
4-HETEROARYLMETHYL SUBSTITUTED PHTHALAZINONE
DERIVATIVES The present invention relates to
phthalazinone derivatives, and their use as
pharmaceuticals. In particular, the present invention
relates to the use of these compounds to inhibit the
activity of the enzyme poly (ADP-ribose)polymerase-i ,
also known as poly(ADPribose) synthase and poly
ADP-ribosyltransferase, and commonly referred to as
PARP-1. The mammalian enzyme PARP-1 (a 113-kDa
muitidomain protein) has been implicated in the
signalling of DNA damage through its ability to
recognize and rapidly bind to DNA single or double
strand breaks (D'Amours, et a/., Biochem. J., 342,
249-268 (1999)). The family of Poly (ADP-ribose)
polymerases now includes around 18 proteins, that all
display a certain level of homology in their catalytic
doimain but differ in their cellular functions (Ame et
a/., Bioessays., 26(8), 882-893 (2004)). Of this
family PARP-1 (the founding member) and PARP-2 are so
far the sole enzymes whose catalytic activity are
stimulated by the occurrence of DNA strand breaks,
making them unique in the family. It is now known that
PARP-1 participates in a variety of DNA-related
functions including gene amplification, cell division,
differentiation, apoptosis, DNA base excision repair
as well as effects on telomere length and chromosome
stability (d ' Adda di Fagagna, et a/., Nature Gen.,
23(1), 76-80 (1999)). Studies on the mechanism by
which PARP-1 modulates DNA repair and other processes
has identified its importance in the formation of poly
(ADP-ribose) chains within the cellular nucleus
(Althaus, F.R. and Richter, C , ADP-Ribosylation of
Proteins: Enzymology and Biological Significance,
Springer-Verlag, Berlin (1987)). The DNA-bound,
activated PARP-1 utilizes NAD+ to synthesize poly
(ADP-ribose) on a variety of nuclear target proteins,
including topoisomerases, histones and PARP itself
(Rhun, etal., Biochem. Biophys. Res. Commun., 245,
1-10 (1998)) Poly (ADP-ribosyl)ation has also been
associated with malignant transformation. For example,
PARP-1 activity is higher in the isolated nuclei of
SV40-transformed fibroblasts, while both leukemic
cells and colon cancer cells show higher enzyme
activity than the equivalent normal leukocytes and
colon mucosa (Miwa, etal., Arch. Biochem. Biophys.,
181, 313-321 (1977); Burzio, et a/., Proc. Soc. Exp.
Bioi. Med., 149, 933-938 (1975); and Hirai, et al.,
Cancer Res., 43, 3441-3446 (1983)). More recently in
malignant prostate tumours compared to begnine
prostate cells significantly increased levels of
active PARP(predominantly PARP-1) have been identified
associated with higher levels of genetic instability
(Mcnealy, et al., Anticancer Res., 23, 1473-1478
(2003)) A number of low-molecular-weight inhibitors of
PARP-1 have been used to elucidate the functional role
of poly (ADP-ribosyl)ation in DNA repair. In cells
treated with alkylating agents, the inhibition of PARP
leads to a marked increase in DNA-strand breakage and
cell killing (Durkacz, et al., Nature, 283, 593-596
(1980); Berger, N.A., Radiation Research, 101, 4-14
(1985)). Subsequently, such inhibitors have been shown
to enhance the effects of radiation response by
suppressing the repair of potentially lethal damage
(Ben-Hur, et al., Bp'tish Journal of Cancer, 49
(Suppl. Vl), 34-42 (1984); Schlicker, etal., Int. J.
Radial Bioi., 75, 91-100 (1999)). PARP inhibitors have
been reported to be effective in radio sensitising
hypoxic tumour cells (US 5,032,617; US 5,215,738 and
US 5,041,653). In certain tumour cell lines, chemical
inhibition of PARP-1 (and PARP-2) activity is also
associated with marked sensitisation to very low doses
of radiation (Chalmers, Clin. Oncol., 16(1), 29-39
(2004)) Furthermore, PARP-1 knockout (PARP -/-)
animals exhibit genomic instability in response to
alkylating agents and g-irradiation (Wang, etal.,
Genes Dev., 9, 509-520 (1995); Menissier de Murcia, et
al., Proc. Natl. Acad. ScL USA, 94, 7303-7307 (1997)).
More recent data indicates that PARP-1 and PARP-2
possess both overlapping and non-redundant functions
in 



the maintenance of genomic stability, making them both
interesting targets (Menissier de Murcia, et al.,
EMBO. J., 22(9), 2255-2263 (2003)). A role for PARP-1
has also been demonstrated in certain vascular
diseases, septic shock, ischaemic injury and
neurotoxicity (Cantoni, et al., Biochim. Biophys.
Acta, 1014, 1-7 (1989); Szabo, et al., J. Clin.
Invest, 100, 723-735 (1997)). Oxygen radical DNA
damage that leads to strand breaks in DNA, which are
subsequently recognised by PARP-1, is a major
contributing factor to such disease states as shown by
PARP-1 inhibitor studies (Cosi, etal., J. Neurosci.
Res., 39, 38-46 (1994); Said, et al., Proc. Natl.
Acad. Sci. U.S.A., 93, 4688-4692 (1996)). More
recently, PARP has been demonstrated to play a role in
the pathogenesis of haemorrhagic shock (Liaudet,
etal., Proc. Natl. Acad. Sci. U.S.A., 97(3),
10203-10208 (2000)). It has also been demonstrated
that efficient retroviral infection of mammalian cells
is blocked by the inhibition of PARP-1 activity. Such
inhibition of recombinant retroviral vector infections
was shown to occur in various different cell types
(Gaken, et al., J. Virology, 70(6), 3992-4000 (1996)).
Inhibitors of PARP-1 have thus been developed for the
use in anti-viral therapies and in cancer treatment
(WO 91/18591). Moreover, PARP-1 inhibition has been
speculated to delay the onset of aging characteristics
in human fibroblasts (Rattan and Clark, Biochem.
Biophys. Res. Comm., 201(2), 665-672 (1994)). This may
be related to the role that PARP plays in controlling
telomere function (d'Adda di Fagagna, et al., Nature
Gen., 23(1), 76-80 (1999)). PARP inhibitors are also
thought to be relevant to the treatment of
inflammatory bowel disease (Szabo C , Role of
Poly(ADP-Ribose) Polymerase Activation in the
Pathogenesis of Shock and Inflammation, In PARP as a
Therapeutic Target; Ed J. Zhang, 2002 by CRC Press;
169-204), ulcerative colitis (Zingarelli, B, et al.,
Immunology, 113(4), 509-517 (2004)) and Crohn's
disease (Jijon, H.B., etal., Am. J. Physiol.
Gastrointest. Liver Physiol., 279, G641-G651 (2000).
Some of the present inventors have previously
described (WO 02/36576) a class of 1(2H)-
phthalazinone compounds which act as PARP inhibitors.
The compounds have the general formula: where A and B
together represent an optionally substituted, fused
aromatic ring and where Rc is represented by -L-R L. A
large number of examples are of the formula: where R
represent one or more optional substituents. Some of
the present inventors described a particular class of
the above compounds in WO 03/093261, which have the
general formula as above, and wherein R is in the meta
postion,and the examples disclosed have the R group
selected from: The present inventors have now
discovered that compounds with a different substituent
groups to those above exhibit surprising levels of
inhibition of the activity of PARP, and/or of
potentiation of tumour cells to radiotherapy and
various chemotherapies. In addition, the stability of
the compounds of the present invention is in general
improved over those compounds exemplified in WO
03/093261. Some of the compounds of the present
invention also show good solubility in both aqueous
media and phosphate buffer solution - enhanced
solubtility may be of use in formulation the compounds
for administration by an IV route, or for oral
formulations (e.g. liquid and small tablet forms) for
paediatric use. The oral bioavailablity of the
compounds of the present invention may be enhanced.
Accordingly, the first aspect of the present invention
provides a compound of the formula (I): (including
isomers, salts, solvates, chemically protected forms,
and prodrugs thereof) wherein: A and B together
represent an optionally substituted, fused aromatic
ring; D is selected from: 0) 



, where Y1 is selected from CH and N, Y2 is selected
from CH and N, Y3 is selected from CH, CF and N; and
W// , where Q is O or S;RD is: wherein RN1 is selected
from H and optionally substituted Ci-10 alkyl; X is
selected from a single bond, NR 2, CRC3RC4 and C=O;
RN2 is selected from H and optionally substituted
C1-10 alkyl; RC3 and RC4 are independently selected
from H, R, C(=O)OR, where R is optionally substituted
C1-10 alkyl, optionally substituted C5-20 aryl or
optionally substituted C3-20 heterocyclyl; Y is
selected from NRN3 and CRC1RC2; RC1 and R02 are
independently selected from H, R, C(=O)OR, where R is
optionally substituted C1--I0 alkyl, optionally
substituted C5-20 aryl or optionally substituted C3-20
heterocyclyl;Rc 1 and Rc2 together with the carbon
atom to which they are attached may form an optionally
substituted spiro-fused C5-7 carbocylic or
heterocyclic ring; and when X is a single bond RN1 and
RC2 may together with the N and C atoms to which they
are bound, form an optionally substituted C5-7
heterocylic ring; and when X is CRC3RC4, RC2 and RC4
may together form an additional bond, such that there
is a double bond between the atoms substituted by RC1
and RC3. The possibilities for D are:A second aspect
of the present invention provides a pharmaceutical
composition comprising a compound of the first aspect
and a pharmaceutically acceptable carrier or diluent.
A third aspect of the present invention provides the
use of a compound of the first aspect in a method of
treatment of the human or animal body.A fourth aspect
of the present invention provides the use of a
compound as defined in the first aspect of the
invention in the preparation of a medicament for: (a)
preventing poly(ADP-ribose) chain formation by
inhibiting the activity of cellular PARP (PARP-1
and/or PARP-2); (b) the treatment of: vascular
disease; septic shock; ischaemic injury, both cerebral
and cardiovascular; reperfusion injury, both cerebral
and cardiovascular; neurotoxicity, including acute and
chronic treatments for stroke and Parkinsons disease;
haemorraghic shock; inflammatory diseases, such as
arthritis, inflammatory bowel disease, ulcerative
colitis and Crohn's disease; multiple sclerosis;
secondary effects of diabetes; as well as the acute
treatment of cytoxicity following cardiovascular
surgery or diseases ameliorated by the inhibition of
the activity of PARP; (c) use as an adjunct in cancer
therapy or for potentiating tumour cells for treatment
with ionizing radiation or chemotherapeutic agents. In
particular, compounds as defined in the first aspect
of the invention can be used in anti cancer
combination therapies (or as adjuncts) along with
alkylating agents, such as methyl methanesulfonate
(MMS) , temozolomide and dacarbazine (DTIC), also with
topoisomerase- 1 inhibitors like Topotecan,
Irinotecan, Rubitecan, Exatecan, Lurtotecan,
Gimetecan, Diflomotecan (homocamptothecins); as well
as 7-substituted non-silatecans; the 7-silyl
camptothecins, BNP 1350; and non-camptothecin
topoisomerase-l inhibitors such as indolocarbazoles
also dual topoisomerase-l and Il inhibitors like the
benzophenazines, XR 11576/MLN 576 and
benzopyridoindoles. Such combinations could be given,
for example, as intravenous preparations or by oral
administration as dependent on the preferred method of
administration for the particular agent. Other further
aspects of the invention provide for the treatment of
disease ameliorated by the inhibition of PARP,
comprising administering to a subject in need of
treatment a therapeutically-effective amount of a
compound as defined in the first aspect, preferably in



the form of a pharmaceutical composition and the
treatment of cancer, comprising administering to a
subject in need of treatment a
therapeutically-effective amount of a compound as
defined in the first aspect in combination, preferably
in the form of a pharmaceutical composition,
simultaneously or sequentially with radiotherapy
(ionizing radiation) or chemotherapeutic agents. In
further aspects of the present invention, the
compounds may be used in the preparation of a
medicament for the treatment of cancer which is
deficient in Homologous Recombination (HR) dependent
DNA double strand break (DSB) repair activity, or in
the treatment of apatient with a cancer which is
deficient in HR dependent DNA DSB repair activity,
comprising administering to said patient a
therapeutically-effective amount of the compound. The
HR dependent DNA DSB repair pathway repairs
double-strand breaks (DSBs) in DNA via homologous
mechanisms to reform a continuous DNA helix (K.K.
Khanna and SP. Jackson, Nat. Genet. 27(3): 247-254
(2001)). The components of the HR dependent DNA DSB
repair pathway include, but are not limited to, ATM
(NM_000051), RAD51 (NM_002875), RAD51L1 (NM_002877),
RAD51C (NMJ302876), RAD51L3 (NM_002878), DMC1
(NM_007068), XRCC2 (NM_005431), XRCC3 (NM_005432),
RAD52 (NM_002879), RAD54L (NM_003579), RAD54B
(NM_012415), BRCA1 (NM_007295), BRCA2 (NM__000059),
RAD50 (NM_005732), MRE11A(NM_005590) and NBS1
(NM_002485). Other proteins involved in the HR
dependent DNA DSB repair pathway include regulatory
factors such as EMSY (Hughes-Davies, etal., Cell, 115,
pp523-535). HR components are also described in Wood,
etal., Science, 291, 1284-1289 (2001). A cancer which
is deficient in HR dependent DNA DSB repair 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 be 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
a/., Science, 291, 1284-1 289 (2001 )) and include the
components listed above. In some preferred
embodiments, the cancer cells may have a BRCA1 and/or
a BRCA2 deficient phenotype i.e. BRCA1 and/or BRCA2
activity is reduced or abolished in the cancer cells.
Cancer cells with this phenotype may be deficient in
BRCA1 and/or BRCA2, i.e. expression and/or activity of
BRCA1 and/or BRCA2 may be reduced or abolished in the
cancer cells, for example by means of mutation or
polymorphism in the encoding nucleic acid, or by means
of amplification, mutation or polymorphism in a gene
encoding a regulatory factor, for example the EMSY
gene which encodes a BRCA2 regulatory factor (Hughes-
Davies, et al., Cell, 115, 523-535) or by an
epigenetic mechanism such as gene promoter
methylation.BRCA1 and BRCA2 are known tumour
suppressors whose wild-type alleles are frequently
lost in tumours of heterozygous carriers (Jasin M.,
Oncogene, 21(58), 8981-93 (2002); Tutt, et a/., Trends
MoI Med., 8(12), 571-6, (2002)). The association of
BRCA1 and/or BRCA2 mutations with breast cancer is
well-characterised in the art (Radice, P.J., Exp CHn
Cancer Res., 21(3 Suppl), 9-12 (2002)). Amplification
of the EMSY gene, which encodes a BRCA2 binding
factor, is also known to be associated with breast and
ovarian cancer. Carriers of mutations in BRCA1 and/or
BRCA2 are also at elevated risk of cancer of the
ovary, prostate and pancreas. In some preferred
embodiments, the individual is heterozygous for one or
more variations, such as mutations and polymorphisms,
in BRCA1 and/or BRCA2 or a regulator thereof. The
detection of variation in BRCA1 and BRCA2 is
well-known in the art and is described, for 



example in EP 699 754, EP 705 903, Neuhausen, S.L. and
Ostrander, E.A., Genet. Test, 1, 75-83 (1992);
Janatova M., et al., Neoplasma, 50(4), 246-50 (2003).
Determination of amplification of the BRCA2 binding
factor EMSY is described in Hughes-Davies, etal.,
Cell, 115, 523-535). Mutations and polymorphisms
associated with cancer may be detected at the nucleic
acid level by detecting the presence of a variant
nucleic acid sequence or at the protein level by
detecting the presence of a variant (i.e. a mutant or
allelic variant) polypeptide. Definitions The term
"aromatic ring" is used herein in the conventional
sense to refer to a cyclic aromatic structure, that
is, a cyclic structure having delocalised p-electron
orbitals. The aromatic ring fused to the main core,
i.e. that formed by -A-B-, may bear further fused
aromatic rings (resulting in, e.g. naphthyl or
anthracenyl groups). The aromatic ring(s) may comprise
solely carbon atoms, or may comprise carbon atoms and
one or more heteroatoms, including but not limited to,
nitrogen, oxygen, and sulfur atoms. The aromatic
ring(s) preferably have five or six ring atoms. The
aromatic ring(s) may optionally be substituted. If a
substituent itself comprises an aryl group, this aryl
group is not considered to be a part of the aryl group
to which it is attached. For example, the group
biphenyl is considered herein to be a phenyl group (an
aryl group comprising a single aromatic ring)
substituted with a phenyl group. Similarly, the
groupbenzylphenyl is considered to be a phenyl group
(an aryl group comprising a single aromatic ring)
substituted with a benzyl group. In one group of
preferred embodiments, the aromatic group comprises a
single aromatic ring, which has five or six ring
atoms, which ring atoms are selected from carbon,
nitrogen, oxygen, and sulfur, and which ring is
optionally substituted. Examples of these groups
include, but are not limited to, benzene, pyrazine,
pyrrole, thiazole, isoxazole, and oxazole. 2- Pyrone
can also be considered to be an aromatic ring, but is
less preferred. If the aromatic ring has six atoms,
then preferably at least four, or even five or all, of
the ring atoms are carbon. The other ring atoms are
selected from nitrogen, oxygen and sulphur, with
nitrogen and oxygen being preferred. Suitable groups
include a ring with: no hetero atoms (benzene); one
nitrogen ring atom (pyridine); two nitrogen ring atoms
(pyrazine, pyrimidine and pyridazine); one oxygen ring
atom (pyrone); and one oxygen and one nitrogen ring
atom (oxazine). If the aromatic ring has five ring
atoms, then preferably at least three of the ring
atoms are carbon. The remaining ring atoms are
selected from nitrogen, oxygen and sulphur. Suitable
rings include a ring with: one nitrogen ring atom
(pyrrole); two nitrogen ring atoms (imidazole,
pyrazole); one oxygen ring atom (furan); one sulphur
ring atom (thiophene); one nitrogen and one sulphur
ring atom (isothiazole, thiazole); and one nitrogen
and one oxygen ring atom (isoxazole or oxazole). The
aromatic ring may bear one or more substituent groups
at any available ring position. These substituents are
selected from halo, nitro, hydroxy, ether, thiol,
thioether, amino, Ci-7 alkyl, C3-2Oheterocyclyl and
C5-2Oaryl. The aromatic ring may also bear one or more
substituent groups which together form a ring. In
particular these may be of formula -(CH 2)mor -0-(CH
2)P-O-, where m is 2, 3, 4 or 5 and p is 1, 2 or 3.
Spiro-fused rings: The term "spiro-fused rings" as
used herein pertains to a carbocyclic or heterocyclic
ring which is fused to the remainder of the molecule
at a single carbon atom. The ring itself may contain
only carbon ring atoms, and hence be a carbocyclic
ring, or may contain one or more heteroatoms and thus
be a heterocyclic ring. Examples of C5-7 carbocyclic
and heterocyclic rings are given
herein.Nitrogen-containing C5-7 heterocyclic ring: The
term "nitrogen-containing C5-7 heterocyclic ring" as
used herein, pertains to a C5-7 heterocyciylic ring,
as defined below with relation to 



heterocyclyl, having at least one nitrogen ring atom.
Alkyl: The term "alkyl" as used herein, pertains to a
monovalent moiety obtained by removing a hydrogen atom
from a carbon atom of a hydrocarbon compound having
from 1 to 20 carbon atoms (unless otherwise
specified), which may be aliphatic or alicyclic, and
which may be saturated or unsaturated (e.g. partially
unsaturated, fully unsaturated). Thus, the term
"alkyl" includes the sub-classes alkenyl, alkynyl,
cycloalkyl, cycloalkyenyl, cylcoalkynyl, etc.,
discussed below. In the context of alkyl groups, the
prefixes (e.g. C1-4, C1-7, C1-2O, C2-7, C3-7, etc.)
denote the number of carbon atoms, or range of number
of carbon atoms. For example, the term "C1-4 alkyl",
as used herein, pertains to an alkyl group having from
1 to 4 carbon atoms. Examples of groups of alkyl
groups include Ci-4 alkyl ("lower alkyl"), C1-7 alkyl,
and C1-20 alkyl. Note that the first prefix may vary
according to other limitations; for example, for
unsaturated alkyl groups, the first prefix must be at
least 2; for cyclic alkyl groups, the first prefix
must be at least 3; etc. Examples of (unsubstituted)
saturated alkyl groups include, but are not limited
to, methyl (C1), ethyl (C2), propyl (C3), butyl (C4) ,
pentyl (C5), hexyl (C6), heptyl (C7), octyl (C8) ,
nonyl (C9) , decyl (Ci 0), undecyl (Cn), dodecyl (C12)
, tridecyl (Ci 3) , tetradecyl (Ci 4) , pentadecyl (Ci
5) , and eicodecyl (C20) . Examples of (unsubstituted)
saturated linear alkyl groups include, but are not
limited to, methyl (C1), ethyl (C2) , n-propyl (C3) ,
n-butyl (C4) , n-pentyl (amyl) (C5) , n-hexyl (C6) ,
and nheptyl (C7) . Examples of (unsubstituted)
saturated branched alkyl groups include, but are not
limited to, iso-propyl (C3) , iso-butyl (C4),
sec-butyl (C4), tert-butyl (C4) , iso-pentyl (C5), and
neo-pentyl (C5). Alkenyl: The term "alkenyl", as used
herein, pertains to an alkyl group having one or more
carbon-carbon double bonds. Examples of alkenyl groups
include C2-4 alkenyl, C2-7 alkenyl, C2-20 alkenyl.
Examples of (unsubstituted) unsaturated alkenyl groups
include, but are not limited to,ethenyl (vinyl,
-CH=CH2) , 1-propenyl (-CH=CH-CH3) , 2-propenyl
(allyl, -CH-CH=CH2) , isopropenyl (1-methylvinyl,
-C(CH3)=CH2) , butenyl (C4) , pentenyl (C5), and
hexenyl (C6) . Alkynyl: The term "alkynyl", as used
herein, pertains to an alkyl group having one or more
carbon-carbon triple bonds. Examples of alkynyl groups
include C - alkynyl, C2- alkynyl, C2-2Oalkynyl.
Examples of (unsubstituted) unsaturated alkynyl groups
include, but are not limited to, ethynyl (ethinyl,
-CCH) and 2-propynyl (propargyl, -CH2-CCH).
Cycloalkyl: The term "cycloalkyl", as used herein,
pertains to an alkyl group which is also a cyclyl
group; that is, a monovalent moiety obtained by
removing a hydrogen atom from an alicyclic ring atom
of a carbocyclic ring of a carbocyclic compound, which
carbocyclic ring may be saturated or unsaturated (e.g.
partially unsaturated, fully unsaturated), which
moiety has from 3 to 20 carbon atoms (unless otherwise
specified), including from 3 to 20 ring atoms. Thus,
the term "cycloalkyl" includes the sub-classes
cycloalkenyl and cycloalkynyl. Preferably, each ring
has from 3 to 7 ring atoms. Examples of groups of
cycloalkyl groups include C3-20 cycloalkyl, C3.15
cycloalkyl, C3-10 cycioalkyl, C3-7 cycloalkyl.
Examples of cycloalkyl groups include, but are not
limited to, those derived from: saturated monocyclic
hydrocarbon compounds: cyclopropane (C3), cyclobutane
(C4), cyclopentane (C5), cyclohexane (C6) ,
cycloheptane (C7) , methylcyclopropane (C4) ,
dimethylcyclopropane (C5), methylcyclobutane (C5),
dimethylcyclobutane (C6) , methylcyclopentane (C6) ,
dimethylcyclopentane (C7), methylcyclohexane (C7) ,
dimethylcyclohexane (Ce), menthane (C10); 



unsaturated monocyclic hydrocarbon compounds:
cyclopropene (C3) , cyclobutene (C4) , cyclopentene
(C5) , cyclohexene (C6) , methylcyclopropene (C4) ,
dimethylcyclopropene (C5), methylcyclobutene (C5) ,
dimethylcyclobutene (C6), methylcyclopentene (C6),
dimethylcyclopentene (C7) , methylcyclohexene (C7) ,
dimethylcyclohexene (C8); saturated polycyclic
hydrocarbon compounds: thujane (C10) , carane (C10) ,
pinane (C10), bomane (C10) , norcarane (C7) ,
norpinane (C7), norbornane (C7) , adamantane (C10) ,
decalin (decahydronaphthalene) (C10) ; unsaturated
polycyclic hydrocarbon compounds: camphene (C10) ,
limonene (C10) , pinene (C10); polycyclic hydrocarbon
compounds having an aromatic ring: indene (C9), indane
(e.g., 2,3-dihydro-1H-indene) (C9), tetraline(
1,2,3,4-tetrahydronaphthalene) (C10) , acenaphthene
(C12) , fluorene (C13) , phenalene (C13) ,
acephenanthrene (C15), aceanthrene (Ci 6) ,
cholanthrene (C2o). Heterocyclyl: The term
"heterocyclyl", as used herein, pertains to a
monovalent moiety obtained by removing a hydrogen atom
from a ring atom of a heterocyclic compound, which
moiety has from 3 to 20 ring atoms (unless otherwise
specified), of which from 1 to 10 are ring
heteroatoms. Preferably, each ring has from 3 to 7
ring atoms, of which from 1 to 4 are ring heteroatoms.
In this context, the prefixes (e.g. C3-20, C3-7, C5-6,
etc.) denote the number of ring atoms, or range of
number of ring atoms, whether carbon atoms or
heteroatoms. For example, the term "C5.6heterocyclyl",
as used herein, pertains to a heterocyclyl group
having 5 or 6 ring atoms. Examples of groups of
heterocyclyl groups include C3-20 heterocyclyl, C5-20
heterocyclyl, C3-15 heterocyclyl, C5-15 heterocyclyl,
C3-12 heterocyclyl, C5-12 heterocyclyl, C3-10
heterocyclyl, C5-i o heterocyclyl, C3-7 heterocyclyl,
C5-7 heterocyclyl, and C5-6 heterocyclyl. Examples of
monocyclic heterocyclyl groups include, but are not
limited to, those derived from: N1: aziridine (C3),
azetidine (C4) , pyrrolidine (tetrahydropyrrole) (C5),
pyrroline (e.g., 3-pyrroline, 2,5-dihydropyrrole)
(C5), 2H-pyrrole or 3H-pyrrole (isopyrrole, isoazole)
(C5) , piperidine (C6), dihydropyridine (C6) ,
tetrahydropyridine (C6) , azepine (C7) ; O1: oxirane
(C3) , oxetane (C4) , oxolane (tetrahydrofuran) (C5),
oxole (dihydrofuran) (C5), oxane (tetrahydropyran)
(C6) , dihydropyran (C6) , pyran (C6) , oxepin (C7);
Si: thiirane (C3), thietane (C4) , thiolane
(tetrahydrothiophene) (C5) , thiane
(tetrahydrothiopyran) (C6) , thiepane (C7); O :
dioxolane (C ) , dioxane (C6) , and dioxepane (C7);
O3: trioxane (C6); N2: imidazolidine (C5),
pyrazolidine (diazolidine) (C5) , imidazoline (C5) ,
pyrazoline (dihydropyrazole) (C5), piperazine (C6);
N1O1: tetrahydrooxazole (C5), dihydrooxazole (C5) ,
tetrahydroisoxazole (C5) , dihydroisoxazole (C5),
morpholine (C6) , tetrahydrooxazine (C6) ,
dihydrooxazine (C6) , oxazine (C6); N1S1: thiazoline
(C5) , thiazolidine (C5), thiomorpholine (C6); N2O1:
oxadiazine (C6); O1S1: oxathiole (C5) and oxathiane
(thioxane) (C6); and, N1O1S1: oxathiazine (C6).
Examples of substituted (non-aromatic) monocyclic
heterocyclyl groups include those derived from
saccharides, in cyclic form, for example, furanoses
(C5), such as arabinofuranose, lyxofuranose,
ribofuranose, and xylofuranse, and pyranoses (C ) ,
such as allopyranose, altropyranose, glucopyranose,
mannopyranose, gulopyranose, idopyranose,
galactopyranose, and talopyranose. Spiro-C3-7
cycloalkyl or heterocyclyl: The term "spiro C3-
cycloalkyl or heterocyclyl" as used 



herein, refers to a C3-7 cycloalkyl or C3-7
heterocyclyl ring joined to another ring by a single
atom common to both rings. C5-2O aryl: The term "C5-2O
aryl" as used herein, pertains to a monovalent moiety
obtained by removing a hydrogen atom from an aromatic
ring atom of a C5-2Oaromatic compound, said compound
having one ring, or two or more rings (e.g., fused),
and having from 5 to 20 ring atoms, and wherein at
least one of said ring(s) is an aromatic ring.
Preferably, each ring has from 5 to 7 ring atoms. The
ring atoms may be all carbon atoms, as in "carboaryl
groups" in which case the group may conveniently be
referred to as a "C5-2Ocarboaryl" group. Examples of
C5-2O aryl groups which do not have ring heteroatoms
(i.e. C5-2O carboaryl groups) include, but are not
limited to, those derived from benzene (i.e. phenyl)
(C6) , naphthalene (C10) , anthracene (C14) ,
phenanthrene (C14) , and pyrene (C16) . Alternatively,
the ring atoms may include one or more heteroatoms,
including but not limited to oxygen, nitrogen, and
sulfur, as in "heteroaryl groups". In this case, the
group may conveniently be referred to as a "C5-20
heteroaryl" group, wherein "C5-20" denotes ring
atoms,whether carbon atoms or heteroatoms. Preferably,
each ring has from 5 to 7 ring atoms, of which from 0
to 4 are ring heteroatoms. Examples of C5-2Oheteroaryl
groups include, but are not limited to, C5 heteroaryl
groups derived from furan (oxole), thiophene (thiole),
pyrrole (azole), imidazole ( 1,3-diazole), pyrazole
(1,2-diazole), triazole, oxazole, isoxazole, thiazole,
isothiazole, oxadiazole, tetrazole and oxatriazole;
and C6 heteroaryl groups derived from isoxazine,
pyridine (azine), pyridazine (1,2-diazine), pyrimidine
( 1,3-diazine; e.g., cytosine, thymine, uracil),
pyrazine ( 1,4-diazine) and triazine. The heteroaryl
group may be bonded via a carbon or hetero ring atom.
Examples of C5-2O heteroaryl groups which comprise
fused rings, include, but are not limited to, C9
heteroaryl groups derived from benzofuran,
isobenzofuran, benzothiophene, indole, isoindole; C10
heteroaryl groups derived from quinoline,
isoquinoline, benzodiazine, pyridopyridine; C14
heteroaryl groups derived from acridine and xanthene.
The above alkyl, heterocyclyl, and aryl groups,
whether alone or part of another substituent, may
themselves optionally be substituted with one or more
groups selected from themselves and the additional
substituents listed below. Halo: -F, -Cl, -Br, and -I.
Hydroxy: -OH. Ether: -OR, wherein R is an ether
substituent, for example, a C1-7 alkyl group (also
referred to as a C1-Y aIkOXy group), a C3-2O
heterocyclyl group (also referred to as a C3-2O
heterocyclyloxy group), or a C5-20 aryl group (also
referred to as a Cd-2oaryloxy group), preferably a
C1-7 alkyl group. Nitro: -NO2. Cyaho (nitrile,
carbonitrile): -CN. Acyl (keto): -C(=O)R, wherein R is
an acyl substituent, for example, H, a C1 7 alkyl
group (also referred to as C1-7 alkylacyl or C1-7
alkanoyl), a C3-20 heterocyclyl group (also referred
to as C3-20 heterocyclylacyl), or a C5-2O aryl group
(also referred to as C5-20 arylacyl), preferably a
C1-7alkyl group. Examples of acyl groups include, but
are not limited to, -C(=O)CH 3 (acetyl), -C(=O)CH2CH3
(propionyl), -C(=O)C(CH 3)3 (butyryl), and -C(=O)Ph
(benzoyl, phenone). Carboxy (carboxylic acid): -COOH.
Ester (carboxylate, carboxylic acid ester,
oxycarbonyl): -C(=O)OR, wherein R is an ester
substituent, for example, a C1-7 alkyl group, a C3-2O
heterocyclyl group, or a C5-2O ar yl group, preferably
a Ci - alkyl group. Examples of ester groups include,
but are not limited to, -C(=O)OCH3, -C(=O)OCH 2CH3,
-C(=O)OC(CH3)3, and -C(=O)OPh. Amido (carbamoyl,
carbamyl, aminocarbonyl, carboxamide): -C(=O)NR 1R2,
wherein R1 and 



R2 are independently amino substituents, as defined
for amino groups. Examples of amido groups include,
but are not limited to, -C(O)NH 2, -C(=O)NHCH3,
-C(=O)N(CH 3)2, -C(=O)NHCH2CH3, and -C(=O)N(CH 2CH3)2,
as well as amido groups in which R1 and R2, together
with the nitrogen atom to which they are attached,
form a heterocyclic structure as in, for example,
piperidinocarbonyl, morpholinocarbonyl,
thiomorpholinocarbonyl, and piperazinylcarbonyl.
Amino: -NR1R2, wherein R1 and R2 are independently
amino substituents, for example, hydrogen, a C1-7
alkyl group (also referred to as C1-7 alkylamino or
di-C 1-7 alkylamino), a C3-20 heterocyclyl group, or a
C5-20 aryl group, preferably H or a C1-7 alkyl group,
or, in the case of a "cyclic" amino group, R1 and R2,
taken together with the nitrogen atom to which they
are attached, form a heterocyclic ring having from 4
to 8 ring atoms. Examples of amino groups include, but
are not limited to, -NH2, -NHCH3, -NHCH(CH3)2, -N(CH3
2, -N(CH2CH3)2, and -NHPh. Examples of cyclic amino
groups include, but are not limited to, aziridinyl,
azetidinyl, pyrrolidinyl, piperidino, piperazinyl,
perhydrodiazepinyl, morpholino, and thiomorpholino. In
particular, the cyclic amino groups may be substituted
on their ring by any of the substituents defined here,
for example carboxy, carboxylate and amido. Acylamido
(acylamino): -NR1C(=O)R2, wherein R1 is an amide
substituent, for example, hydrogen, a C1-7 alkyl
group, a C3-20 heterocyclyl group, or a C5-20 aryl
group, preferably H or a C1-7 alkyl group, most
preferably H, and R2 is an acyl substituent, for
example, a C1-7 alkyl group, a C3-20 heterocyclyl
group, or a C5-20 aryl group, preferably a C1-7 alkyl
group. Examples of acylamide groups include, but are
not limited to, -NHC(=O)CH 3 , -NHC(=O)CH2CH3, and
-NHC(=O)Ph. R1 and R2 may together form a cyclic
structure, as in, for example, succinimidyl,
maleimidyl, and phthalimidyl:succinimidyl maleimidyl
Ureido: -N(R 1)CONR 2R3 wherein R2 and R3 are
independently amino substituents, as defined for amino
groups, and R1 is a ureido substituent, for example,
hydrogen, a C1-7alkyl 5 group, a C^oheterocyclyl
group, or a C5-2oaryl group, preferably hydrogen or a
C1-7alkyl group. Examples of ureido groups include,
but are not limited to, -NHCONH 2, -NHCONHMe,
-NHCONHEt, -NHCONMe 2, -NHCONEt 2, -NMeCONH 2,
-NMeCONHMe, -NMeCONHEt, - NMeCONMe 2, -NMeCONEt 2 and
-NHCONHPh. IO Acyloxy (reverse ester): -0C(=0)R,
wherein R is an acyloxy substituent, for example, a
C1-7 alky! group, a C3 20 heterocyclyl group, or a
C5-20 aryl group, preferably a C1-7 alkyl group.
Examples of acyloxy groups include, but are not
limited to, -0C(=0)CH 3 (acetoxy), - OC(=O)CH 2CH3,
-OC(=O)C(CH 3)3, -OC(=O)Ph, -OC(=O)C 6H4F, and
-OC(=O)CH 2Ph. 15 Thiol : -SH. Thioether (sulfide):
-SR, wherein R is a thioether substituent, for
example, a C1-7 alkyl group (also referred to as a
C1-7 alkylthio group), a C3-20 heterocyclyl group, or
a C5-20 aryl group, preferably a C1-7 alkyl group.
Examples of C1-7 alkylthio groups include, but are not
limited to, >0 -SCH3 and -SCH2CH3. Sulfoxide
(sulfinyl): -S(=0)R, wherein R is a sulfoxide
substituent, for example, a C1-7 alkyl group, a C3-20
heterocyclyl group, or a C5-20 aryl group, preferably
a C1-7 alkyl group. Examples of sulfoxide groups
include, but are not limited to, -S(=0)CH 3 and
-S(=O)CH 2CH3. "5 Sulfonyl (sulfone): -S(=O) 2R,
wherein R is a sulfone substituent, for example, a
C1-7 alkyl group, a C3-20 heterocyclyl group, or a
C5-20 aryl group, preferably a C1-7 alkyl group.
Examples of sulfone groups include, but are not
limited to, -S(=O) 2CH3 (methanesulfonyl, mesyl),
-S(=O) 2CF3, -S(=O) 2CH2CH3, and
4-methylphenylsulfonyl (tosyl). 50 Thioamido
(thiocarbamyl): -C(=S)NR 1R2, wherein R1 and R2 are
independently amino 



substituents, as defined for amino groups. Examples of
amido groups include, but are not limited to, -C(=S)NH
2, -C(=S)NHCH 3, -C(=S)N(CH 3)2, and -C(=S)NHCH
2CH3.Sulfonamino: -NR1S(=O)2R, wherein R1 is an amino
substituent, as defined for amino groups, and R is a
sulfonamino substituent, for example, a C^alkyl group,
a C3-2oheterocyclyl group, or a C ^oaryl group,
preferably a Ci^alkyl group. Examples of sulfonamino
groups include, but are not limited to, -NHS(=O)2CH3,
-NHS(=O)2Ph and -N(CH3)S(=O)2C6H5. As mentioned above,
the groups that form the above listed substituent
groups, e.g. C1-7 alkyl, C3.20 heterocyclyl and C5-20
aryl, may themselves be substituted. Thus, the above
definitions cover substituent groups which are
substituted. Further Preferences The following
preferences can apply to each aspect of the present
invention, where applicable. In the present invention,
the fused aromatic ring(s) represented by -A-B-
preferably consist of solely carbon ring atoms, and
thus may be benzene, naphthalene, and is more
preferably benzene. As described above, these rings
may be substituted, but in some embodiments are
preferably unsubstituted. If the fused aromatic ring
represented by -A-B- bears a substituent group, it is
preferably attached to the atom which itself is
attached to the central ring b- to the carbon atom in
the central ring. Thus, if the fused aromatic ring is
a benzene ring, the preferred place of substitution is
shown in the formula below by * : which is usually
termed the 5-position of the phthalazinone moiety. The
substituent is preferably an alkoxy, amino, halo or
hydroxy group, and more preferably a Ci-7 alkoxy group
(e.g. -OMe). If the substituent is a halo, it may also
be at the 6-, 7-, or 8-position of the phthalazinone
moiety, but is preferably at the 8-position. The halo
is preferably chloro or fluoro and more preferably
fluoro.Preferably, D is selected from phenylene,
fluoro-phenylene, pyridylene, fluro-pyrdiylene,
furanylene and thiophenylene. More preferably D is
selected from: Most preferably D is selected from:
Most preferably D is: Preferably X is selected from a
single bond, NRNZ and CRC3RC4 and Y is CRCC 11DRCC 22.
In some embodiments, X is NRNZ. In these embodiments,
RC1 and RC2 are preferably H and it is further
preferred that RN2 is H. In other embodiments, X is
CR03R04. In these embodiments, R0 1 and RC2 are
preferably H and it is further preferred that R03 and
R04 are H. In some embodiments, X is preferably a
single bond, such that RD is a five-membered ring. In
these compounds it may be preferred that at least one
of RN1, R0 1 and RC2 is not hydrogen. In some of these
preferred compounds, only one of RN1, R0 1 and R02 is
not hydrogen. In others of these preferred compounds,
two or three of RN1, R0 1 and R02 is not hydrogen.
Preferred groups for R0 1 or RC2 include, but are not
limited to, Ci-4 alkyl, which are preferably
unsubstituted, e.g. methyl, ethyl, propyl, with methyl
being preferred in some compounds. When RN1 is not
hydrogen, RC1 may be preferably methyl, with R02 being
preferably selected from H and methyl, more preferably
methyl.When RN1 is hydrogen, it may be preferred that
RC2 is also hydrogen, and that RC1 is C1-4 alkyl (e.g.
methyl), preferably substituted at its terminus with a
carboxy or amido group. The amino substituents of the
amido group, together with the N atom to which they
are attached, are preferably cyclic. The cyclic part
of the amido group is preferably a C5-7 nitrogen
containing heterocyclic group, for example,
pyrrolindinyl, piperazinyl, homopiperazinyl,
piperidinyl, morphoiino, all of which may be further
substituted, as described above. In 



particular, substituent groups may include, but are
not limited to, hydroxyl, substituted and
unsubstituted C1-4 alkyl (e.g. methyl, hydroxymethyl,
methoxy-ethyl, dimethylamino-ethyl) and C5-7
heterocyclyl (e.g. N-piperidinyl, morphoiino).
Preferred groups for RN1 include, but are not limited
to, C1-4 alkyl (e.g. methyl), preferably substituted
at its terminus with a carboxy or amido group, and
additionally an ester group. The amino substituents of
the amido group, together with the N atom to which
they are attached, are preferably cyclic. The cyclic
part of the amido group is preferably a C5-7 nitrogen
containing heterocyclic group, for example,
pyrrolindinyl, piperazinyl, homopiperazinyl,
piperidinyl, morphoiino, all of which may be further
substituted, as described above. In particular,
substituent groups may include, but are not limited
to, hydroxyl, substituted and unsubstituted C1-4 alkyl
(e.g. methyl, hydroxymethyl, hydroxyethyl,
methoxy-ethyl, dimethylamino-ethyl) and C5-7
heterocyclyl (e.g. N-piperidinyl, morphoiino). Where
appropriate, the above preferences may be taken in
combination with each other. In some embodiments, Y is
NRN3, and these embodiments X is preferably C=O. In
these embodiments, RN1 and RN2 are preferably selected
from H, and C1-4 alkyl, and are both more preferably
H. Includes Other Forms Included in the above are the
well known ionic, salt, solvate, and protected forms
of these substituents. For example, a reference to
carboxylic acid (-COOH) also includes the anionic
(carboxylate) form (-COO ), a salt or solvate thereof,
as well as conventional protected forms. Similarly, a
reference to an amino group includes the protonated
form (-N+HR1R2), a salt or solvate of the amino group,
for example, a hydrochloride salt, as well as
conventional protected forms of an amino group.
Similarly, a reference to a hydroxyl group also
includes the anionic form (-0 ) , a salt or solvate
thereof, as well as conventional protected forms of a
hydroxyl group.Isomers, Salts, Solvates. Protected
Forms, and Prodrugs Certain compounds may exist in one
or more particular geometric, optical, enantiomeric,
diasterioisomeric, epimeric, stereoisomeric,
tautomeric, conformational, or anomeric forms,
including but not limited to, cis- and frans-forms; E-
and Z-forms; c-, t-, and r-forms; endoand exo-forms;
R-, S-, and meso-forms; D- and L-forms; d- and
/-forms; (+) and (-) forms; keto-, enol-, and
enolate-forms; syn- and anti-forms; synclinal- and
anticlinal-forms; a- and b- forms; axial and
equatorial forms; boat-, chair-, twist-, envelope-,
and halfchair-forms; and combinations thereof,
hereinafter collectively referred to as "isomers" (or
"isomeric forms"). If the compound is in crystalline
form, it may exist in a number of different
polymorphic forms. Note that, except as discussed
below for tautomeric forms, specifically excluded from
the term "isomers", as used herein, are structural (or
constitutional) isomers (i.e. isomers which differ in
the connections between atoms rather than merely by
the position of atoms in space). For example, a
reference to a methoxy group, -OCH3, is not to be
construed as a reference to its structural isomer, a
hydroxymethyl group, -CH2OH. Similarly, a reference to
ortho-chlorophenyl is not to be construed as a
reference to its structural isomer, metachlorophenyl.
However, a reference to a class of structures may well
include structurally isomeric forms falling within
that class (e.g., C1-7 alkyl includes -propyl and
/so-propyl; butyl includes n-, iso-, sec-, and
te/f-butyl; methoxyphenyl includes ortho-, meta-, and
paramethoxyphenyl). The above exclusion does not
pertain to tautomeric forms, for example, keto-,
enol-, and enolate-forms, as in, for example, the
following tautomeric pairs: keto/enol, imine/enamine,
amide/imino alcohol, amidine/amidine, nitroso/oxime,
thioketone/enethiol, N nitroso/hyroxyazo, and
nitro/aci-nitro. Particularly relevant to the present
invention is the tautomeric pair illustrated below:
Note that specifically included in the term "isomer"
are compounds with one or more isotopic 



substitutions. For example, H may be in any isotopic
form, including 1H, 2H (D), and 3H (T); Cmay be in any
isotopic form, including 12C, 13C, and 14C; O may be
in any isotopic form, including 16O and 18O; and the
like. Unless otherwise specified, a reference to a
particular compound includes all such isomeric forms,
including (wholly or partially) racemic and other
mixtures thereof. Methods for the preparation (e.g.
asymmetric synthesis) and separation (e.g. fractional
crystallisation and chromatographic means) of such
isomeric forms are either known in the art or are
readily obtained by adapting the methods taught
herein, or known methods, in a known manner. Unless
otherwise specified, a reference to a particular
compound also includes ionic, salt, solvate, and
protected forms of thereof, for example, as discussed
below, as well as its different polymorphic forms. It
may be convenient or desirable to prepare, purify,
and/or handle a corresponding salt of the active
compound, for example, a pharmaceutically-acceptable
salt. Examples of pharmaceutically acceptable salts
are discussed in Berge, et al., "Pharmaceutically
Acceptable Salts", J. Pharm. ScL, 66, 1-19 (1977). For
example, if the compound is anionic, or has a
functional group which may be anionic (e.g., -COOH may
be -COO ), then a salt may be formed with a suitable
cation. Examples of suitable inorganic cations
include, but are not limited to, alkali metal ions
such as Na+ and K+, alkaline earth cations such as
Ca2+ and Mg2+, and other cations such as Al3+.
Examples of suitable organic cations include, but are
not limited to, ammonium ion (i.e., NH4 +) and
substituted ammonium ions (e.g., NH3R+, NH2R2 +, NHR3
+, NR4 +) . Examples of some suitable substituted
ammonium ions are those derived from: ethylamine,
diethylamine, dicyclohexylamine, triethylamine,
butylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and
tromethamine, as well as amino acids, such as lysine
and arginine. An example of a common quaternary
ammonium ion is N(CH3 . If the compound is cationic,
or has a functional group which may be cationic (e.g.,
-NH2 may be -NH3 +) , then a salt may be formed with a
suitable anion. Examples of suitable inorganic anions
include, but are not limited to, those derived from
the following inorganic acids: hydrochloric,
hydrobromic, hydroiodic, sulfuric, sulfurous, nitric,
nitrous, phosphoric, and phosphorous. Examples of
suitable organic anions include, but are not limited
to, those derived from the following organic acids:
acetic, propionic, succinic, gycolic, stearic,
palmitic, lactic, malic, pamoic, tartaric, citric,
gluconic, ascorbic, maleic, hydroxymaleic,
phenylacetic,glutamic, aspartic, benzoic, cinnamic,
pyruvic, salicyclic, sulfanilic, 2-acetyoxybenzoic,
fumaric, toluenesulfonic, methanesulfonic,
ethanesulfonic, ethane disulfonic, oxalic, isethionic,
valeric, and gluconic. Examples of suitable polymeric
anions include, but are not limited to, those derived
from the following polymeric acids: tannic acid,
carboxymethy! cellulose. It may be convenient or
desirable to prepare, purify, and/or handle a
corresponding solvate of the active compound. The term
"solvate" is used herein in the conventional sense to
refer to a complex of solute (e.g. active compound,
salt of active compound) and solvent. If the solvent
is water, the solvate may be conveniently referred to
as a hydrate, for example, a mono-hydrate, a
di-hydrate, a tri-hydrate, etc. It may be convenient
or desirable to prepare, purify, and/or handle the
active compound in a chemically protected form. The
term "chemically protected form," as used herein,
pertains to 



a compound in which one or more reactive functional
groups are protected from undesirable chemical
reactions, that is, are in the form of a protected or
protecting group (also known as a masked or masking
group or a blocked or blocking group). By protecting a
reactive functional group, reactions involving other
unprotected reactive functional groups can be
performed, without affecting the protected group; the
protecting group may be removed, usually in a
subsequent step, without substantially affecting the
remainder of the molecule. See, for example,
"Protective Groups in Organic Synthesis" (T. Green and
P. Wuts; 3rd Edition; John Wiley and Sons, 1999). For
example, a hydroxy group may be protected as an ether
(-OR) or an ester (-OC(=O)R), for example, as: a
f-butyl ether; a benzyl, benzhydryl (diphenylmethyl),
or trityl (triphenylmethyl) ether; a trimethylsilyl or
f-butyldimethylsilyl ether; or an acetyl ester
(-OC(=O)CH3, -OAc). For example, an aldehyde or ketone
group may be protected as an acetal or ketal,
respectively, in which the carbonyl group (>C=O) is
converted to a diether (>C(OR)2), by reaction with,
for example, a primary alcohol. The aldehyde or ketone
group is readily regenerated by hydrolysis using a
large excess of water in the presence of acid. For
example, an amine group may be protected, for example,
as an amide or a urethane, for example, as: a methyl
amide (-NHCO-CH3) ; a benzyloxy amide (-NHCO-OCH2C6H5,
-NHCbz); as a t-butoxy amide (-NHCO-OC(CH3)3,
-NH-Boc); a 2-biphenyl-2-propoxy amide (-
NHCO-OC(CHs)2C6H4C6H5, -NH-Bpoc), as a
9-fluorenylmethoxy amide (-NH-Fmoc), as a
6-nitroveratryloxy amide (-NH-Nvoc), as a
2-trimethyisilylethyloxy amide (-NH-Teoc), as a
2,2,2-trichloroethyIoxy amide (-NH-Troc), as an
allyloxy amide (-NH-Alloc), as a 2(-
phenylsulphonyl)ethyloxy amide (-NH-Psec); or, in
suitable cases, as an L/-oxide (>NO"). For example, a
carboxylic acid group may be protected as an ester for
example, as: a C1-7 alkyl ester (e.g. a methyl ester;
a f-butyl ester); a Ci-7 haloalkyl ester (e.g. a C1-7
trihaloalkyl ester); a triC1-7 alkylsilyl-C 1-7 alkyl
ester; or a C5-2O aryl-C1-7 alkyl ester (e.g. a benzyl
ester; a nitrobenzyl ester); or as an amide, for
example, as a methyl amide. For example, a thiol group
may be protected as a thioether (-SR), for example,
as: a benzyl thioether; an acetamidomethyl ether
(-S-CH2NHC(=O)CH3) . It may be convenient or desirable
to prepare, purify, and/or handle the active compound
in the form of a prodrug. The term "prodrug", as used
herein, pertains to a compound which, when metabolised
(e.g. in vivo), yields the desired active compound.
Typically, the prodrug is inactive, or less active
than the active compound, but may provide advantageous
handling, administration, or metabolic properties. For
example, some prodrugs are esters of the active
compound (e.g. a physiologically acceptable
metabolically labile ester). During metabolism, the
ester group (-C(=O)OR) is cleaved to yield the active
drug. Such esters may be formed by esterification, for
example, of any of the carboxylic acid groups
(-C(=O)OH) in the parent compound, with, where
appropriate, prior protection of any other reactive
groups present in the parent compound, followed by
deprotection if required. Examples of such
metabolically labile esters include, but are not
limited to, those wherein R is Ci-2oalkyl (e.g. -Me,
-Et); C1-7 aminoalkyl (e.g. aminoethyl;
2-(/V,L/-diethyIamino)ethyl; 2-(4-morpholino)ethyl);
and acyloxy-C1-7 alkyl (e.g. acyloxymethyl;
acyloxyethyl; e.g. pivaloyloxymethyl; acetoxymethyl;
1-acetoxyethyl; 1-(1-
methoxy-1-methyl)ethyl-carbonxyloxyethyl;
1-(benzoyloxy)ethyl; isopropoxycarbonyloxymethyl;
1-isopropoxy-carbonyloxyethyl;
cyclohexyl-carbonyloxymethyl;
1-cycIohexyl-carbonyloxyethyl;
cyclohexyloxy-carbonyloxymethyl;
1-cyclohexyloxycarbonyloxyethyl;
(4-tetrahydropyranyloxy) carbonyloxymethyl; 1-(4-
tetrahydropyranyloxy)carbonyloxyethyl;
(4-tetrahydropyranyl)carbonyloxymethyl; and
1-(4-tetrahydropyranyl)carbonyloxyethyl). 



Further suitable prodrug forms include phosphonate and
glycolate salts. In particular, hydroxy groups (-OH),
can be made into phosphonate prodrugs by reaction with
chlorodibenzylphosphite, followed by hydrogenation, to
form a phosphonate group -OP(=O)(OH)2. Such a group
can be cleaved by phosphatase enzymes during
metabolism to yield the active drug with the hydroxy
group. Also, some prodrugs are activated enzymatically
to yield the active compound, or a compound which,
upon further chemical reaction, yields the active
compound. For example, the prodrug may be a sugar
derivative or other glycoside conjugate, or may be an
amino acid ester derivative. Acronyms For convenience,
many chemical moieties are represented using well
known abbreviations, including but not limited to,
methyl (Me), ethyl (Et), n-propyl (nPr), /so-propyl
(iPr), n-butyl (nBu), fert-butyl (tBu), n-hexyl
(nHex), cyclohexyl (cHex), phenyl (Ph), biphenyl
(biPh), benzyl (Bn), naphthyl (naph), methoxy (MeO),
ethoxy (EtO), benzoyl (Bz), and acetyl (Ac). For
convenience, many chemical compounds are represented
using well known abbreviations, including but not
limited to, methanol (MeOH), ethanol (EtOH),
iso-propanol (i- PrOH), methyl ethyl ketone (MEK),
ether or diethyl ether (Et2O), acetic acid (AcOH),
dichloromethane (methylene chloride, DCM),
trifluoroacetic acid (TFA), dimethylformamide (DMF),
tetrahydrofuran (THF), and dimethylsulfoxide (DMSO).
Synthesis Compounds of formula I of the present
invention: can be synthesized from a precursor of
formula 2: Formula 2 , where OProt represents a
protected hydroxy group. The various substituent
groups shown may be the same as defined for compounds
of formula I, or may be protected versions or
precursors of those defined groups, such that further
transformation is needed to reach thedesired compound.
The synthesis of the compounds of the invention can
proceed by removal of the hydroxy protecting group
followed by amide bond formation, using standard
techniques, e.g. base catalysation, HBTU coupling. The
compounds of formula 2 can be synthesized by coupling
a compound of formula 3 or formula 4: Formula 3
Formula 4 with a compound of formula 5 or 6
respectively: Formula 5 Formula 6 The urea bond
formation reaction is carried out under standard
conditions. Compounds of formulae 5 and 6 may be
synthesized according to known methods, and examples
are given below. The same applies to compounds of
formulae 3 and 4. Use The present invention provides
active compounds, specifically, active in inhibiting
the activity of PARP-1. The term "active" as used
herein, pertains to compounds which are capable of
inhibiting PARP-1 activity, and specifically includes
both compounds with intrinsic activity (drugs) as well
as prodrugs of such compounds, which prodrugs may
themselves exhibit little or no intrinsic activity.
One assay which may conveniently be used in order to
assess the PARP-1 inhibition offered by a particular
compound is described in the examples below. The
present invention further provides a method of
inhibiting the activity of PARP-1 in a cell,
comprising contacting said cell with an effective
amount of an active compound, preferably inthe form of
a pharmaceutically acceptable composition. Such a
method may be practised in vitro or in vivo. 



For example, a sample of cells may be grown in vitro
and an active compound brought into contact with said
cells, and the effect of the compound on those cells
observed. As examples of "effect", the amount of DNA
repair effected in a certain time may be determined.
Where the active compound is found to exert an
influence on the cells, this may be used as a
prognostic or diagnostic marker of the efficacy of the
compound in methods of treating a patient carrying
cells of the same cellular type. The term "treatment",
as used herein in the context of treating a condition,
pertains generally to treatment and therapy, whether
of a human or an animal (e.g. in veterinary
applications), in which some desired therapeutic
effect is achieved, for example, the inhibition of the
progress of the condition, and includes a reduction in
the rate of progress, a halt in the rate of progress,
amelioration of the condition, and cure of the
condition. Treatment as a prophylactic measure (i.e.
prophylaxis) is also included. The term "adjunct" as
used herein relates to the use of active compounds in
conjunction with known therapeutic means. Such means
include cytotoxic regimens of drugs and/or ionising
radiation as used in the treatment of different cancer
types. In particular, the active compounds are known
to potentiate the actions of a number of cancer
chemotherapy treatments, which include the
topoisomerase class of poisons and most of the known
alkylating agents used in treating cancer. Active
compounds may also be used as cell culture additives
to inhibit PARP, for example, in order to sensitize
cells to known chemotherapeutic agents or ionising
radiation treatments in vitro. Active compounds may
also be used as part of an in vitro assay, for
example, in order to determine whether a candidate
host is likely to benefit from treatment with the
compound in question. Administration The active
compound or pharmaceutical composition comprising the
active compound may be administered to a subject by
any convenient route of administration, whether
systemically/ peripherally or at the site of desired
action, including but not limited to, oral (e.g. by
ingestion); topical (including e.g. transdermal,
intranasal, ocular, buccal, and sublingual);pulmonary
(e.g. by inhalation or insufflation therapy using,
e.g. an aerosol, e.g. through mouth or nose); rectal;
vaginal; parenteral, for example, by injection,
including subcutaneous, intradermal, intramuscular,
intravenous, intraarterial, intracardiac, intrathecal,
intraspinal, intracapsular, subcapsular, intraorbital,
intraperitoneal, intratracheal, subcuticular,
intraarticular, subarachnoid, and intrasternal; by
implant of a depot, for example, subcutaneously or
intramuscularly. The subject may be a eukaryote, an
animal, a vertebrate animal, a mammal, a rodent (e.g.
a guinea pig, a hamster, a rat, a mouse), murine (e.g.
a mouse), canine (e.g. a dog), feline (e.g. a cat),
equine (e.g. a horse), a primate, simian (e.g. a
monkey or ape), a monkey (e.g. marmoset, baboon), an
ape (e.g. gorilla, chimpanzee, orangutang, gibbon), or
a human. Formulations While it is possible for the
active compound to be administered alone, it is
preferable to present it as a pharmaceutical
composition (e.g., formulation) comprising at least
one active compound, as defined above, together with
one or more pharmaceutically acceptable carriers,
adjuvants, excipients, diluents, fillers, buffers,
stabilisers, preservatives, lubricants, or other
materials well known to those skilled in the art and
optionally other therapeutic or prophylactic agents.
Thus, the present invention further provides
pharmaceutical compositions, as defined above, and
methods of making a pharmaceutical composition
comprising admixing at least one active compound, as
defined above, together with one or more
pharmaceutically acceptable 



carriers, excipients, buffers, adjuvants, stabilisers,
or other materials, as described herein. The term
"pharmaceutically acceptable" as used herein pertains
to compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical
judgement, suitable for use in contact with the
tissues of a subject (e.g. human) without excessive
toxicity, irritation, allergic response, or other
problem or complication, commensurate with a
reasonable benefit/risk ratio. Each carrier,
excipient, etc. must also be "acceptable" in the sense
of being compatible with the other ingredients of the
formulation. Suitable carriers, diluents, excipients,
etc. can be found in standard pharmaceutical texts.
See, for example, "Handbook of Pharmaceutical
Additives", 2nd Edition (eds. M. Ash and I. Ash), 2001
(Synapse Information Resources, Inc., Endicott, New
York, USA), "Remington's Pharmaceutical Sciences",
20th edition, pub.  ppincott, Williams & Wilkins,
2000; and "Handbook of Pharmaceutical Excipients", 2nd
edition, 1994.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 into association
the active compound with the carrier which constitutes
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.
Formulations may be in the form of liquids, solutions,
suspensions, emulsions, elixirs, syrups, tablets,
losenges, granules, powders, capsules, cachets, pills,
ampoules, suppositories, pessaries, ointments, gels,
pastes, creams, sprays, mists, foams, lotions, oils,
boluses, electuaries, or aerosols. 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 aqueous or
non-aqueous liquid; or as an oil-in-water liquid
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 cellulose); fillers or diluents
(e.g. lactose, microcrystalline cellulose, calcium
hydrogen phosphate); lubricants (e.g. magnesium
stearate, talc, silica); disintegrants (e.g. sodium
starch glycolate, cross-linked povidone, cross-linked
sodium carboxymethyl cellulose); surface-active or
dispersing or wetting agents (e.g., sodium lauryl
sulfate); and preservatives (e.g., methyl
p-hydroxybenzoate, propyl p-hydroxybenzoate, sorbic
acid). Molded tablets may be made by molding in a
suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. The tablets
may optionally be coated or scored and may be
formulated so as to provide slow or controlled release
of the active compound therein using, for example,
hydroxypropylmethyl cellulose in varying proportions
to provide the desired release profile. Tablets may
optionally be provided with an enteric coating, to
provide release in parts of the gut other than the
stomach. Formulations suitable for topical
administration (e.g. transdermal, intranasal, ocular,
buccal, and sublingual) may be formulated as an
ointment, cream, suspension, lotion, powder,solution,
past, gel, spray, aerosol, or oil. Alternatively, a
formulation may comprise a patch or a dressing such as
a bandage or adhesive plaster impregnated with active
compounds and optionally one or more excipients or
diluents. Formulations suitable for topical
administration in the mouth include losenges
comprising the active compound in a flavored basis,
usually sucrose and acacia ortragacanth; pastilles
comprising the active compound in an inert basis such
as gelatin and glycerin, or sucrose 



and acacia; and mouthwashes comprising the active
compound in a suitable liquid carrier. Formulations
suitable for topical administration to the eye also
include eye drops wherein the active compound is
dissolved or suspended in a suitable carrier,
especially an aqueous solvent for the active compound.
Formulations suitable for nasal administration,
wherein the carrier is a solid, include a coarse
powder having a particle size, for example, in the
range of about 20 to about 500 microns which is
administered in the manner in which snuff is taken,
i.e. by rapid inhalation through the nasal passage
from a container of the powder held close up to the
nose. Suitable formulations wherein the carrier is a
liquid for administration as, for example, nasal
spray, nasal drops, or by aerosol administration by
nebuliser, include aqueous or oily solutions of the
active compound. Formulations suitable for
administration by inhalation include those presented
as an aerosol spray from a pressurised pack, with the
use of a suitable propellant, such as
dichlorodifluoromethane, trichlorofluoromethane,
dichoro-tetrafluoroethane, carbon dioxide, or other
suitable gases. Formulations suitable for topical
administration via the skin include ointments, creams,
and emulsions. When formulated in an ointment, the
active compound may optionally be employed with either
a paraffinic or a water-miscible ointment base.
Alternatively, the active compounds may be formulated
in a cream with an oil-in-water cream base. If
desired, the aqueous phase of the cream base may
include, for example, at least about 30% w/w of a
polyhydric alcohol, i.e., an alcohol having two or
more hydroxyl groups such as propylene glycol,
butane-1 ,3-diol, mannitol, sorbitol, glycerol and
polyethylene glycol and mixtures thereof. The topical
formulations may desirably include a compound which
enhances absorption or penetration of the active
compound through the skin or other affected areas.
Examples of such dermal penetration enhancers include
dimethylsulfoxide and related analogues.When
formulated as a topical emulsion, the oily phase may
optionally comprise merely an emulsifier (otherwise
known as an emulgent), or it may comprises a mixture
of at least one emulsifier with a fat or an oil or
with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic
emulsifier which acts as a stabiliser. It is also
preferred to include both an oil and a fat. Together,
the emulsifier(s) with or without stabilisers) make up
the so-called emulsifying wax, and the wax together
with the oil and/or fat make up the socalled
emulsifying ointment base which forms the oily
dispersed phase of the cream formulations. Suitable
emulgents and emulsion stabilisers include Tween 60,
Span 80, cetostearyl alcohol, myristyl alcohol,
glyceryl monostearate and sodium lauryl sulphate. The
choice of suitable oils or fats for the formulation is
based on achieving the desired cosmetic properties,
since the solubility of the active compound in most
oils likely to be used in pharmaceutical emulsion
formulations may be very low. Thus the cream should
preferably be a non-greasy, nonstaining and washable
product with suitable consistency to avoid leakage
from tubes or other containers. Straight or branched
chain, mono- or dibasic alkyl esters such as
di-isoadipate, isocetyl stearate, propylene glycol
diester of coconut fatty acids, isopropyl myristate,
decyl oleate, isopropyl palmitate, butyl stearate,
2-ethylhexyl palmitate or a blend of branched chain
esters known as Crodamol CAP may be used, the last
three being preferred esters. These may be used alone
or in combination depending on the properties
required. Alternatively, high melting point lipids
such as white soft paraffin and/or liquid paraffin or
other mineral oils can be used. Formulations suitable
for rectal administration may be presented as a
suppository with a suitable base comprising, for
example, cocoa butter or a salicylate. 



Formulations suitable for vaginal administration may
be presented as pessaries, tampons, creams, gels,
pastes, foams or spray formulations containing in
addition to the active compound, such carriers as are
known in the art to be appropriate. Formulations
suitable for parenteral administration (e.g., by
injection, including cutaneous, subcutaneous,
intramuscular, intravenous and intradermal), include
aqueous and non aqueous isotonic, pyrogen-free,
sterile injection solutions which may 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 orother
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 mg/ml, for example from about 10 ng/ml to
about 1 mg/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 injections, immediately prior to
use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders,
granules, and tablets. Formulations may be in the form
of liposomes or other microparticulate systems which
are designed to target the active compound to blood
components or one or more organs. Dosage It will be
appreciated that appropriate dosages of the active
compounds, and compositions comprising the active
compounds, can vary from patient to patient.
Determining the optimal dosage will generally involve
the balancing of the level of therapeutic benefit
against any risk or deleterious side effects of the
treatments of the present invention. The selected
dosage level will depend on a variety of factors
including, but not limited to, the activity of the
particular compound, the route of administration, the
time of administration, the rate of excretion of the
compound, the duration of the treatment, other drugs,
compounds, and/or materials used in combination, and
the age, sex, weight, condition, general health, and
prior medical history of the patient. The amount of
compound and route of administration will ultimately
be at the discretion of the physician, although
generally the dosage will be to achieve local
concentrations at the site of action which achieve the
desired effect without causing substantial harmful or
deleterious side-effects. Administration in vivo can
be effected in one dose, continuously or
intermittently (e.g., in divided doses at appropriate
intervals) throughout the course of treatment. Methods
of determining the most effective means and dosage of
administration are well known to those of skill in the
art and will vary with the formulation used for
therapy, the purpose of the therapy, the target cell
being treated, and the subject being treated. Single
or multiple administrations can be carried out with
the dose level and pattern being selected by the
treating physician. In general, a suitable dose of the
active compound is in the range of about 100 mg to
about 250 mg per kilogram body weight of the subject
per day. Where the active compound is asalt, 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. Examples General Experimental Methods
Preparative HPLC Samples were purified with a Waters
mass-directed purification system utilising a Waters
600 LC pump, Genesis AQ 120A 4m 500mm x 4.6 mm column
and Micromass ZQ mass 



spectrometer, operating in positive ion electrospray
ionisation mode. Mobile phases A (0.1% formic acid in
water) and B (0.1 % formic acid in acetonitrile) were
used in a gradient: Flow rate: 2.0 ml/min Analytical
HPLC-MS Analytical HPLC was typically carried out with
a Spectra System P4000 pump and Jones Genesis C18
column (4 mm, 50 mm x 4.6 mm). Mobile phases A (0.1 %
formic acid in water) and B (0.1% formic acid in
acetonitrile) were used in a gradient as described
below. Detection was by a TSP UV 6000LP detector at
254 nm UV and range 210-600 nm PDA. The Mass
spectrometer was a Waters ZMD LC-MS system No. LD352
operating in electrospray ionization mode. Flow rate:
1.0 ml/min NMR 1H NMR and 13C NMR were typically
recorded using Bruker DPX 300 spectrometer at 300MHz
and 75 MHz respectively. Chemical shifts were reported
in parts per million (ppm) on the d scale relative to
tetramethylsilane internal standard. Unless stated
otherwise all samples were dissolved in DMSOd 6.
Example 1 5 , where Xis a single bond or NH Compound 1
was sythesised as described in Example 23, of WO
03/093261, which is incorporated herein by reference.
(a)
4-(4-Fluoro-3-isocyanato-benzyl)-2H-phthalazin-1-one
(2) To a suspension of
4-(3-amino-4-fluoro-benzyl)-2H-phthalazin-1-one
(1)(4.0g, 14.8mmol) in anhydrous DCM (1.6L) and
triethylamine (4.62mL, 40.86mmol), was added a
dropwise preformed solution of triphosgene (2.75g,
9.28mmol) in anhydrous DCM (327mL) and stirred for 70
minutes and room temperature. The reaction mixture was
then concentrated to dryness in vacuo yielding a grey
solid. Single peak in LC-MS analysis, (yield taken to
be quantitative) no purification performed, m/z
(LC-MS, ESP), RT=4.49mins, (M+MeOH) 328.0. (b)
{3-[2-Fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethy
l)-phenyl]-ureido}-Amino ethyl ester (4) To a solution
of appropriate amino ester (3)(0.026g, 0.17mmol) in
anhydrous DCM (16.7mL) was added triethyl amine (24mL,
0.170mmol) and
4-(4-fluoro-3-isocyanato-benzyl)-2Hphthalazin- 1-one
(2)(0.05g, 0.17mmol). The reaction mixture was stirred
for 2 hours and then washed with water (2x 15mL) and
dried over MgSO4 filtered and concentrated to afford
the corresponding ureido ester. The corresponding
ureido esters were used without need for
purification.(c)
3-[2-Fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl
)-phenyl]- substituted imidazolidine-2,4-dione (5) (i)
Base catalyzed method (5a-5e, 5g-5i) To the
appropriate
{3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethy
l)-phenyl]-ureido ester (4)(0.065mmol) in anhydrous
dimethylacetimide (0.5mL) was added, sodium hydroxide
(2.6mg, 0.065mmsl) and heated to 50C for 30 minutes.
The reaction mixture was then diluted with DCM (2mL)
and washed with brine (2.5ml). The crude samples were
submitted for preparative HPLC. (ii) HBTU coupling
method (5f, 5j) To
{3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1
-ylmethyl)-phenyl]-ureido ester (4)(0.065mmol) in
ethanol (0.5ml_) was added, sodium hydroxide (2.6mg,
0.065mmol) and stirred at room temperatyre for 30
minutes. The reaction mixture was then neutralized by
addition of hydrochloric acid (0.065mmol) and
concentrated to dryness in vacuo. The resulting solid
was then suspended in DCM (0.5mL) and treated with 



N'N'diisopropylethylamine (10.5mL, O.Obmmol) and
2-(1H-benzotriazole-1-yl)-1, 1,3,3- tetramethyluronium
hexafluorophosphate (0.024g, O.Odmmol). The reaction
mixture was stirred for 18 hours and then submitted
for preparative HPLC.DIAGNOSTIC KITS AND METHODS FOR
OESOPHAGEAL ABNORMALITIES Field of the Invention The
invention relates to methods for detection of
oesophageal abnormalities such as Barrett's oesophagus
and Barrett's associated dysplasia including
adenocarcinoma. Furthermore, the invention relates to
kits for sampling oesophageal cells and detecting
cellular markers associated with the above conditions.
Background to the Invention Oesophageal adenocarcinoma
is rapidly increasing and is preceded by a condition
called Barrett's oesophagus. Early diagnosis is
crucial to improving the appalling outcome (>80%
mortality at 5 years) from oesophageal adenocarcinoma.
Currently the majority of patients with Barrett's
oesophagus remain undiagnosed in the population.
Furthermore, of those that are diagnosed it is not
currently possible to accurately predict the small
proportion (1% per year) that will progress to cancer.
It has been suggested that endoscopic screening should
be performed to detect those at risk for Barrett's
oesophagus - for example endoscopy for males over 50
yrs with chronic heartburn symptoms. This is too
costly and demanding on service resources. Endoscopy
is a very invasive technique. Patients need to be
sedated and have local anaesthetic. Endoscopy requires
a trained endoscopist accompanied by two nurses.
Furthermore, endoscopic biopsies need to be processed
in a laboratory for analysis, which requires an
experienced histologist to examine the sections. Thus
it can be appreciated that endoscopy causes patient
discomfort, and is extremely expensive in terms of the
equipment and the resources and staffing levels needed
to carry out the procedures. Endoscopy carries a 1 in
10,000 risk of death and a 1 in 1,000 risk of
complication such as bleeding or perforation. Although
this may appear statistically low, the complications
are particularly dangerous. One complication can be
oesophagealbleeding from the sites of the biopsies.
This bleeding can be so severe as to require
transfusion and so represents a serious risk to the
individual being examined. The second risk from
endoscopic biopsy is a risk of perforation of the
oesophagus. If this occurs, the patient is likely to
proceed immediately into theatre for oesophageal
surgery. This is very serious, not only due to
requiring a general anaesthetic but also due to the
severity of surgical procedures on the oesophagus.
Even if endoscopy proceeds without either of these
dangerous complications, the patient requires time to
recover. Even to have the procedure will require a day
off work for the patient. The gold standard in
diagnosing oesophageal adenocarcinoma or indeed
dysplasia which can lead to the same is by extraction
of a deep cell sample preserving the cellular
architecture. As noted above, this is performed by
endoscopy. In order to assess dysplasia, the
histologist must look at the whole section and score
it on a number of factors. These factors include
nuclear crowding and a range of morphological
characteristics across the whole depth of the tissue.
One criterion is that the dysplasia must extend to the
surface of the tissue sample, and so a full depth
section is needed in order to assess whether this has
occurred. Once tissue architecture has been lost,
cytologists generally cannot tell which cells are
columnar, which represent Barrett's or which are
dysplastic. Furthermore, if inflammatory cells are
present such as lymphocytes, when tissue architecture
has been lost there is no positional information to
give a clue as to whether such cells have migrated to
a site 



important for assessment of dysplasia, or whether they
have been collected from some other minor injury for
example created by swallowing a bone or other sharp
object in a foodstuff. Thus, an intact tissue
architecture is generally regarded as essential for
the accurate assessment of a patient's condition. An
alternative technique has been to collect endoscopic
brushings. This involves all of the risks outlined
above concerning endoscopic collection of biopsies.
Although endoscopic brushing has the advantage that
the sample collection can be directed to the site of
Barrett's oesophagus, the amount of cellular material
obtained is very small. The endoscopic brash head is
constrained in size since it must fit down the
endoscope channel. Furthermore, it requires a skilled
operator even to perform endoscopicbrushing. The
tolerances for correctly performing the brushing are
extremely narrow. If the brushing is too vigorous,
then reticulocyte contamination can obscure meaningful
analysis of the sample. However, if the brushing is
too light then insufficient cellular material can be
collected for a meaningful analysis. Thus, the skills
required to complete a satisfactory endoscopic
brushing are even rarer than those required of an
endoscopist. When employing endoscopic biopsies,
approximately 4-20 biopsies are collected for analysis
in any one procedure. Despite this number of biopsies,
still only approximately 1% of the surface area of the
oesophagus is sampled in this procedure. Moreover, if
the site of the dysplasia within the Barrett's
oesophagus is spatially missed during the sampling
procedure, then a false negative result could easily
be achieved. This is clearly a significant risk factor
for the patient being assessed. Emerging technologies
such as camera capsules have been considered for
assessment or surveillance of Barrett's oesophagus.
Camera capsules are small pill sized objects which are
capable of collecting images as they pass through the
alimentary canal. However, the capsules pass very
quickly through the oesophagus and so the opportunity
to collect images during passage through the
oesophagus is very limited. Furthermore, the camera
capsules are unidirectional. Therefore, as they tumble
and turn on their way down the oesophagus, they can
only sample a very narrow strip of tissue on the
inside of the oesophagus. Furthermore, this sampling
is effectively random as it is determined by the
tumbling motion of the camera on its journey through
the oesophagus. Thus, if the camera happens to be
pointing away from the Barrett's oesophagus as it
travels though the patient, then it will not be
possible to collect any meaningful information for
that patient. This again can lead to false negative
diagnosis. Furthermore, no sample collection is
possible with this approach. Another further
development is the use of nasal endoscopy. This is a
miniaturised form of endoscope which can be conducted
through the patient's nasal passages, rather than
requiring the more invasive buccal entry endoscope.
However, nasal endoscopy is of such reduced size that
sample collection is not possible. Thus, no biopsies
orbrushings can be collected, and the technique is
limited to observation only. This is clearly
unsatisfactory in producing a robust diagnosis.
Another development has been the use of 'cytomesh'
produced by Boston Scientific Inc, the Brandt balloon,
and the 'Cell-Mate' sponge of US4,735,214. However,
each of these approaches employs the use of rod-like
delivery devices. These resemble rigid endoscopy and
are potentially even more awkward than current
flexible endoscopy techniques. The devices are
difficult or impossible to swallow. The devices often
have to be forcibly introduced into the subject and
thus cause considerable discomfort or distress, as
well as technical problems such as fouling on the
windpipe. Thus, these are expensive and require
technical expertise comparable to endoscopy in order
to carry them out. 



The present invention seeks to overcome problems
associated with the prior art. Summary of the
Invention The invention is based on the suiprising
finding that surface sampling of the oesophagus
combined with cytological analysis can lead to a very
robust method for diagnosing and grading oesophageal
lesions such as Barrett's oesophagus, dysplasia or
indeed adenocarcinoma. The view in the art is that
tissue architecture needs to be preserved in order to
have a meaningful diagnosis. However, the present
inventors have surprisingly shown that sampling cells
from the surface of the oesophagus and analysing them
cytologically, for example for markers of
proliferation, can provide a very specific and
sensitive technique for diagnosing and/or grading
oesophageal abnormalities. In particular, the
invention provides the use of a swallowable abrasive
sampling device which is introduced into the patient
without the need for sedation or anaesthetic, and is
withdrawn bringing with it a sample of the surface
cells of the oesophagus. From an understanding of the
prior art, this would have been thought unworkable for
several reasons. Firstly, a small Barrett's oesophagus
lesion occupies only about 1-2 cm of a40cm oesophagus.
Thus, the expectation would be that 95-98% of the
cells or even more would be squamous cells from the
oesophagus, and only a few percent of the total cell
sample retrieved could be expected to represent a
sampling of the Barrett's oesophagus. However, the
present inventors have surprisingly found that surface
dysplastic cells of Barrett's oesophagus can slough
off the lesion more easily than the squamous cells can
slough off the intact oesophagus surface. Therefore,
the methods of the present invention provide an
inherent bias towards the productive sampling of the
oesophageal lesion. Secondly, the prior art teaches
the importance of the tissue architecture in a
meaningful readout of diagnosis. Therefore, it is not
expected that a mere sampling of the surface cells of
the oesophagus can provide a diagnostically useful
cell sample. However, the present inventors have
surprisingly found that in fact a surface sample of
oesophageal tissue, if analysed according to the
methods of the present invention, can provide the
necessary information for a robust, sensitive,
specific and reliable diagnosis. Thirdly, prior art
techniques involve morphological analysis of biopsies
or collected cell material. Changes in cell shape and
comparisons with unaffected cell morphology are
required. By contrast, it is unexpectedly shown by the
present inventors that an absolute readout ie. finding
a particular molecular marker in a surface sample of
the oesophagus can be indicative of particular
disorders, without the need to relate the findings to
the neighbouring cells, which would of course require
intact tissue structure and cannot be performed by a
population cell sampling technique. Fourth, when
assessing dysplasia in the art, a whole section has to
be assessed. There are many histological criteria
which are applied such as nuclear crowding, depth of
tissue etc., and extension of the lesion to the
internal surface of the oesophagus is only one among
many criteria which must be met before pronouncing a
diagnosis of dysplasia. Many attempts have been made
in the art to base a diagnostic method for Barrett's
abnormalities on cytology, but they have failed. It is
therefore unexpected that the present inventors have
been able to design a scheme based on surface cell
sampling in combination with molecular marker
detection which provides a reliable tool for aiding
diagnosis of Barrett's and related abnormalities.
Fifth, the sampling techniques of the present
invention are performed 'blind' in that no visual
inspection takes place. In other words, sample
collection is not directed to a particular part of the
oesophagus. This is a departure from the prior art
techniques which are alldirected by the operator to
the visible area(s) of Barrett's on the inner surface
of the oesophagus. 



Thus, the present invention is based upon a novel
surface sampling approach to the diagnosis of
Barrett's oesophagus. In particular, the invention is
based upon the molecular cytological analysis of
marker expression in surface sampled cells. By
contrast, the prior art has been mainly concerned with
histological analysis involving observation of cells
at different layers within a tissue section. By
advantageously combining cellular marker analysis with
the surface sampling technique, the need for risky,
invasive and often distressing prior art techniques
such as endoscopic biopsy can be advantageously
avoided. Thus in a broad aspect the invention relates
to the application of molecular biomarkers to material
collected from a non-endoscopic sampling device in the
diagnosis of Barrett's and Barrett's associated
dysplasia including adenocarcinoma. Thus, in one
aspect the invention provides a method for aiding the
diagnosis of Barrett's oesophagus or Barrett's
associated dysplasia in a subject, said method
comprising sampling the cellular surface of the
oesophagus of said subject, and assaying the cells for
a non-squamous cellular marker, wherein detection of
such a marker indicates increased likelihood of the
presence of Barrett's or Barrett's associated
dysplasia. Preferably said sampling is not directed to
a particular site within the oesophagus. Preferably
only the surface of the oesophagus is sampled. This
has the advantage of avoiding more invasive sampling
techniques such as biopsy collection techniques which
penetrate below the surface of the oesophagus. In
another aspect, the invention provides a method for
aiding the diagnosis of Barrett's oesophagus or
Barrett's associated dysplasia comprising assaying
cells from the surface of a subject's oesophagus for a
non-squamous cellular marker, wherein detection of
such a marker indicates increased likelihood of the
presence of Barrett's orBarrett's associated
dysplasia. In this embodiment, preferably the actual
sampling of the cells is not part of the method of the
invention. Preferably the method of the invention is
conducted in vitro. Preferably the non-squamous
cellular marker is a marker of cellular proliferation.
Preferably the non-squamous cellular marker is a
marker of columnar cells. Preferably the marker is
selected from the group consisting of brush border
proteins such as villin or moesin, mucin genes, brush
border enzymes such as alkaline phosphatase, homeobox
genes such as Cdxl and/or Cdx2, cytokeratins such as
CK8/18 for columnar cells, or any marker known to be
differentially expressed in Barrett's versus normal
oesophageal surface cells. Preferably the marker is
selected from the group consisting of proliferation
markers such as Ki67 and Mem proteins, proliferation
and DNA damage markers such as PCNA, cyclins such as
cyclin D and/or cyclin A, abnormal p53, loss of p l ,
aneuploidy or any marker known to correlate with the
degree of dysplasia. More preferably the marker is
Mcm2 or Cyclin A. Preferably the marker is Cyclin A.
Even more preferably both Mcm2 and Cyclin A are
assayed. In another aspect, the invention provides a
method as described above wherein sampling the
cellular surface of the oesophagus comprises the steps
of (i) introducing a swallowable device comprising
abrasive material capable of collecting cells from the
surface of the oesophagus into the subject, (ii)
retrieving said device by withdrawal through the
oesophagus, and (iii) collecting the cells from the
device. Preferably step (i) comprises introducing a
swallowable device comprising abrasive material
capable of collecting cells from the surface of the
oesophagus into the 



subject's stomach.In another aspect, the invention
provides a method as described above further
comprising analysing the chromosomal composition of
the cells, wherein detection of abnormal karyotype
indicates an increased likelihood of dysplasia. In
another aspect, the invention provides a method as
described above further comprising analysing the p53
status of the cells, wherein detection of abnormal p53
status indicates an increased likelihood of dysplasia.
In another aspect, the invention provides a kit
comprising a swallowable device comprising abrasive
material capable of collecting cells from the surface
of the oesophagus, together with printed instructions
for its use in detection of Barrett's oesophagus or
Barrett's associated dysplasia. In another aspect, the
invention provides a kit as described above further
comprising a local anaesthetic. Preferably said local
anaesthetic is a spray or lozenge, preferably a spray.
In another aspect, the invention provides a kit as
described above further comprising a container for
receiving said swallowable device after withdrawal,
said container having a quantity of preservative fluid
therein. Preferably the container is a watertight
container. Preferably the preservative fluid is a cell
preparation fluid. Preferably said fluid is thin
preparation fluid for production of slides for
examination of the sampled cells. In another aspect,
the invention provides a kit as described above
wherein said device comprises a capsule sponge. In
another aspect, the invention provides a kit as
described above wherein said swallowable device
comprises withdrawal means such as string.In another
aspect, the invention provides a kit as described
above further comprising a device for severing said
withdrawal means. Preferably said device comprises a
blade or scissors. In another aspect, the invention
provides a kit as described above further comprising a
container for administering drinkable fluid, such as
water, to the subject. In another aspect, the
invention provides a kit as described above further
comprising gloves. These advantageously protect the
sample from contamination upon withdrawal of the
device. In another aspect, the invention provides a
kit comprising a swallowable device comprising
abrasive material capable of collecting cells from the
surface of the oesophagus, together with printed
instructions for its use in detection of Barrett's
oesophagus or Barrett's associated dysplasia.
Preferably said device comprises a capsule sponge.
Preferably said kit further comprises reagent for use
in the detection of a nonsquamous cellular marker.
Preferably said non-squamous cellular marker is a
marker of cellular proliferation. Preferably the
non-squamous cellular marker is a marker of columnar
cells. In another aspect, the invention provides a kit
as described above further comprising reagents for use
in the detection of at least one marker selected from
the group consisting of brush border proteins such as
villin or moesin, mucin genes, brush border enzymes
such as alkaline phosphatase, homeobox genes such as
Cdxl and/or Cdx2, cytokeratins such as CK8/18 for
columnar cells, or any marker known to be
differentially expressed in Barrett's versus normal
oesophageal surface cells. In another aspect, the
invention provides a kit as described above further
comprising reagents for use in the detection of at
least one marker selected from the group consisting of
proliferation markers such as Ki67 and Mem proteins,
proliferation andDNA damage markers such as PCNA,
cyclins such as cyclin D and/or cyclin A, 



abnormal p53, loss of p i 6, aneuploidy or any marker
known to correlate with the degree of dysplasia.
Preferably said marker is Cyclin A. Preferably said
marker is a lectin. In another aspect, the invention
provides a kit further comprising a watertight
container and preservative fluid. Preferably said
fluid is for liquid based cytology, preferably said
fluid is commercially available thin preparation fluid
for production of slides for examination of the
sampled cells. In another aspect, the invention
provides a kit as described above further comprising a
local anaesthetic spray or lozenge. In another aspect,
the invention provides use of a capsule sponge in the
diagnosis of Barrett's oesophagus or Barrett's
associated dysplasia. Barrett's Oesophagus and
Dysplasia Barrett's oesophagus can occur without
dysplasia. Approximately 1% of patients with Barrett's
oesophagus will develop dysplasia each year. At any
given time, approximately 20% of patients with
Barrett's oesophagus will have dysplasia. Cancer such
as adenocarcinoma develops from dysplasia and is
regarded as one extreme form of dysplasia, even though
pathologically the conditions clearly differ. The
present invention is concerned with the detection and
diagnosis of these disorders and as such
adenocarcinoma is regarded as one extreme form of
dysplasia, and its detection and diagnosis forms a
part of the present invention as discussed herein.
Thus it can be appreciated that the invention is
concerned with detection and diagnosis of a single
progressive disease state that has recognisable
discrete stages. These stages comprise Barrett's
oesophagus, Barrett's oesophagus associated dysplasia
including adenocarcinoma, which arises therefrom.The
normal state of the cells in the oesophagus is that of
squamous epithelium. In Barrett's oesophagus, these
cells take on the characterisics of columnar
epithelium and undergo further changes as they
progress through the disease states outlined above.
Thus, non-squamous cells in the oesophagus are
abnormal and correlate with Barrett's oesophagus and
potentially with dysplasia and more serious
abnormalities as discussed herein. Consistent with the
failures in the prior art, the present inventors have
shown that cytological (ie. morphological) diagnosis
of oesophageal brushings did not correlate well with
the pathological diagnosis and that cytology alone is
not a good enough diagnostic test for oesophageal
malignancies. Surface Sampling and Techniques In a
preferred embodiment, the invention involves the
sampling of the cells from the surface of the
oesophagus using a swallowable abrasive material,
which material is retrieved from the patient and from
which the cells are subsequently separated for
analysis. Preferably substantially the entire surface
of the oesophagus is sampled, preferably the entire
surface. Prior art techniques focus on sampling from
within known or visible areas of Barrett's oesophagus.
The present invention advantageously provides for
sampling the whole internal surface of the oesophagus
ie. the complete inner lumen. By abrasive is meant
that the material is capable of removing cells from
the internal surface of the oesophagus. Clearly, since
this is meant for use in a subject's oesophagus,
'abrasive' must be interpreted in the light of the
application, hi the context of the present invention
the term 'abrasive' has the meaning given above, which
can be tested by passing the material through the
oesophagus in an appropriate amount/configuration and
examining it to determine whether cells have been
removed 



from the oesophagus.The material must be sufficiently
abrasive to sample any dysplastic cells present in the
oesophagus. Preferably the material is sufficiently
abrasive to sample any Barrett's or adenocarcinoma
cells present. In a most preferred embodiment,
preferably the material is sufficiently abrasive to be
capable of sampling the whole oesophagus ie. so that
some squamous cells are collected together with any
Barrett's and/or columnar and/or adenocarcinoma cells
which may be present. This is advantageous because
squamous cells are more difficult to remove than
dysplastic cells and so their sampling provides a
control to the operator such that if normal squamous
cells are removed by the material then the chances of
having not sampled the cells of interest such as
Barrett's or dysplastic cells (if present), which are
easier to remove than normal squamous cells, is
correspondingly small. Preferably the swallowable
abrasive material is expandable. In this embodiment,
preferably the abrasive material is of a smaller size
when swallowed than when withdrawn. An expandable
material may be simply a resilient material compressed
such that when released from compression it will
expand again back to a size approximating its
uncompressed size. Alternatively it may be a material
which expands eg. upon taking up aqueous fluid to a
final size exceeding its original size. hi other
words, preferably the material of the device expands,
swells, inflates or otherwise increases in size
between swallowing and withdrawal. Preferably the
device is auto-expandable ie. does not require further
intervention between swallowing and expansion.
Preferably the device is not inflatable. Preferably
the device expands by unfolding, unfurling, uncoiling
or otherwise growing in size following removal of
restraint after swallowing. Preferably the material of
the device is compressible and reverts a size
approximating its uncompressed size following
swallowing. Preferably the device is constructed from
a compressed material which is releasably restrained
in a compressed state. Preferably the material is
released from restraint after swallowing, allowing
expansion of the device/material before withdrawal.
Preferably the device comprises compressible material
which is compressed into capsule form. Preferably the
compressible material is in the form of sponge
material.Preferably the compressed sponge is at least
partially surrounded by a soluble and/or digestible
coat such as a capsule coat. Preferably the sponge is
indigestible. Preferably the capsule coat is at least
partially formed from gelatine. Preferably the capsule
coat is fully formed from gelatine. In one embodiment
it may be desirable to make the whole device out of
digestible material to increase safety in case of a
device becoming lost in the subject. Naturally the
abrasive material would need to be digested at a
slower rate than the capsule and the cord would need
to be similarly slowly digested. Preferably the
abrasive material is non-digestible. Preferably the
cord is non-digestible. Preferably the abrasive
material comprises polyurethane, preferably
polyurethane sponge. Preferably the device is a
capsule sponge. As will be apparent from the
specification, a capsule sponge is a device comprising
compressible sponge as the abrasive material, which
sponge is compressed into a capsule shape, which
capsule shaped compressed sponge is preferably
reversibly restrained in its compressed state by at
least a partial coat of soluble and/or digestible
material such as gelatine. Preferably the device is a
capsule sponge as supplied by Francois Venter at
Medical Research Council, South Africa. Preferably the
sample does not comprise endoscopically collected
material. Preferably the sample does not comprise
endoscopic biopsy. Preferably the sample does not 



comprise endoscopic brushings. Preferably the expanded
(eg. decompressed) abrasive material of the device is
approximately 3cm in the plane perpendicular to the
axis of the oesophagus. Preferably this is the
approximate diameter of the oesophageal lumen. More
preferably this is slightly larger than the diameter
of the oesophageal lumen, advantageously ensuring good
contact with the inner surface of same as
withdrawal/sampling takes place.It is a feature of the
invention that the sampling is not directed eg.
visually directed to any particular part of the
oesophagus. It is a further advantage of the invention
that a greater proportion of the surface of the
oesophagus is sampled than is achieved by prior art
techniques such as endoscopic biopsy (which samples
approximately 1% of the surface) or endoscopic
brushing. Preferably at least 10% of the oesophageal
surface is sampled, preferably at least 20%,
preferably at least 30%, preferably at least 40%,
preferably at least 50%, preferably at least 60 %,
preferably at least 70%, preferably at least 80%,
preferably at least 90%. hi a most preferred
embodiment, preferably substantially the entire
oesophagus is sampled, preferably the whole inner
lumen of the oesophagus is sampled. This applies
equally to the in vitro sample even when the method of
the invention does not include collection of the
sample. Screening and Surveillance Screening aspects
of the invention relate to the detection and/or
diagnosis of Barrett's oesophagus. Typically in
screening embodiments of the invention, the subjects
being examined, or from which the sample(s) are (or
were) obtained, are of unknown status for Barrett's.
Surveillance aspects of the invention relate to the
detection and/or diagnosis of dysplasia, including
adenocarcinoma. Although clearly dysplasia and
adenocarcinoma are pathologically different
conditions, adenocarcinoma can be regarded as one
extreme form of dysplasia. As is discussed below, the
invention may be advantageously applied to distinguish
adenocarcinoma from dysplasia, depending upon the
molecular markers used. However, in general the
discussion of surveillance aspects of the invention
relates to the detection of dysplasia, including
adenocarcinoma. Typically in surveillance embodiments
of the invention, the subjects being examined, or from
which the sample(s) are obtained, are of unknown
status for dysplasia but will typically be known to
have Barrett's. In principle the difference between
screening and surveillance aspects is of little
practical consequence to the working of the invention.
The difference relates only tothe markers chosen. The
sampling and combination aspects remain the same
between screening and surveillance. Indeed, it may be
advantageous to combine screening and surveillance ie.
to examine cell samples for markers of Barrett's as
well as dysplasia including adenocarcinoma at the same
time, thereby increasing the value of the information
obtained and achieving a more robust combined
diagnostic output. Markers Markers that can be applied
for Barrett's screening and surveillance are any
markers which are not expressed in normal oesophageal
tissue, preferably any markers which ar not expressed
in normal oesophagal surface cells. Preferably markers
are markers of non-squamous cells. Preferably markers
are markers of cellular proliferation. For screening
aspects (ie. for detection of Barrett's oesophagus),
preferably markers that distinguish between intestinal
metaplasia (Barrett's) and squamous oesophageal cells
or gastric cardia are used. These markers include
markers of epithelial differentiation. Screening -
Columnar Markers 



Preferably the marker is a marker of columnar cells.
Prefexably such markers include brush border proteins
such as villin or moesin, brush border enzymes such as
alkaline phosphatase, which are expressed specifically
in specialised intestinal metaplasia. Homeobox genes
such as Cdxl and/or Cdx2 are further examples of such
useful markers, in that columnar tissue but not
squamous express homeobox genes such as CDX-I, CDX-2.
Furthermore, specific mucins are expressed in
Barrett's but not in gastric tissue (e.g. MUC2A,
MUC2B). Other types of columnar metaplasia and native
columnar tissue can be differentiated from squamous
epithelium according to their cytokeratin expression
profile (e.g. CK 7, 8, 13, 14, 18). In particular,
cytokeratins such as CK7 and/or CK8/18 for
columnarcells versus CKl 3/14 for squamous cells are
useful markers according to the present invention. The
use of columnar markers is particularly preferred. The
technical benefit of using columnar markers is that
only columnar cells are detected by using them. This
means that squamous cells (whether normal or
cancerous) are not stained by columnar markers. This
is an advantage because Barrett's cells and dysplastic
cells arising therefrom such as adenocarcinoma cells
are columnar and can thus be selectively identified by
use of columnar marker(s). This advantageously
improves signal and also reduces background and
alleviates the need to apply further distinguishing
markers, thereby simplifying the procedure by directly
detecting columnar cells in this manner. Particularly
preferred are the columnar markers mentioned above,
preferably columnar markers such as brush border
proteins and/or homeobox genes and/or mucins and/or
cytokeratins. Preferably combination aspects of the
present invention, such as kits and methods, include
at least one columnar marker. Screening-Lectin Markers
Lectins are very abundant proteins. Lectins/lectin
binding partners are expressed more in BE than in
normal tissue. Lectins are glycoproteins which
selectively bind to specific configurations of
carbohydrates such as mucins expressed in BE.
Cell-surface molecules, including growth factor
receptors are frequently glycosylated, and lectins may
also bind to these. When labelled with appropriate
fluorochromes lectins can be highly sensitive,
quantifiable and specific tools for detection and
prognosis of dysplastic and invasive cells using
established histochemical and flow cytometry protocols
(e.g. Jordinson M 1998). Their low cost, high
abundance and affinity, through multiple binding
sites, make them very attractive as biomarkers. We
have generated data to demonstrate that three
preferred fluorochrome-bound lectins {Helix pamatia
agglutinin (HPA), peanut agglutinin lectin (PNA) and
Ulex europaeuaaggltuinin-1 (UEA-I)) can discriminate
between non-dysplastic and dysplastic cell lines and
tissues. The fluorochrome is highly stable and is
amenable to automated microscopic analysis or
quantitative assessment by flow cytometry. Thus,
lectins are preferred markers of the invention.
Screening - General Markers Markers from pathways
regulating cellular differentiation are also usable to
distinguish cells in screening embodiments, in
particular the wnt pathway and Notch pathway genes.
Any other markers known to be differentially expressed
in Barrett's versus normal oesophageal surface cells
may be employed. Alternative markers may be identified
using an expression microarray comparing 



gastric cardia and squamous cell biopsies. Any marker
which is differentially present in these cell types
may be used in the present invention. Preferred
markers for detection of Barrett's oesophagus (ie. for
use in screening embodiments of the invention) are
villin or moesin, preferably villin. Surveillance For
surveillance aspects, preferably markers whose
expression correlates with the degree of dysplasia are
used. Preferably such markers are used for the
stratification of patients at risk. Preferably such
markers include proliferation markers such as Ki67 and
Mem proteins, proliferation and DNA damage markers
such as PCNA, cyclins such as cyclin D and/or cyclin
A, aberrant p53 for example p53 LOH, p53 mutation, or
p53 overexpression such as immunohistochemical
detection thereof, pi 6 loss including methylation,
and aneuploidy for example measured by flow cytometry
or image cytometry.In slightly more detail, growth
factors (such as EGF), growth factor receptors (such
as EGFR) as well as cytokines (IL-4) and molecules
involved in inflammatory response (COX-2) were shown
to have an aberrant expression in BE and subsequent
progression to AC, and are therefore useful markers
according to the present invention. Progression to
adenocarcinoma is likely to lead to increased
proliferation. Proliferation markers (e.g. MCM
proteins, Ki-67, PCNA) are considered to be markers of
progression. Markers expressed during the cell cycle,
therefore tightly linked to proliferation are also
markers of use herein (e.g. cyclin, pRb). Markers
exerting a negative control on the cell cycle are of
interest such as cycle inhibitors, like CDK inhibitors
(pi 5, pi 6). In vitro and ex vivo work has shown that
acid and bile stimulation induced DNA damage, MAP
kinase pathway and the NFKB pathway and decreased
apoptosis therefore markers involved in the detection
of DNA mutation and damage (e.g. ATM, ATR), markers of
apoptosis (p53) and markers from the MAPK pathway
(erk, p38) and markers from the NFKB are useful.
Furthermore, bile acids increase the retinoic acid
pathway (CYP26A1, RAR) which is linked to the
induction of metaplasia in chick embryo oesophagus. A
number of other pathways have been involved in the
development of BE and progression to cancer such as
TGFb and BMP pathways. Markers: Further considerations
Indeed, any marker known to correlate with the degree
of dysplasia would be suitable, including many
oncogenes and tumour suppressor genes. In particular,
markers mentioned in Fitzgerald RC Clin Gastroenterol
Hepatol Complex diseases in gastroenterology and
hepatology: GERD, Barrett's, and esophageal
adenocarcinoma. 2005, 3:529-37 or in Fitzgerald RC
Recent Results in Cancer Res Genetics and prevention
of oesophageal adenocarcinoma 2005, 166:35-46 may be
suitable for use in the present invention. Mem markers
and/or cyclin A are particularly preferred for
detection of Barrett's associated dysplasia including
adenocarcinoma, most preferred are Mem
markers.Preferred Mem (minichromosome maintenance)
markers are one or more of Cdc6, Mcm2, Mcm3, Mcm4,
Mcm5, Memo, Mcm7 or Mcm8, preferably Mcm2. When the
marker is Mcm2 a sensitivity of 85% and a specificity
of 70% or even more is achieved. If using an Mem
marker alone, then detection of mere Barrett's
oesophagus is only likely to be made in a proportion
of cases, ie. many early stage Barrett's lesions will
not show Mem expression. Thus, if applying the
invention to simultaneous screening and surveillance,
preferably a separate screening (ie. Barrett's
oesophagus) marker is 



advantageously selected to be used in combination with
the surveillance marker Mem. In a highly preferred
embodiment a single marker Mcm2 or Cyclin A is used.
Preferably Mcm2 is used. Mcm2 detects approximately
half of all incidences of Barrett's oesophagus
together with Mcm2 positive dysplasias and cancers.
The technical advantage of this embodiment is that,
although up to half of the occurrences of Barrett's
may not be detected, these are the early stage
Barrett's and the ones which are detected by Mcm2
alone are the highest risk group of Barrett's. Thus,
by using a single Mcm2 marker the procedures are
simplified and the maximally important group of
disorders is reliably detected. Preferably when using
Mcm2 alone, the cells are collected by capsule sponge.
The NPV (negative predictive value) for Mcm2 in the
detection of cancers and high grade dysplasia is 100%;
therefore a patient negative for Mcm2 will not have
HGD or AC. The PPV of 72% for the detection of cancer
and dysplasia compared with non-dysplastic BE means
that 72% of patients positive for Mcm2 will be
dysplastic. Furthermore, 90% of patients with Mcm2
positivity will have an oesophageal abnormality. (Of
course these figures and those below are based on a
population study and should be interpreted
accordingly; for more detail see the examples
section.) Cyclin A is disclosed to be indicative of
Barrett's for the first time herein. Thus, preferably
the marker is Cyclin A. Cyclin A alone has a
sensitivity of approximately 95% and a specificity of
approximately 65% (positive (PPV) 58%, negative (NPV)
98%). Furthermore, Cyclin A levels increase during
progression from Barrett's to lowgrade dysplasia to
high grade dysplasia to adenocarcinoma. Thus in one
embodiment the invention relates to quantification of
Cyclin A, preferably on a per cell basis, and
correlation with likely state of abnormality.
Preferably the marker used is Cyclin A. More
preferably a combination of Cyclin A with one or more
other marker(s) disclosed herein is used. Cyclin A is
more specific than Mcm2 but fractionally less
sensitive. In a preferred embodiment, both Mcm2 and
Cyclin A are used in combination. These markers have a
negative predictive value of near 100% and in
combination have a positive predictive value for
dysplasia and cancer of around 50%. Thus, if a subject
was negative for Mcm2 and Cyclin A then this is
indicative of lack of Barrett's associated dysplasia
including adenocarcinoma. It should be noted that the
present invention is not concerned with the diagnosis
of squamous cell carcinoma of the oesophagus. This is
a quite different disorder to Barrett's oesophagus and
to Barrett's associated dysplasias such as
adenocarcinoma. Preferably the diagnosis of squamous
cell carcinoma of the oesophagus is specifically
disclaimed from the present invention. Marker
Assay/Detection Assaying for a marker means
determining the presence or absence of said marker.
Preferably assaying means immunological staining or
visualisation of the marker. Marker expression (marker
gene expression) may be detected by any suitable means
known to those skilled in the art. Expression may be
detected at the nucleic acid or protein level.
Expression may be by mass spectrometry and assignment
of the mass readouts to particular protein moieties.
At the nucleic acid level, detection is preferably by
monitoring of mRNA levels. Preferably expression is
detected at the protein level. Preferably marker gene
expression refers to marker protein expression.
Preferably marker protein expression is determined by
direct or indirect detection of marker protein.
Preferably such protein is detected by immunochemical
means.Preferably the marker protein is detected by an
antibody capable of reacting with that protein, and
subsequent visualisation of said antibody. Preferably
the antibody is a 



polyclonal antibody or a monoclonal antibody.
Preferably when the antibody is a polyclonal antibody
it is an immunopurified polyclonal antibody.
Preferably the antibody is a monoclonal antibody. Use
of secondary and even tertiary or further antibodies
may advantageously be employed in order to amplify the
signal and facilitate detection. Preferably marker
protein(s) are visualised by use of
immunohistochemical means, such as immunofiuorescent
means, directly or indirectly bound to the marker
protein(s). Preferably detection is by antibody to the
marker. Other suitable assays include ELISA -
fluorescent in-situ hybridisation of fish and FACS -
fluorescence analysis of cell sorting. Sample It will
be appreciated that the sample preferably comprises a
population of individual cells obtained by the
sampling procedures described herein. Thus, the
detection of the markers preferably refers to
detection of the markers in at least one cell within
said population of cells. The detection of a
proliferative marker in any cells in the sample will
be indicative of Barrett's or a Barrett's associated
dysplasia. The absence of any cells showing the marker
from the population of cells of the sample will be
indicative of lack of Barrett's or Barrett's
associated dysplasia. The proportion of cells showing
expression of the marker is less important. The
proportion of cells showing expression of the marker
would not usually make a contribution to the
diagnosis. The present invention is based on the
detection of any cell(s) showing the marker in the
sampled cell population, or the apparent absence of
any cells showing the marker. In some embodiments, it
may be advantageous to determine the relative
proportions of the cell types or the proportion of
cells displaying proliferative markers, as an optional
step dependent on the needs of the operator. However,
for most embodiments of the invention, the result will
be expressed as a positive or negative, and the
relative proportions of cells will normally not be
taken into consideration. KitsThe kits of the
invention are designed to provide for conducting the
methods of the present invention. Thus, the
description of elements required for the methods of
the invention applies equally to the contents of the
kits of the invention, which preferably contain the
elements required for practice of said methods. In
particular, preferably the kits contain reagent for
detection of the marker or markers being used.
Preferably the kit of the invention also contains a
local anaesthetic for use in the oesophagus.
Preferably this may be in the form of a spray or
lozenge, preferably a spray. Preferably the kit of the
invention also contains a container for holding the
device once withdrawn from the subject. Preferably
this container is watertight. Preferably the container
contains a preservative fluid. Preferably the
container contains a liquid based cytology fluid such
as commercial thin preparation fluid for producing
slides of the sampled cells. Preferably the thin
preparation fluid comprises a preservative. Preferably
the swallowable device is lubricated to aid
swallowing, preferably the withdrawal means is also
lubricated. Thus, preferably the kit comprises
lubricant. Preferably the kit comprises a drinkable
solution to aid swallowing the device. Preferably said
solution is flavoured to disguise the taste of the
device, or to render it more palatable. Preferably
said solution is thickened eg. by addition of sugar or
pectin or other agent giving rheological
characteristics such as viscosity or thickness. The
advantage of this is that a more viscous or dense
solution will be more effective at aiding passage of
the device through the oesophagus during swallowing.
In order to save weight/volume in kits, preferably the
solution(s) supplied are supplied 



in powdered form such that the operator reconstitutes
them before use eg. by adding water. Preferably the
kit comprises a container for reconstitution.
Preferably said container is graduated to facilitate
measurement of the correct amount of fluid such as
water.Preferably the swallowable device does not
comprise animal product(s). Preferably the kit
comprises anti-emetic eg. in lozenge, solution or
powdered form, to suppress any urge to vomit during
introduction and/or withdrawal of the device.
Preferably the kit may comprise antacid such as
acid-neutralising compound(s), or such as
pharmaceutical antacid for inhibition of acid
production/secretion in the stomach. Advantageously
this may be used to inhibit a burning sensation of
acid carried up the oesophagus from the stomach upon
withdrawal of the device. Furthermore, this may be
advantageous in preservation of the cell samples
obtained with said device. Preferably the preservative
fluid contains antacid and/or is buffered to the
desired pH for preservation of the cell sample
obtained. In one embodiment the kit preferably
comprises a local anaesthetic spray, a capsule sponge,
a pot containing prep liquid (e.g. ThinPrep(tm)
PreservCyt(tm) Solution(tm)), a label for the pot, and
an instruction leaflet for a health care professional
who administers the sampling. Preferably the kit
further comprises gloves (for health care professional
such as a nurse removing the capsule from the
subject). Preferably the kit further comprises
scissors to cut the withdrawal means (e.g. string).
Preferably the kit further comprises a plastic cup
(for subject to drink fluid e.g. water). Preferably
the kit further comprises an information leaflet for
the subject/patient. In another embodiment the
invention relates to a self testing kit such as a
dip-stick format kit whereby said stick comprises
reagents for detection of markers according tothe
present invention and wherein in use dipping the stick
into the pool of sampled cell material leads to a
visualised readout of the markers according to the
present invention, thereby providing information
capable of aiding diagnosis as set out herein.
Preferably the device comprises integral withdrawal
means. Preferably this is a string or cord based
means. Preferably the withdrawal means is graduated so
that the operator can estimate when the device is, or
is likely to be, in the stomach. Furthermore, the
graduations advantageously allow monitoring of
withdrawal of the device and allow for standardisation
of the rate of withdrawal and for optimisation of
sample collection. Preferably the withdrawal means
comprises an unswallowable element at the end distal
from the swallowable abrasive material. This
advantageously prevents accidental swallowing of the
entire device, inhibiting or preventing its
withdrawal. Preferably this unswallowable element is
detachable in case of emergency when it may be safer
to allow the entire device to be swallowed and passed
through the alimentary canal. Further Kit Features In
some embodiments, it is probable that there will be a
multi-part kit to provide for different elements in
different settings. The discussion above is focussed
on the preferred aspects of the kit of the invention
which is the primary care application e.g. in
screening for intial detection in a subject. However,
it will be apparent to the skilled person that the
oesophagus surface sample may be analysed at a
location different from the initial primary care
setting in which subject(s) are sampled. For example,
the cell(s) may be analysed in a laboratory separate
from the primary care setting in which the sample is
collected. In this embodiment it is apparent that the
invention may relate to multi-part kit(s) having a
primary care component as well as a read-out component



(or laboratory component), or the invention may even
relate to the read-out/laboratory component of the kit
r se. In this example, the read-out (or laboratory)
component of the kit may comprise one or more of the
following elements:- Consumables such as
non-gynaecological microscope slides, and/or
nongynaecological filters. - Equipment such as
ThinPrep(tm) 2000 processor. - Detection of abnormal
pathology - for the detection of Barrett's oesophagus
using immunohistochemistry for Mcm2; System for
automated immunostaining e.g. if the samples are
stained using the DakoCyomation Ltd ChemMate(tm)
system. The kit may further comprise one or more of
the following detection consumables such as Dako
Autostainer reagents vial; ChemMate(tm) detection kit;
ChemMate(tm) Peroxidase blocking solution;
ChemMate(tm) antibody diluent; Mcm2 antibody; Goat
serum; Bovine serum albumin; Haematoxylin and/or
Coverslips. The kit may further comprise equipment
such as Dako autostainer slides processor (S3400 Dako
autostainer). hi order to facilitate analysis of the
samples, the kit may comprise visualisation means such
as a microscope (such as an automated microscope) e.g.
Olympus BX41 with XlO, X20 and/or X40 objectives.
Further Advantages/Applications Once tissue
architecture is lost as in surface sampling,
cytologists can no longer tell cell types such as
squamous, columnar, Barrett's etc apart. Furthermore,
observation of inflammatory cells such as lymphocytes
no longer contributes to the diagnosis since no
positional information can be gleaned from their
observation. However, advantageously the present
invention overcomes this problem by employing
biomarkers to identify the cell types even when the
histological information has been lost. Analysis of
cells for marker expression is often performed by
distributing the cells on microscope slides followed
by staining and analysis. By visualising markers in
thecells, the present invention advantageously allows
automation since judgement of a histologist is no
longer required based on the cell architecture, but
rather a positive/negative signal for presence/absence
of the marker is the readout. This readout can be
quickly collected by image capture, and data
analysis/diagnosis can advantageously be uncoupled
from staining/imaging steps of the procedure.
Furthermore, preferred sampling devices of the present
invention such as capsule sponges advantageously
collect more cells than laborious prior art techniques
such as endoscopic brushings. Specifically,
approximately 6-12 times more cells can be collected
in a single capsule sponge sample than in a hazardous
endoscopic brushing. A key difference over the prior
art is the collection of only surface samples. Rather
than being a disadvantage as would be expected from
the art, this is in fact an advantage of the present
invention in that for example any surface cell showing
proliferative marker such as Mcm2 or Cyclin A is
abnormal, which might not be true for cells sampled
from deeper in the oesophagus where active division
might be talcing place with no implication of
potentially pathologic condition. Thus, it is an
advantage of the present invention that surface-only
cells are assayed. Capsule sponges have been applied
in detection of squamous cell carcinoma. It is an
unexpected advantage of the present invention that
these capsule sponges can be applied to the detection
of the quite different Barrett's associated disorders.
Conventional Barrett's sampling techniques such as the
gold standard biopsy at best sample approx. 1% of the
surface area of the oesophagus. The present invention
advantageously samples approximately the entire
surface area of the oesophagus. 



Although it is preferred to assay the cells by
distribution onto slides, it may be advantageous to
perform the assay in a different format such as ELISA
or FACS or FISH. Preferably the cells can be assayed
in one or more of these fomiat(s) directly from the
capsule sponge or washings therefrom, advantageously
avoiding the need for a slide format analysis. If a
slide format analysis is required, preferably cells
are concentrated onto the slides to produce fewer
slides for the same number of cells,thereby saving
costs. In one embodiment, preferably the cells from
the capsule sponge are collected and their protein
extracted and tested for the marker(s), thereby
alleviating the need for whole cell staining.
Advantageously pore size on the preferred capsule
sponge sampling device can be varied to regulate the
number of cells harvested. For example, by reducing
pore size the number of cells (and thus the number of
slides needed) may be advantageously reduced. In
highly preferred embodiments, markers are chosen to
detect high risk Barrett's. This has the further
advantage that surveillance ie. remonitoring of
patients with Barrett's to detect future dysplasia
including adenocarcinoma may be reduced or rendered
unnecessary since in one step the Barrett's is
detected and graded as high risk, so subsequent
treatment can be prescribed immediately without
expensive surveillance, and without the risk that
during surveillance the patient will go on to develop
more dangerous lesions before detection.
Advantageously the techniques of the present invention
are applicable in primary care ie. in general
practitioners' surgeries where the samples can be
taken and processed remotely in batch form, thereby
reducing costs and reducing patient time lost.
Furthermore, the techniques can be carried out by
staff at general practitioners' surgeries,
advantageously avoiding the need for specially trained
personnel such as doctors to be involved in the
sampling/processing. It is an advantage of the present
invention that false negatives are extremely rare.
Some false positives can occur, eg. detection of
naturally proliferating cells such as closing a wound
incurred by swallowing an abrasive foodstuff such as a
fruit stone. However, a negative result from the tests
and kits of the present invention is very reliable so
that patients can be excluded from unnecessary follow
up procedures and can receive robust reassurance at an
early stage when a negative result is obtained. Since
the methods and kits of the invention are simple and
low in cost, a much wider screening programme can be
undertaken for the same net cost to the service
provider. Preferably the tests of the present
invention are carried out on a given subject at 3 year
intervals.A further advantage of the invention is that
liquid based cytology is possible, which is superior
to conventional cytology employed in Barrett's in the
prior art. Another advantage of the invention is that
the first signs of dysplasia can be very small and may
be missed by visual inspection or endoscopic biopsy
sampling, but will be detected according to the
present invention. Similarly, 40% of subjects with
high grade dysplasia already have the cancer present.
The present invention advantageously allows better
detection/diagnosis of these patients. A further
advantage of the present invention is that it does not
require endoscopy and is therefore cheaper and easier
and safer than prior art techniques. Thus, according
to the present invention the oesophagus is not sampled
by endoscopy. In particular, it is a key feature of
the present invention that the surface of the
oesophagus is sampled. Endoscopic biopsies typically
sample a depth of tissue rather than merely the
surface. It is a surprising advantage of the invention
that surface-only sampling can be used to aid the
diagnosis of Barrett's oesophagus or Barrett's
associated dysplasia. Preferably 



the oesophagus surface is sampled non-endoscopically.
This has the further advantage(s) of being quicker,
cheaper, and is suitable for population screening in
primary care. Preferably the invention samples a large
surface area of the oesophagus. Endoscopic sampling
only samples a small surface area of the oesophagus.
Sampling a large surface area has the advantage of
decreasing the chances of missing an abnormality due
to limitation of the coverage at the point of
sampling. Preferably the invention relates to
screening (e.g. population screening) applications
i.e. detection of initial abnormality. Preferably the
invention is suitable for population screening in
primary care. Diagnosis according to the present
invention is advantageously more consistent,
eliminating operator variation with prior art
techniques such as brushing/biopsy.The invention
preferably does not involve sampling techniques based
on devices featuring rigid stems or cables. These are
difficult or impossible to swallow. Preferably the
capsule sponge as described above is used in the
methods and kits of the invention. This has the
advantage of being easily swallowed. Furthermore, it
has the advantage of being able to collect cells
throughout its structure due to its preferred mesh
construction, rather than being limited to collection
on the cell surface as is the case with prior art
devices. This has the advantage of increased yields.
Surprisingly, a non-directional sampling method of the
invention does not suffer from overwhelming background
of squamous cells which would be expected from an
understanding of the prior art. This is because prior
art techniques are directed at the Barrett's which
typically makes up only 2-5% of the surface area of
the oesophagus or even less, whereas the present
invention samples the whole surface area so that it
would be expected that any Barrett's signal would be
masked by background but it is surprisingly shown
herein that this is not the case. The present
invention will now be described, by way of example
only, in which reference will be made to the following
figures: Brief Description Of The Figures Figure 1,
which shows a photo of a preferred sampling device of
the invention before swallowing. Figure 2, which shows
a photo of a preferred sampling device of the
invention, partially disassembled to show the capsule
construction. Arrowed is the part of the capsule
through which the cord passes. Figure 3, which shows a
photo of a preferred sampling device of the invention,
partially disassembled to show the capsule
construction. Figure 4, which shows a a photo of a
preferred sampling device of the invention after
dissolution of the capsule and expansion of the
expandable material. Figure 5, which shows an expanded
capsule sponge.Figure 6, which shows photographs of
stained cells. Examples Example 1: Construction of a
sampling device Abrasive material is cut to the
appropriate size hi this example, the material is
approximately the size of the internal diameter of a
human oesophagus, ie. approximately 3cm in diameter.
In this example the material is a polyurethane mesh or
cloth. A cord is stitched into the material so that it
can be retrieved after swallowing. (Fig 3 shows the
device with cord attached). The cord is sufficiently
long that part of it will comfortably remain outside
the buccal cavity even after the device has been
swallowed and resides in the stomach. The cord 



and stitching is sufficiently strong and resistant to
digestion so that it can be used to retrieve the
device after expansion. The material is then
compressed and inserted into a gelatine capsule (Fig
1). The cord exits the capsule (Fig 2 shows partially
disassembled capsule with cord exiting). The device is
then ready for use. Example 2 : Sampling of cells from
the surface of the oesophagus A device according to
example 1 is provided. The subject may take a local
anaesthetic in the form of a lozenge or spray by way
of preparation. The device is introduced into the
subject's buccal cavity with the distal end of the
cord retained outside the buccal cavity.The device is
then swallowed. A drink of warm water aids this
process and wets the cord, facilitating its passage
down the oesophagus. After approximately 10-20 seconds
the device arrives in the subject's stomach, the cord
exiting the stomach and lying in the oesophagus and
the buccal cavity and outside to the point of
retention. After 5 minutes the capsule coat has
dissolved and the abrasive polyurethane material has
expanded back to its uncompressed size. The device is
then withdrawn by gentle tension on the distal end of
the cord, pulling the device along the oesophagus and
out of the buccal cavity, collecting oesophageal cells
en route. The device is then stored in a preservative
fluid in a sealed container until processing for assay
of the sampled cells. Preferably the preservative
fluid is thin preparation fluid for production of
analytical slides. Example 3: Assaying for cellular
markers The withdrawn device of example 2 is washed to
collect the oesophageal cells. These are then applied
to slides and fixed for visualisation. Mcm2 is the
marker in this example. The numbers analysed for this
part of the study are 18 BE patients and 22 healthy
controls). The age of the BE patients was 64.5+2.1
years compared to 31.2+1.6 for the healthy volunteers
and the male:female ratio was biased towards a male
population in both groups (1:5 and 1:1.7
respectively). The PAP slides were used to assess the
cellularity of the samples. An expert cytopathologist
assessed the cellularity of the samples and 88% of the
samples had a good to very good cellularity and 22%
had an average cellularity.Figure 6 shows
Representative pictures of monolayers from capsule
sponge samples. Pap stained samples (A-C) and Mcm2
stained sample (C). The black arrows indicate the
position of columnar cells and the red arrows the
position of squamous cells. As seen with endoscopic
brushings, columnar and squamous cells were easily
distinguishable (Fig 6A, 6B and 6C) on PAP stained
samples. Mcm2 positive cells were stained as strongly
as those seen from endoscopic brushes (Fig 6C). This
non-endoscopic technique has at least two industrial
applications. The first is to identify all of the
Barrett's patients ie. to demonstrate use of the
invention as a screening test to detect Barrett's
oesophagus. The second is to stratify the BE patients
according to their risk of progression to
adenocarcinoma (ie. to demonstrate use of the
invention in surveillance). The two interdependent
applications can be achieved by altering the
biomarkers used. Columnar cells were detected in 61%
of BE patients and in 9% of control patients (table
A). Table A Columnar cells Barrett's 11/18 (61%)
Control 2/22 (9%) 



Sensitivity 61% Specificity 91% PPV 84% NPV 74%
Efficiency of the test 77% Table A shows Mcm2
positivity and presence of columnar cells in capsule
sponge cell samples from Barrett's patients (with or
without dysplasia) and control patients. The results
of analysis are in the bottom panel (PPV: positive
predictive value and NPV: positive negative value).As
discussed, we have shown that surface expression of
Mcm2 is associated with a higher risk for cancer
progression. Mcm2 expression was detected in 55% of BE
samples and 9.1% of NE samples (table B). Table B
shows Mcm2 stained capsule sponge samples in the
diagnosis of BE and associated dysplasia. The values
for the positive brushings represent the number of
patients with any discernable Mcm2 expression. (NE:
normal oesophagus, BE: Barrett's oesophagus, LGD: low
grade dysplasia, HGD: high grade dysplasia). The
percentage of samples detected by Mcm2 staining
correlated with increasing degree of dysplasia
(p<0.05). Table C Length of segment (cm) Mcm2
positivity Columnar cells Short 0/1 0/1 2 1/2 1/2 3
1/2 1/2 5 1/4 2/4 8 1/3 3/3 10 3/3 3/3 Table C: Mcm2
positivity and presence of columnar cells in capsule
sponge in relation to the length of the Barrett's
segment. There is a correlation between the length of
the segment and the presence of columnar cells (table
4-9, p<0.05) but no correlation with Mcm2
positivity.Thus the value of assaying surface cell
samples for biomarkers in order to aid the diagnosis
of Barrett's and Barrett's associated dysplasia such
as adenocarcinoma is demonstrated. Example 4 :
Development and evaluation of a non-endoscopic
immunocytological screening test for Barrett's
esophagus Background: Barrett's esophagus (BE) is an
established risk factor for oesophageal
adenocarcinoma; however, the majority of patients are
undiagnosed. Endoscopic population screening for BE is
impractical and wireless capsule imaging devices do
not permit tissue sampling. Previous non-endoscopic
cytological sampling devices have been poorly
tolerated and cytological analysis is inadequate for
the accurate assessment of BE. In this example we
demonstrate a method for aiding the diagnosis of
Barrett's oesophagus or Barrett's associated dysplasia
in a subject. The method comprises sampling the
cellular surface of the oesophagus of said subject,
wherein said sampling is not directed to a particular
site within the oesophagus. In this example, sampling
is by means of capsule sponge. The method then
involves assaying the cells for a non-squamous
cellular marker. In this example, the marker is Mcm2.
We show that immunocytological assessment of the
proliferation marker minichromosome maintenance
protein 2 (Mcm2), is a useful 



method for detection and monitoring of BE since
proliferation is progressively dysregulated from early
in the disease pathogenesis. This example demonstrates
a nonendoscopic screening test for BE which uses a
capsule-sponge device in combination with Mcm2
staining. In this technique, detection of such a Mcm2
marker indicates increased likelihood of the presence
of Barrett's or Barrett's associated
dysplasia.Methods: Following routine optimisation of
the preferred capsule sponge device in combination
with immunocytology, 27 BE patients (with
endoscopically visible glandular mucosa containing
intestinal metaplasia on biopsy) and 30 normal healthy
volunteers were recruited to the study. Patients
swallowed the sponge and 5 minutes later the expanded
sponge was placed into preservative. Liquid based
cytology was used to create a cell-monolayer in which
the maximum number of cells possible was extracted
from the device. Immunocytochemistry was performed
with a mouse monoclonal antibody against Mcm2. A
binary score was generated such that a single cell
with nuclear Mcm2 positivity led to a positive score
being assigned. Two individuals unaware of the
clinical diagnosis assessed the slides. To determine
the acceptability of the test, the patients used a
linear rating tool. Results: Inadequate specimens were
retrieved from 3/57 (5.2%) patients. None of the
squamous cells retrieved from any patient had Mcm2
positivity. 22/26 (84%) patients with BE had columnar
Mcm2 positivity compared with 7/28 (25%) healthy
volunteers giving a sensitivity and specificity of
84.6% and 75% respectively. The negative and positive
predictive values of the test are 75.9% and 84.0%
respectively. The acceptability of the capsule was
rated as 4.4 +/- 0.3 with 10 being very enjoyable, 5
being neither unpleasant nor pleasant and 0 very
unpleasant. Conclusions: The sensitivity and
specificity of capsule-sponge immunocytology
demonstrated compares favourably with other screening
tests in current clinical practice. Thus it is
demonstrated that non-endoscopic immunocytology
according to the present invention is applicable to
primary care, and that automated processing can be
used. Thus, methods of the invention represent useful
screening tools for BE.Example 5: Development and
evaluation of a non-endoscopic immunocytological
screening test for Barrett's oesophagus Background:
Barrett's oesophagus (BE) is a risk factor for
oesophageal adenocarcinoma; however, the majority of
patients are undiagnosed. The aim of this study was to
develop a non-endoscopic screening test for BE and to
show it is suitable for application in a primary care
setting. This example sets out a method for aiding the
diagnosis of Barrett's oesophagus or Barrett's
associated dysplasia comprising assaying cells from
the surface of a subject's oesophagus for a
non-squamous cellular marker. In this example, the
cells are collected by means of a capsule sponge. We
have previously shown that the surface epithelium of
BE contains proliferating cells detectable by
immunocytochemistry for Minichromosome maintenance
protein-2 (Mcm2). This is the marker used in this
example. We demonstrate that detection of such a Mcm2
marker indicates increased likelihood of the presence
of Barrett's or Barrett's associated dysplasia.
Methods: 43 BE patients and 42 healthy volunteers
swallowed a capsule-sponge attached to a string. 5
minutes later the expanded sponge was retrieved and
placed into preservative. Liquid based cytology was
used to create a cell-monolayer which was stained for
Mcm2. Samples were considered positive if columnar
cells had nuclear 



staining. Three individuals unaware of the clinical
diagnosis assessed the slides. To determine the
acceptability of the test, the patients used a linear
rating tool (10 enjoyable, 5 neither unpleasant nor
pleasant, 0 very unpleasant). Results: Inadequate
specimens were retrieved from 4/83 (4.8%) patients.
27/41 (66%) BE specimens were positive compared with
8/40 (20%) specimens from healthy volunteers giving a
sensitivity and specificity of 67% and 80%
respectively. Thenegative and positive predictive
values of the test are 77.1% and 71.0% respectively.
The acceptability of the capsule was rated as 4.4 +/-
0.3 Conclusions: The sensitivity and specificity of
capsule-sponge immunocytology compares favourably with
other screening tests in current clinical practice.
Futhermore, the method is applicable to primary care
and automated processing could be used in practising
the method. This is a useful screening tool for BE.
The method may be varied by the use of alternative
molecular markers, for example a lectin marker. We
have demonstrated that three fluorochrome-bound
lectins {Helix pamatia agglutinin (HPA), peanut
agglutinin lectin (PNA) and Ulex europaeua
aggltuinin-1 (UEA-I)) can discriminate between
non-dysplastic and dysplastic cell lines and tissues.
The fluorochrome is highly stable and is amenable to
automated microscopic analysis or quantitative
assessment by flow cytometry. Thus, the utility of
lectin markers is also demonstrated herein. AU
publications mentioned in the above specification are
herein incorporated by reference. Various
modifications and variations of the described methods
and system of the present invention will be apparent
to those skilled in the art without departing from the
scope of the present invention. Although the present
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 biochemistry and biotechnology or related
fields are intended to be within the scope of the
following claims.CLAIMS 1. A kit comprising a
swallowable device comprising abrasive material
capable of collecting cells from the surface of the
oesophagus, together with printed instructions for its
use in detection of Barrett's oesophagus or Barrett's
associated dysplasia. 2. A kit according to claim 1
further comprising a local anaesthetic. 3. A kit
according to claim 1 or claim 2 further comprising a
container for receiving said swallowable device after
withdrawal, said container having a quantity of
preservative fluid therein. 4. A kit according to any
preceding claim wherein said device comprises a
capsule sponge. 5. A kit according to any preceding
claim wherein said device comprises withdrawal means.
6. A kit according to claim 5 further comprising a
device for severing said withdrawal means. 7. A kit
according to any preceding claim further comprising a
container for administering drinkable fluid to the
subject. 8. A kit according to any preceding claim
further comprising gloves. 9. A kit according to any
preceding claim further comprising reagent for use in
the detection of a non-squamous cellular marker.10. A
kit according to claim 10 wherein said non-squamous
cellular marker is a marker of cellular proliferation.
11. A kit according to claim 10 wherein the
non-squamous cellular marker is a 



marker of columnar cells. 12. A kit according to claim
10 wherein said kit further comprises reagents for use
in the detection of at least one marker selected from
the group consisting of brush border proteins such as
villin or moesin, mucin genes, brush border enzymes
such as alkaline phosphatase, homeobox genes such as
Cdxl and/or Cdx2, cytokeratins such as CK8/18 for
columnar cells, or any marker known to be
differentially expressed in Barrett's versus normal
oesophageal surface cells. 13. A kit according to
claim 10 wherein said kit further comprises reagents
for use in the detection of at least one marker
selected from the group consisting of proliferation
markers such as Ki67 and Mem proteins, proliferation
and DNA damage markers such as PCNA, cyclins such as
cyclin D and/or cyclin A, abnormal p53, loss of pl6,
aneuploidy or any marker known to correlate with the
degree of dysplasia. 14. A kit according to claim 19
wherein said marker is Cyclin A. 15. A kit according
to claim 9 wherein said marker is a lectin. 16. A kit
according to claim 3 wherein said fluid is thin
preparation fluid for production of slides for
examination of the sampled cells. 17. A kit according
to any of claims 2 to 16 further wherein said local
anaesthetic is a spray or lozenge. 18. A method for
aiding the diagnosis of Barrett's oesophagus or
Barrett's associated dysplasia in a subject, said
method comprising sampling the cellular surface of the
oesophagus of said subject, wherein said sampling is
not directed to a particularsite within the
oesophagus, and assaying the cells for a non-squamous
cellular marker, wherein detection of such a marker
indicates increased likelihood of the presence of
Barrett's or Barrett's associated dysplasia. 19. A
method for aiding the diagnosis of Barrett's
oesophagus or Barrett's associated dysplasia
comprising assaying cells from the surface of a
subject's oesophagus for a non-squamous cellular
marker, wherein detection of such a marker indicates
increased likelihood of the presence of Barrett's or
Barrett's associated dysplasia. 20. A method according
to claim 18 or claim 19 wherein the non-squamous
cellular marker is a marker of cellular proliferation.
21. A method according to any of claims 18 to 20
wherein the non-squamous cellular marker is a marker
of columnar cells. 22. A method according to any of
claims 18 to 2 1 wherein the marker is selected from
the group consisting of brush border proteins such as
villin or moesin, mucin genes, brush border enzymes
such as alkaline phosphatase, homeobox genes such as
Cdxl and/or Cdx2, cytokeratins such as CK8/18 for
columnar cells, or any marker known to be
differentially expressed in Barrett's versus normal
oesophageal surface cells. 23. A method according to
any of claims 18 to 2 1 wherein the marker is selected
from the group consisting of proliferation markers
such as Ki67 and Mem proteins, proliferation and DNA
damage markers such as PCNA, cyclins such as cyclin D
and/or cyclin A, abnormal p53, loss of p l ,
aneuploidy or any marker known to correlate with the
degree of dysplasia. 24. A method according to claim
23 wherein the marker is Mcm2 or Cyclin A. 25. A
method according to claim 24 wherein Cyclin A is
assayed26. A method according to claim 24 wherein both
Mcm2 and Cyclin A are assayed. 27. A method according
to claim 18 wherein sampling the cellular surface of
the oesophagus comprises the steps of 



(i) introducing a swallowable device comprising
abrasive material capable of collecting cells from the
surface of the oesophagus into the subject, (ii)
retrieving said device by withdrawal through the
oesophagus, and (iii) collecting the cells from the
device. 28. A method according to any of claims 18 to
27 further comprising analysing the chromosomal
composition of the cells, wherein detection of
abnormal karyotype indicates an increased likelihood
of dysplasia. 29. A method according to any of claims
18 to 28 further comprising analysing the p53 status
of the cells, wherein detection of abnormal p53 status
indicates an increased likelihood of dysplasia. 30. A
kit according to any of claims 1 to 17 wherein the
printed instructions for its use in detection of
Barrett's oesophagus or Barrett's associated dysplasia
comprise a method of aiding diagnosis according to any
of claims 18 to 29. 31. Use of a capsule sponge in the
diagnosis of Barrett's oesophagus or Barrett's
associated dysplasia. 


