
NOVEL FULLYHUMAN ANTI-VAP-1 MONOCLONAL ANTIBODIES
FIELD OF THE INVENTION The present invention relates
to nucleic acid sequences encoding fully human
monoclonal antibodies recognizing a human endothelial
cell adhesion protein, VAP-1, and particularly to a
fully human monoclonal antibody, designated BTT-1023,
which recognizes a functional epitope of VAP- 1.
BACKGROUND OF THE INVENTION The publications and other
material used herein to illuminate the background of
the invention, and in particular, cases to provide
additional details respecting the practice, are
incorporated by reference. Generally, whole antibodies
share a common Y-shape structure composed of two
identical light chains and two identical heavy chains.
These four polypeptide subunits are assembled so that
the two heavy chains are linked, and a light chain is
attached to each heavy chain by disulfide bonds. Each
polypeptide constituting the antibody consists of a
variable and a constant region. The variable region is
located in the arms of the Y-shaped antibody, and
determines the antigen-binding specificity of the
antibody. This region contains short amino acid
sequences, which are responsible for the binding of
the antibody to its antigen. These regions are called
complementarity determining regions (CDRs). The
remaining parts of the variable regions are important
for the conformation of the antigen-binding pocket as
a whole. The constant region of an antibody is located
at the base of the heavy chains, and determines the
antibody's ability to activate immune reactions
through interactions with specific receptors. These
regions are generally highly conserved, and
variability is limited to five basic isoforms, IgA,
IgD, IgE1 IgG and IgM. Vascular adhesion protein-1
(VAP-1) is a non-classical, inflammation-inducible,
adhesion molecule expressed on vascular endothelial
cells, where it mediates leukocyte rolling under
physiological shear. In this role it contributes
towards lymphocyte re-circulation through high
endothelial venules (HEVs) of secondary lymphoid
tissue as part of the normal process of immune
surveillance.However, under inflammatory conditions,
VAP-1 promotes the infiltration of leukocytes into
inflamed tissue, thereby contributing to and
maintaining the inflammatory response. This
infiltration can in itself be damaging in chronic
inflammatory diseases such as rheumatoid arthritis,
inflammatory bowel disease, psoriasis and many
autoimmune and other inflammatory diseases. In other
settings, the massive infiltration of pro inflammatory
cells into tissue after the severe tissue damage
resulting from myocardial infarction, stroke and other
diseases contributes to the tissue destruction seen in
these acute inflammatory responses. Reducing the
infiltration of cells into sites of inflammation by
preventing VAP-1 function with blocking antibodies is
likely to allow the inflammation to resolve and lead
to an improvement in the clinical symptoms of these
diseases. US Patent 5 580 780 describes a monoclonal
antibody (mAb), 1B2, which recognizes VAP-1 and which
can block lymphocyte binding to tonsillar HEV in a
frozen section assay. MAb 1B2 is a murine IgM-antibody
and is specific for VAP-1 . The use of murine mAbs as
therapeutics has a limited potential, since the human
immune system recognizes murine antibodies as foreign
material and produces human anti-mouse antibodies
(HAMA) to clear them from the body. This immune
reaction is a major limitation to the use of murine
antibodies in long-term therapy when repeated
administration is needed. The use of murine anti-VAP-1
antibodies in the clinic might have to be limited to
patients treated with immunosuppressants, and thus
less prone to HAMA reactions, and to treatment
regimens, where once only administration of the
antibodies is feasible, such as in ischaemia
reperfusion injury in acute infarction or acute
respiratory distress syndrome. One further
disadvantage related to the use of murine IgM
anti-VAP- 1 antibodies in therapy is the unfavorable
kinetic profile of such antibodies, i.e., the short
half-life, which render them unsuitable for use in
chronic disorders, such as rheumatoid arthritis,
inflammatory bowel disease, psoriasis and many other
diseases. Several methods of creating less immunogenic
monoclonal antibodies are known in the art. Preferred
approaches include "humanizing" the antibodies.
Frequently used strategies are to create chimeric
mAbs, humanized mAbs or fully human mAbs. Chimeric
mAbs are antibodies wherein the variable region is
murine derived whereas the constant region is ofhuman
origin. In chimeric antibodies, approximately 70% of
the rodent antibody molecule is usually replaced with
the corresponding human sequences whilst maintaining
the rodent antigen-binding sites with their particular
specificities and affinities. Humanized antibodies are
antibodies wherein the variable region may be murine
derived but which has been 



mutated so as to more resemble a human antibody and
may contain a constant region of human origin. Fully
human antibodies are antibodies wherein both the
variable region and the constant region are of human
origin. International patent publication WO03/093319
discloses a chimeric anti-VAP-1 monoclonal antibody
BTT-1002, which has the potential to have reduced
immunogenicity compared to the corresponding murine
antibodies. However, being a chimeric antibody,
BTT-1002 still has protein sequences corresponding to
the variable regions of the antibody that are derived
directly and without modification from the original
mouse antibody. This antibody may still be recognized
as foreign and be immunogenic when administered to
man. Its pharmacological properties, such as its
elimination half life and functional properties, may
also be compromised due to its immunogenicity and the
resulting production of antibodies against it. Thus,
there is a need in the art for a fully human
anti-VAP-1 antibody with reduced immunogenicity and
improved pharmacological properties. BRIEF DESCRIPTION
OF THE INVENTION The present invention is broadly
directed to novel fully human anti- VAP-1 antibodies,
methods of producing such antibodies and uses of the
antibodies. The present invention is further directed
to polynucleotides encoding said anti-VAP-1
antibodies. An object of the present invention is to
provide a fully human monoclonal antibody for use in
in vivo diagnostics and/or therapy, which has a
reduced potential to elicit an immune response in the
patients and which has a favorable pharmacological
profile for therapeutic purposes. Another object of
the present invention is to provide heavy and light
chains of fully human anti-VAP-1 antibodies, or
fragments thereof. A further object of the present
invention is to provide nucleic acids encoding fully
human anti-VAP-1 antibodies, or fragments thereof, as
well asexpression vectors and host cells incorporating
these nucleic acids for the recombinant expression of
anti-VAP-1 antibodies. Another embodiment of the
present invention is directed to methods for producing
the fully human anti-VAP-1 antibodies according to the
present invention by recombinant production methods.
Pharmaceutical compositions comprising said antibodies
and therapeutic uses thereof are also disclosed BRIEF
DESCRIPTION OF THE FIGURES In the following the
invention will be described in greater detail by means
of preferred embodiments with reference to the
attached figures, in which Figures 1 to 5 show the
nucleotide sequences and the corresponding amino acid
sequences of the variable regions of anti-VAP-1
antibodies 8C10 (Figure 1A-B), 8A4 (Figure 2A-B)1 3F10
(Figure 3A-B), 5F12 (Figure 4A-B) 1 and 4B3 (Figure
5A-B). Amino acid sequences of the variable light (VL)
chain (A) and variable heavy (VH) chain (B) were
deduced from the cloned cDNAs. The three CDRs in each
amino acid chain are shown in bold with the
corresponding nucleotide sequences underlined. Figure
6 shows an alignment of the protein sequence of the
variable regions of the 8C10, 8A4, 3F10, 5F12, and 4B3
VH heavy chain showing the consensus sequence (Fig.
6A). An alignment of V H heavy chain CDR's 1 to 3 with
a consensus sequence is shown in Fig. 6B, Fig. 6C and
Fig. 6D. Figure 6E shows an alignment of the protein
sequence of the variable regions of the 8C10, 8A4,
3F10, 5F12, and 4B3 VL light chain showing the
consensus sequence. An alignment of V L light chain
CDR's 1 to 3 with a consensus sequence is shown in
Fig. 6F, Fig. 6G and Fig. 6H. Figure 7 illustrates the
VAP-1 binding of the recombinant fully human antibody
r8C10 (BTT-1023) to Ax cells expressing human VAP-1 on
the cell surface, demonstrated by FACS (fluorescence
activated cell-sorting) analysis of BTT-1023 stained
Ax VAP-1 cells compared to control stained cells.
Figure 8 illustrates the effect of BTT-1023 on
leukocyte transmigration in vitro. The number of
peripheral blood mononuclear cells (PBMC)
transmigrated through endothelial cell monolayers
treated with BTT1023 or control antibodies is shown.
Error bars are standard error of the mean, N= 6.
DETAILED DESCRIPTION OF THE INVENTION The present
invention is directed to fully human, preferably,
recombinantiy produced, monoclonal antibodies (mAbs)
specifically recognizing human Vascular Adhesion
Protein-1 , VAP-1 . The fully human monoclonal
antibodies according to the present invention have
reduced immunsgenicity compared to corresponding
humanized antibodies and are thus useful for treating
a number of autoimmune diseases, inflammatory
conditions and diseases of connective tissue, skin,
and the gastrointestinal tract, central nervous
system, and pulmonary systems, including conditions,
such as chronic arthritis, inflammatory bowel
diseases, and chronic 



dermatoses. The fully human VAP-1 antibodies are
further useful for in vitro and in vivo diagnostic
applications, including in vivo immunoscintigraphic
imaging of inflammation sites. The term "conservative
sequence variant' as used herein, is intended to
include nucleotide and amino acid sequence
modifications, which do not significantly alter the
binding properties of the fully human anti-VAP-1
antibodies according to the present invention.
Conservative nucleotide sequence variants include
variants arising from the degeneration of the genetic
code and from silent mutations. Nucleotide
substitutions, deletions and additions are also
included. Conservative amino acid sequence variants
include variants arising from amino acid substitutions
with similar amino acids well known in the art. Amino
acid deletions and additions are also included. The
polypeptides and polynucleotides according to the
present invention include those, which have at least
80%, identity, or at least 85%, 90%, 95%, 96%, 97%,
98% or 99% identity to the fully human anti-VAP-1
antibodies or to the polynucleotides encoding said
antibodies described below. The present invention
provides a fully human anti-VAP-1 antibody heavy chain
comprising at least one CDR consensus sequence
selected form the group consisting of: a) sequence
X1X2X3X4X5 (SEQ ID NO 1), wherein Xi is small polar or
basic amino acid, such as S, N or R, X2 is aromatic or
small polar amino acid, such as Y or S1 X3 is small
hydrophobic or aromatic amino acid, such as A, G or
W,X4 is hydrophobic amino acid, such as M or I , and
X5 is small polar or basic amino acid, such as H or S;
b) sequence X1X2X3X4X5G X6X7X8X9X10X11D S V Xi 2G (SEQ
ID NO 2), wherein Xi is small amino acid, such as V, A
or N, X2 is small aliphatic amino acid, such as I or
L, X3 is aromatic, basic or hydrophobic amino acid,
such as W, G or K, X4 is aromatic or aliphatic
hydrophobic or polar amino acid, such as F, Q, V or Y,
X5 is small acidic or small amino acid, such as D or
G, Xe is small or aliphatic amino acid, such as S, G
or I, X7 is polar amino acid, such as N, E or Y, or no
amino acid, Xs is polar amino acid, such as E, K or T,
X9 is polar amino acid, such as Y, D or N1 X10 is
aromatic amino acid, such as Y or H, X is small
hydrophobic amino acid, such as V or A, and X12 is
charged basic amino acid, such as K or R; and c)
sequence Y (SEQ ID NO 3), wherein Xi is charged acidic
amino acid, such as D or E, X2 is small or hydrophobic
amino acid, such as A, G, K, P or Y, X3 is aromatic or
small amino acid, such as W, F, G or N1 X4 is aromatic
or small amino acid, such as F or G, or no amino acid
X5 is small amino acid, such as G or S, or no amino
acid, X is small amino acid, such as G, or no amino
acid, X7 is small polar amino acid, such as T, or no
amino acid, X8 is polar aromatic amino acid, such as
Y, or no amino acid, Xg is charged acidic or aromatic
amino acid such as E or F, or no amino acid, X10 is
aromatic or small amino acid, such as F, G, S, V or W,
X11 is small or polar aromatic amino acid, such as Y
or G, and Xi 2 is aromatic or aliphatic hydrophobic
amino acid, such as F or I . More specifically, the
present invention provides a fully human anti- VAP-1
antibody heavy chain comprising a first CDR amino acid
sequence selected from the group consisting of SEQ ID
NO:s 4 to 8 and their conservative sequence variants,
and/or a second CDR amino acid sequence selected from
the group consisting of SEQ ID NO:s 9 to 13 and
theirconservative sequence variants, and/or a third
CDR amino acid sequence selected from the group
consisting of SEQ ID NO:s 14 to 18 and their
conservative sequence variants. Particular antibody
heavy chains according to the present invention
comprise a variable region selected from the group
consisting of SEQ ID NO:s 19 to 23, and their
conservative sequence variants. The present invention
further provides a fully human anti-VAP-1 antibody
light chain comprising at least one CDR consensus
sequence selected form the group consisting of: a)
sequence RAS QXiX 2SX3X4X5LA (SEQ ID NO 24), wherein
X1 is small amino acid, such as G or S, X2 is
aliphatic amino acid, such as f or V, X3 is small
polar or positively charged amino acid, such as S or
R, X is small polar amino acid, such as S, or no amino
acid, and X5 is small hydrophobic or aromatic
hydrophobic amino acid, such as A, F, W or Y; b)
sequence XiASX 2X3X X (SEQ ID NO 25), wherein 



Xi is small acidic or small amino acid, such as D or
G, X2 is small polar amino acid, such as S or N, X3 is
aliphatic or positively charged amino acid, such as L
or R, X4 is small or polar amino acid, such as A, E or
Q, and X5 is polar or positively charged amino acid,
such as S, T or R; and c) sequence Q QX1X2X3X4PX5T
(SEQ ID NO 26), wherein Xi is aromatic or positively
charged amino acid, such as F, Y or R, X2 is small
amino acid, such as N, G or S, X3 is small polar amino
acid, such as S or N, X4 is aromatic or small polar
amino acid, such as Y, F,W or S, and X5 is aliphatic
or positively charged amino acid, such as L or R. More
specifically, the present invention provides a fully
human anti- VAP-1 antibody light chain comprising a
first CDR amino acid sequence selected from the group
consisting of SEQ ID NO.s 27 to 3 1 and their
conservative sequence variants, and/or a second CDR
amino acid sequence selected from the group consisting
of SEQ ID NO:s 32 to 36 and their conservative
sequence variants, and/or a third CDR amino acid
sequence selected from the group consisting of SEQ ID
NO:s 37 to 4 1 and their conservative sequence
variants. Particular antibody heavy chains according
tothe present invention comprise a variable region
selected from the group consisting of SEQ ID NO:s 42
to 46 and their conservative sequence variants. A
further aspect of the present invention is to provide
a fully human anti-VAP-1 antibody comprising heavy and
light chains according to the present invention. The
antibody molecules and the chains of the present
invention may comprise: a complete natural antibody
molecule, having full length heavy and light chains; a
fragment thereof, such as a Fab, Fab1, F(ab')2 or Fv
fragment; a light chain or heavy chain monomer or
dimer; or a single chain antibody, e.g. a single chain
Fv in which heavy and light chain variable regions are
joined by a peptide linker; or any other recombinant,
or CDRgrafted molecule. Similarly the heavy and light
chain variable region may be combined with other
antibody domains as appropriate. It is well known in
the art that the CDR3 domain, independently from the
CDR1 and/or CDR2 domain(s), alone can determine the
binding specificity of an antibody for a cognate
antigen and that multiple antibodies can predictably
be generated having the same binding specificity based
on a common CDR3 sequence. Accordingly, the present
disclosure provides monoclonal antibodies comprising
one or more heavy and/or light chain CDR3 domains from
an antibody derived from a human or non-human animal,
wherein the monoclonal antibody is capable of
specifically binding to VAP-1 . Within certain
aspects, the present disclosure provides monoclonal
antibodies comprising one or more heavy and/or light
chain CDR3 domains from a non-human antibody, such as
a mouse or rat antibody, wherein the monoclonal
antibody is capable of specifically binding to VAP-1.
Within some embodiments, such inventive antibodies
comprising one or more heavy and/or light chain CDR3
domain from a non-human antibody (a) are capable of
competing for binding with; (b) retain the functional
characteristics; (c) bind to the same epitope; and/or
(d) have a similar binding affinity as the
corresponding parental non-human antibody. Within
other aspects, the present disclosure provides
monoclonal antibodies comprising one or more heavy
and/or light chain CDR3 domain from a human antibody,
such as, for example, a human antibody obtained from a
non-human animal, wherein the human antibody is
capable of specifically binding to VAP-1 . Within
other aspects, the present disclosure provides
monoclonal antibodies comprising one or more heavy
and/or light chain CDR3domain from a first human
antibody, such as, for example, a human antibody
obtained from a non-human animal, wherein the first
human antibody is capable of specifically binding to
VAP-1 and wherein the CDR3 domain from the first human
antibody replaces a CDR3 domain in a human antibody
that is lacking binding specificity for VAP-1 to
generate a second human antibody that is capable of
specifically binding to VAP-1. Within some
embodiments, such inventive antibodies comprising one
or more heavy and/or light chain CDR3 domain from the
first human antibody (a) are capable of competing for
binding with; (b) retain the functional
characteristics; (c) bind to the same epitope; and/or
(d) have a similar binding affinity as the
corresponding parental first human antibody. The
antibodies of the present disclosure may be further
characterized by the various physical properties of
the anti-VAP-1 antibodies. Various assays may be used
to detect and/or differentiate different classes of
antibodies based on these physical properties. In some
embodiments, antibodies of the present disclosure may
contain one or more glycosylation sites in either the
light or heavy chain variable region. The presence of
one or more glycosylation sites in the variable region
may result in increased immunogenicity of the antibody
or an alteration of the pharmacokinetics of the
antibody due to altered antigen binding as well 



known in the art. Glycosylation has been known to
occur at motifs containing an N-X-S/T sequence.
Variable region glycosylation may be tested using a
Glycoblot assay, which cleaves the antibody to produce
a Fab, and then tests for glycosylation using an assay
that measures periodate oxidation and Schiff base
formation. Alternatively, variable region
glycosylation may be tested using Dionex light
chromatography (Dionex-LC), which cleaves saccharides
from a Fab into monosaccharides and analyzes the
individual saccharide content. In some instances, it
is preferred to have an anti-VAP-1 antibody that does
not contain variable region glycosylation. This can be
achieved either by selecting antibodies that do not
contain the glycosylation motif in the variable region
or by mutating residues within the glycosylation motif
using standard techniques well known in the art. In a
preferred embodiment, the antibodies of the present
disclosure do not contain asparagine isomerism sites.
A deamidation or isoaspartic acid effect may occur on
N-G or D-G sequences, respectively. The creation
ofisoaspartic acid can be measured using an iso-quant
assay, which uses a reverse-phase HPLC to test for
isoaspartic acid. Each antibody will have a unique
isoelectric point (pi), but generally antibodies will
fall in the pH range of between 6 and 9.5. The pi for
an fgG1 antibody typically falls within the pH range
of 7-9.5 and the pi for an lgG4 antibody typically
falls within the pH range of 6-8. Antibodies may have
a pi that is outside this range. The isoelectric point
may be tested using a capillary isoelectric focusing
assay, which creates a pH gradient and may utilize
laser focusing for increased accuracy as well known in
the art. In some instances, it is preferred to have an
anti-VAP-1 antibody that contains a pi value that
falls in the normal range. This can be achieved either
by selecting antibodies with a pf in the normal range,
or by mutating charged surface residues using standard
techniques well known in the art. Each antibody will
have a melting temperature that is indicative of
thermal stability. A higher thermal stability
indicates greater overall antibody stability in vivo.
The melting point of an antibody may be measured using
techniques such as differential scanning calorimetry.
TM1 indicates the temperature of the initial unfolding
of the antibody. TM2 indicates the temperature of
complete unfolding of the antibody. Generally, it is
preferred that the TM1 of an antibody of the present
disclosure is greater than 600C, preferably greater
than 650C, even more preferably greater than 700C.
Alternatively, the thermal stability of an antibody
may be measured using circular dichroism as well known
in the art. In a preferred embodiment, antibodies are
selected that do not rapidly degrade. Fragmentation of
an anti-VAP-1 antibody may be measured using capillary
electrophoresis (CE) and Matrix Assisted Laser
Desorption fonisation Mass Spectrometry (MALDI-MS), as
is well understood in the art. In another preferred
embodiment, antibodies are selected that have minimal
aggregation effects. Aggregation may lead to
triggering of an unwanted Immune response and/or
altered or unfavorable pharmacokinetic properties.
Generally, antibodies are acceptable with aggregation
of 25% or less, preferably 20% or less, even more
preferably 15% or less, even more preferably 10% or
less and even more preferably 5% or less. Aggregation
may be measured by several techniques well known in
the art, including sizeexclusion column (SEC) high
performance liquid chromatography (HPLC), and light
scattering to identify monomers, dimers, trimers or
multimers.The antibodies according to the present
invention are preferably of IgG-type and more
preferably of lgG4-type. However, other antibody
isotypes, such as IgGI , lgG2, lgG3, IgM and IgE, are
included. In some embodiments, an antibody according
to the present invention comprises heavy and light
chain variable regions comprising amino acid sequences
that are homologous to the amino acid sequences of the
preferred antibodies described herein, and wherein the
antibodies retain the desired functional properties of
the anti-VAP-1 antibodies of the invention. For
example, the invention provides an isolated monoclonal
antibody, or antigen binding portion thereof,
comprising a heavy chain variable region and a light
chain variable region, wherein: (a) the heavy chain
variable region comprises an amino acid sequence that
is at least 80% homologous to an amino acid sequence
selected from the group consisting of SEQ ID NO:s 19
to 23; (b) the light chain variable region comprises
an amino acid sequence that is at least 80% homologous
to an amino acid sequence selected from the group
consisting of SEQ ID NO:s 42 to 46; (c) the antibody
binds to human VAP-1 with a Kd of 1 x 10 7 M or lower.
In other embodiments, the VH and/or V L amino acid
sequences may be 85%, 90%, 95%, 96%, 97%, 98% or 99%
homologous to the sequences set forth above. An
antibody having VH and V L regions having high (i.e.,
80% or greater) homology to the V H and VL regions of
the sequences set forth above, can be obtained by
mutagenesis (e.g., site- directed or PCR-mediated
mutagenesis) of nucleic acid molecules encoding SEQ ID
NO:s 19 to 23 and 42 to 46, followed by testing of the
encoded altered antibody for retained 



function. As used herein, the percent homology between
two amino acid sequences is equivalent to the percent
identity between the two sequences. The percent
identity between the two sequences is a function of
the number of identical positions shared by the
sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into
account the number of gaps, and the length of each
gap, which need to be introduced for optimal alignment
of the two sequences. The comparison of sequences and
determination of percent identity between two
sequences can be accomplished using standard methods
known in the art. In some embodiments, antibodies of
the invention may be engineered to include
modifications within the Fc region, typically to alter
oneor more functional properties of the antibody, such
as serum half-life, complement fixation, Fc receptor
binding, and/or antigen-dependent cellular
cytotoxicity. Furthermore, an antibody of the
invention may be chemically modified (e.g., one or
more chemical moieties can be attached to the
antibody) or be modified to alter its glycosylation,
again to alter one or more functional properties of
the antibody. For example, the Fc region may be
altered by replacing at least one amino acid residue
selected from amino acid residues 234, 235, 236, 237,
297, 318, 320 and 322 (the numbering of residues in
the Fc region is that of the EU index of Kabat) can be
replaced with a different amino acid residue such that
the antibody has an altered affinity for an effector
ligand but retains the antigen-binding ability of the
parent antibody. The effector ligand to which affinity
is altered can be, for example, an Fc receptor or the
Cl component of complement. This approach is described
in further detail e.g. in US Patents 5,624,821 and
5,648,260. Another modification of the antibodies
herein that is contemplated by the invention is
pegylation. An antibody can be pegylated to, for
example, increase the biological (e.g., serum) half
life of the antibody. To pegylate an antibody, the
antibody, or fragment thereof, typically is reacted
with polyethylene glycol (PEG), such as a reactive
ester or aldehyde derivative of PEG, under conditions
in which one or more PEG groups become attached to the
antibody or antibody fragment. Preferably, the
pegylation is carried out via an acylation reaction or
an alkylation reaction with a reactive PEG molecule
(or an analogous reactive water-soluble polymer). As
used herein, the term "polyethylene glycol" is
intended to encompass any of the forms of PEG that
have been used to derivatize other proteins, such as
mono (CI-CIO) alkoxy- or aryloxy-polyethylene glycol
or polyethylene glycol-maleimide. In certain
embodiments, the antibody to be pegylated is an
aglycosylated antibody. Methods for pegylating
proteins are known in the art and can be applied to
the antibodies of the invention. In preferred
embodiments, the present invention provides specific
fully human anti-VAP-1 antibodies 8C10, 8A4, 3F10, 4B3
and 5F12. In other preferred embodiments, the present
invention provides recombinant fully human anti-VAP-1
antibodies, such as recombinant 8C10, 8A4, 3F10, 4B3
and 5F12. In recombinant r8C10 (BTT-1023), the heavy
chain consists of theamino acid sequence depicted in
SEQ ID NO: 47 and the light chain consists of the
amino acid sequence depicted in SEQ ID NO: 48. TABLE
1. Fully human anti-VAP-1 amino acid sequencesFully
human anti-VAP-1 antibodies are preferably prepared by
immunizing mice in which the native mouse
immunoglobulin genes have been inactivated and
functionally replaced with all or part of the human
immunoglobulin gene repertoire. Such mice are
immunized with VAP-1 antigen and human antibody
producing hybridomas are then generated from the mice
using normal procedures. Cloned hybridoma cells which
produce monoclonal antibodies that are reactive with
VAP-1 antigen are then identified and expanded to
produce purified fully human monoclonal antibodies.
Alternative ways to make a human antibody include
transferring the specificity of an animal antibody to
a human immunoglobulin. For example, mice are
immunized with VAP-1 antigen and antibody producing
hybridomas are then generated from the mice using
normal procedures. Cloned hybridoma cells which
produce monoclonal antibodies that are reactive with
VAP-1 antigen are then identified and expanded to
produce purified monoclonal antibodies. The cDNA
sequences of the antibody heavy and light chain
variable regions are determined and the
complementarity determining regions(CDR) identified.
The CDR amino acid sequences of the heavy and light
chains are used to replace the matching CDR's of a
human antibody, thus transferring the specificity of
the rodent anti-VAP-1 antibody to a human antibody.
The resulting anti-VAP-1 antibody is fully human in
the sense that, although the original CDR amino acid
sequences are derived from rodents, the same amino
acid sequences are capable of being generated in a
human derived antibody and cannot be accurately
defined as being specific to rodents. To generate
hybridomas producing human monoclonal antibodies of
the invention, splenocytes and/or lymph node cells
from immunized mice can be isolated and fused to an
appropriate immortalized cell line, such as a 



mouse myeloma cell line. The resulting hybridomas can
be screened for the production of antigen-specific
antibodies. For example, single cell suspensions of
splenic lymphocytes from immunized mice can be fused
to one-sixth the number of P3X63-Ag8.653 nonsecreting
mouse myeloma cells (ATCC, CRL 1580) with 50% PEG.
Cells are plated at approximately 2 x 105 in flat
bottom microliter plate, followed by a two week
incubation in selective medium containing 20% fetal
Clone Serum, 18% "653" conditioned media, 5% origen
(IGEN), 4 mM L-glutamine, 1 mM sodium pyruvate, 5mM
HEPES 0.055 mM 2- mercaptoethanol, 50 units/ml
penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin
and IX HAT (Sigma; the HAT is added 24 hours after the
fusion). After approximately two weeks, cells can be
cultured in medium in which the HAT is replaced with
HT. Individual wells can then be screened by ELISA for
human monoclonal IgM and IgG antibodies. Once
extensive hybridoma growth occurs, medium can be
observed usually after 10-14 days. The antibody
secreting hybridomas can be re-plated, screened again,
and if still positive for human IgG, the monoclonal
antibodies can be subcloned at least twice by limiting
dilution. The stable subclones can then be cultured in
vitro to generate small amounts of antibody in tissue
culture medium for characterization. To purify human
monoclonal antibodies, selected hybridomas can be
grown in two-liter spinner-flasks for monoclonal
antibody purification. Supematants can be filtered and
concentrated before affinity chromatography with
protein Asepharose (Pharmacia, Piscataway, NJ.).
Eluted IgG can be checked by gel electrophoresis and
high performance liquid chromatography to ensure
purity. The buffer solution can be exchanged into PBS,
and the concentration can bedetermined by OD280 using
1.43 extinction coefficient. The monoclonal antibodies
can be aliquoted and stored at -800C. Fully human
antibodies can also be produced from phage display
libraries, which use genetically engineered phage to
display and produce human antibody proteins on the
surface of the recombinant phage Single chain
antibodies with high affinity and specificity to any
given target are selected by screening and the
antibody sequences can then be isolated from the phage
to produce a recombinant fully human antibody. Such
phage display methods for isolating human antibodies
are established in the art. Fully human monoclonal
antibodies according to the present invention can also
be prepared using SCID mice into which human immune
cells have been reconstituted such that a human
antibody response can be generated upon immunization.
Such mice are described in, for example, U.S. Patents
5,476,996 and 5,698,767. When desired, DNA encoding
the light and heavy chain variable regions of the
antibody can be isolated and fused to the DNA encoding
any desired human, or modified human, constant region
in order to produce a DNA construct which can be
inserted into an expression vector and transfected
into a suitable expression host to produce a
recombinant fully human antibody. Thus, antibodies
according to the present invention also can be
produced in a host cell transfectoma using, for
example, a combination of recombinant DNA techniques
and gene transfection methods as is well known in the
art. For example, to express the antibodies, or
antibody fragments thereof, DNAs encoding partial or
full-length light and heavy chains, can be obtained by
standard molecular biology techniques (e.g., PCR
amplification or cDNA cloning using a hybridoma that
expresses the antibody of interest) and the DNAs can
be inserted into expression vectors such that the
genes are operatively linked to transcriptional and
translational control sequences. In this context, the
term "operatively linked" is intended to mean that an
antibody gene is ligated into a vector such that
transcriptional and translational control sequences
within the vector serve their intended function of
regulating the transcription and translation of the
antibody gene. The expression vector and expression
control sequences are chosen to be compatible with the
expression host cell used. The antibody light chain
gene and the antibody heavy chain gene can be inserted
into separate vector or, more typically, both genes
are inserted into the same expression vector. The
antibody genes are inserted intothe expression vector
by standard methods (e.g., ligation of complementary
restriction sites on the antibody gene fragment and
vector, or blunt end ligation if no restriction sites
are present). The light and heavy chain variable
regions of the antibodies described herein can be used
to create full-length antibody genes of any antibody
isotype by inserting them into expression vectors
already encoding heavy chain constant and light chain
constant regions of the desired isotype such that the
VH segment is operatively linked to the heavy chain
constant (CH) segment(s) within the vector and the V K
segment is operatively linked to the light chain
constant (CL) segment within the vector. Additionally
or alternatively, the recombinant expression vector
can encode a signal peptide that facilitates secretion
of the antibody chain from a host cell. The antibody
chain gene can be cloned into the vector such that the
signal peptide is linked in-frame to the amino
terminus of the antibody chain gene. The signal
peptide can be an immunoglobulin signal peptide or a
heterologous signal peptide (i.e., a signal peptide
from a non- immunoglobulin protein). 



In addition to the antibody chain genes, the
recombinant expression vectors of the invention carry
regulatory sequences that control the expression of
the antibody chain genes in a host cell. The term
"regulatory sequence" is intended to include
promoters, enhancers and other expression control
elements (e.g., polyadenylation signals) that control
the transcription or translation of the antibody chain
genes, as well known in the art. It will be
appreciated by those skilled in the art that the
design of the expression vector, including the
selection of regulatory sequences, may depend on such
factors as the choice of the host cell to be
transformed, the level of expression of protein
desired, etc. Preferred regulatory sequences for
mammalian host cell expression include viral elements
that direct high levels of protein expression in
mammalian cells, such as promoters and/or enhancers
derived from cytomegalovirus (CMV)1 Simian Virus 40
(SV40), adenovirus, (e.g., the adenovirus major late
promoter (AdMLP) and polyoma. Alternatively, nonviral
regulatory sequences may be used, such as the
ubiquitin promoter or b-globin promoter. Still
further, regulatory elements composed of sequences
from different sources, such as the SRalpha promoter
system, which contains sequences from the SV40 early
promoter and the long terminal repeat of human T cell
leukemia virus type 1. In addition to the antibody
chain genes and regulatory sequences, the recombinant
expression vectors of the invention may carry
additionalsequences, such as sequences that regulate
replication of the vector in host cells (e.g., origins
of replication) and selectable marker genes. As well
known in the art, the selectable marker gene
facilitates selection of host cells into which the
vector has been introduced. For example, typically the
selectable marker gene confers resistance to drugs,
such as G418, hygromycin or methotrexate, on a host
cell into which the vector has been introduced.
Preferred selectable marker genes include the
dihydrofolate reductase (DHFR) gene (for use in dhfr-
host cells with methotrexate selection/amplification)
and the neo gene (for G418 selection) For expression
of the light and heavy chains, the expression vector(
e) encoding the heavy and light chains is transfected
into a host cell by standard techniques. The various
forms of the term "transfection" are intended to
encompass a wide variety of techniques commonly used
for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cell, e.g.,
eiectroporation, calcium-phosphate precipitation,
DEAE- dextran transfection and the like. Although it
is theoretically possible to express the antibodies of
the invention in either prokaryotic or eukaryotic host
cells, expression of antibodies in eukaryotic cells,
and most preferably mammalian host cells, is the most
preferred because such eukaryotic cells, and in
particular mammalian cells, are more likeiy than
prokaryotic cells to assemble and secrete a properly
folded and immunologically active antibody.
Prokaryotic expression of antibody genes has been
reported to be ineffective for production of high
yields of active antibody. Preferred mammalian host
cells for expressing the recombinant antibodies of the
invention include Chinese Hamster Ovary (CHO cells)
(including dhfr- CHO cells know in the art), NSO
myeloma cells, COS cells and SP2 cells. When
recombinant expression vectors encoding antibody genes
are introduced into mammalian host cells, the
antibodies are produced by culturing the host cells
for a period of time sufficient to allow for
expression of the antibody in the host cells or, more
preferably, secretion of the antibody into the culture
medium in which the host cells are grown. Antibodies
can be recovered from the culture medium using
standard protein purification methods. A further
aspect of the present invention is to provide a DNA
molecule encoding a fully human anti-VAP-1 antibody
heavy chain variable region, comprising a first DNA
sequence selected from the group consisting of SEQ ID
NO:s 49 to 53, and their conservative sequence
variants, and/or asecond DNA sequence selected from
the group consisting of SEQ ID NO:s 54 to 58, and
their conservative sequence variants, and/or a third
DNA sequence selected from the group consisting of SEQ
ID NO:s 59 to 63, and their conservative sequence
variants, said DNA sequences encoding CDR regions 1 to
3, respectively. According to a particular aspect, the
present invention provides a DNA molecule encoding a
heavy chain variable region and comprising a DNA
sequence selected from the group consisting of SEQ ID
NO:s 64 to 68 and their conservative sequence
variants. Still further aspect of the present
invention is to provide a DNA molecule encoding a
fully human anti-VAP-1 antibody light chain variable
region, comprising a first DNA sequence selected from
the group consisting of SEQ ID NO:s 69 to 73, and
their conservative sequence variants, and/or a second
DNA sequence selected from the group consisting of SEQ
ID NO:s 74 to 78, and their conservative sequence
variants, and/or a third DNA sequence selected from
the group consisting of SEQ ID NO:s 79 to 83, and
their conservative sequence variants, said DNA
sequences encoding CDR regions 1 to 3, respectively.
According to a particular aspect, the present
invention provides a DNA molecule encoding a heavy
chain variable region and 



comprising a DNA sequence selected from the group
consisting of SEQ ID NO:s 84 to 88, and their
conservative sequence variants. In one embodiment, the
present invention provides DNA molecules encoding
recombinant fully human anti-VAP-1 antibodies, such as
recombinant 8C10, 8A4, 3F10, 4B3 and 5F12. In
recombinant r8C10 (BTT-1023), the heavy chain is
encoded by DNA comprising the polynucleotide sequence
depicted in SEQ ID NO: 89 and the light chain is
encoded by DNA comprising the polynucleotide sequence
depicted in SEQ ID NO: 90. TABLE 2. Fully human
anti-VAP-1 nucleotide sequencesPHTHALAZINONE
DERIVATIVES AND THEIR USE AS MEDICAMENT TO TREAT
CANCER 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
multidomain 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 al., 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
domain but differ in their cellular functions (Ame et
al., 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, et al., 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 leukaemic and
colon cancer cells show higher enzyme activity than
the equivalent normal leukocytes and colon mucosa
(Miwa, et al., Arch. Biochem. Biophys., 181, 313-321
(1977); Burzio, et al., Proc. Soc. Exp. Biol. Med.,
149, 933-938 (1975); and Hirai, etal., Cancer Res.,
43, 3441-3446 (1983)). More recently in malignant
prostate tumours compared to benign 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., British Journal of Cancer, 49
(Suppl. Vl), 34-42 (1984); Schlicker, et al., Int. J.
Radial BioL, 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, CHn. Oncol., 16(1), 29-39
(2004)) Furthermore, PARP-1 knockout (PARP -/-)
animals exhibit genomic instability in response to
alkylating agents and g-irradiation (Wang, et al.,
Genes Dev., 9, 509-520 (1995); Menissierde Murcia, et
al., Proc. Natl. Acad. Sci. 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)).
PARP inhibition has also recently been reported to
have antiangiogenic effects. Where dose dependent
reductions of VEGF and basic-fibroblast growth factor
(bFGF)-induced proliferation, migration and tube
formation in HUVECS has been reported (Rajesh, et al.,
Biochem. Biophys. Res. Comm., 350, 1056-1062 (2006)).
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.
CHn. 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, et al., 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, et
al., Proc. Natl. Acad. Sci. U.S.A., 97(3),
10203-10208(2000)), eye (Occular) related oxidative
damage as in Macular Degeneration (AMD) and retinitis
pigmentosis (Paquet-Durand etai, J. Neuroscience,
27(38), 10311-10319 (2007), as well as in transplant
rejection of organs like lung, heart and kidney
(O'Valle, et al., Transplant. 



Proc, 39(7), 2099-2101 (2007). Moreover, treatment
with PARP inhibitors has been shown to attenuate acute
diseases like pancreatitis and it associated liver and
lung damage caused by mechanisms where PARP plays a
role (Mota, etal., Br. J. Pharmacol., 151(7), 998-1005
(2007). 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)) and age
related diseases such as atherosclerosis (Hans, et
al., Cardiovasc. Res., (Jan 31, 2008)). 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., et al., 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 a n 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 o r 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.
Further compounds related to those exemplified in WO
03/093261 are disclosed in copending US application
11/550,004 and co-pending PCT application published as
WO 2007/045877. 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; X is selected from H and F; R1 and R2
are independently selected from H and methyl; RN1 is
selected from H and optionally substituted Ci-7 alkyl;
RN2 is selected from H, optionally substituted C1-7
alkyl, C3-7 heterocyclyl and C5-6 aryl; or RN1 and RN2
and the nitrogen atom to which they are bound form an
optionally substituted nitrogen containing C5-7
heterocyclic group. 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;
angiogenesis; haemorraghic shock; eye related
oxidative damage; transplant rejection; 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; pacreatitis; atherosclerosis;
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 ant i 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 a patient 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 S.P. 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 (NM_002876), 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), MRE1 1A (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, et al., Cell,
115, pp523-535). HR components arealso 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
al., Science, 291 , 1284-1289 (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 al., 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 Clin
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., Neoplasms, 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. Figures Figure 1 is an X-ray
diffraction pattern of a crystalline form of a
compound of the present invention. Figure 2 is a DSC
thermogram of the same crystalline form. Figure 3 is a
TGA thermogram of the same crystalline form.
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 group
benzylphenyl 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, C1-7 alkyl, C3-20 heterocyclyl and
C5-2O aryl. 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 -O-(CH
2)P-O-, where m is 2, 3, 4 or 5 and p is 1, 2 or 3.
Nitrogen-containing C5-7 heterocyclic ring: The term
"nitrogen-containing C5-7 heterocyclic ring" as used
herein, pertains to a C5.7 heterocyclyl ic 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. Ci ,
C1-7 , Ci-20 , 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 atleast
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 (C10) , undecyl (C1 1) , dodecyl (C12) ,
tridecyl (C13), tetradecyl (Ci 4), pentadecyl (C15 ) ,
and eicodecyl (C2o). 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-CH 3), 2-propenyl
(allyl, -CH-CH=CH 2) , 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 C2 alkynyl, C2-7 alkynyl, C2-20 alkynyl.
Examples of (unsubstituted) unsaturated alkynyl groups
include, but are not limited to, ethynyl (ethinyl,
-CCH) and 2-propynyl (propargyl, -CH2-C=CH).
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 groupsinclude C3.2oCycloalkyl, C3-15
cycloalkyl, C3.iocycloalkyl, 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 (C8),
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 (Ci 0), pinane (C10) , bornane (C-io),
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 (C16) , cholanthrene (C20).
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 2
, 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
"Cs-eheterocyclyl", 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.i 5 heterocyclyl, C3-12 heterocyclyl, C5-12
heterocyclyl, C3-10 heterocyclyl, C5-10 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); S1: thiirane (C3),
thietane (C4) , thiolane (tetrahydrothiophene) (C5) ,
thiane (tetrahydrothiopyran) (C6), thiepane (C7); O2:
dioxolane (C5), 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 (C6) ,
such as allopyranose, altropyranose, glucopyranose,
mannopyranose, gulopyranose, idopyranose,
galactopyranose, and talopyranose.C5-20 aryl: The term
"C5.2oaryl" as used herein, pertains to a monovalent
moiety obtained by removing a hydrogen atom from an
aromatic ring atom of a C5-20 aromatic 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 "C5-20 carboaryl"
group. Examples of C5-20 aryl groups which do not have
ring heteroatoms (i.e. C5-20 carboaryl groups)
include, but are not limited to, those derived from
benzene (i.e. phenyl) (C6), naphthalene (C10) ,
anthracene (Ci 4), 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 C5-20 heteroaryl 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 C5-20 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; Ci 4
heteroaryl groups derived from acridine and xanthene.
The term "C5-6 aryl" as used herein, pertains to a
monovalent moiety obtained by removing a hydrogen atom
from an aromatic ring atom of a C5-6 aromatic
compound, said compound having one aromatic ring
having 5 or 6 ring atoms. Examples and further
limitations are given above in the definition of
"C5.20 aryl".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 C1-7 alkoxy group), a C3-2
heterocyclyl group (also referred to as a C3-20
heterocyclyloxy group), or a C5-20 aryl group (also
referred to as a C5-20 aryloxy group), preferably a Ci
7 alkyl group. Nitro: -NO2. Cyano (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 C5-20 aryl group
(also referred to as C5-20 arylacyl), preferably a
C1-7 alkyl 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 C3-20
heterocyclyl group, or a C5-20 ar yl group, preferably
a C1-7 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)NH2, -C(=O)NHCH 3, -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 asin, 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 Ci -7 alkylamino or
di-Ci -7 alkylamino), a C3-2o heterocyclyl group, or a
C5-2oaryl 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(R1)CONR2R3 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 group,
a C3-20heterocyclyl group, or a C5-20aryl group,
preferably hydrogen or a C1-7alkyl group. Examples of
ureido groups include, but are not limited to,
-NHCONH2, -NHCONHMe, -NHCONHEt, -NHCONMe 2, -NHCONEt2,
-NMeCONH2, -NMeCONHMe, -NMeCONHEt, - NMeCONMe2,
-NMeCONEt2 and -NHCONHPh. Acyloxy (reverse ester):
-0C(=0)R, wherein R is an acyloxy 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 acyloxy groups include, but are not
limited to, -OC(=O)CH 3 (acetoxy), - OCC=O)CH2CH3,
-OC(=O)C(CH 3)3, -OC(=O)Ph, -OC(=O)C6H4F, and
-OC(=O)CH 2Ph. 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 C3-2O heterocyclyl group, or a C5-20 aryl
group, preferably a Ci -7 alkyl group. Examples of Ci
-7 alkylthio groups include, but are not limited to,
-SCH3 and -SCH2CH3. Sulfoxide (sulfinyl): -S(=O)R,
wherein R is a sulfoxide substituent, for example, a
Ci-7 alkyl group, a C3-20 heterocyclyl group, or a
C5-20 aryl group, preferably a Ci 7 alkyl group.
Examples of sulfoxide groups include, but are not
limited to, -S(=O)CH 3 and -S(=O)CH 2CH3. 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 Ci -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). 



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 C1-7alkyl group, a
C3-20heterocyclyl group, or a C5-20aryl group,
preferably a Ci -7alkyl 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. Ci-7 alkyl, C3-20
heterocyclyl and C5-20 aryl, may themselves be
substituted. Thus, the above definitions cover
substituent groups which are substituted. Further
Embodiments The following embodiments can relate to
each aspect of the present invention, where
applicable. In the present invention, the fused
aromatic ring(s) represented by -A-B- may consist
ofsolely 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 one
or more substituent groups, these are preferably
attached to the atoms which themselves is attached to
the central ring a- to the carbon atom in the central
ring. Thus, if the fused aromatic ring is a benzene
ring, the preferred places of substitution is shown in
the formula below by * : This substituent may be
selected from a halo group, and more particularly F. X
is preferably F. R1 and R2 may both be H or methyl, or
R1 and R2 may be H and methyl respectively. It is
preferred that R1 and R2 are H and methyl
respectively. If RN 1 is C1.7 alkyl it may be
unsubstituted, for example, methyl, ethyl,
cyclopropyl, iso-propyl, tert-butyl,
2,2-dimethylpropyl, cyclobutyl, cyclohexyl, or may be
substituted, for example, by a group selected from
halo (F), hydroxy, alkoxy (methoxy) and C5-6 aryl
(pyridyl, phenyl). If RN2 is C1-7 alkyl it may be
unsubstituted, for example, methyl, ethyl,
cyclopropyl, iso-propyl, tert-butyl,
2,2-dimethylpropyl, cyclobutyl, cyclohexyl, or may be
substituted, for example, by a group selected from
halo (F), hydroxy, alkoxy (methoxy) and C5-6 aryl
(pyridyl, phenyl). If RN2 is C3- heterocyclyl, then it
may be substituted or unsubstituted. Substitutent may
include C1-7 alkyl, halo, hydroxy, alkoxy and amino.
It may be a C3, C4, C5, C6 or C7 heterocylcyl and may
contain 1, 2 or 3 ring heteroatoms, and may contain
unsaturation. In some embodiments, RN2 is a C5-6
heterocyclyl, for example, 4,5-dihydro-thiazol-2-yl.
If RN2 is C5-6 aryl, then is may be substituted or
unsubstituted. Substitutent may include, Ci 7 alkyl,
halo, hydroxy, alkoxy and amino. It may be a C5
(pyrolyl, oxazolyl) or C6 aryl (phenyl, pyridiyl,
pyrazinyl).RN 1 and RN2 may be the same, i.e. may be
selected from H and optionally substituted C1-7 alkyl.
In particular, when RN1 and RN2 are the same, they may
be selected from unsubstituted C1-7 alkyl, for
example, methyl, ethyl, iso-propyl. When RN2 is C3-7
heterocyclyl or C5-6 aryl or is C1-7 alkyl substitued
by C5-6 aryl , RN 1 may be hydrogen. If RN1 and RN2
and the nitrogen atom to which they are bound form an
optionally substituted nitrogen containing C5-7
heterocyclic group, this group may be selected from
pyrrolidine, piperidine, morpholine and
thiomorpholine. The C5-7 heterocyclic group may be
substituted or unsubstituted. If the C5-7 heterocyclic
group is substituted, the substituents may be selected
from C1-7 alkyl (methyl, ethyl), C5-6 aryl (furanyl),
hydroxy and C1-7 alkyoxy (methoxy). These substituents
may be at any ring position. Examples of groups in the
present invention include, but are not limited to,
pyrrolidine, 2,6-dimethyl-morpholine,
1,2,3,6-tetrahydropyridine, 2-methyl-pyrrolidine,
piperidine, morpholino, 2-methyl-piperidine,
3-hydroxypiperidine, thiomorpholine,
2-ethyl-piperidine, 4,4-dimethyl-piperidine,
3,3-dimethyl-piperidine, 2-furan-2-yl-pyrrolidine and
2,2,6,6-tetramethyl-piperidine. A compound of
particular interest is
3-(2-fluoro-5-((4-oxo-3,4-dihydrophthalazin-1-
yl)methyl)phenyl)-5-methyl-1-(2-(pyrrolidin-1-yl)ethyl
)imidazolidine-2,4-dione (9). 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 fra s-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., Ci-7 alkyl
includes n-propyl and /so-propyl; butyl includes n-,
iso-, sec-, and terf-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, Nnitroso/
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); C may
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 andchromatographic 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. When R1
is H and R2 is methyl, the compounds of the present
invention have a chiral centre, indicated by * in the
formula below: Reference to this compound includes the
stereoisomeric forms, as well as (wholly or partially)
racemic and other mixtures thereof. Compound 9 once
separated by chiral HPLC has been found to epimerise
on standing in solution. 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. Sci., 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 4 +.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, carboxymethyl cellulose. Salts of
particular interest in the present invention are:
hydrochloride, succinate, fumarate, mesylate,
tosylate, maleate, sulphate and phosphate, and in
particular hydrochloride. 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(0R) 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-OCH 2C6H5,
-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-trimethylsilylethyloxy amide (-NH-Teoc), as a
2,2,2-trichloroethyloxy 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 C1 7 haloalkyl ester (e.g. a C1-7
trihaloalkyl ester); a WC1-7 alkylsilyl-C 1-7 alkyl
ester; or a C5-20 aryl-C^ 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(=0)0R) is cleaved to yield the active
drug. Such esters may be formed by esterification, for
example, of any of the carboxylic acid groups
(-C(=0)0H) 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.2O alkyl (e.g. -Me,
-Et); Ci_7aminoalkyl (e.g.aminoethyl;
2-(L/,L/-diethylamino)ethyl; 2-(4-morpholino)ethyl);
and acyloxy-C1-7 alkyl (e.g. acyloxymethyl;
acyloxyethyl; e.g. pivaloyloxymethyl; acetoxy methyl;
1-acetoxyethyl; 1-(1-
methoxy-1-methyl)ethyl-carbonxyloxyethyl;
1-(benzoyloxy)ethyl; isopropoxycarbonyloxymethyl;
1-isopropoxy-carbonyloxyethyl;
cyclohexyl-carbonyloxymethyl;
1-cyclohexyl-carbonyloxyethyl ;
cyclohexyloxy-carbonyloxymethyl ;
1-cyclohexyloxycarbonyloxyethyl;
(4-tetrahydropyranyloxy) carbonyloxy methyl; 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. Hydrochloride Salt of
Compound 9 The hydrochloride salt of compound 9, and
its particular crystalline form (hereinafter termed
"9a form 1"), as described in the examples below, are
aspects of the present invention. 9a form 1 is
characterised in providing at least one of the
following 2Qvalues measured using CuKa radiation: 11.6
and 24.6. 9a form 1 may be characterized by having an
X-ray diffraction pattern comprising 2 or more of the
ten most prominent peaks as set out in table B in
Example 6. 9a form 1 may also be characterised in
providing an X-ray powder diffraction pattern,
substantially as shown in Figure 1. The peaks may be
at the stated values or within 0.5 2 theta either side
of the stated values. When it is stated that an aspect
of the present invention relates to 9a form 1, the
degree of crystallinity is conveniently greater than
about 60%, more conveniently greater than about 80%,
preferably greater than about 90% and more preferably
greater than about 95%. Most preferably the degree of
crystallinity is greater than about 98%. 9a form 1
provides X-ray powder diffraction patterns
substantially the same as the X-ray powder diffraction
patterns shown in Figure 1 and has substantially the
ten most prominentpeaks (angle 2-theta values) shown
in Table B in Example 6. It will be understood that
the 2- theta values of the X-ray powder diffraction
pattern may vary slightly from one machine to another
or from one sample to another, and so the values
quoted are not to be construed as absolute. It is
known that an X-ray powder diffraction pattern may be
obtained which has one or more measurement errors
depending on measurement conditions (such as equipment
or machine used). In particular, it is generally known
that intensities in an X-ray powder diffraction 



pattern may fluctuate depending on measurement
conditions. Therefore it should be understood that the
9a form 1 of the present invention is not limited to
the crystals that provide X-ray powder diffraction
patterns identical to the X-ray powder diffraction
pattern shown in Figure 1, and any crystals providing
X-ray powder diffraction patterns substantially the
same as those shown in Figure 1 fall within the scope
of the present invention. A person skilled in the art
of X-ray powder diffraction is able to judge the
substantial identity of X-ray powder diffraction
patterns. Persons skilled in the art of X-ray powder
diffraction will realise that the relative intensity
of peaks can be affected by, for example, grains above
30 microns in size and non-unitary aspect ratios,
which may affect analysis of samples. The skilled
person will also realise that the position of
reflections can be affected by the precise height at
which the sample sits in the diffractometer and the
zero calibration of the diffractometer. The surface
planarity of the sample may also have a small effect.
Hence the diffraction pattern data presented are not
to be taken as absolute values. (Jenkins, R & Snyder,
R.L. 'Introduction to X-Ray Powder Diffractometry John
Wiley & Sons 1996; Bunn, CW. (1948), Chemical
Crystallography, Clarendon Press, London; Klug, H. P.
& Alexander, L. E. (1974), X-Ray Diffraction
Procedures). Generally, a measurement error of a
diffraction angle in an X-ray powder diffractogram is
approximately plus or minus 0.5 2-theta, and such
degree of a measurement error should be taken into
account when considering the X-ray powder diffraction
pattern in Figure 1 and when reading Table B.
Furthermore, it should be understood that intensities
might fluctuate depending on experimental conditions
and sample preparation (preferred orientation).
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), ferf-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 compounds of
formula 2: Formula 2 where R is a sulfone substituent,
such as methyl or 4-methylphenyl, by reaction with the
appropriate amine HNRN 1RN2 in an appropriate organic
solvent, for example acetonitrile. Compounds of
formula 2 can be derived from compounds of formula 3:
Formula 3 by reaction first with a base, such as
triethylamine, followed by reaction with the
appropriate sulfonyl chloride RSO3CI.Compounds of
formula 3 can be synthesized from compounds of formula
4: Formula 4 where Prot is an hydroxyl protecting
group, for example, a silyl ether (TBDMS), using the
appropriate deprotection conditions. Compounds of
formula 4 can be synthesized via an intermediate of
formula 5: Formula 5 where OProt' represents an
orthogonally protected hydroxy group, for example, a
C- alkoxy group (OEt), which is produced by the
coupling a compound of formula 6: Formula 6 with a
compound of formula 7: The urea bond formation
reaction is carried out under standard conditions.
Compounds of formulae 7 may be synthesized by the
coupling of compounds of formulae 8 and 9:Formula 9
for example in the presence of potassium carbonate and
Hunig's base. The compounds of formulae 6 may be
synthesized by known methods, as exemplified below.
Compounds of formula I of the present invention: may
also be synthesized from compounds of formula 6:
Formula 6 by reaction with a compound of formula 10:
Formula 10 which undergoes ring closure. Compounds of
formula 6 may be obtained by the Curtius reaction from
the corresponding carboxylic acid. 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 nointrinsic 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 in the 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 inquestion. 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 thesense 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. Lippincott, 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 becoated 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 or tragacanth; 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, the59 32 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 stabiliser(s) 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 or other
microparticulate systems which are designed to target
the compound to blood components or one or more
organs. Examples of suitable isotonic vehicles for use
in such formulations include Sodium Chloride
Injection, Ringer' s Solution, or Lactated Ringer' s
Injection. Typically, the concentration of the active
compound in the solution is from about 1 ng/ml to
about 10 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 thoseof 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 a salt, an
ester, prodrug, or the like, the amount administered
is calculated on the basis of the parent compound and
so the actual weight to be used is increased
proportionately. Examples General Experimental Methods
Preparative HPLC Instrument: Waters ZQ LC-MS system
No. LAA 254 operating in Electrospray ionisation mode.
Mobile Phase A: 0.1% Formic acid in water Mobile Phase
B: 0.1% Formic acid in acetonitrile Column: Genesis
C18 4mm 50 x 4.6 mm Flow rate : 2.0ml/min. PDA Scan
range: 210-400nm. Gradient 1: Gradient 2:NMR 1H NMR
and 13C NMR were typically recorded using Bruker DPX
300 spectrometer at 300 MHz 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 DMSO-d6. Example 1 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)
2-[2-(tert-Butyl-dimethyl-silanyloxy)-ethylamino]-prop
ionic acid ethyl ester (4) To a suspension of
(D/L)-alanine ethyl ester hydrochloride (19.0mmol,
2.92g) in DMF (100ml) was added potassium carbonate
(42.75mmol, 5.9g) followed by Hunig's base (7.5ml
42.8mmol). The mixture was then heated to 900C and
(2-bromoethoxy)-tert butyl dimethylsilane
(3)(20.9mmol, 5.Og) added dropwise over 2 hours. The
reaction mixture was 



maintained at 900C for a further 16 hours before being
cooled to room temperature. The resultant suspension
was filtered and washed with DMF (2 x 30ml). The
filtrate was concentrated in vacuo and taken through
to the next step without any need for further
purification. (Rf 0.55 DCM / ethyl acetate 8:3,
anisaldehyde stain). (c)
1-[2-(ten-Butyl-dimethyl-silanyloxy)-ethyl]-3-[2-fluor
o-5-(4-oxo-3,4-dihydro phthalazin-1-
ylmethyl)-phenyl]-5-methyl-imidazolidine-2,4-dione (6)
To crude
2-[2-(tert-butyl-dimethyl-silanyloxy)-ethylamino]-prop
ionic acid ethyl ester (4)(20.9mmol) dissolved in dry
DMF (100ml) was added magnesium sulfate (~4.0g). The
suspension was stirred for 10 minutes and then
filtered. The filtrate treated with 4-(4-fluoro-3-
isocyanato-benzyl)-2H-phthalazin-1-one (2)(6.07g,
20.9mmol) and stirred for 18 hours at room
temperature. The reaction mixture was filtered and the
filtrate concentrated in vacuo to afford a crude oil.
The material which was subjected to flash
chromatography eluent DCM / methanol 1% initial,
increasing to 2% methanol over 5 column volumes. The
desired product was isolated as a brown oil. Major
component in LC-MS (4.2g, 76% purity); m/z (LC-MS,
ESP), RT=4.32mins (M+H) 525. This material was used in
subsequent reactions without need for any further
purification. (d)
3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl
)-phenyl]-1-(2-hydroxy-ethyl)-5-
methyl-imidazolidine-2,4-dione (7) To a solution of
1-[2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-3-[2-fluo
ro-5-(4-oxo-3,4-dihydro
phthalazin-1-ylmethyl)-phenyl]-5-methyl-imidazolidine-
2,4-dione (6) (4.2g, 76% pure) dissolved in THF (50ml)
was added TBAF (1.82g, 6.96mmol). The solution was
stirred at ambient temperature for 20 minutes and then
diluted with water (80ml). The mixture was then
extracted with DCM (4x 40ml), the combined organic
phase was dried over magnesium sulfate and
concentrated in vacuo to afford a pale yellow oil
which was subjected to flash chromatography, eluent
ethyl acetate / methanol 1% to afford a white solid.
Single peak in LC-MS, (1.73g, 99% purity); m/z (LC-MS,
ESP), RT=2.83mins (M+H) 411. (e) Methanesulfonic acid
2-{3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmet
hyl)-phenyl]-5-
methyl-2,4-dioxo-imidazolidin-1-yl}-ethyl ester (8) To
a solution of
3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl
)-phenyl]-1-(2-hydroxyethyl)-5-methyl-imidazolidine-2,
4-dione (7) ( 1 .73g, 4.22mol) in anhydrous DCM (30ml)
was added triethylamine (0.95ml, 7.0mimol) followed by
methanesulfonyl chloride (0.47ml, 6.130mol), the
reaction mixture was stirred for 30 minutes before
being diluted with water (20ml). The mixture was
extracted DCM (1x 25ml), dried over magnesium sulfate
and concentrated in vacuo to afford a beige solid.
Single peak in LC-MS, (1.9g, 95% purity); m/z (LC-MS,
ESP), RT=3.1 1mins (M+H) 489. (f) Library Synthesis To
a solution of methanesulfonic acid
2-{3-[2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-
ylmethyl)-phenyl]-5-methyl-2,4-dioxo-imidazolidin-1-yl
}-ethyl ester (8) (25mg, 0.051 mmol) in dry
acetonitrile (3ml) was added appropriate amine
(0.26mmol) and sample stirred at 400C for 16 hours.
The reaction mixture was then subjected to preparative
HPLC chromatography, to yield the compounds set out
below.ANTIBODIES AGAINST IL-25 Field of the Invention
The present invention relates to antibodies, including
binding fragments thereof, directed to interleukin 25
(IL-25) . Preferred embodiments of the present
invention employ the antibody VH and/or VL domains of
the antibody 2C3. In another aspect the invention
provides one or more of the CDRs of the VH and VL
domains disclosed herein grafted into a human VH and
VL framework regions, respectively. Background to the
Invention Asthma is a common chronic inflammatory
disorder of the airways. The number of sufferers has
increased dramatically over recent decades and the
World Health Organisation estimates that in the region
of 300 million people worldwide suffer from asthma.
Allergic asthma is characterised by uncontrollable
airways hyperresponsiveness (AHR) induced by a variety
of provocative stimuli and is associated with type-2
inflammatory infiltrates into the lungs . Type-2
cytokines play an important role in mediating
protective immunity to parasitic helminth infection,
regulating effector functions such as B cell growth
and IgE secretion, inducing goblet cell hyperplasia
and associated mucus production, eosinophilia,
mastocytosis and fibrosis (2). It is the central roles
played by these cytokines in the regulation of these
effector functions that have made them key therapeutic
targets in asthma. Indeed, mouse models in which these
cytokines are over-expressed show significant
characteristics of asthma. Surprisingly then, efforts
to ameliorate experimental asthma by blocking specific
type-2 cytokines have, with the exception of
inhibiting IL-13, proven unsuccessful. Inhibition of
IL-13 suppresses both AHR and airway inflammation
although the mechanism remains unclear (2, 3 ) .
However, given the complex pathophysiology and poorly
understood etiology of asthma, it is uncertain whether
targeting individual pathways 



will ultimately prove successful
therapeutically.Recently, over-expression of
IL-25/IL-17E, a member of the structurally related
IL-17 cytokine family (S), has been shown to induce
type-2 responses in vivo (4-6) and increase
responsiveness to airway agonists (7 ) . ''I125~'~
mice failed to expel helminth parasites; a key
indicator of an ineffectual type-2 response {9 r 10).
The basic structure of an antibody is well known in
the art. A naturally-occurring antibody usually has
four polypeptide chains: two identical heavy chains
and two identical light chains connected by disulphide
bonds. The heavy and light chains each have a constant
region and a variable region (or domain) . The
variable regions are primarily responsible for antigen
binding. Within each variable region, three
subregions, known as the complementarity-determining
regions (CDRs), make contact with the antigen. The
CDRs of each variable domain are numbered, from the
N-terminal to the C-terminal, as CDRl, CDR2 and CDR3 .
Between and N- and C-terminal to the CRDs are four
socalled framework regions, which make few if any
contacts with the antigen. More details regarding the
structures of antibodies are illustrated in many of
the documents cited below, which are incorporated
herein by reference. Disclosure of the Invention The
present inventors have produced antibodies against
IL-25 and identified an antibody molecule which binds
with high affinity and specificity to IL-25. Since
human and mouse IL-25 share 80% sequence identity it
was believed that it would be unlikely that it would
be possible to generate useful anti-IL-25 antibodies
by conventional immunisation of either mice or rats,
since the degree of similarity would reduce the number
of immunogenic epitopes. Furthermore, the
receptor-ligand interface was likely to show the
greatest degree of conservation thereby precluding the
generation of antibodies capable of blocking the
interaction of IL-25 with its receptor. To overcome
these problems the present inventors immunised mice
that had been engineered to lack IL-25 (IL-25-/-)
expression with the belief that this approach would
increase the likelihood of developing antibodies
directed against the IL-25/IL-25R interface.This
approach was highly successful at generating
antibodies against IL-25, probably due to the IL-25
itself enhancing the humoral immune response. However,
even using this approach only two blocking antibodies
out of the seventy screened were identified, and only
one of these could be recovered. Having overcome the
problem of the similarity between murine and human
IL-25 which was believed to preclude the generation of
effective blocking antibodies through conventional
means, it is believed that this sequence similarity
may allow the generation of an antibody which is
equally effective at blocking mouse and human IL-25
interacting with their receptors. The present
invention now shows that this is indeed the case.
Although other antibodies to IL-25 are in existence
the present invention is believed to be the first
demonstration of such antibodies able to block IL-25
bioactivity. In particular, the present disclosure
provides test conducted in murine models of asthma
which show that an antibody of the invention has
advantageous and unexpected properties, especially its
ability to prevent or reduce airway
hyperresponsiveness in vivo, a key symptom of asthma.
Although administration of a soluble IL-25R-FC fusion
protein has also been reported to reduce type-2
airways inflammation, the effects were less dramatic
than those reported herein and critically AHR was not
assessed {11). We now demonstrate that IL-25 plays
critical roles in airways inflammation and AHR, acting
initially to enhance type-2 cytokine mediated
inflammation, but also playing an important role in
the induction of AHR independently of the classical
type-2 cytokines. The identification of
IL-25-dependent AHR offers the possibility of
identifying new therapeutic targets that lie
downstream of IL-25. At present we do not know whether
IL-25 acts directly on airways smooth muscle to induce
bronchoconstriction or if its effects are mediated
through the induction of known bronchoconstrictors
such as the leukotrienes . However, the biphasic
activity of IL-25 makes it an excellenttherapeutic
target for the suppression of airway inflammation and
the inhibition of airways hyperresponsiveness in vivo.
Accordingly, the present invention relates to the
novel 



antibody, and more generally target binding members
comprising the antibody CDR sequences, as well as the
use of target binding members in the treatment of
conditions such as asthma. In one embodiment, the
invention provides a target binding member that binds
IL-25 and which comprises an antibody VH domain
comprising a VH CDR3 with the amino acid sequence of
SEQ ID NO. 7 . This is the VH CDR3 sequence of the
antibody 2C3 of the present invention. In more
specific embodiments, a target binding member of the
invention is a VH domain which comprises a VH CDR3 of
SEQ ID NO: 7 together with a CDRl of SEQ ID NO: 5 and
a CDR2 of SEQ ID NO :6. The VH domain may have human
framework regions, or the fram ework regions shown in
SEQ ID NO: 2 . The VH domains may be paired with a VL
domain of the invention, e.g. a VL domain with a CDRl
of SEQ ID NO: 8 , a CDR2 of SEQ ID NO: 9 and a CDR3 of
SEQ ID NO: 10. These CDRs may be in a VL domain having
human framework regions or may be the VL domain of SEQ
ID NO: 4 . Thus in one aspect, the present invention
provides a target binding member which binds IL-25 and
which comprises the 2C3 VH domain (SEQ ID NO:2) and/or
the 2C3 VL domain (SEQ ID NO:4). The invention also
provides isolated nucleic acid encoding the target
binding members of the invention, vectors comprising
the nucleic acid and methods of expressing the nucleic
acid in a host cell to produce target binding members
of the invention. The invention further provides the
use of target binding members of the invention, for
example in the form of a pharmaceutical composition,
for the treatment of diseases, including asthma.These
and further aspects of the invention are described in
further detail below and with reference to the
accompanying examples . Description O f The Figures
Figure 1 shows neutralisation of IL-25 before
sensitisation and also during asthma challenge. (A)
Methacholine sensitivity of OVA-sensitised mice was
determined one day after the last aerosolised antigen
challenge. Data are combined from 2 experiments and
represent the mean  SEM of 14-18 mice /group. (*p<0.05
versus isotype control, **p<0.01 versus isotype
control) (B) Lung sections were stained with giemsa
and scored for perivascular infiltration, n=8 per
group. (C) Mucus content was determined by periodic
acid Schiff (PAS) staining of lung sections, n=8 per
group. (D) Antigen-specific serum IgE was measured by
ELISA, OD reading were converted to arbitrary units by
comparison with a standard serum n=8 per group. (E)
The proportion of eosinophils in BAL was determined by
differential cell counting of cytospins stained with
giemsa, n=6 per group. (F) Antigen-induced cytokine
production from restimulated mediastinal lymph node
cells. Protein levels were determined by ELISA, n=6
per group. Symbols represent individual animals and
the mean is represented by a bar. Data are
representative of at least 2 independent experiments.
Sens = antibody administered prior to sensitization,
aero = antibody administered 4 hours prior to each
aerosol challenge. Figure 2 shows neutralisation of
IL-25 during asthma challenge only. (A) Methacholine
sensitivity of OVA-sensitised mice was determined one
day after the last aerosolised antigen challenge. Data
are combined from 2 experiments and represent the mean
SEM of 14-18 mice /group. (*p<0.05 versus isotype
control, **p<0.01 versus isotype control) (B) Lung
sections were stained with giemsa and scored for
perivascular infiltration, n=8 per group. (C) Mucus
content was determined by periodic acid Schiff (PAS)
staining of lung sections, n=8 per group. (D) The
proportion of eosinophils in BAL was determined by
differential cell counting of cytospins stained with
giemsa, n=6 per group. (E) Antigen-specific serum IgE
was measured by ELISA, OD readingwere converted t o
arbitrary units b y comparison with a standard serum
n=8 per group. (F) Antigen-induced cytokine production
from restimulated mediastinal lymph node cells.
Protein levels were determined b y ELISA, n=6 per
group. Symbols represent individual animals and the
mean i s represented b y a bar. Data are
representative o f a t least 2 independent
experiments. Sens = antibody administered prior to
sensitization, aero = antibody administered 4 hours
prior to each aerosol challenge. Figure 3 shows
administration o f rmIL-25 t o naive mice. Wildtype 



(A), 1113 (B) o r il4-/-il5-/~il9-/~113-/~ (C) mice
were administered 1.8 mg rIL-25 o r PBS intranasally .
Methacholine sensitivity was determined 1 6 hours
after challenge. *p<0.05 versus isotype control,
**p<0.01 versus isotype control, n = 4-8 per group.
Data are representative o f a t least 2 independent
experiments . Sequences : The target binding members o
f the present invention are ' d e sc r ib ed further
herein with reference t o the following sequence
identification numbers: SEQ ID NO. 1 2C3 V H encoding
nucleotide sequence SEQ ID NO. 2 2C3 V H amino acid
sequence SEQ ID NO. 3 2C3 V L encoding nucleotide
sequence SSEEQQ IIDD NNOO.. 4 2C3 V L amino acid
sequence SEQ ID NO. 5 2C3 V H CDRl amino acid sequence
SEQ ID NO. 6 2C3 V H CDR2 amino acid sequence SEQ ID
NO. 7 2C3 V H CDR3 amino acid sequence SEQ ID NO. 8
2C3 V L CDRl amino acid sequence SSEEQQ IIDD NNOO.. 9
2C3 V L CDR2 amino acid sequence SEQ ID NO. 10 2C3 V L
CDR3 amino acid sequence Further sequences are set out
in the accompanying sequence listing. Detailed
Description o f the Invention Target binding member
This describes a member o f a pair o f molecules which
have binding specificity for one another. The members
o f a specificbinding pair may be naturally derived or
wholly or partially synthetically produced. One member
of the pair of molecules has an area on its surface,
or a cavity, which specifically binds to and is
therefore complementary to a particular spatial and
polar organisation of the other member of the pair of
molecules. Thus the members of the pair have the
property of binding specifically to each other.
Examples of types of specific binding pairs are
antigen-antibody, biotin-avidin, hormone-hormone
receptor, receptor-ligand, enzyme-substrate. This
application is concerned with antigen-antibody type
reactions. Accordingly, a target binding member of the
invention will comprise at least a portion of an
antibody molecule, more particularly at least part of
the antigen-binding domain of such a molecule. In
general, the heavy chain variable region (VH domain)
of an antibody plays a significant role in the binding
of an antibody to an antigen. The CDR3 region of a VH
domain has been found to be more diverse than the CDRl
and CDR2 regions, and thus in most antibodies provides
specificity for the target of the antibody. Thus
target binding members of the invention are thus based
around the VH CDR3 region of the 2C3 antibody. Target
binding members of the invention more preferably
comprise all three CDRs of the VH regions of the 2C3
antibody. The structure of a target binding member
which comprises a CDR of the invention will generally
be of a heavy or light chain sequence of an antibody
molecule or substantial portion thereof in which the
CDR is located at a location corresponding to the CDR
of naturally occurring VH and VL antibody variable
domains encoded by rearranged immunoglobulin genes.
The structures and locations of immunoglobulin
variable domains may be determined by reference to
Kabat, E .A . et al, Sequences of Proteins of
Immunological Interest. 4th Edition. US Department of
Health and Human Services. 1987, and updates thereof.
A number of academic and commercial on-line resources
are available to query this database. For example, see
Martin, A .C .R . Accessing the Kabat Antibody
Sequence Database by Computer PROTEINS: Structure,
Function and Genetics, 25 (1996), 130-133 and the
associated online resource, currently at the web
address of http: //www.bioinf .org.uk/abs/simkab.html
. Generally, a target binding member comprises a VH
domain paired with a VL domain to provide an antibody
antigen binding domain, although as discussed further
below a VH domain alone may be used to bind antigen.
In one preferred embodiment, the 2C3 VH domain (SEQ ID
NO. 2 ) is paired with the 2C3 VL domain (SEQ ID NO.
4), so that an antibody antigen binding site is formed
comprising both the 2C3 VH and VL domains. In other
embodiments, the 2C3 VH is paired with a VL domain
other than the 2C3 VL. Light-chain promiscuity is well
established in the art, as 



discussed further herein. A target binding member
according to the present invention may bind IL-25 with
an affinity substantially similar to that of 2C3, e.g.
+ ; 10%. A target binding member will generally be
specific for IL-25. Thus the target binding member
will not show any significant binding to molecules
other than its specific binding partner (s) . For
example, it has been found that the 2C3 antibody does
not cross-react with IL-4, IL-5 and IL-13 and thus
avoidance of such cross-reactivity to other cytokines
implicated in asthma and similar processes is a
desirable feature of target binding members of the
invention. Typically, specificity may be determined by
means of a binding assay such as ELISA employing a
panel of antigens. A target binding member according
to the present invention may recognise IL-25 and not
other members of the IL-17 family, particular any one
of IL-17A, IL-17B and IL-17C; more preferably all
three of IL-17A, IL-17B and IL-17C. Binding of a
target binding member according to the invention with
IL-25 may be abolished by competition with recombinant
IL-25. Binding affinity and neutralisation potency of
different target binding members can be compared under
appropriate conditions.Antibody molecule This
describes an immunoglobulin whether natural or partly
or wholly synthetically produced. It has been shown
that fragments of a whole antibody can perform the
function of binding antigens. Thus reference to an
antibody also covers any polypeptide or protein
comprising an antibody binding fragment. Examples of
binding fragments are (i) the Fab fragment consisting
of VL, VH, CL and CHl domains; (ii) the Fd fragment
consisting of the VH and CHl domains; (iii) the Fv
fragment consisting of the VL and VH domains of a
single antibody; (iv) the dAb fragment (Ward, E .S .
et al ., Nature 341, 544-546 (1989)) which consists of
a VH domain; (v) isolated CDR regions; (vi) F(ab') 2
fragments, a bivalent fragment comprising two linked
Fab fragments (vii) single chain Fv molecules (scFv) ,
wherein a VH domain and a VL domain are linked by a
peptide linker which allows the two domains to
associate to form an antigen binding site (Bird et al,
Science, 242, 423-426, 1988; Huston et al, PNAS USA,
85, 5879-5883, 1988); (viii) bispecific single chain
Fv dimers (PCT/US92/09965) and (ix) "diabodies",
multivalent or multispecif ic fragments constructed by
gene fusion (WO94/13804; P . Holliger et al, Proc.
Natl. Acad. Sci . USA 90 6444-6448, 1993) . Fv, scFv
or diabody molecules may be stabilised by the
incorporation of disulphide bridges linking the VH and
VL domains (Y. Reiter et al, Nature Biotech, 14,
1239-1245, 1996) . Minibodies comprising a scFv joined
to a CH3 domain may also be made (S. Hu et al, Cancer
Res., 56, 3055-3061, 1996). Where bispecific
antibodies are to be used, these may be conventional
bispecific antibodies, which can be manufactured in a
variety of ways (Holliger, P . and Winter G . Current
Opinion Biotechnol . 4 , 446-449 (1993)), e.g.
prepared chemically or from hybrid hybridomas, or may
be any of the bispecific antibody fragments mentioned
above. Diabodies and scFv can be constructed without
an Fc region, using only variable domains, potentially
reducing the effects of anti-idiotypic reaction.
Bispecific diabodies, as opposed to bispecific whole
antibodies, may also be particularly useful because
they can be readily constructed and expressed in E .
coli. Diabodies (and many otherpolypeptides such as
antibody fragments) of appropriate binding
specificities can be readily selected using phage
display (WO94/13804) from libraries. If one arm of the
diabody is to be kept constant, for instance, with a
specificity directed against IL-25, then a library can
be made where the other arm is varied and an antibody
of appropriate specificity selected. Bispecific whole
antibodies may be made by knobs-into-holes engineering
(J. B . B . Ridgeway et al, Protein Eng., 9 , 616-621,
1996). It is possible to take monoclonal and other
antibodies and use techniques of recombinant DNA
technology to produce other antibodies or chimeric
molecules which retain the specificity of the original
antibody. Such techniques may involve introducing DNA
encoding the immunoglobulin variable region, or the
complementarity determining regions (CDRs), of an
antibody to the constant regions, or constant regions
plus framework regions, of a different immunoglobulin.
See, for instance, EPA- 184187, GB 2188638A or
EP-A-239400. 



Preferably the CDR regions are grafted into a human
framework region. The human framework region may be
selected by a number of methods, e.g. by comparing the
mouse framework region or mouse V region sequences
with known human framework or V region sequences and
selecting a human framework region which has the
highest, or one of the highest degrees of amino acid
similarity or identity. Modifications to framework
regions of native human sequences may be made in order
to further optimize the resulting CDR-graf ted
antibodies . Although in a preferred aspect of the
invention antibody molecules comprising a pair of VH
and VL domains are preferred, single binding domains
based on either VH or VL domain sequences form further
aspects of the invention. It is known that single
immunoglobulin domains, especially VH domains, are
capable of binding target antigens in a specific
manner. In the case of either of the single chain
binding domains, these domains may be used to screen
for complementary domains capable of forming a
two-domain target binding member able to bind IL-25,
as discussed further herein below.Antibody molecules
of the present invention may further comprise antibody
constant regions or parts thereof. For example, a VL
domain may be attached at its C-terminal end to
antibody light chain constant domains including human
C K or Cl chains, preferably Cl chains. Similarly, a
target binding member based on a VH domain may be
attached at its C-terminal end to all or part of an
immunoglobulin heavy chain derived from any antibody
isotype, e.g. IgG, IgA, IgE and IgM and any of the
isotype sub classes, particularly IgGl and IgG4. IgG4
is preferred. Fc regions such as Dnab and Dnac as
disclosed in WO99/58572 may be employed. Chimeric
molecules comprising an target binding domain, or
equivalent, fused to another polypeptide are therefore
included. Cloning and expression of chimeric
antibodies are described in EP-A-0120694 and
EP-A-0125023 . Framework regions of antibody molecules
of the invention may also include glycosylation
sequences that include one or more glycosylation
sites. Depending upon the host cell in which the
target binding member is expressed, the pattern of
glycosylation may vary. Thus nucleic acid constructs
that encode glycosylation sites may be modified to
remove the site or alternatively such sites may be
introduced into the protein. For example,
N-glycosylation sites in eukaryotic proteins are
characterized by an amino acid triplet Asn-X-Y,
wherein X is any amino acid except Pro and Y is Ser or
Thr. Appropriate substitutions, additions or deletions
to the nucleotide sequence encoding these triplets
will result in prevention of attachment of
carbohydrate residues at the Asn side chain.
Alteration of a single nucleotide, chosen so that Asn
is replaced by a different amino acid, for example, is
sufficient to inactivate an Nglycosylation site. Known
procedures for inactivating Nglycosylation sites in
proteins include those described in U.S. Pat. No.
5,071,972 and EP 276,846. Antigen-binding domain This
describes the part of an antibody molecule which
comprises the area which specifically binds to and is
complementary to part or all of an antigen. Where an
antigen is large, anantibody may only bind to a
particular part of the antigen, which part is termed
an epitope. An antigen binding domain may be provided
by one or more antibody variable domains (e.g. a
socalled Fd antibody fragment consisting of a VH
domain) . Preferably, an antigen binding domain
comprises at least a substantial portion of an
antibody light chain variable region (VL) and at least
a substantial portion of an antibody heavy chain
variable region (VH) . A substantial portion of an
immunoglobulin variable domain will comprise at least
the three CDR regions, together with their intervening
framework regions. Preferably, the portion will also
include at least about 50% of either or both of the
first and fourth framework regions, the 50% being the
C-terminal 50% of the first framework region and the
N-terminal 50% of the fourth framework region.
Additional residues at the N-terminal or C-terminal
end of the substantial part of the variable domain may
be those not normally associated with naturally
occurring variable domain regions. For example,
construction of target binding members of the present
invention made by recombinant DNA 



techniques may result in the introduction of N- or
C-terminal residues encoded by linkers introduced to
facilitate cloning or other manipulation steps. Other
manipulation steps include the introduction of linkers
to join variable domains of the invention to further
protein sequences including immunoglobulin heavy
chains, other variable domains (for example in the
production of diabodies) or protein labels as
discussed in more details below. Comprise This is
generally used in the sense of include, that is to say
permitting the presence of one or more features or
components. Isolated This refers to the state in which
target binding members of the invention, or nucleic
acid encoding such binding members, will generally be
in accordance with the present invention. Members and
nucleic acid will be free or substantially free of
material with which they are naturally associated such
as otherpolypeptides or nucleic acids with which they
are found in their natural environment, or the
environment in which they are prepared (e.g. cell
culture) when such preparation is by recombinant DNA
technology practised in vitro or in vivo. Target
binding members and nucleic acid may be formulated
with diluents or adjuvants and still for practical
purposes be isolated - for example the members will
normally be mixed with gelatin or other carriers if
used to coat microtitre plates for use in
immunoassays, or will be mixed with pharmaceutically
acceptable carriers or diluents when used in diagnosis
or therapy. Target binding members may be
glycosylated, either naturally or by systems of
heterologous eukaryotic cells (e.g. CHO or NSO (ECACC
85110503) cells, or they may be (for example if
produced by expression in a prokaryotic cell)
unglycosylated. Additional Features of target binding
members. In addition to antibody sequences, a target
binding member according to the present invention may
comprise other amino acids, e.g. forming a peptide or
polypeptide, such as a folded domain, or to impart to
the molecule another functional characteristic in
addition to ability to bind antigen. Target binding
members of the invention may carry a detectable label,
or may be conjugated to a toxin or enzyme (e.g. via a
peptidyl bond or linker) . Detectable labels include
radiolabels such as 131 I or 99Tc, which may be
attached to antibodies of the invention using
conventional chemistry known in the art of antibody
imaging. Labels also include enzyme labels such as
horseradish peroxidase. Labels further include
chemical moieties such as biotin which may be detected
via binding to a specific cognate detectable moiety,
e.g. labelled avidin. Where the additional feature is
a polypeptide domain or label, the target binding
member may be produced by recombinant techniques, i.e.
by the expression of nucleic acid encoding a fusion of
the target binding member and the further
domain.Further target binding members of the Invention
Sequence Variants Variants of the VH and VL domains
and CDRs of which the sequences are set out herein and
which can be employed in target binding members for
IL-25 can be obtained by means of methods of sequence
alteration or mutation and screening. Such methods are
also provided by the present invention. A target
binding member according to the invention may also be
one which competes for binding to antigen with any
target binding member which both binds the antigen and
comprises a target binding member, VH and/or VL domain
disclosed herein, or VH CDR3, of 2C3, or a variant of
any of these whose sequence is substantially as set
out herein. Thus, a further aspect of the present
invention provides a target binding member comprising
a human antibody antigen-binding site which competes
with 2C3 for binding to IL-25. Competition between
binding members may be assayed easily in vitro, for
example using ELISA and/or by tagging a specific
reporter molecule to one binding member which can be
detected in the presence of other untagged binding
member (s), to enable identification of target binding
members which bind the same epitope or an overlapping
epitope. Various methods are available in the art for
obtaining target binding members against IL-2 5 and
which may compete with 2C3 for binding to IL-25. 



Variable domain amino acid sequence variants of any of
the VH and VL domains whose sequences are specifically
disclosed herein may be employed in accordance with
the present invention, as discussed. Particular
variants may include one or more amino acid sequence
alterations (addition, deletion, substitution and/or
insertion of an amino acid residue) , maybe less than
about 20 alterations, less than about 15 alterations,
less than about 10 alterations or less than about 5
alterations, 4 , 3 , 2 or 1 . Alterations may be made
in one or more framework regions and/or one or more
CDR' s . In one aspect, a CDR amino acid sequence
substantially as set out herein is carried as a CDR in
a human variable domain or asubstantial portion
thereof. The VH CDR3 sequences substantially as set
out herein represent preferred embodiments of the
present invention and it is preferred that each of
these is carried as a VH CDR3 in a human heavy chain
variable domain or a substantial portion thereof. By
"substantially as set out" it is meant that the
relevant CDR or VH or VL domain of the invention will
be either identical or highly similar to the specified
regions of which the sequence is set out herein. By
"highly similar" it is contemplated that from 1 to 5 ,
preferably from 1 to 4 such as 1 to 3 or 1 or 2 , or 3
or 4 , amino acid substitutions may be made in the CDR
and/or VH or VL domain. Sequence variants of target
binding members of the invention may be generated by
carrying out random mutagenesis of one or both of the
2C3 VH and/or VL genes to generate mutations within
the entire variable domain. Such a technique is
described by Gram et al (1992, Proc . Natl. Acad.
Sci., USA, 89:3576-3580), who used error-prone PCR.
Another method which may be used is to direct
mutagenesis to CDR regions of VH or VL genes. Such
techniques are disclosed by Barbas et al, (1994, Proc.
Natl. Acad. Sci., USA, 91:3809-3813) and Schier et al
(1996, J . MoI. Biol. 263:551-567). All the above
described techniques are known as such in the art and
in themselves do not form part of the present
invention. The skilled person will be able to use such
techniques to provide target binding members of the
invention using routine methodology in the art.
Accordingly, in a further aspect the invention
provides a method for obtaining an antibody against
IL-25 which comprises: providing a starting nucleic
acid encoding a target binding member that has one or
more of the CDR sequences of SEQ ID NO: 2 or SEQ ID
NO: 4 ; modifying said nucleic acid to alter the CDR
sequence or sequences; expressing said modified target
binding member; andtesting said modified target
binding member for binding against IL-25. Preferably
the modification will be performed on a plurality of
starting nucleic acid molecules to provide a
repertoire of modified sequences having a diversity of
binding affinities. In one aspect, the starting
nucleic acid comprises all three heavy chain CDRs of
SEQ ID NO: 2 , either in the form of SEQ ID NO: 2
itself or carried in another framework sequence. In
one embodiment, the modifications may be directed at a
single CDR, e.g. the CDR3, or the modifications may be
directed to two or three CDR regions simultaneously.
Production of CDR3-based Target Binding Members
Variable domains employed in the invention may be
obtained from any germ-line or rearranged human
variable domain, or may be a synthetic variable domain
based on consensus sequences of known human variable
domains. A CDR sequence of the invention (e.g. CDR3)
may be introduced into a repertoire of variable
domains lacking a CDR (particularly CDR3), using
recombinant DNA technology. For example, Marks et al
(Bio/Technology, 1992, 10:779-783) describe methods of
producing repertoires of antibody variable domains in
which consensus primers directed at or adjacent to the
5 ' end of the variable domain area are used in
conjunction with consensus primers to the third
framework region of human VH genes to provide a
repertoire of VH variable domains lacking a CDR3.
Marks et al further describe how this repertoire may
be combined with a CDR3 of a particular antibody.
Using analogous techniques, the CDR3-derived sequences
of the present invention 



may be shuffled with repertoires of VH or VL domains
lacking a CDR3, and the shuffled complete VH or VL
domains combined with a cognate VL or VH domain to
provide target binding members of the invention. The
repertoire may then be displayed in a suitable host
system such as the phage display system of WO92/01047
so that suitable target binding members may be
selected. Arepertoire may consist of from anything
from 10 individual members upwards, for example from
106 to 108 or 1010 members. Analogous shuffling or
combinatorial techniques are also disclosed by Stemmer
(Nature, 1994, 370:389-391), who describes the
technique in relation to a b-lactamase gene but
observes that the approach may be used for the
generation of antibodies. A further aspect of the
invention thus provides a method of preparing a target
binding member specific for IL-25, which method
comprises: (a) providing a starting repertoire of
nucleic acids encoding a VH domain which either
include a CDR3 to be replaced or lack a CDR3 encoding
region; (b) combining said repertoire with a donor
nucleic acid encoding an amino acid sequence
substantially as set out herein for a VH CDR3 such
that said donor nucleic acid is inserted into the CDR3
region in the repertoire, so as to provide a product
repertoire of nucleic acids encoding a VH domain; (c)
expressing the nucleic acids of said product
repertoire; (d) selecting a target binding member
specific for a IL- 25; and (e) recovering said target
binding member or nucleic acid encoding it. The
product repertoire may be co-expressed, from the same
vector or different vector, with a VL domain. The VL
domain may be the VL domain of the present invention
or may be one or more different VL domains, as
described below in relation to chain shuffling. An
analogous method may be employed in which a VL CDR3 of
the invention is combined with a repertoire of nucleic
acids encoding a VL domain which either include a CDR3
to be replaced or lack a CDR3 encoding region. As with
the method above, the VL product repertoire may be
co-expressed, from the same vector or different
vector, with a VH domain. The VH domain may be the VH
domain of the present invention or may be one or
moredifferent VH domains, as described below in
relation to chain shuffling. Similarly, one or more,
or all three CDRs may be grafted into a repertoire of
VH or VL domains which are then screened for a target
binding member or target binding members specific for
IL-25. Target binding members obtained in this manner
form a further aspect of the invention. Chain
Shuffling A further aspect of the invention provides a
method for obtaining an antibody antigen-binding
domain for IL-25, the method comprising providing
combining a VH domain of a target binding member of
the invention (including variants as discussed above)
with one or more VL domains, and testing the VH/VL
combination or combinations for antibody-antigen
binding domain for IL-25. Said VL domain may have an
amino acid sequence which is substantially as set out
herein. An analogous method may be employed in which
one or more sequence variants of a VL domain disclosed
herein are combined with one or more VH domains . This
may be achieved by phage display screening methods
using the so-called hierarchical dual combinatorial
approach as disclosed in WO92/01047 in which an
individual colony containing either an H or L chain
clone is used to infect a complete library of clones
encoding the other chain (L or H ) and the resulting
two-chain target binding member is selected in
accordance with phage display techniques such as those
described in that reference. Thus the present
invention provides a method for selection of an
antibody molecule for IL-25, the method comprising:
(a) providing a VH domain comprising a target binding
member that binds IL-2 5 and which comprises an
antibody VHdomain comprising a VH CDR3 with the amino
acid sequence of SEQ ID NO. 7 ; 



(b) combining said VH domain with a plurality of
antibody VL domains to provide antibody molecules; (c)
screening said antibody molecules for binding to
IL-25; and (d) selecting an antibody molecule which
binds IL-25. The VH and VL domains may be provided in
the form of proteins expressed by recombinant DNA,
particularly by a phage or phagemid DNA. The plurality
of VL domains may be anything from 104 individual
domains upwards, for example from 106 to 108 or 1010
domains. Antibody molecules, and nucleic acid encoding
such molecules, may form a further part of the present
invention. IL-25 11-25, also referred to in the art as
IL-17E, is available from commercial sources (e.g. R&D
Systems, MN, USA) or may be cloned or synthesised by
reference to the sequences of IL-25 available in the
art. Murine IL-25 (NCBI Protein NP_542767) is
described by Hurst et al, 2002 (Ref. 7 below). Human
IL-25 (NCBI Protein Q9H293) is described by Fort et al
(Ref. 4 below) . For production of antibodies or use
in immunoassays, fragments of recombinant IL-25 may be
used, particularly those truncated at the N-terminal.
For example, commercially available recombinant human
IL-25 (IL-17E) comprises the mature protein sequence
of Tyr 33 - GIy 177 of Accession No. Q9H293) and
commercially available murine IL-25 comprises residues
VaI 17 - Ala 169 of mouse IL-17E (Accession No.
NP_542767) . Nucleic Acids and Vectors In further
aspects, the invention provides an isolated nucleic
acid which comprises a sequence encoding a target
binding member, a VH domain, or VL domain according to
the present invention, and methods of preparing a
target binding member, a VH domain, or a VL domain of
the invention, which compriseexpressing said nucleic
acid under conditions to bring about production of
said target binding member, VH domain, or VL domain,
and recovering it. Another aspect of the present
invention provides nucleic acid, generally isolated,
encoding a VH CDR or VL CDR sequence disclosed herein,
especially a VH CDR selected from SEQ ID NOs: 5 , 6
and 7 , a VL CDR selected from SEQ ID NOs: 8 , 9 and
10, most preferably 2C3 VH CDR3 (SEQ ID NO. 7 ) . The
nucleic acids of the invention may comprise the
sequences, or relevant portions thereof (e.g.
CDR-encoding regions) of SEQ ID N0:l or SEQ ID NO: 3 .
However, codon usage may be varied, e.g. to optimize
expression of the sequence in a desired host cell. The
present invention further provides an isolated nucleic
acid encoding a target binding member of the present
invention. Nucleic acid includes DNA and RNA. In a
preferred aspect, the present invention provides a
nucleic acid which codes for a CDR or VH or VL domain
of the invention as defined above. Nucleic acid
according to the present invention may comprise DNA or
RNA and may be wholly or partially synthetic.
Reference to a nucleotide sequence as set out herein
encompasses a DNA molecule with the specified
sequence, and encompasses a RNA molecule with the
specified sequence in which U is substituted for T ,
unless context requires otherwise. The present
invention also provides vectors, for example in the
form of plasmids, viruses, e.g. 'phage, or phagemid,
cosmids, transcription or expression cassettes which
comprise at least one nucleic acid as above. Suitable
vectors can be chosen or constructed, containing
appropriate regulatory sequences, including promoter
sequences, terminator sequences, polyadenylation
sequences, enhancer sequences, marker genes and other
sequences as appropriate. For further details see, for
example, Molecular Cloning: aLaboratory Manual: 2nd
edition, Sambrook et al ., 1989, Cold Spring Harbor
Laboratory Press. Vectors of the invention also
include viral vectors capable of infecting human cells
in vivo, e.g. adenoviral, retroviral or
adeno-associated virus vectors. Such vectors may be
useful for expression of a target binding member of
the invention in the cells of a human or animal
subject, to provide for production and delivery of the
target binding member to said subject. A nucleic acid
sequence encoding a target binding member of the
invention will in one aspect be operably linked to a
promoter to 



effect expression of the target binding member in a
host cell. The sequence may include at its 5 ' end a
leader sequence to facilitate expression and/or
secretion of the target binding member in and/or from
a host cell. Numerous suitable leader sequences are
known as such in the art and may be selected by a
person of ordinary skill in the art taking account of
the host cell. Many known techniques and protocols for
manipulation of nucleic acid, for example in
preparation of nucleic acid constructs, mutagenesis,
sequencing, introduction of DNA into cells and gene
expression, and analysis of proteins, are described in
detail in Current Protocols in Molecular Biology,
Second Edition, Ausubel et al . eds ., John Wiley &
Sons, 1992. The disclosures of Sambrook et al . and
Ausubel et al. are incorporated herein by reference .
Host Cells and Production of Target Binding Members A
further aspect provides a host cell transformed with a
nucleic acid (e.g. a nucleic acid sequence in the form
of a vector) of the invention. In one embodiment, the
nucleic acid of the invention is integrated into the
genome (e.g. chromosome) of the host cell. Integration
may be promoted by inclusion of sequences which
promote recombination with the genome, in accordance
with standard techniques.A yet further aspect provides
a method of production of an target binding member of
the invention, the method including causing expression
from encoding nucleic acid. Such a method may comprise
culturing host cells under conditions for production
of said target binding member. Following production by
expression a VH or VL domain, or target binding member
may be isolated and/or purified using any suitable
technique, then used as appropriate. A method of
production may comprise a step of isolation and/or
purification of the product. Following purification of
the product the target binding member may be modified
by physical or chemical means, for example to
introduce protective groups that alter, e.g. increase,
the stability or biological half-life of the protein.
For example, PEGylation of proteins to achieve such
effects is known as such in the art and target binding
members of the invention may be in PEGylated form. A
method of production may comprise formulating the
product into a composition including at least one
additional component, such as a pharmaceutically
acceptable excipient. The present invention also
provides a recombinant host cell which comprises one
or nucleic acids or vectors as above. A nucleic acid
encoding any CDR, VH or VL domain, or target binding
member as provided itself forms an aspect of the
present invention, as does a method of production of
the encoded product, which method comprises expression
from encoding nucleic acid therefor. Systems for
cloning and expression of a polypeptide in a variety
of different host cells are well known. Suitable host
cells include bacteria, mammalian cells, yeast and
baculovirus systems. Mammalian cell lines available in
the art for expression of a heterologous polypeptide
include Chinese hamster ovary cells, HeLa cells, baby
hamster kidney cells, NSO mouse melanoma cells, YB2/0
rat myeloma cells and many others. A common, preferred
bacterial host is E . coli.The expression of
antibodies and antibody fragments in prokaryotic cells
such as E . coli is well established in the art. For a
review, see for example Plckthun, A . Bio/Technology 9
: 545-551 (1991). Expression in eukaryotic cells in
culture is also available to those skilled in the art
as an option for production of a target binding
member, see for recent reviews, for example Ref, M .E
. (1993) Curr. Opinion Biotech. 4 : 573-576; Trill
J.J. et al. (1995) Curr. Opinion Biotech 6 : 553-560.
Compositions Thus pharmaceutical compositions
according to the present invention, and for use in
accordance with the present invention, may comprise,
in addition to active ingredient, a pharmaceutically
acceptable excipient, carrier, buffer, stabiliser or
other materials well known to those skilled in the
art. Such materials should be non-toxic and should not
interfere with the efficacy of the active ingredient.
The 



precise nature of the carrier or other material will
depend on the route of administration, which may be
oral, or by injection, e.g. intravenous. Therapeutic
formulations of the target binding member may be
prepared for storage by mixing the target binding
member having the desired degree of purity with
optional physiologically acceptable carriers,
excipients, or stabilizers (see e.g. "Remington: The
Science and Practice of Pharmacy", 20th Edition, 2000,
pub. Lippincott, Williams & Wilkins.), in the form of
lyophilized powder or aqueous solutions. Acceptable
carriers, excipients or stabilizers are nontoxic to
recipients at the dosages and concentrations employed,
and include buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10
residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, arginine or
lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins;
chelating agents such as EDTA; sugar alcohols such as
mannitol or sorbitol; salt-forming counterions such as
sodium; and/ornonionic surfactants such as Tween,
Pluronics or polyethylene glycol (PEG) . For the
target binding member to be used for i vivo
administration it must be sterile. This is readily
accomplished by filtration through sterile filtration
membranes, prior to or following lyophilization and
reconstitution. The target binding member ordinarily
will be stored in lyophilized form or in solution .
Pharmaceutical compositions for oral administration
may be in tablet, capsule, powder or liquid form. A
tablet may comprise a solid carrier such as gelatin or
an adjuvant. Liquid pharmaceutical compositions
generally comprise a liquid carrier such as water,
petroleum, animal or vegetable oils, mineral oil or
synthetic oil. Physiological saline solution, dextrose
or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene
glycol may be included. For intravenous injection, or
injection at the site of affliction, the active
ingredient will be in the form of a parenterally
acceptable aqueous solution which is pyrogen-free and
has suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic
vehicles such as Sodium Chloride Injection, Ringer's
Injection, Lactated Ringer's Injection. Preservatives,
stabilisers, buffers, antioxidants and/or other
additives may be included, as required. Therapeutic
Uses of the Invention The present invention provides
for the first time a demonstration that antibodies
against IL-25 are effective in preventing or reducing
airway hyperresponsiveness in vivo, a key symptom of
asthma. Thus in one aspect the invention provides a
method of preventing or reducing airway
hyperresponsiveness in a subject (e.g. a human) in
need of treatment which comprises administering to the
subject a target binding member, particularly an
antibody molecule, that binds IL-25. In another aspect
the invention provides a method of preventing,
reducing or treating asthma in a subject in need of
treatment whichcomprises administering to the subject
a target binding member, particularly an antibody
molecule, that binds IL-25. The above methods may be
practiced with target binding members (including
compositions thereof) according to the present
invention, which are useful in binding to and
preferably antagonising action of IL-25, with
therapeutic potential in various diseases and
disorders in which IL-25 plays a role. The methods may
also be practiced with other target binding members
(including compositions thereof) which bind IL-25 that
may be obtained as described below in the accompanying
examples. Target binding members (including
compositions thereof) according to the invention may
be used in a method of treatment (including
prophylactic treatment) or diagnosis in human or
animal subject. Such a method of treatment or
diagnosis (which may include prophylactic treatment)
may comprise administering to said subject an
effective amount of a target binding member of the
invention. Exemplary diseases and disorders are
discussed further below. 



Also provided is the use of a target binding member
(including a compositions thereof) of the invention in
the manufacture of a medicament for administration, to
a human or animal subject. Clinical indications in
which an anti-IL-25 target binding member may be used
to provide therapeutic benefit include any condition
in which IL-25 has pathological consequences. Thus in
general, the target binding member of the invention
may be used in the treatment of any condition
associated with an unwanted Th-2 response. For
example, the a target binding member of the invention
may be used for the treatment of allergy and asthma,
particularly asthma. Anti-IL-25 treatment may be given
by injection (e.g. intravenously) or by local delivery
methods. Anti-IL-25 may be delivered by gene-mediated
technologies. Alternative formulation strategies may
provide preparations suitable for oral or suppository
route. The route of administration may be determined
by the physicochemical characteristics of the
treatment, byspecial considerations for the disease,
to optimise efficacy or to minimise side-effects. In
accordance with the present invention, compositions
provided may be administered to individuals.
Administration is preferably in a "therapeutically
effective amount", this being sufficient to show
benefit to a patient. Such benefit may be at least
amelioration of at least one symptom. The actual
amount administered, and rate and time-course of
administration, will depend on the nature and severity
of what is being treated. Prescription of treatment,
e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other
medical doctors. Appropriate doses of antibody are
well known in the art; see Ledermann J .A . et al.
(1991) Int. J . Cancer 47: 659-664; Bagshawe K .D . et
al . (1991) Antibody, Immunoconjugates and
Radiopharmaceuticals 4 : 915-922. The precise dose
will depend upon a number of factors, including
whether the antibody is for diagnosis or for
treatment, the size and location of the area to be
treated, the precise nature of the antibody (e.g.
whole antibody, fragment or diabody) , and the nature
of any detectable label or other molecule attached to
the antibody. A typical antibody dose will be in the
range 0.5mg - 1.Og, and this may be administered as a
bolus intravenously. Other modes of administration
include intravenous infusion over several hours, to
achieve a similar total cumulative dose. This is a
dose for a single treatment of an adult patient, which
may be proportionally adjusted for children and
infants, and also adjusted for other antibody formats
in proportion to molecular weight. Treatments may be
repeated at daily, twice-weekly, weekly or monthly
intervals, at the discretion of the physician. A
further mode of administration employs precoating of,
or otherwise incorporation into, indwelling devices,
for which the optimal amount of antibody will be
determined by means of appropriate experiments. An
antibody molecule in some preferred embodiments of the
invention is a monomeric fragment, such as F(ab) or
scFv. Such antibody fragments may have the advantage
of a relatively shorthalf life and less risk of
platelet activation, which may be caused by receptor
clustering. Clustering which gives rise to platelet
activation could be either of IL-25 molecules or of
IL- 25 with Fcg RII molecules, for instance. If a
whole antibody, is used, it is preferably in a form
that is unable to activate and/or destroy platelets.
The IgG4 isotype or alternatively "designer" isotypes
derived from the IgGl backbone (novel Fc gene
constructs WO99/58572, Clark, Armour, Williamson) are
preferred choices. Smaller antibody fragments may be
used, such as F(ab')2. In addition, whole antibodies
or fragments (e.g. F(ab')2 or diabodies) with dual
epitope specificity (e.g. for the epitopes recognised
by scFv 2C3) may be used. Although such an embodiment
may promote receptor clustering, a high association
rate to individual receptors may rule out this
problem. Target binding members of the present
invention will usually be administered in the form of
a pharmaceutical composition, which may comprise at
least one component in addition to the target binding
member. A target binding member of the invention may
be administered alone or in combination with other
treatments, either simultaneously or sequentially
dependent upon the condition to 



be treated. Other treatments may include the
administration of suitable doses of pain relief drugs
such as non-steroidal anti inflammatory drugs (e.g.
asprin, paracetamol, ibuprofen or ketoprofen) or
opiates such as morphine; the administration of
anti-emetics; or the administration of at least one
other compound active against asthma, generally a
bronchodilating agent which produces airway relaxation
or enhances mucus clearance, e.g. a beta-agonist (e.g.
salbutamol, salmeterol) , disodium cromoglycate,
steroids or an inhibitor of PDEiv. Assay Methods The
present invention provides a method comprising causing
or allowing binding of a target binding member as
provided herein to IL-25. As noted, such binding may
take place in vivo, e.g. following administration of a
target binding member, or nucleicacid encoding a
target binding member, or it may take place in vitro,
for example in ELISA, Western blotting,
immunocytochemistry, immuno-precipitation or affinity
chromatography. The amount of binding of target
binding member to IL-25 may be determined.
Quantitation may be related to the amount of the
antigen in a test sample, which may be of diagnostic
interest. The reactivities of antibodies on a sample
may be determined by any appropriate means.
Radioimmunoassay (RIA) is one possibility. Radioactive
labelled antigen is mixed with unlabelled antigen (the
test sample) and allowed to bind to the antibody.
Bound antigen is physically separated from unbound
antigen and the amount of radioactive antigen bound to
the antibody determined. The more antigen there is in
the test sample the less radioactive antigen will bind
to the antibody. A competitive binding assay may also
be used with non radioactive antigen, using antigen or
an analogue linked to a reporter molecule. The
reporter molecule may be a fluorochrome, phosphor or
laser dye with spectrally isolated absorption or
emission characteristics. Suitable fluorochromes
include fluorescein, rhodamine, phycoerythrin and
Texas Red. Suitable chromogenic dyes include
diaminobenzidine. Other reporters include
macromolecular colloidal particles or particulate
material such as latex beads that are coloured,
magnetic or paramagnetic, and biologically or
chemically active agents that can directly or
indirectly cause detectable signals to be visually
observed, electronically detected or otherwise
recorded. These molecules may be enzymes which
catalyse reactions that develop or change colours or
cause changes in electrical properties, for example.
They may be molecularly excitable, such that
electronic transitions between energy states result in
characteristic spectral absorptions or emissions. They
may include chemical entities used in conjunction with
biosensors. Biotin/avidin or biotin/streptavidin and
alkaline phosphatase detection systems may be
employed.The signals generated by individual
antibody-reporter conjugates may be used to derive
quantifiable absolute or relative data of the relevant
antibody binding in samples (normal and test) . The
present invention also provides the use of a target
binding member as above for measuring antigen levels
in a competition assay, that is to say a method of
measuring the level of antigen in a sample by
employing a target binding member as provided by the
present invention in a competition assay. This may be
where the physical separation of bound from unbound
antigen is not required. Linking a reporter molecule
to the target binding member so that a physical or
optical change occurs on binding is one possibility.
The reporter molecule may directly or indirectly
generate detectable, and preferably measurable,
signals. The linkage of reporter molecules may be
directly or indirectly, covalently, e.g. via a peptide
bond or noncovalently. Linkage via a peptide bond may
be as a result of recombinant expression of a gene
fusion encoding antibody and reporter molecule. The
present invention also provides for measuring levels
of antigen directly, by employing a target binding
member according to the invention for example in a
biosensor system. The mode of determining binding is
not a feature of the present invention and those
skilled in the art are able to choose a suitable mode
according to their preference and general knowledge.
The present invention further extends to a target
binding member 



which competes for binding to IL-25 with any target
binding member which both binds the antigen and
comprises a V domain including a CDR with amino acid
substantially as set out herein or a V domain with
amino acid sequence substantially as set out herein.
Competition between binding members may be assayed
easily in vitro, for example by tagging a specific
reporter molecule to one binding member which can be
detected in the presence of other untagged binding
member (s), to enable identification of target binding
members which bind the sameepitope or an overlapping
epitope. Competition may be determined for example
using ELISA or flow cytometry. A competition reaction
may be used to select one or more target binding
members such as derivatives of 2C3, which may have one
or more additional or improved properties. This is
analogous to the selection method for 2C3 in
accordance with the invention, except that IL-25 is
not eluted from its mini-ligand but from an antibody
molecule. This may be important as it should yield a
greater proportion of daughter antibodies which
directly compete with the parent. Indeed such daughter
antibodies as are selected may have a greater affinity
for the antigen than the parent (allowing for
enhancements in avidity which may result from the
display of more than one antibody molecule per phage)
. Current methods of selecting for "daughter" phage
antibodies of improved affinity include: using
concentrations of (labelled) target antigen lower than
the dissociation constant of the original parent
antibody; using excess unlabelled target antigen as a
competitor as demonstrated in Hawkins et al (1992) .
However, they do not necessarily specify that the
"improved" antibody must displace/occupy the same
epitope as the parent. Incorporating the elution step
should yield a higher proportion of daughter
antibodies which do displace the parent. Daughter
antibodies selected in this way may bind a very
similar epitope to the parent antibody, but with a
greater affinity. In testing for competition a peptide
fragment of the antigen may be employed, especially a
peptide including an epitope of interest. A peptide
having the epitope sequence plus one or more amino
acids at either end may be used. Such a peptide may be
said to "consist essentially" of the specified
sequence. Target binding members according to the
present invention may be such that their binding for
antigen is inhibited by a peptide with or including
the sequence given. In testing for this, a peptide
with either sequence plus one or more amino acids may
be used.Target binding members which bind a specific
peptide may be isolated for example from a phage
display library by panning with the peptide (s) .
Examples Aspects and embodiments of the present
invention will now be illustrated by way of example
with reference to the following experimentation .
Example 1 : Generation of Antibodies against IL-25 A
large panel of antibodies, generated in H25 ~'~ mice
immunised against murine IL-25 (R&D Systems), was
screened. One of these anti-IL-25 antibodies (2C3) was
found to inhibit both the interaction between rmIL-25
and a soluble mIL-25R-Fc fusion protein dose
dependently and IL-25-dependent production of IL-13 by
primary mouse non-B, non-T cells in an in vitro
bioassay. The antibody also inhibited the interaction
between hIL-25 and a soluble hIL-25R-Fc fusion. The
combination of these properties was investigated
further in in vivo systems to demonstrate usefulness
in the treatment of asthma. Example 2 : Experimental
Model of Allergic Asthma BALB/c mice were first
sensitized with the antigen ovalbumin (OVA) , before
being challenged with aerosolised OVA. Sensitised and
challenged BALB/c mice developed a distinctive asthma
phenotype. This was characterised by increased AHR
following exposure to the provocative agent
methacholine, eosinophil infiltration of the airways,
goblet cell hyperplasia and serum IgE secretion, as
compared to control BALB/c mice challenged with PBS
(Fig. 1 ) . By contrast administration of anti-IL-25
mAb prior to each sensitization and aerosolization
with OVA resulted in a marked abrogation in AHR
following challenge with aerosolised methacholine,
with resistance values comparable to the PBS 



control mice (Fig. IA) . Administration of an
isotype-matched control mAb did not suppress AHR (Fig.
IA).The anti-IL-25 mAb also significantly reduced the
levels of cellular infiltration around the lung
vasculature (Fig. IB and 3A) , goblet cell hyperplasia
in the airways (Fig. 1C and 3B) and levels of
antigen-specific serum IgE (Fig. ID) . Analysis of
bronchoalveolar lavage (BAL) demonstrated that
eosinophil infiltration was also significantly
suppressed following anti-IL-25 mAb administration as
compared to the isotype-control treated mice (Fig.
IE). Since type-2 cytokines are known to regulate
these effector functions we determined the levels of
cytokines secreted from cells isolated from the
draining mediastinal lymph nodes following antigen
restimulation. In contrast to the elevated levels of
type-2 cytokines, IL-4, IL-5 and IL-13, induced by OVA
sensitization and challenge in BALB/c mice,
administration of anti-IL-25 mAb resulted in a
significant reduction in the levels of these cytokines
(Fig. IF) . These data support the hypothesis that by
blocking IL-25 signalling we have constrained the
production of type-2 cytokines leading to the
abrogation of the type-2 effector functions, including
inflammation and AHR. Thus, antagonists of IL-25
effectively suppress type-2 inflammation if
administered from the initiation of the response.
Materials and Methods : Mice BALB/c mice were obtained
from Harlan UK and maintained in the SABU/CBS or
National Heart and Lung Institute facilities in
specific pathogen free environments. All animal
experiments outlined in this report were undertaken
with the approval of the UK Home Office. Sensitization
and. allergen exposure BALB/c mice (6 - 12 weeks) were
sensitised by intraperitoneal administration of
ovalbumin (20 mg/injection) complexed with alum, or
alum only (controls), at days 0 and 12. Aerosol
administration of 1% ovalbumin was undertaken on days
19, 20, 21 for 20 minutes per day. On day 22 the
animals were analysed using plethysmography to assess
AHR.Administration of anti-rmIL-25 monoclonal
antibodies Airways hyperresponsiveness (AHR) was
induced as described and anti-IL-25 mAb (500 mg/dose)
was administered intraperitoneally the day before each
intraperitoneal OVA sensitisation, the day before the
initial OVA challenge into the lungs and 4 hours prior
to each OVA aerosolisation. In further experiments
anti- IL-25 mAb (500 mg/dose) was administered
intraperitoneally only on the day but before each
aerosolisation. Control mice received either saline or
isotype control (500 mg/dose) instead of anti- IL25
mAb. Isotype control was anti-c-myc (mouse IgGl, clone
9E10. 2 ) . Measurement of airway responsiveness
Animals were anaesthetized, tracheostomised and placed
on a ventilator (SAR-830 series, CWE Inc) at a rate of
150 breaths/min, with a tidal volume of 0.2ml. Mice
were monitored in a whole body plethysmograph (EMKA
Technologies, Paris) and transpulmonary pressure was
assessed via an inline transducer. After recording
stable baseline pulmonary resistance, increasing
concentrations of acetyl- b-methylcholine chloride
(methacholine) (Sigma, Dorset, UK) were administered
by aerosol for 15 s at each concentration with an
ultrasonic nebulizer, and pulmonary resistance was
recorded for a 5 min period. IOX software was used to
analyse airways resistance, compliance and standard
pulmonary parameters. Bronchoalveolar lavage (BAL)
Mice were killed by cervical dislocation and 4 x 500
ml aliquots of PBS were injected through the
tracheostomy and retrieved. Differential cell counts
on 150 cells were performed on cytospins stained with
giemsa. Example 3 : Administration Prior to Challenge.
We also assessed whether the anti-IL-25 mAb was
effective when administered only prior to the OVA
aerosolisation challenge. Treatment with the
anti-IL-25 mAb dramatically reduced the airways
resistance induced by methacholine provocation even
when it was given later in the response (Fig. 2A) . By
contrast,administration of the control isotype-matched
mAb did not abrogate AHR. Significantly, analysis of
lung histology sections showed no 



significant changes in the levels of cellular
infiltrate around blood vessels (Fig. 2B) or airway
goblet cell hyperplasia (Fig. 2C) between anti-IL-25
mAb treated mice and the OVA challenged BALB/c
controls or the isotype-matched mAb treated controls.
Furthermore, there was no observable reduction in the
proportion of eosinophils in the BAL fluid (Fig. 2D)
or the levels of antigen-specific serum IgE (Fig. 2E),
following anti-IL-25 mAb administration. Strikingly,
the levels of the type-2 cytokines IL-5 and IL-13
remained comparable to those of the OVA challenged
BALB/c controls or the isotype-matched mAb treated
controls following antigen restimulation (Fig. 2F),
and IL-13 levels in the BAL were also unchanged. Thus,
anti-IL-25 administration during the challenge phase
of the response can specifically abrogate AHR even
when the type-2 cytokines and their downstream
effectors are not down-regulated. These findings
suggest that IL-25 may initiate AHR by a pathway that
is independent of the classical type-2 response.
Materials and Methods Materials and methods were as
described above for example 2 , with the addition of:
Lung tissue collection and histology Lungs were fixed
in Formalin (10% formaldehyde in 0.9% saline solution)
for histological analysis. Lung sections were stained
with giemsa for inflammatory infiltrate and periodic
acid-Schiff (PAS) for goblet cells. PAS-stained goblet
cells in airway epithelium were measured blind using a
numerical scoring system (0: <5% goblet cells; 1 :
5-25%; 2 : 25-50%; 3 : 50-75%; 4 : >75%) . The sum of
airway scores from each lung was divided by the number
of airways examined, 20-40 airways/mouse, and
expressed as PAS score in arbitrary units.
Inflammation was evaluated using a numerical scoring
system to assess numbers of infiltrating cells around
blood vessels (0: layer of infiltrating inflammatory
cells < 2 cells thick around vessel, 1 : 2-4 cells
thick, 2 : 5-8 cells thick, 3> 8 cells thick). Thesum
of airway scores from each lung was divided by the
number of vessels examined, 20-40 airways/mouse, and
expressed in arbitrary units. Example 4 : IL-25 Acts
via a type-2-Independent pathway We assessed whether
exogenously administered rmIL-25 could elicit enhanced
AHR even in the absence of antigen sensitisation or
challenge. As early as 16 hours post intranasal
administration of rmIL-25 to BALB/c mice we detected
significantly elevated airways resistance (Fig. 3A).
Previous reports have indicated the central role
played by IL-13 in the asthma phenotype and
particularly AHR. To determine if IL-25 was mediating
its role in AHR through IL-13 we administered rmIL-25
to ill3 /~ mice. Once again we observed elevated AHR
following rmIL-25 treatment (Fig. 3B). Since the other
type-2 cytokines have also been shown to contribute to
the asthma phenotype we also assessed the response of
il4~/~il5~/~il9~/~ill3~/~ to rmIL-25 administered
intranasally . Even in the absence of all of the
classical type-2 cytokines IL-25 treatment enhanced
AHR following methacholine provocation (Fig. 3C) .
These data support a role for IL-25 in exacerbating
AHR through a type-2 cytokine-independent pathway.
Materials and Methods Materials and methods were as
described above for examples 2 and 3 , with the
addition of: Mice Transgenic il4 ~/~il5 ~/~il9 ~/~ill3
~/~ mice (P. G . Fallon et al., 2002. Immunity 17, 7 )
and H13 / mice (G. J . McKenzie et al., 1998. Curr
Biol. 8 , 339) on a BALB/c background were as
described. I125 / mice on a C57BL/6 x 129 F2
background were as described (P. G . Fallon et al.
2006. J . Exp. Med. 203, 1105). Intranasal IL-25
administration Mice were administered with 1.8 mg of
rIL-25 (R&D Systems) or 1.8 mg of rIL-13 (Peprotech)
in 40ml PBS per mouse intranasally on day 0 . Control
animals received PBS only.Example 5 : Cloning 2C3
Variable Domains RNA from three sub clones of 2c3 was
isolated and cDNA prepared by a reverse transcription
reaction. The immunoglobulin heavy chain (IgH) cDNA
was amplified by PCR using a conserved 5 ' VH region
primer, MHV7 (SEQ ID NO: 11) in combination an IgGl
constant region primer MHCGl (SEQ ID NO: 12).
Similarly, immunoglobulin light chain (IgK) was
amplified using 



a conserved 5 ' IgK region primers MKV9 (SEQ ID NO:
13) in combination with the kappa constant region
primer MKC (SEQ ID N0:14) . The thermostable
polymerase Phusion (NEB F-531L) was used throughout
for PCR reactions. The 2c3 amplification products of
VH7 + MHCGl-primed the PCR reactions from three
independent cDNAs, were directly ligated into the
pCRII (r)Blunt-TOPO (r) vector using the TOPO-blunt
cloning (r) kit (Cat 45-0245) , as were the
amplification products of the light chain
amplification reaction. E . coli TOPlO bacteria
transformed with the ligated pCRII-blunt vector
constructs were cloned on LB-ampicillin-XGal agar
plates, by picking white colonies onto an agar grid
and into the PCR screening mixture. The cloned plasmid
inserts were PCR-amplif ied. The amplification
products were gel electrophoresed and the predicted
products identified. Overnight cultures (5ml) of each
clone, producing the correct-sized PCR amplification
product, were processed using the QIAprep Spin
Miniprep Kit Protocol (cat 27106), to produce DNA
plasmid minipreps . Plasmids were sequenced using the
BigDye(r) Terminator v3 .0 Cycle Sequencing Ready
Reaction Kit (ABI cat. 4390242). Each selected plasmid
was sequenced in both directions using M13 forward and
reverse primers cycled on a GeneAmp9600 PCR machine.
The electrophoretic sequence analysis was done on an
ABI capillary sequencer .The complete cycle of RT-PCR,
cloning, and DNA sequence analysis was repeated to
obtain three completely independent sets of sequence
information for each immunoglobulin chain. The
complete deduced nucleotide sequence of the VH and
Vkappa genes are shown as SEQ ID NO: 15 and SEQ ID NO:
16 respectively. These sequences include the leader
sequences at the beginning of each variable gene
segment which encodes a signal sequence which is used
to transport the newly synthesized antibody chains
into the endoplasmic reticulum; they is not present in
the final heavy and light chains . References 1 . P .
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A target binding member that binds IL-25 and which
comprises an antibody VH domain comprising a VH CDR3
having an amino acid sequence substantially as set out
in SEQ ID NO: 7 . 2 . The target binding member of
claim 1 wherein the VH domain further comprises a CDRl
having an amino acid sequence substantially as set out
in SEQ ID NO: 5 and a CDR2 having an amino acid
sequence substantially as set out in SEQ ID NO: 6 . 3
. The target binding member of claim 1 or 2 wherein
the VH domain comprises a human framework region. 4 .
The target binding member of claim 1 or 2 wherein the
VH domain comprises SEQ ID NO: 2 . 5 . The target
binding member of any one of the preceding claims
which further comprises a VL domain with a CDRl having
an amino acid sequence substantially as set out in SEQ
ID NO: 8 , a CDR2 having an amino acid sequence
substantially as set out in SEQ ID NO: 9 and a CDR3
having an amino acid sequence substantially as set out
in SEQ ID NO: 10. 6 . The target binding member of
claim 5 wherein the VL domain comprises a human
framework region. 7 . The target binding member of
claim 5 wherein the VL domain comprises SEQ ID NO: 4 .
8 . The target binding member of any one of the
preceding claims which is a Fab, F(ab')2, scFv
antibody fragment. 9 . The target binding member of
any one of claims 1 to 7 which comprises an antibody
constant region. 



10. The target binding member of claim 9 wherein the
constant region is an IgGl or IgG4 constant region.
11. The target binding member of claim 9 which
comprises a whole antibody.12. An isolated nucleic
acid which comprises a nucleotide sequence encoding
the target binding member of any one of the preceding
claims. 13. An expression vector for expression of the
target binding member of any one of the preceding
claims, the expression vector comprising the nucleic
acid of claim 12 operably linked to a promoter . 14. A
host cell carrying the expression vector of claim 13.
15. A method of producing a target binding member, the
method comprising culturing host cells according to
claim 14 under conditions for production of said
target binding member. 16. A method according to claim
15 further comprising isolating said target binding
member. 17. A method according to claim 15 or claim 16
further comprising formulating the target binding
member into a composition including at least one
additional component. 18. A composition comprising the
target binding member of any one of claims 1 to 11 and
a pharmaceutically acceptable carrier. 19. The
composition of claim 18 in the form of a lyophilized
powder . 20. A method for the treatment or prevention
of asthma, said method comprising administering to a
subject in need of treatment an effective amount of a
target binding member of any one of claims 1 to 11 or
the composition of claim 18. 21. A target binding
member of any one of claims 1 to 11 or the composition
of claim 18 for use in the treatment or prevention of
asthma. 22. A method of producing an antibody against
IL-25 which comprises :(a) providing a VH domain
comprising a target binding member that binds IL-25
and which comprises an antibody VH domain comprising a
VH CDR3 having an amino acid sequence substantially as
set out in SEQ ID NO: 7 ; (b) combining said VH domain
with a plurality of antibody VL domains to provide
antibody molecules; (c) screening said antibody
molecules for binding to IL-25; and (d) selecting an
antibody molecule which binds IL-25. 23. The method of
claim 22 wherein the VH domain is as defined in any
one of claims 2 to 4 . 24. A method of producing an
antibody against IL-25 which comprises : (a) providing
a starting repertoire of nucleic acids encoding a VH
domain which either include a CDR3 to be replaced or
lack a CDR3 encoding region; (b) combining said
repertoire with a donor nucleic acid encoding a VH
CDR3 having an amino acid sequence substantially as
set out in SEQ ID NO: 7 such that said donor nucleic
acid is inserted into the CDR3 region in the
repertoire, so as to provide a product repertoire of
nucleic acids encoding a VH domain; (c) expressing the
nucleic acids of said product repertoire; (d)
selecting a target binding member specific for a IL-
25; and (e) recovering said target binding member or
nucleic acid encoding it. 25. The method of claim 24
wherein said product repertoire is co-expressed with a
VL domain. 


