, preservatives,

Compquaﬁﬁr CBHISE 1285/ oE PIBIO I ORF al NS dRARYH TFMshybéch are,

withi®Kihbeseddd e satihd afdiiCRl | PRdddmen®t hehi tNErARGW! |16 Ofn
prophyl acti c agents. Pharnaceutlcal conposi tions

ContaGGn’ﬁi* Rithe BdsEvexGiicoRPepel (S -Ahi bPeedy 44 therfned

exces&bOMetoiiﬁiﬂ%xaﬂﬁfftéﬂldnﬂhbbléﬁ&lda@€b§8ﬁséCmﬁﬂ|@%heﬂﬂ§fbblem
ne.or pore phar maceutically acceptable carriers,

or comp ication, commensurate with’a reasonable benefit/risk ratio.

Fach carrier, excipient, etc. must also be “acceptable” in the sense

of being compatible with the other ingredients of the formulation.

Suitable carriers, excipients, etc. can be found in standard
pharmaceutical texts, for example, Remington’s Pharmaceutical

Sciences, 18th edition, Mack Publishing Company, Easton, Pa., 1990.

The formulations may conveniently be presented in unit dosage form
and may be prepared by any methods well known in the art of
pharmacy. Such methods include the step of bringing the active
compound into association with a carrier which may constitute one or
more accessory ingredients. In general, the formulations are
prepared by uniformly and intimately bringing into association the
active compound with liquid carriers or finely divided solid

carriers or both, and then if necessary shaping the product.



exci pients, buffers, adjuvants, stabilisers, or other
materials, as described herein, may be used in the
woretohosiseriescri bed herein. The term "phar maceurd¢aBRop4/005025

accept abl e” as used herein pertains to conmpounds,

materials, conpositions, ard/or dosage forns which
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Formulations suitable for oral administration (e.g., by ingestion)
may be presented as discrete units such as capsules, cachets or
tablets, each containing a predetermined amount of the active
compound; as a powder or granules; as a solution or suspension in an
agueous or non-aqueous liquid; or as an oil-in-water ligquid emulsion

or a water-in-oil liquid emulsion; as a bolus; as an electuary; or

as a paste.

A tablet may be made by conventional means, e.g., compression or
molding, optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing in a suitable
machine the active compound in a free-flowing form such as a powder
or granules, optionally mixed with one or more binders (e.g.,

povidone, gelatin, acacia, sorbitol, tragacanth, hydroxypropylmethyl



of desired action, including but not limted to, ora
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subl i ngual ); pul monary (e.g. by inhalation or

insufflation therapy using,o®.g9. an aerosol, e.g.

t hrough nouth or nose); rectal; vaginal; parenteral,

for exanple, by injection, including subcutaneous,
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contain anti-oxidants, buffers, preservatives, stabilisers,
bacteriostats, and solutes which render the formulation isotonic
with the blood of the intended recipient; and aqueous and non-
aqueous sterile suspensions which may include suspending agents and
thickening agents, and liposomes or other microparticulate systems
which are designed to target the compound to blood components or one
or more organs. Examples of suitable isotonic vehicles for use in
such formulations include Sodium Chloride Injection, Ringer=s
Solution, or Lactated Ringer’s Injection. Typically, the
concentration of the active compound in the solution is from about 1
ng/ml to about 10 ug/ml, for example from about 10 ng/ml to about

1 pg/ml. The formulations may be presented in unit-dose or multi-
dose sealed containers, for example, ampoules and vials, and may be
stored in a freeze-dried {lyophilised) condition requiring only the

addition of the sterile liquid carrier, for example water for
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in a suitable machine a m xture of the powdered

conmpound noi stened with an 4gpnert liquid diluent. The

tablets nmay optionally be coated or scored and nay be
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local concentrations at the site of action which achieve the desired
effect without causing substantial harmful or deleterious side-

effects.

Compositions comprising BER pathway inhibitors may be used in the
methods described herein in combination with standard
chemotherapeutic regimes that damage cancer cell DNA. Suitable
agents may include inhibitors of topoisomerase I and II activity,
such as camptothecin, drugs such as irinotecan, topotecan and
rubitecan, alkylating agents such as temozolomide and DTIC
(dacarbazine), and platinum agents like cisplatin, cisplatin-
doxorubicin-cyclophosphamide, carboplatin, and carboplatin-

paclitaxel.



addition of the sterile liquid carrier, for exanple

wat er forinjections, imediately prior to use.
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be prepared fromsterile powders, granules, and

tablets. Formulations may bBeg in the formof |iposones

or other mcroparticul ate systens which are designed

to target the active conmpound to bl ood conponents or
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I'n conbination w th standard chenotherapeutic reginmes

can hehgerghptge e aticar thel doTNASvsh| anbina tigant Reing selected by

the tMGhydg pmpiRiters of topoisomerase | and Il activity,
such as canptothecin, drugs such as irinotecan,

topotecan and rubitecan, alkylating agents such as
In odRFRZ0l gni@e. aNd BELE of the active compound is in the range

of about 100 pg to about 250 mg per kilogram body weight of the

art.

subject per day. Where the active compound is a salt, an ester,
prodrug, or the like, the amount administered is calculated on the
basis of the parent compound and so the actual weight to be used is

increased proportionately.

Methods of the invention may also be useful in investigating and

assessing a cancer condition in an individual.

A method of assessing the activity of the HR dependent DNA DSB
repair pathway in a cancer condition may comprise;
contacting a base excision repalr i1nhibitor with a sample of
cancer cells obtained from the individual having the condition, and;
determining the amount of cell death in said sample relative to

a control sample.



(dacarbazine) , and platinum agents |ike cisplatin,
cisplatin - doxorubicin -cycl ophospham de,
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sui t abl e chenot herapeuti c agents i nclude doxorubicin -
cycl ophospham de , capecitabsne , cycl ophospham de
-nmethotrexate - 5- luorouracil, docetaxel, 5- | ouraci
- epi rubi cin c-ycl ophosphani de, paclitaxel,
vi nor el bi ne, etoposide, pegylated |iposoma
doxorubi.ci n_and tgopotecan. The treat

2 Rl S Do g Duth SerRraoe Sai L ghncrH ke celLs

whlchﬂﬂaveAdﬁtmaBtIéﬁéﬂanoEnHNIdB@eQaBnbeDNﬁfUSBteépéik(ﬂb£1v1ty is

uously or, n1tt t y (e
inai {335 SRR DNOtel iU R ERE s i st nend btk BEE
repaigf. treat ment. Met hods of detern1n|ng the nost
ef fective neans and dosage of adm nistration are well
known to those of skill in the art and will vary with
The irigg vidpall may dravesedcéoncent lmendpyion evdpihposanpife g be a
t her. e.l@arge e n eat n
samplsezgﬂfgegngé?n%é rsga% g L%arﬁﬁl egggrnﬁ 3 Ti%qdoll;& gléﬂ;sy
adm ni strations can be carrled out mnth t he dose | evel

In pfgﬁérgéht@ﬁﬁb&%ﬂéﬂ%s§ekﬁgzﬁgé FED 1$ﬂ(¥gﬂaqg Pﬁﬂ%%fﬂg@nls a
ose

In general a suitabl e active conpoun
PARP|%@hﬂﬁétpﬁng%i%ﬁth@@oeﬁ 9% 39g U ol R e @50 t gDy DSB repair in

a carieéxo%am@mymw @RhsOfoddig ssubj ect per day. Were the
active conpound’is a salt, an ester, prodrug, or the
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to be used is_ increased %ggrtlonate . Met hods of

t AR F TR ET0 AP Fref A o CBectskfdfa thninnveld isgaplagremFive to
a cord®@SshRP1i&. cancer condition in an individual. A

net hod of assessing the activity of the HR dependent

DNA DSB repair pathway in a cancer condition may

An irk0i¥PLESEsensitivity the PARP inhibitor in cells from the sample
relative to control cells is indicative that the cancer is deficient

in the HR dependent DNA DSB repair activity.

Increased sensitivity to PARP inhibitors may be indicative that the
cancer cells have a BRCAl or BRCA2 deficient phenotype, for example

a reduction or abolition of BRCAL or BRCA2 expression or activity.

A cancer condition identified as being deficient in HR dependent DNA
DSB repair activity, for example a condition having a BRCAl or BRCA2
deficient phenotype, may be subjected to therapies that are
specifically directed at such conditions. Suitable therapies may
include the use of DNA cross-linking agents such as Mitomycin C,

cisplatin or carboplatin.

Methods may be used to predict the response of a cancer condition in
an individual to a treatment targeting HR, for example a treatment

specific to cancers having a BRCA1l or BRCA2 deficient phenotype.



contacting a base excision repair inhibitor with a
sanpl e of cancer cells obtained fromthe individua
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cell death in said sanple relative to a control sanple
.An increase in cell death hbA the sanple relative to
control cells which have normal |evels of HR dependent
DNA DSB repair activity is indicative that the cancer
is deficient in HR dependent DNA DSB repair. The
i ndi vi dual may have a cancer condition and the sanple
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I nclude the use o Cross i ng agents suc
repajpft otarcicragplei BRfAk iof BRCRArdripicaenh. cancers, may include,

for example, DNA cross-linking agents such as mitomycin C, cisplatin

or carboplatin.

Other aspects of the invention relate to the use of an inhibitor of
HR dependent DNA DSB repair in the treatment of a cancer that is

deficient in base excision repair.

A method of treatment of a cancer deficient in base excision repair
in an individual may comprise;
administering an HR dependent DNA DSB repair pathway inhibitor

to said individual.

An HR dependent DNA DSB repair inhibitor may be used in the
manufacture of a medicament for use in the treatment of cancer in an
individual, wherein said cancer is deficient in base excision

repair.



Met hods may be used to predict the response of a
cancer condition in an individual to a treatnent
wao anngesiesry HR, for exanple a treatnment specifiBCT/GB2004/005025
cancers having a BRCAI or BRCA2 deficient phenotype. A
nmet hod of predicting the response of a cancer
condition in an individual to a treatnent targeting
cancers deficient in HR dependent DNA DSB repair nay
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relative to a control sanple. An increase in cell
death in the sanple relative to control cells which
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activity (i.e. an increased sensitivity to PARP
inhibitors) is indicative that ,the cancer may be
responsive to said treatnent. Rrr eat nent's whi ch t ar get
cancers deficient ipR3HR qgpengent DNA DSB repair, for
exanpl e BRCAl or B ef I en\bR@ancers, may i ncl ude,
for exanple, DNA cross |[1infking agentsBuch as
mtonycin C, cisplatin arboplatin. O her aspects
of the invention relate tip the use of an inhibitor of
HR dependent DNA DSB repair in the treatnment of a
cancer that is deficient in base excision repai r. A
thod of t eat canc deficient. in_base
ox a3 eB0EEn FeHa I AR | CRAOIAGHY Wy S FBY oF prodrug
therethm nhst:etmng an HR dependent DNA DSB repair pat hway
v is |enh1hb| tgr o, said individual. An HR dependent DNA DSB
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R! anr:iteBﬁ carenthdépendset liyn hiyieo¢ereatamenpt oénaldnc epbsbiarted Ci-,

alkyl qu_”lo\{l%)dué;! 3 WAGLELL, SRR (GBS E oA 2,984, §he0kolf, BASGay

together form, along with the nitrogen atom to which they are

attached, an optionally substituted heterocyclic ring having from 4
to 8 ring atoms; and

R® is a phenyl group attached to an optionally substituted Cs-z
carboaryl group by an ether or thicether bridge, the phenyl group
and optionally substituted Cs.yy carboaryl group being optionally
linked by a further bridge group, which is bound adjacent the ether
or thioether bridge on both groups so as to form an optionally
substituted Cs; oxygen or sulphur containing heterocycle fused to
both the phenyl group and the Cs.;0 carboaryl group, the phenyl group
being further optionally substituted.

Such inhibitors are described in more detail in WO03/070726.
Other inhibitors include peptidyl fragments of components of HR

dependent DNA DSB repair and encoding nucleic acids as described

above.
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cancer condition may be idenfified as deficient in BER

activityusing a nethod descri bed above. Aspects of the
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Figure 1 shows that a reduction in the level of Parpl reduces the
viability of BRCAI and BRCAZ mutant cells relative to wild-type

cells.

Figure 2 shows the PARP inhibitors KU0058684, KU0058948 and
KU0051529 and their ICsgs against PARP-1 enzyme activity.

Figures 3 and 4 show clonogenic survival curves of cells exposed to

PARP inhibitors.

Figure 3 shows Brcal wild type (11CO:M), heterozygous (Cre6:A) and
deficient (CrelO:e) ES cells under continuous exposure to PARP
inhibitors (KU0058684, top; KU0058948, middle; KU0051529, bottom).

Error bars represent standard errors of the mean.

Figure 4 shows Brca2 wild type (D3:M), heterozygous (Cre6:A) and

deficient (Cre24:e) ES cells under continuous exposure to PARP
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enzyme activity. Figures 3 and 4 show cl onogenic
survival curves of cells exposed to PARP inhibitors.
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arrest.

Figure 7 shows Brcal wild type (11CO:top) and mutant (CrelO:bottom)
cells treated with KU0058684 for 24h at 0 nM (left), 10nM (middle)
or 1luM (right) and analysed by FACS.

Figure 8 shows Brca2 wild type (D3) and mutant (Cre24) cells treated
with KU0058684 for 24h at 0 nM (left), 10nM (middle) or 1luM (right)
and analysed by FACS.

Figure 9 shows a quantitative analysis of Rad51 foci formation
induced by PARP inhibition in wild-type cells but not in Brcal or

Brca?2 defective cells.

Figure 10 shows a neutral comet analysis of BRCA2-/- VC8 and BRCA2
complemented VC8-BAC. KU0058684 (1luM) treatment for 30 hours

induces a significant increase in DNA DSBs as judged by an increase
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Figures 14 and 15 show an analysis of the effects of PARP inhibition
in other cells lacking BRCAl and BRCA2 function.

Figure 14 shows clonogenic survival curves of Brca2 deficient (V-
C8:M) and complemented (V-C8 BAC+:A) cells under continuous exposure
to PARP inhibitors (KU0058684: top, KU0058948: middle and KU0051529:
bottom) .

Figure 15 shows clonogenic survival curves of Brca2 deficient (V-
C38:M) and complemented (V-C8 BAC+:A) cells after 1 hour (top), 4
hour (middle) and 24 hour (bottom) timed exposures to KU0058684.

Errox bars represent standard errors of the mean.

Figure 16 shows tumour formation in ES xenografts and the effect of
treatment with KU0058684; dotted line - wild type with vehicle, bold
solid line - wild type with drug KU0058684, solid line - Brca2
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Examples
Materials and Methods

RNA interference

Gene-specific pSUPER (T. R. Brummelkamp et al Science 296, 550-3
(2002)) constructs were generated expressing the following RNAL
target sequences: (i) mouse Parpl 5'-GCGGAGUACGCCAAGUCCA-3' (ii)
scrambled control 5’ - CAUGCCUGAUCCGCUAGUC-3'.

A 1.6 kb fragment containing the CMV IE promoter and eCFP (enhanced
cyan fluorescent protein) was subcloned from pECFP-Mito (Invitrogen)
into the SapI site of the resultant pSUPER constructs, generating
PSUPER-eCFP-Parpl and pSUPER-eCFP-control. D3 ES cells were
transfected with these plasmids using Lipofectamine 2000
(Invitrogen) according to the manufacturers instructions. Forty-
eight hours after transfection, total cell lysates were generated
using a buffer composed of 20 mM Tris pH 8, 200 mM NaCl, 1 mM EDTA,
0.5% (v/v) NP40, 10 % (v/v) glycerol and protease inhibitors. 30 ug

of each lysate was electrophoresed on Bis-Tris Acetate Acrylamide



for 12- 14 days. Log concentration of inhibitor is

pl otted against |log surviving fraction of cells. Error
wWh2008/053p2 esent standard errors of the nmean. BExeEmpBe®4/005025

Material s and Methods RNA interference Gene -specific

PSUPER (T. R . Brummel kanp et a Sci ence 296, 550- 3

(2002) ) constructs were generated expressing the

foll owi ng RNAI target sequences: (i) nouse Parpl 5'-
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20°c amd-BLaided onto Trans B- ot Nitrocellul ose (Biorad)
Bl ots were probed wth either Rabbit polyclonal anti
PARP- 1 antibody (Cell Signalling, Cat No . 9542) or
Cell Iﬁéﬂﬁst anti G FP/CFP antiserum ( Invitrogen, Cat . No
vC8 celR87@nd0the ,mddd ®ard2byr@ &e@@ﬂaﬁye@ydyﬂldziatabé@mere as
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of EDMBDAE dedtiahek stroBedaatwill be described elsewhere but have
previously been validated (Foray et al. (2003) Embo J 22 2860-71).
HBL100 cells were transfected with a pSUPER BRCAl RNAi plasmid and
selected with geneticin for 3 weeks. Clones were selected on the

basis of their BRCAl expression, as analysed by Northern blot.

Clonogenic Assays

For measurement of sensitivity to Parpl RNA knockdown, ES cells
maintained on tissue culture dishes coated with 0.1% gelatin were
transfected as above, with either pSUPER-eCFP-Parpl or pSUPER-eCFP-
control along with a vector expressing resistance to the antibiotic,
blasticidin (pEF-Bsd, Invitrogen). Twenty-four hours after
transfection, cells were trypsinised and seeded in 6-well plates.
Forty-eight hours post-transfection, treatment with blasticidin was
commenced and cells were re-fed every three days. After 10-14 days,
cells were washed with PBS, fixed in methanol and stained with
crystal violet. Colonies containing greater than approximately 50

cells were counted.
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(2002) EMBO Rep 3, 255-60) . The construction of ES

cells defective in Brcal will be described el sewhere
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100, incubated with anti-phospho- -histone H3 antibody (Upstate

Biotechnology) for 3 hours, and then with FITC-anti rabbit IgG

(Serotec) for 30 minutes. Processing for FACS analysis was as above.

Apoptotic Analysis

Cells were trypsinised, retaining both culture supernatant and wash
medium. These were pooled and the cells washed in cold PBS-A before
resuspension at 1x10°® cells/ml in binding buffer (10mM HEPES, 140mM
NaCl, 2.5mM CaCl, (pH7.4)). 100ul suspension was incubated in the
dark with 5pl Annexin V-FITC (BD Biosciences)/ 0.1lug propidium
iodide for 15 mins at room temperature, 400ul binding buffer added

and analysed immediately on a FACS Calibur (BD Biosciences).

Rad 51 focus formation
ES cells were cultured for 48h in various concentrations of PARP
inhibitor fixed in 4% paraformaldehyde in PBS and permeabilised with

0.2% Triton X100 in PBS. Cells were stained with a 1:100 dilution of
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and re-fed with fresh nedium After 10- 14 days, cells
wowrgs/osimshed with PBS, fixed in nethanol and sp@&i/G8e004/005025
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Pr obes) foCi were visualised wt
using fluore501en fllters (Nikon). Comets were analysed using the

Comet software module of the Lucia G imaging package as supplied by
Nikon. 50 comets per data point were examined for each of three

independent experiments and the mean tail moment calculated.

Mitotic Chromosome analysis

ES cells were seeded onto gelatin, treated for 24 hours with
chemical inhibitors, followed by colcemid treatment for 1 hour.
Cells were harvested, fixed, dropped onto slides, dried and stained

with DAPI before chromosome analysis under a microscope.

ES cell xenografts and treatment with KU0058684

ES cell derived tumours (teratomas) were produced by subcutaneous
injection of 2 x 10%® ES cells into 6-8 week athymic BALB/c nude
(nu/nu) mice. Twenty mice were injected with Brca2 deficient ES
cells and an identical cohort with isogenic wild type cells. Two

days after cell injection, treatment with KU0058684 or vehicle was



quantified using a Leica TCS -SP2 confocal m croscope.
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anal ysis as described (Lenmay and Wod, 1999) . Cells
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(Roche) according to the manufacturers instructions. After
selection in blasticidin, resistant clones were assessed by real
time PCR for silencing of BRCAI mRNA (Egawa et al Oncology. 2001;
61(4): 293-8; Egawa et al Int J Cancer. 2001 Jul 20;95(4):255-9).
Clones with reduced levels of BRCAI mRNA were cultured (under
blasticidin selection) over 8 passages and the real-time assay
repeated. Cell line MCF7-3.23 was shown to have only 30% expression
of BRCAI compared to MCF7 clones possessing the construct pSUPER-
Bsd-scrambled.

Results

Reduction of Parpl protein levels by siRNA

A plasmid (pSUPER—eCFP-Parpl) expressing a Parpl specific siRNA
under the control of the Hl1 promoter (T. R. Brummelkamp et al,
Science 296, 550-3 (2002)) and Enhanced Cyan Fluorescent Protein
(eCFP) under the control of the CMV IE promoter was transfected into



KU0058684 (or vehicle) were adm ni stered, six hour
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10:1 ratio. Blasticidin resistance clones were selected and
guantitated. The results are shown in Figure 1 plotted as the number
of colonies after transfection of pSUPER-eCFP-Parpl relative to the
number after transfection of pSUPER-eCFP-control. FError bars are

equal to one standard deviation around the mean.

After correction for transfection efficiency using the control
S1iRNA, it was apparent that the survival of both Brcal and Brca?2
deficient ES cells was considerably reduced when the expression of

Parpl was inhibited.

Reduction in the viability of BRCAl and BRCAZ deficient cells after
chemical PARP Inhibitors

Chemical inhibitors of Parp activity were employed to confirm the
selective inhibition of Brcal and Brca2 deficient cells observed
above. Two different PARP inhibitors, KU0058684, KU0058948 and a
weakly active but chemically related compound KU0051529 were used

(Fig. 2). These novel PARP inhibitors are based around a phthalazin-
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specific si RNA under the control o f the H pronoter
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nmouse enbryonic stemcells. As a control, a plasmd
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hamster ovary cells deficient in Brca2, which showed a greater than
1000-fold enhanced sensitivity compared to a Brca2-complemented
derivative (Figs 14 and 15). The sensitivity of Brcal and Brca?2
mutant cells to KU0058948 was even greater than that of KU0058684.
In contrast, KU0051529 had no selective effect on cells lacking
wild-type Brcal or Brca?2 compared to wild-type cells. This, in
conjunction with the siRNA data, demonstrates that the mechanism of
sensitivity is specifically through inhibition of PARP. Notably
none of the inhibitors had any selective effect on cells

heterozygous for Brcal or BrcaZ mutation.

Time course dependence of the effects on KU0058684 on clonogenic
survival of Brcal and Brca2? deficient cells

Cells were exposed to different concentrations of KU0058684 for
defined periods of time. The inhibitor was then removed and the
effects measured using a clonogenic assay. The inhibitory effects

of KUO058684 on clonal growth were apparent after a relatively short
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Radbl Foci Formation

One hallmark of Brca-dependent double-strand break repair is the
formation of foci in the nucleus containing Rad51. The ability of
KU0058684 to elicit Rad5l foci in wild-type and in Brcal and Brca?

deficient cells was investigated.

Wild-type, and Brcal and Brca2 defective ES cells were exposed to
differing concentrations of KU0058684 for 48 hours. Cells were then
fixed and stained for RAD51 foci as described by Tarsounas

(Tarsounas M et al Oncogene. 2003 22(8):1115-23).

In wild-type ES cells, KU0058684 caused Rad51 foci formation in a
dose-dependent fashion (Figure 9). In contrast, no foci were induced

in Brcal or Brca2 deficient cells. This latter finding is consistent
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double strand breaks induced by the PARPi are left unrepaired in the

Brca2 deficient line.

Mitotic chromosome analysis

Examination of mitotic chromosomes of Brcal and Brca2 deficient
cells revealed that KU0058684 treatment resulted in frequent major
aberrations. These included chromatid breaks and tri-radial and
quadri-radial chromosomes. These phenotypes provide indication of a
failure to repair double-strand breaks by sister chromatid gene

conversion and the elevated use of alternative error-prone pathways.

ES cell xenografts and treatment with RU0058684
Isogenic and Brca2 deficient ES cell derived tumours (teratomas)
were produced in athymic BALB/c nude (nu/nu) mice as described

above.



One hall mark of Brca -dependent double -strand break
repair is the formation of foci in the nucleus
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Rad51 foci in wild -type and in Brcal and Brca2
deficient cells was investiggated. Wld -type, and
Brcal and Brca2 defective ES cells were exposed to
di ffering concentrations of KU0058684 for 48 hours.
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sensitive to KU0058684.

MCF7-3.23 cells were shown to be significantly more sensitive to

KUu0058684 than MCF7-scrambled cells.

Interaction of PARP with the HR dependent DNA DSB pathway
Without limiting the scope of the invention in any way, one possible
model for interaction between PARP and the HR dependent DNA DSB

pathway is shown in Figure 11.

DNA single-strand breaks (SSB) form due to oxidative damage and its
repair. Inhibition of Parp-1 PAR polymerase activity prevents the
recruitment of the XRCCl scaffold protein and subsequent SSB gap
filling by DNA polymerises (figure 11A).
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‘PARP inhibitor wher eas KU0051529 is | ess effective.

Nei t her -scranbled nor MCF7 -3.23 cells displayed
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to an increase in SCEs (Figure 11D).

In the absence of functional BRCAlL or BRCA2, RAD51 focus formation
and sister chromatid recombination are severely impaired. The excess
unrepaired SSBs form DNA DSBs during DNA replication but sister
chromatid recombination does not occur. They remain unrepaired as
chromatid breaks or are repaired by error prone RAD51 independent
mechanisms causing complex chromosome rearrangements. These cells
arrest when they encounter the G2/M DNA damage checkpoint and

permanently arrest or apoptose {(Figure 11E).

RNAi data provided herein, along with the observation that KU0051529
was ineffective, demonstrate that PARP inhibition is responsible for

the sensitisation effects observed.

PARP inhibition induces lesions that are normally repaired by sister
chromatid exchange (SCE) (Wang ZQ, et al (1997) Genes Dev. Vol.
11(18):2347-58 and ‘From DNA damage and stress signalling to cell
death’ G. de Murcia and S. Shall eds. Oxford University Press



Interaction of PARP with the HR dependent DNA DSB
pat hway Wthout limting the scope of the invention in
W@eops0s8662 one possi bl e nodel for interaction bRCTEBR004/005025

PARP and the HR dependent DNA DSB pathway is shown in

Figure 11. DNA single -strand breaks (SSB) form due to

oxi dative damage and its repair. Inhibition of Parp -

PAR pol ynerase activity prevents the recruitnent of
(2000% he HRCEClinsenl{obd By eheln @ﬁdnﬁjﬂlfa%@ueﬂil S&Bngaw

fil by DNA pol yneri ses ure Larg
Concoﬂft%gnéyéﬁéﬁgtf% "&r &°BH Dﬁz‘?s | oHO
globaflof KSreake iabsra creadH1 -deb et Gréidmaﬁdaﬁioﬁ h@atssay

senup EEIT i o0 Do CHTTASSECTT] SHE RS T Hhes br Gl h 075

4964)0f an undanmaged sister chromatid tenplate allows the
i nvasi on of the sister chromatid by RAD51 coated
single stranded DNA filanment and initiation of sister
The sghtﬁéﬁaid d eteediby nathronche@ddrilbdd hiepedoessy ilse useful both

endent on B IS _associated. with

in tEp BT TTRE G5 bY TRIATIBB" b EAG: Foer of " FADST Eukours
whereCothaps:auhproephtsadsf OR Hepksdaan IR WSSt aepedr yrea defective.

simlar nmechanism (Figure HC) . Wen Holliday

junctions at reconbi nation internedi ates are resol ved,
Althoagsi ¢l &fercmcoraba e @ecehadgec(ﬁé@@ imayhecege. ofhmset and
pathoﬁé??sgf %Esoi S :L%nggf' %gnm{:at%ghgcagfé)&n%%&kﬁs the

urtng Parp - inhibition | eads to an increase in S

same @F| gueserHDRs. fon p&taealbgem@l obSuawitc dhapaBRCAIhepresent
invenﬁﬁi%ﬁ% rRARL LOGUS ep%e;akh%xa% destt%ﬁoebgoi@ta@smbed

reconbl nati on are severely i1npaire excess
hereignr epai red SSBs form DNA DSBs during DNA replication

but sister chromatid reconbi nati on does not occur.

They remain unrepaired as chromatid breaks or are

Signifépantly By BrEeFOpPIsNe RADET Mifedvdeiedmetbmiiss
impor€aHei Ag- GORPLEXr £HANMSQEE seANANGN®Nbsd dbessiLald s

heteozygous carriers of mutations in the HR dependent DNA DSB repailr

pathway, including, for example BRCAl/2 mutations.
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pathwaynt hetic lethality approach descri bed herein may be
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i nhi bitor of the base excision repair (BER) pathway in
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treatnment of cancer in an individual,

5. Use according to claim 4 wherein said cancer cells are

homozygous for a mutation in BRCAl or BRCA2.

6. Use according to any one of claims 1 to 5 wherein said
individual is heterozygous for a mutation in a gene encoding a

component of the HR dependent DNA DSB repair pathway.

7. Use according to claim 6 wherein said individual is heterozygous

for a mutation in BRCAl and/or BRCAZ.

8. Use according to any one of the preceding claims wherein said

cancer is breast, ovary, pancreas or prostate cancer.

9. Use according to any one of claims 1 to 8 wherein the BER

inhibitor is a peptide fragment of a component of the BER pathway.
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0 ere i'S a nucleic ac
phthedpeodt htRHlHones, paminaczfoltthenam neocacicdldequence of

o] ggﬁ t he n

phena‘}ﬁ_mf?g'ﬁ{g Ilfbe'ﬁggp s e%gl Hﬂ@%{%u%]tyetdon g&g&&ﬁ\glgréc
derivpGiwper edaf fehae BEF@‘?CrﬂhYBIlF-OEI i are ihtveidiaeacenyi aryal@fgues
and JARR.+ s Yserageording to claim 1l wherein said BER

Inhibitor is selected fromthe group consisting of

ni coti nam des, benzam des, isoquinolinones,
13. DRy FEod 20 Q@'bﬂ&ﬂﬁﬁg Qﬁ@%éﬂIQQA%J%ﬁm.1Hﬁ9b§§@r is a

pht hal azin - (2H) - ones, qui nazolinones,
phthq%@@pﬁd%iqﬂﬁﬁﬁég or an analogue or derivative thereof.

14. Use according to claim 11 wherein said BER inhibitor is a

peptide fragment of PARP.

15. Use according to claim 11 wherein said BER inhibitor is a
nucleic acid encoding part or all of PARP, or the complement

thereof.

16. Use according to any one of claims 1 to 15 wherein said

medicament further comprises a DNA damaging chemotherapeutic agent.

17. Use according to any one of claims 1 to 15 wherein said
treatment further comprises administration of a DNA damaging

chemotherapeutic agent.

18. A method of treatment of cancer in an individual comprising;

administering an inhibitor of a BER pathway to said individual,



phenant hri di nes, benzopyrones, unsaturated hydroximc
acid derivatives, caffeine, theophylline, and
wao bopsiosiene, and anal ogues and derivatives ther POF/GB1®4/005025

Use according to claim 12 wherein said BER inhibitor

is a phthalazin - (2H) - ong or an anal ogue or

derivative thereof. 14. Use according to claim11l

wherein said BER inhibitor is a peptide fragnment of

R 115 sagec e disnget -iGn@l ih1d pRegSbdh &3icd pBERDsB

inhibitor is a nucleic acid encoding part or all of
repalgARBLNYAY- t he conpl ement thereof. 16. Use according to

any one of claims 1t o 15 wherein said nedi cament

furth?{ conpri ses a DNA danmagi ng chenot her apeutic

A Mt Of7 2CEREIRE GPd PAGLE o Caf§mBRES bRI cHif e Lo 15
identitfet ey ntisal ithdiveat e s fhaki hera conpeirS@®ndition which is

o gty 1 1y F o REBRUR b DYy B neh(o ot SORRLEr | n an

I ndi vi dual conprising; adm nistering an inhibitor of a
R pathway to.said individyal ,wherein said cancer is
20, AN SR g B T SRAP R P gy = DY
damagli@g Ahemdtiedapecoidi agerttotol sdid Lidddenpriagi.ng t he step
of identifying the individual as having a cancer
condition which is deficient in a HR dependent DNA DSB
21. rikpeathopgabhwayse2ingAaneiibdidogbrivhngng oo claaicsrl 8ondition

{sing admi ni stering a DNA danagi ng
cm@n%%gﬁ%fherapeutic agent to said individual. 21. A
meddivd fofnass eswiasy aall mditeided! fHavi tee alnckivddpal as
defiQAYI 1 ON (HOTRLESLDG: heBkhfyi g a ;
o obtai ned from trphe I ndi v@dua‘3 aés ef chlacgﬁlt%&i %ggi‘?—Ilee to
normade géhdent2TNA DSB repair pathway rel ative to nor nal

Ce+dv8.didRda inhibitor of the BER pathway suitable for

administration to said individual.

22. A method according to claim 21 comprising providing a DNA
damaging chemotherapeutic agent suitable for administration to said

individual.

23. A method according to any one of claims 18 to 22 wherein said
cancer comprises one or more cancer cells having a reduced or

abrogated ability to repair DNA DSB by HR relative to normal cells.

24. A method according to claim 23 wherein said cancer cells have a

BRCAl or BRCA2 deficient phenotype.

25. A method according to claim 24 wherein said cancer cells are

deficient in BRCA1l or BRCA2.

26. A method according to claim 25 wherein said cancer cells are

homozygous for a mutation in BRCAl or BRCAZ2.



providing a inhibitor of the BER pathway suitable for

adm nistration to said individual. 22. A nethod
w@ewsnsicsry to claim 21 conprising providi ng a BXKGB2004/005025

damagi ng chenot herapeuti c agent suitable for

adm ni stration to said indypyidual . 23. A nethod

according to any one of clains 18 to 22 wherein said

cancer conprises one or nore cancer cells having a

27. reduecedodraadyegatet attiy ioh¥ &0 &epald 1BONACDSE fye#dRn saiq
relatjve to normal cells. 24. A nethod accordin

canceg| ho i SARLITAFRI 6 Gail BSARMISTEAING ASber SPBRCAC T Lent

canceBREAZslefrinGneRl phemat MpBenddnt AnrebBadras£nF daldtgvﬁ@y of
cIa|n124 wher el n, é%—d cancer %glls are def|C|ent
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wherein said cancer ceIIs are honozygous for a
tation in d rding to _.
28, BRsh8 p8tiiny 86 T seowher el HIEhY cancsr herel saia
cancekdfﬂtidénﬁif&sdaa$%%ndﬁpeddp€ﬁddﬂ@AUB@BrEpaarrdéﬁﬁdﬂehentancer
eterm ni ng.the  HR de dent DSB €
oy coFBRES Y (S BRI B h oS tin Tha endroraaT T Serye! of
one otrompo¥ maltagebhs. a@&x&&maephnﬂmaacomdnngleocanmxbmeqoénce

encodﬁkghgéé%%> ng6 rehﬁ égﬁﬂ“%ﬁCIen Iﬁshd§gé%%i%gt%§ay.

ent repalr cancer
determining the presence in cancer cells fromthe

29. h”ﬂéi\!ﬂl@&aécc%@cd% & 4 ‘i(grgné“-g@td QN$,s0% s POL VIR BRI STR 5414
sequ the

I'n a nuclelc aci nce enco ing a component o
cancepRL g dpesiddnt ODAAY DIBICEpas ropatipmdpte29ange et hod

according to any one of claims 18 to 28 wherein said

cancer i s breast, ovary, pancreas or prostate cancer.

30.  FpmeAhgt ABEPHEEST BP MY ohangE onrka Bis dl%ites 29gWherein sald

indiviBeREl s SR rbAdiMAuRl hSnel8RZYY0HSERE &ndBHiali an
in a gene encodi ng a conponent of the % dependent "DNA

ComPODSBtr%%dﬁe P&t ﬂWde@I n%‘iﬁwé&%éopai:ﬁ@al’o claim 30
wherein said individual is

31. A method according to claim 30 wherein said individual is

heterozygous for a mutation in BRCALl and/or BRCAZ2.

32. A method according to any one of claims 18 to 31 wherein the
BER inhibitor is a peptide fragment of a component of the BER
pathway.

33. A method according to any one of claims 18 to 31 wherein the
BER inhibitor is a nucleic acid encoeding all or part of the amino
acid sequence of component of the BER pathway, or the complement

thereof.

34. A method according to any one of claims 18 to 33 wherein the

BER inhibitor inhibits PARP activity.

35. A method according to claim 34 wherein said base excision

repair inhibitor is selected from the group consisting of



het er ozygous for a nmutation in BRCAl and/or BRCA2 .
32. A nethod according to any one of clains 18 to 31
wab@se5iset he BER i nhibitor is a peptide fragnmeptT/GB2@4/005025
conmponent of the BER pat hway. 33. A nethod according
to any one of clainms 18 to 84 wherein the BER
inhibitor is a nucleic acid encoding all or part of
the ami no acid sequence of conponent of the BER
nicophidmiales, Obet hgmicerpl Eﬁ@djlltiridlehegés, %gym&hrmtsb@[dgﬁolinones,
according to one_of ai to erein e
vens BEERINRT: AR b PP BB TR PO 19S55 SR RgPRORone
isoindeiimdineg, t phedaitirddinber eichzsal toase uexeitsiraled
ir _inhi bitor .i,s selected fromth Qup consisting.,
by dr%’?‘ﬁt?lccgtafggmg%lrels‘fa JERZant ¢ ese,lnl’e:éog?ﬁ‘?%yi%t}ﬁ%& 2nd' Bhymithine,
and ghdbhadrueissoagdi dexdiivashess tienziofi.dazol es, i ndol es,
pht hal azi n -(2H) o-nes, qui nazol i nones,

i soi ndol i nones, phenant hridi nes, benzopyrones,
36. uUhgettinodt ededmdimoxitni claigi d5dehevati vwesd GIRf énnénhibitor is
Lhi _and _thym di n .0gues _an
P s et e RSN s B esrat
35 wherein said BER in inhibitor is a phthalazin -

37. (BHheOrdie ol E\Joo%ligiﬁr39\?\%}He\£@5flv§af$erﬁﬂ{"bi?f:%'r As a
met hod according to claim 34 erein said inhibitor is

peptidg)dFepaent rafgf®Re -of PARP . 38. A nethod according to
claim 34 wherein the BER inhibitor is a nucleic acid
encoding part or all of the PARP am no acid sequence,

38, orAtIﬁ%trEﬁﬁ‘ﬁlcéﬁﬁﬁ%nq Her €6pim 3y vRegpihodicofBER dathibator is a

nucl®fc Ganeeentdudly padtvéduall ¢eMRhRs SEAG aAUMLNLSE 8N L& idhce,
BER i nhi bitor to said individual, wherein said

Or thé, HAPIEEF"T LHeEe8Fozygous for a mutation in a gene
whi ch encodes a conponent of the HR dependent DNA DSB

39. rgprgétrhdpcﬁtolgwggéatment of cancer in an individual comprising;
administering a BER inhibitor to said individual,
wherein said individual is heterozygous for a mutation in a
gene which encodes a component of the HR dependent DNA DSB repair

pathway.

40. A method according to claim 39 wherein said cancer comprises
one or more cancer cells having a reduced or abrogated ability to

repair DNA DSBs by HR relative to normal cells.

41. A method according to claim 39 or claim 40 wherein the

individual is heterozygous for a mutation in BRCA1l or BRCAZ.

42. A method according to claim 41 wherein said cancer cells have a

BRCAl or BRCA2 deficient phenotype.

43. A method according to claim 38 wherein said cancer cells are

homozygous for a mutation in BRCA1l or BRCA2.



40. A nethod according to claim39 wherein said cancer
conprises one or nore cancer cells having a reduced or
w@ksgsieezrl ability to repair DNA DSBs by HR r ePEX/GB200H©005025

normal cells. 41. A nethod according to claim 39 or
cl ai m 40 wherein the indiviggal is heterozygous for a
mutation in BRCA. 1 or BRCA2 . 42. A nethod according
to claim4l wherein said cancer cells have a BRCAl or

44. BROAetH®f iacicemtii phemotyipeond 3o f ATELR0E 926605 8i I 19y saig

erein sald cancer cells are honozygous for
Canc% rarluslngt%?%%@i n BREA POPCBRCAS ™. BXCS PRt FRRtFdccor di ng

to any one of clainms 39 to 43 wherein said cancer |s
Iy 0 ancreas o r pr.ostat e cancer.
%%%"%c%g‘?é/ dl%gt 550 ORe GF Erarhe 59 %o 4414 \%H@F%}Ih the
BER }rHd bBERY| h$1|ab|pte@rtlds arqaﬁphrtdeffaagmn@{t @ fCAAROPERt
pathﬁfy.t he BER pat hway. 46. A nethod according to any one
0

claims 39 to 44 wherein the BER inhibitor is a
nucl eic acid encoding all or part of the arri no acid
46. Sﬁ%@&% atc6PaRRNeRt Rath he
mg)l enent t her eof . %8{/ S tcﬁEglgé% 404 af{egRLn the
BER FEPHs. SR nychel rretisl ﬁnchélBEFallnmJblgamrt bahtié tnino

d PABRend8.o A reli,n 0 47vvhre|n3|d
act BEE |e%h| b?to@?ogﬁgré?g&cf?gghf rgg%\n ?%%%érp up COI’]SI SYTH Jge

thergofoot i nan des, benzam des, isoqui noli nones,
di hydr oi soqui noI i nones, benzi m dazol es, i ndol es,

hthﬁ% in - 0- nes, qU|nazoI|nones
. %%IW& ln%h%ﬂmppﬁl ﬁ’ésCléb?éfrﬁz&?yrt@néé wherein the

BER imhshitsatiethibydsoxigd.c acid derivatives, caffeine,
t heophyl I'i ne, and thym di ne, and anal ogues and

derivatives thereof. 49. Use according to claim48

48. vmamhndsawbﬁﬁlagu Bbi bidief 4i7 wae@Bmaé% BER (AR HOELE s
lecRbgdP. & acl ogue or deri,vative thereof

selec ro he“group consisting of nlcotlnamldes, benzamides,
isoquinolinones, dihydroisoguinolinones, benzimidazoles, indoles,
phthalazin-1(2H) -ones, quinazolinones, isoindolinones,
phenanthridines, benzopyrones, unsaturated hydroximic acid
derivatives, caffeine, theophylline, and thymidine, and analogues

and derivatives thereof.

49. Use according to claim 48 wherein said BER inhibitor is a

phthalazin-1 (2H) -one or an analogue or derivative thereof.

50. A method according to claim 47 wherein said BER inhibitor is a

peptide fragment of PARP.

51. A method according to claim 47 wherein said PARP inhibitor is a
nucleic acid encoding part or all of the PARP amino acid sequence,

or the complement thereof.



50. A nethod according to claim47 wherein said BER
inhibitor is a peptide fragment of PARP. 51. A method
wae@sosionyy to claim47 wherein said PARP i nhi bP€DGBR®4/005025
nucl eic acid encoding part or all of the PARP am no
aci d sequence, or the conplzgent thereof.52. A nethod
according to any one of claims 39 to 51 conprising
adm ni stering a DNA damagi ng cheno t herapeutic agent
52. ta mewmbdnamcmrde¢ to B3y blke of éﬂ%;m&hB@lE@;Sch@hﬁﬂﬂglng
nufact f_ a nmedicanent for use in
acms PRI £ 0P8 SRS A5 et ne PR oF R peie
indlh@h@ﬂozygous for a nmutation in a gene of a HR
dependent DNA DSB repair pathway. 54. An inhibitor of
a BER pathway for use in the treatment of a cancer in
53. aHs¢ rmeli Ainddahihiood et éEl&)zy@mj O0m aheubhahifariuredof a

medlm%togfofl Llf& q.%p%%ge nf %fr gp@anc?zﬁt hvay, ﬁéﬁi’l%\ﬁal who

i nhibitor of a BE use In
is hefergryepunnich 3 sulaéﬂfm @mt = meaekﬂfdemdmgenBMtDm DSB
repai@@%&hw%&!hmﬁy 56. A nethod of assessing the activity
of the dependent DNA DSB repair pathway in a cancer
condition of an individual conprising; contacting a

54. BErRirﬂﬁleH:EQVOWJ ek %Q%fy of , Cancen C%hgstf')égt%e@ﬁdof a

om t he i ndividual having the condltlon an
cance‘o‘fetlé‘r AR iR e anBimt i ohegerozaears For sfﬂalmlltgéﬂrpheln a gene

of a 3Rk dApBRidad mecosdi Apdid phaigk56 wherein the BER
inhibitor is a peptide fragnment of a conponent of the

BER pat hway. 58. A nethod according to claimb56

55. V\ﬂ&]terleiHlbtlherB&Rd BERbbhOhwd P BornUEeiis agt o ANGAINRIor o
part o.f the am no _acid sequence of conponent

cancd Wpfn B BER P fMa)T Ot & 8 coRpreneht D hdiSBorersar pethway.

nmet hod according to claimany one of clains 56 to 58
56. %cre%hcr)]d of assessing the activity of the HR dependent DNA DSB
repair pathway in a cancer condition of an individual comprising;
contacting a BER inhibitor with a sample of cancer cells
obtained from the individual having the condition, and;

determining the amount of cell death in said sample.

57. A method according to claim 56 wherein the BER inhibitor is a
peptide fragment of a component of the
BER pathway.

58. A method according to claim 56 wherein the BER inhibitor is a
nucleic acid encoding all or part of the amino acid sequence of

component of the BER pathway, or the complement thereof.

59. A method according to claim any one of claims 56 to 58 wherein

the inhibitor of BER is a PARP inhibitor.

60. A method according to claim 59 wherein said BER inhibitor is

selected from the group consisting of nicotinamides, benzamides,



the inhibitor of BERis a PARP inhibitor. 60. A nethod

according to claim59 wherein said BER inhibitor is
w@edosnsse2 from t he group consisting of nicoti ne@i/G82004/005025

benzam des, i soqui nol i nones, di hydroi soqunol i nones,

benzi m dazol es, indoles, phihalazin - (2H) - ones,

gui nazol i nones, i soi ndolinones, phenanthridines,

benzopyrones unsat urated hydroxi mc acid derivatives,

isoquablehsges t @QQQBY&iéd@lrﬁﬂﬁntoﬂﬁm db&?zlnﬁ%z%ﬁégogy@@oles,
and derivatives thereof. 61. A nethod according to

phth%ﬁaéﬁﬁ1%6HWh§P§Fn SH R ZSNRB IR bit 8 BF IS IR BKERal azi n -

phena(nEH):ldllﬁmﬁ, ®enadppilaguaiatdert¥athmerdNarieobei §2. A
t.hod accfrdlng to cl ai.m 59 wherein said PARP
dem'I‘?‘rﬁ.VBFt o‘faﬁo S$1TR° pet TS rdgitent o LR AR BARP sBguapRPIuES
and d@&FivAciredhatieascordi ng to claim59 wherein said PARP
inhibitor is a nucleic acid encoding part or all of
the PARP ami no acid sequence, or the conpl enent
61. therebéd HBtorAingttwdlacicorddi ngetoimmaion@rsk chRidEor is a

pnenci40 DB ANerel 0 the sancel l 5. denti i ed 5, defici ent

to cIa|n164 wherein the cancer is identified as having
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pre ing t esponse of "a"Cahcer cord
peptidedifvagirit 6 ah¢ rPRPsHqUeacget i ng cancers def|C|ent
in HR dependent DNA DSB repair nay conpri se;
contacting a BER inhibitor with a sanple of cancer
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nucle@@ndkid oerhcoéagg ﬁiﬂterom rglrlg oehenal a(?[rln%elaklgegéc;hence,
in said sanple . Use of a BER inhibitor

or th@uﬁ@?@&ﬁ@%ﬂtl§h9§e@%scr|bed wher ei n and with reference
to the acconpanyi ng draw ngs.
64. A method according to any one of claims 56 to 63 wherein the

cancer is identified as deficient in HR dependent DNA DSB repair

65. A method according to claim 64 wherein the cancer is identified

as having a BRCAL or BRCA2 deficient phenotype.

66. A method of predicting the response of a cancer condition in an
individual to a treatment targeting cancers deficient in HR
dependent DNA DSB repair may comprise;

contacting a BER inhibitor with a sample of cancer cells
obtained from the individual having the cancer condition, and;

determining the amount of cell death in said sample.

67. Use of a BER inhibitor substantially as described wherein and

with reference to the accompanying drawings.



