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(57) ABSTRACT

It is disclosed that the avp5 integrin mediates the prolifera-
tive signal provided by CD23 to pre-B cells. The region of
CD23 which interacts with c.vf5 has been defined, and found
to interact with a site on the integrin distinct from that which
binds RGD. The invention provides methods for disrupting
the interaction between CD23 and avf5 and methods of
screening for chemical entities capable of disrupting this
interaction.
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MATERIALS AND METHODS FOR
MODULATING SIGNALLING BY ALPHA-V
INTEGRING MOLECULES

FIELD OF THE INVENTION

[0001] The invention relates to integrins, and in particular
to the interaction of CD23 with av integrins. The present
invention establishes for the first time that avp5 mediates the
proliferative signal provided by CD23 to pre-B cells, and
defines the region of CD23 which interacts with avf5.

BACKGROUND TO THE INVENTION

[0002] CD23 is a 45 kDa type II transmembrane glycopro-
tein expressed by haematopoietic cells that functions as the
low affinity receptor for IgE'®. As a membrane protein,
CD23 negatively regulates IgE production and IgE-depen-
dent antigen focussing and presentation by B lymphocytes™®”.
CD23 exists as monomeric and trimeric structures at the
plasma membrane, with the latter having a higher affinity for
IgES”. CD23 is cleaved by membrane-associated metallopro-
teases® to yield a range of soluble CD23 species (sCD23) of
molecular weights 37 kDa, 33 kDa, 29 kDa, 25 kDa and 16
kDa. AllsCD23 molecules retain the capacity to bind IgE and
exhibit pleiotropic cytokine-like activities™. The region of
sCD23 responsible for IgE binding overlaps with, but is dis-
tinct from, that required for cytokine activity'®. Soluble
CD23 is also oligomeric, and cross-linking studies suggest
that trimeric, and possibly hexameric, forms of sCD23 are
biologically active'!. Functionally, sCD23 promotes differ-
entiation of monocyte and early thymocyte precursors' 2, in
association with IL-1a. In germinal centres, sCD23 not only
inhibits apoptosis of centrocytes'“ but also promotes differ-
entiation of surviving centrocytes to plasmablasts. Soluble
CD23 also inhibits apoptosis in pre-B cell lines'®, and drives
synthesis of TNFa and IL-1a by monocytes'®!”. Plasma
levels of sCD23 correlate with disease status in a range of
pathological conditions'®, including a range of allergic and
atopic disorders, following certain parasitic and viral infec-
tions'®, and also the inflammatory diseases, Sjogrens Syn-
drome, systemic lupus erythematosus>°, thyroiditis and rheu-
matoid arthritis** *2. Strikingly high levels of sCD23 are
found in the plasma of B-chronic lymphoblastic leukaemia
(B-CLL) patients, where the absolute levels of sCD23 and the
kinetics of its elevation have incisive prognostic value®.

[0003] Human CD23 binds to a range of cell surface recep-
tors. As a membrane-associated protein, CD23 associates
with CD21** and promotes homotypic adhesion®® between
activated B cells. Certain anti-CD21 MAbs mimic the capac-
ity of sCD23 to rescue centrocytes from apoptosis>®, demon-
strating that CD21 mediates the action of CD23 in centro-
cytes. CD23 binding to CD21 requires both protein-protein
and protein-carbohydrate interactions®’, indicating that the
lectin head domain of CD23 mediates CD21 binding. In
monocytes, sCD23 binds the a2 integrins, CD11b-CD18
(aMp2) and CD11c-CD18 (aXp2)'é, and to the ovf3 vit-
ronectin receptor (VoR) isoform'” promoting pro-inflamma-
tory cytokine synthesis. The protein domains responsible for
the CD23-integrin interactions are not defined. Murine CD23
binds to CD21, and also to the CD11b-CD18 «.2 integrin in
murine macrophages 28 where production of IL-6 is stimu-
lated. It remains to be formally demonstrated whether murine
CD23 binds av integrins.

Oct. 23,2008

[0004] Vitronectin receptors (VnRs) comprise the av inte-
grin subunit in non-covalent association with one of five 3
subunits, B1, p3, f5, f6 and p8*°, and have important roles in
cell attachment to, and migration on, substrates, rescue from
apoptosis, and angiogenesis®**. Monocytes utilise ovp3
and awvf 5 to phagocytose apoptotic cells 34 and, when ligated
by CD23, to promote pro-inflammatory cytokine synthesis'®
17. VnRs function to bind extracellular matrix proteins includ-
ing vitronectin (Vn) and fibronectin (Fn), by recognition of
arg-gly-asp (RGD) motifs*, and the structural biology of
RGD binding by the avfp3 integrin is now well understood.
Briefly, RGD peptides are secured by structures on the f-pro-
pellor domain of the av subunit and by liganding residues in
the A domain of the B3 subunit®**”. Binding of RGD
ligands causes significant conformational change in the inte-
grin itself and the ligand. However, there are data to suggest
that integrins bind target proteins via motifs other than
RGD™. In particular, avp5 binds to a basic domain on the
HIV Tat protein®®. The contribution of the basic domain-
binding site to integrin function remains obscure, but the
greater affinity of avf5 for the Tat basic domain compared to
the equivalent Vn domain suggests that ligands other than Vn
interact with the avp5 basic domain-binding site and have
distinct signalling functions.

SUMMARY OF THE INVENTION

[0005] The present inventors have now found that rescue of
human B cell precursors from apoptosis by sCD23' is medi-
ated via the avp5 ViR isoform. They have also found that the
site on the avfS integrin responsible for binding CD23 is
distinct from the RGD-binding pocket, and have mapped the
residues on CD23 which mediate the interaction.

[0006] 1In a first aspect the invention provides a method of
inhibiting binding between an v integrin and CD23, the
method comprising contacting the awv integrin with a peptide
capable of binding to avf5, the peptide comprising the motif
X1X2X3, wherein at least one of X1, X2 and X3 is a residue
carrying at least a partial positive charge at physiological pH,
and one of X1 and X3 is C.

[0007] The methods of the invention may be performed in
vitro, ex vivo, or in vivo. They include cellular and molecular
assays carried out in vitro, as well as methods of modulating
cellular effects of av/CD23 interaction in vitro and in vivo,
and other applications of the findings described in this speci-
fication.

[0008] In the various methods described, the av integrin
and the CD23 protein may each be in any suitable physical
form. For example, they may be cell-associated, immobilised
on a solid phase, or in free solution.

[0009] By “cell-associated” is meant covalently or non-
covalently bound to the exterior surface of a cell’s plasma
membrane, or extending through the plasma membrane as an
integral membrane protein.

[0010] The CD23 may be any of the known soluble CD23
species (including the 37, 33, 29, 25 and 16 kDa forms) as
well as the integral membrane form of the protein. CD23
exists in at least two isoforms in humans and also in mice.
These isoforms differ only in their intracellular sequence; the
extracellular domain responsible for interaction with inte-
grins does not vary. Therefore it is believed that the various
methods of the invention may be applied with any isoform of
CD23.

[0011] It is believed that the peptides described in this
specification are capable of inhibiting interaction between
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CD23 and awv integrins other than avf5. Thus the av integrin
may be any ov integrin capable of binding to CD23, e.g.
avfp3, avp5, avf6 or avps.

[0012] In certain embodiments, the interaction involves a
cell expressing the av integrin and soluble or cell-associated
CD23. Thus the methods of the invention may be used to
inhibit one or more of the cellular effects mediated by CD23
interaction with cell-associated v integrins. For example,
CD23 can stimulate cell proliferation and/or promote cell
survival, e.g. in pre-B cells, which enter apoptosis without
stimulation by CD23, and in certain cancer cells, such as
acute lymphoblastic leukaemia (ALL) cells. Myeloma (mul-
tiple myeloma) cells have high levels of av5/avf3, and may
also receive proliferative or anti-apoptotic signals from
CD23. CD23 can also stimulate secretion of inflammatory
cytokines (including IL-1c and TNF-at) by monocytic cells
such as monocytes and macrophages.

[0013] Thus the invention provides a method of inhibiting
CD23-dependent proliferation or survival of a cell, compris-
ing contacting said cell with a peptide capable of binding to
avf5, the peptide comprising the motif X1X2X3, wherein at
least one of X1, X2 and X3 is a residue carrying at least a
partial positive charge at physiological pH, and one of X1 and
X3isC.

[0014] The cell may bea pre-B cell, or a cancer cell such as
an ALL cell, particularly an ALL cell of the B cell lineage, or
a myeloma cell, such as a cell from multiple myeloma.
[0015] The invention therefore provides a method of treat-
ing cancer in a subject, comprising administering to the sub-
ject an effective amount of (i) a peptide capable of binding to
avf5, the peptide comprising the motif X1X2X3, wherein at
least one of X1, X2 and X3 is a residue carrying at least a
partial positive charge at physiological pH, and one of X1 and
X3 is C, or (ii) a nucleic acid encoding said peptide.

[0016] The invention further provides the use of a peptide
as described herein, or a nucleic acid encoding the same, in
the preparation of a medicament for the treatment of cancer.

[0017] The invention further provides a method of inhibit-
ing pro-inflammatory cytokine secretion from a monocytic
cell comprising contacting the cell with a peptide capable of
binding to avf5, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue carrying at
least a partial positive charge at physiological pH, and one of
Xland X315 C.

[0018] Suitable monocytic cells include monocytes and
macrophages. The cytokine secretion which it is intended to
inhibit may be triggered by CD23 binding to an av integrin,
including avf3, avf5, avp6é and ovp8. The cytokine in
question may be one or more of IL-1 (e.g. IL-1a), TNF-q,
IL-6, 1L-8, IL.-12 and IFN+y.

[0019] Typically, the cell will be in an activated, pro-in-
flammatory state as a result of stimuli other than CD23/av
interactions. This interaction may enhance pro-inflammatory
cytokine secretion, but is not generally sufficient in isolation
to induce such secretion.

[0020] The method may be applied in vivo or in vitro, and
therefore the invention also includes a method of treating an
inflammatory disorder in a subject, comprising administering
to the subject an effective amount of (i) a peptide capable of
binding to avf5, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue carrying at
least a partial positive charge at physiological pH, and one of
X1 and X3 is C, or (ii) a nucleic acid encoding said peptide.
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[0021] The invention further provides the use of a peptide
as described herein in the preparation of a medicament for the
treatment of an inflammatory disorder.

[0022] Any inflammatory disorder in which TNF-a, IL-1
(e.g. IL-1e), IL-6, IL-8, IL-12, IFN-y or other monocyte-
derived pro-inflammatory cytokine is implicated in patho-
genesis may be treated in this way. For example, rheumatoid
arthritis has been shown to be treatable using anti-TNF-c.
Other suitable conditions include Sjogren’s Syndrome, sys-
temic lupus erythaematosus (SLE), sarcoidosis, endometrio-
sis, thyroiditis and atherosclerosis. Particularly suitable con-
ditions are those in which binding between CD23 and an av
integrin triggers or contributes to the secretion of the pro-
inflamatory cytokine.

[0023] In a further aspect the invention provides a method
of screening for a substance capable of inhibiting binding
between an ov integrin and CD23, the method comprising
(1) contacting the auv integrin with a test substance,

(ii) contacting the cv integrin with a peptide capable of bind-
ing to avp3s, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue carrying at
least a partial positive charge at physiological pH, and one of
X1 and X3 is C, and

(iii) determining binding of the peptide to the av integrin.
[0024] As described above, the civ integrin may be in any
suitable physical form. Conveniently, though, the integrin
may be associated with a cell or immobilised on a solid phase,
e.g. a bead or surface of a microtitre plate. Alternatively,
although possibly less conveniently, the peptide may be
immobilised on a solid phase.

[0025] The test substance may be selected or rejected
depending on its effect on peptide binding to the av integrin.
Typically, those which inhibit or reduce peptide binding to o
will be selected as potential inhibitors of the av/CD23 inter-
action.

[0026] The screening assays described may be applied to
panels of hundreds or thousands of test substances, e.g. in
high-throughput assays. However, it will be appreciated that
the methods may also be applied to just one or a few test
substances, in order to determine their effect. The test sub-
stances may already be known or suspected to affect binding
between CD23 and an av integrin. The term “screening”
should be construed accordingly.

[0027] Thepeptide may belabelled to facilitate detection of
the interaction with the av integrin, as described in more
detail below.

[0028] The skilled person is aware of numerous suitable
formats for such screening assays, and will be capable of
selecting an appropriate format depending on their individual
requirements.

[0029] Typically, the av integrin is contacted sequentially
(in any order), or simultaneously, with the test substance and
the peptide. The extent of peptide binding to the integrin is
then determined either by directly or indirectly labelling the
peptide, and detecting the amount of label associated with the
integrin. For example, the peptide may be directly or indi-
rectly labelled with radioactive, fluorescent, chemilumines-
cent or enzyme labels (such as alkaline phosphatase or horse-
radish peroxidase) so that they can be detected using
techniques well known in the art.

[0030] Indirect labelling may be achieved by coupling the
label to a member of a specific binding pair, which is capable
of binding to a complementary member of the specific bind-
ing pair associated with the peptide or the peptide-integrin
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complex. Examples of specific binding pairs include antibod-
ies and their cognate epitopes, avidin/streptavidin and biotin,
lectins and carbohydrates, etc.

[0031] Thus the complex may be detected using a labelled
antibody which is capable of binding to the peptide itself, to
amoiety associated (e.g. linked covalently or non-covalently)
with the peptide, or to the peptide-integrin complex. For
example, the peptide may be linked (e.g. as a fusion protein)
with a peptide or protein comprising an epitope for the anti-
body. Alternatively, the antibody may be specific for the pep-
tide itself or for an epitope created by binding of the peptide
to the integrin.

[0032] Alternatively the peptide may be associated with
biotin or another similar member of a specific binding pair,
and may be detected using labelled avidin/streptavidin or the
appropriate complementary member of the specific binding
pair.

[0033] Radioactive labels can be detected using a scintilla-
tion counter or other radiation counting device, fluorescent
labels using a laser and confocal microscope, and enzyme
labels by the action of an enzyme label on a substrate, typi-
cally to produce a spectrophotometrically detectable colour
change.

[0034] Further techniques which may be used include flow
cytometry and immunchistochemistry, which may be appro-
priate if the peptide or integrin is cell-associated. Alterna-
tively, peptide-integrin binding may be determined directly
using surface plasmon resonance.

[0035] The signal generation methods described in The
Immunoassay Handbook (Second Edition) Ed D Wild pub-
lished by the Nature Publishing Group (2001) may also be
applied. Of particular application are those homogeneous
systems described in Chapter 11 (E. F. Ullman). Scintillation
Proximity Assay (SPA) (with for example a weak alpha or
beta-emitter and a fluorophore) and Enzyme Channelling
(with for example glucose oxidase and peroxidase) provide
particularly attractive systems for use in the methods
described. In these methods the peptide and integrin may be
labelled with complementary components of the detection
system such that when they aggregate the two components are
brought closely enough together to produce a detectable sig-
nal but when not complexed no such association occurs and
thus no signal is produced.

[0036] The peptides which bind to avf35 are also capable of
interacting with other av integrins comprising other  chains,
e.g. B3, 6 and 8. Surprisingly, the present inventors have
found that the peptides appear to interact primarily with the 3
chain, rather than with the common o chain. Thus the screen-
ing methods described above may utilise an isolated (3 chain,
or an extracellular domain thereof, instead of a complete av
integrin. Thus the screening method may comprise contacting
an isolated integrin f chain with the test substance and the
peptide, and determining binding of the peptide to the isolated
[ chain. Preferably the f§ chain is 5, although others may be
used, including p1, 3, 6 or 8. f1 may be used even though
CD23 does not appear to bind to avf1. However it is less
preferred because the results obtained may be less physi-
ologically relevant than those obtained with other f§ chains. It
is not known why the peptides will bind to §1 when the full
CD23 molecule does not bind fvf1. Itis possible that a CD23
binding site exists on all of these p chains, and for some
reason is sterically blocked in the avf1 complex but not in
other av integrins.

Oct. 23,2008

[0037] Conveniently, isolated f§ chain (e.g. recombinantly-
expressed  chain) or an extracellular domain thereof may be
immobilised on a solid phase for use in such assays, as
described above.

[0038] Whether the screening methods are carried out
using an avf complex, or an isolated [ chain, they may
further comprise contacting a cell expressing an o integrin
with said test substance and determining the effect of the test
substance on the cell. This may involve determining whether
the test substance affects the apoptotic state of the cell (e.g.
induces the cell to enter apoptosis), determining the effect of
the test substance on proliferation of the cell, or determining
the effect of the test substance on cytokine expression and/or
secretion by the cell, typically in response to a suitable stimu-
lus.

[0039] Thus the invention provides a method of screening
for a substance having anti-cancer activity, comprising, hav-
ing performed a method of screening for a substance capable
ofinhibiting the interaction between an cv integrin and CD23
as described above, contacting a cancer cell with said test
substance and determining the effect of the substance on
proliferation and/or apoptosis of the cell.

[0040] The invention further provides a method of screen-
ing for a substance having anti-inflammatory activity, com-
prising, having performed a method of screening for a sub-
stance capable of inhibiting the interaction between an owv
integrin and CD23 as described above, contacting a mono-
cytic cell with said test substance and determining the effect
of the substance on inflammatory cytokine expression and/or
secretion by the cell. The method may comprise the step of
administering a suitable stimulus to the cell which, in the
absence of the test substance, would be expected to provoke
inflammatory cytokine expression and/or secretion. The
method may involve determining expression and/or secretion
of, for, example, TNF-a, IL-1 (e.g. IL-1av), IL-6, IL-8, IL-12,
IFN-y or any other suitable pro-inflammatory cytokine.
[0041] While both of the above screening methods may be
performed in vitro, they may also be performed in vivo, e.g. in
experimental animal models, in order to examine the effect of
the test substance on disease progression. So, to determine the
effect of the test substance on cancer cells, the substance may
be administered to a test animal having a suitable cancer, e.g.
inoculated witha pre-B cell cancer cell expressing ctv, such as
SMS-SB (refs. 15, 39; see also Smith et al., (1981) J. Immu-
nol. 126(2), p. 596). To determine the effect of the test sub-
stance on inflammatory disease, the substance may be admin-
istered to an animal model for that disease, e.g. a model for
rheumatoid arthritis, such as the murine collagen-induced
arthritis model. Of course, when the assays are performed in
vitro, they may use cells from such animal models.

[0042] When the methods are performed in vivo, the animal
is typically sacrificed as part of the assay. This may be nec-
essary to obtain tissue samples to study the effect of the test
substance on disease.

[0043] The animal may be a rodent (e.g. a mouse or rat), or
any other suitable laboratory animal such as a rabbit, guinea
pig. cat, dog, etc.

[0044] Preferably the methods are performed using rodent
cells or transgenic rodents capable of expressing a CD23
protein having R at a position corresponding to R172 of
human CD23. Such cells and transgenic rodents are described
in more detail below.

[0045] In a further aspect the invention provides a method
of stimulating proliferation or inhibiting apoptosis of a cell
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expressing an av integrin, the method comprising contacting
the cell with an avp S agonist peptide, the peptide comprising
the motif X1X2X3, wherein at least one of X1, X2 and X3 is
a residue carrying at least a partial positive charge at physi-
ological pH, and one of X1 and X3 is C

[0046] The cell preferably expresses avfp5. It may, for
example, be a pre-B cell.

[0047] Themethod may be performed in vitro, in vivo, or ex
vivo. For example, the method may be used to repopulate an
individual’s B cell compartment after depletion thereof, e.g.
by irradiation or drug treatment. Cells may be treated in vitro
and administered to the subject, or alternatively the peptide
may be administered directly to the subject, e.g. to the bone
marrow.

[0048] 1In a further aspect, the invention provides a method
of determining expression of an ov integrin by a cell, the
method comprising:

(1) contacting the cell with a peptide capable of binding to
avf 5, the peptide comprising the motif X1X2X3, wherein at
least one of X1, X2 and X3 is a residue carrying at least a
partial positive charge at physiological pH, and one of X1 and
X3isC, and

(i1) determining binding of said peptide to said cell.

[0049] The method will typically comprise the step of cor-
relating the result with the level of expression of cv. It will be
apparent that the higher the level of binding observed, the
higher the level of expression of the av integrin by the cell.
[0050] The peptide may be labelled to facilitate detection.
[0051] The method may comprise a control or comparison
step, involving contacting a control cell having a known
expression level of av with the peptide. The control cell may
be known not to express .

[0052] The method may comprise the further step of deter-
mining the expression of an associated integrin 3 chain, e.g.
B1,3,5,60r8.

[0053] awvf5 is expressed at particularly high levels on ALL
cells. Thus the invention provides a method of screening for
the presence of an ALL cell in a sample comprising blood
cells, the method comprising

(1) contacting the sample with a peptide capable of binding to
avf5, the peptide comprising the motif X1X2X3, wherein at
least one of X1, X2 and X3 is a residue carrying at least a
partial positive charge at physiological pH, and one of X1 and
X31s C, and

(i1) determining binding of said peptide to said blood cells.

[0054] The method may comprise a control or comparison
step of contacting a normal blood sample (e.g. known or
suspected not to contain ALL cells) with the peptide and
determining thelevel of binding. This will provide a reference
level against which the level of binding in the test sample can
be compared. Additionally or alternatively a positive control
sample, known to contain ALL cells, may be used.

[0055] The method is particularly useful for the detection
of ALL cells of the B cell lineage. Normal peripheral B cells
are thought not to express significant levels of avf3, so the
presence of avf35 on peripheral B cells is a strong indicator of
the presence of ALL cells.

[0056] Thus the method may comprise contacting the
sample with a B cell-specific binding agent, i.e. substance
capable of binding specifically to B cells, e.g. to a B cell-
specific marker, such as CD19 or CD20. Antibodies are par-
ticularly preferred. This step may be performed before con-
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tacting the sample with the peptide (e.g. in order to separate
the B cells from other cells in the sample), concurrently with,
or after the peptide.

[0057] TheB cell-specific agent may also be labelled; typi-
cally it will carry a different label to that carried by the
peptide, to allow independent detection.

[0058] Suitable techniques and labels are described above
in relation to assays for identifying substances capable of
disrupting the interaction between o integrins and CD23.
[0059] The skilled person is aware of numerous suitable
formats for such diagnostic assays, and will be capable of
selecting an appropriate format depending on their individual
requirements.

[0060] In a further aspect the invention provides a method
ofisolating an v integrin from a sample comprising contact-
ing said sample with a peptide capable of binding to v} 5, the
peptide comprising the motif X1X2X?3 wherein at least one of
X1,X2 and X3 is a residue carrying at least a partial positive
charge at physiological pH, and one of X1 and X3 is C.
[0061] The sample may be any sample known or suspected
to contain an o integrin, such as a cell lysate or a fraction
thereof.

[0062] Thepeptide may be immobilised ona solid phase, or
associated with a member of a specific binding pair, in order
to facilitate purification of the peptide-integrin complex from
the sample.

[0063] As described above, examples of specific binding
pairs include antibodies and their cognate epitopes, avidin/
streptavidin and biotin, lectins and carbohydrates, etc.
[0064] Thus the method may include the step of contacting
the sample with a member of a specific binding pair, capable
of binding to a complementary member of the specific bind-
ing pair associated with the peptide or the peptide-integrin
complex. For example the member of the specific binding pair
may be an antibody which is capable of binding to the pep-
tide, to a moiety associated covalently or non-covalently with
the peptide, or to the peptide-integrin complex itself. For
example, the peptide may be associated (e.g. as a fusion
protein) with a peptide or protein comprising an epitope for
the antibody. The member of the specific binding pair may be
associated with a solid phase, e.g. a bead or magnetic particle,
to facilitate isolation of the complex by centrifugation or
application of a magnetic field. Alternatively it may be mul-
tivalent, to enable precipitation of the complex from solution.
[0065] 1In a further aspect the invention provides a method
of inhibiting CD23-dependent proliferation or survival of a
cell, comprising contacting said cell with a substance capable
of inhibiting the interaction between CD23 and avf5.
[0066] Thecell may bea pre-B cell, or a cancer cell such as
amyelomacell oran ALL cell, particularly an ALL cell of the
B cell lineage.

[0067] As described above, the substance may be a peptide
capable of binding to avf5, the peptide comprising the motif
X1X2X3 wherein at least one of X1, X2 and X3 is a residue
carrying at least a partial positive charge at physiological pH,
and one of X1 and X3 is C.

[0068] In a further aspect the invention provides a method
of screening for a substance capable of inhibiting CD23-
dependent proliferation or survival of a cell, the method com-
prising

(1) contacting an cv integrin with a test substance,

(i1) contacting the av integrin with CD23, and

(ii1) determining binding of CD23 to the v integrin.



US 2008/0261862 A1l

[0069] Further features of this aspect of the invention are as
described above in relation to methods of screening for sub-
stances capable of disrupting the interaction between awv inte-
grins and CD23, mutatis mutandis. Thus, part or substantially
all of any one of the known forms of CD23 may be used in
place of the peptides described in that aspect of the invention.
An isolated f chain (or extracellular domain thereof) may be
used in place of a complete av integrin.

[0070] In those aspects of the invention described above
which relate to a peptide capable of binding to avf5, the
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[0078] Thepeptides may beupto5,6,7,8,9,10,15,20,25,
30, 35, 40, 45 or 50 amino acids in length, or more.

[0079] The peptide may comprise one or more repeats of a
CD23 sequence of up to 20 amino acids, the CD23 sequence
comprising the motif X1X2X3 as described above, and fur-
ther having at least 60%, 70%, 80%, 85%, 90% or 95%
sequence identity with the corresponding portion of amino
acids 155 to 191 of SEQ ID NO: 1. The CD23 sequence may
have 100% identity with the corresponding portion of amino
acids 155 to 191 of SEQ ID NO: 1.

SEQ ID NO: 1 is the sequence of human CD23a having GenBank accession
numbers AAH62591.1; GI:33511828:
1 MEEGQYSEIE ELPRRRCCRR GTQIVLLGLV TAALWAGLLT LLLLWHWDTT QSLKQLEERA

61 ARNVSQVSKN LESHHGDQMA QKSQSTQISQ ELEELRAEQQ RLKSQDLELS WNLNGLOADL

121 SSFKSQELNE RNEASDLLER LREEVTKLRM ELQVSSGFVC NTCPEKWINF QRKCYYFGKG

181 TKQWVHARYA CDDMEGQLVS IHSPEEQDFL TKHASHTGSW IGLRNLDLKG EFIWVDGSHV

241 DYSNWAPGEP TSRSQGEDCV MMRGSGRWND AFCDRKLGAW VCDRLATCTP PASEGSAESM

301 GPDSRPDPDG RLPTPSAPLH S

peptide comprises a motif X1X2X3, wherein at least one of
X1,X2 and X3 is a residue carrying at least a partial positive
charge at physiological pH, and one of X1 and X3 is C.

[0071] The motif preferably comprises only one C residue.
Either or both of the remaining residues may carry at least a
partial positive charge at physiological pH.

[0072] Preferably, the residue or residues carrying at leasta
partial positive charge at physiological pH is K or R. Other
residues may be suitable, including H, and non-naturally-
occurring residues which carry a whole or partial positive
charge at physiological pH. In this context, physiclogical pH
is considered to be pH 7.4. It will be understood that a single
residue cannot carry a partial positive charge. This term
instead refers to the average charge on the relevant residue
over the whole population of peptides in a given system. This
will be between 0 and 1 if the pK of the residue is close to 7,
e.g. between about 6 and about 9.5.

[0073] Preferably, any of X1, X2 and X3 which is neither C
nor a residue carrying at least a partial positive charge is a
neutral residue, i.e. a residue which does not carry a charge at
physiological pH. Such amino acids include Q, N, A, G, S, T,
LL,MF P, WY,V In preferred embodiments, such amino
acids are Q, N, A, G, S, T, V, L or I, still more preferably A, Q,
S or G. It will be appreciated that the conventional one letter
codes for amino acids are used throughout this specification,
and their use should be construed accordingly.

[0074] In certain embodiments the peptides may comprise
the motif X1X2X3, wherein one of X1 or X3 is C, the other of
X1andX3is Q, R, K, H,A,GorS,and X2 is K, R, Q, H, A,
G or S, provided that one of X1, X2 and X3 is K, R or H.
Preferably one of X1, X2 and X3 is K or R.

[0075] In some embodiments, one of X1 and X3 is C, the
other of X1 and X3 is Q, R or A, and X2 is K or A, provided
that one of X1, X2 and X3 is K or R.

[0076] The peptide may comprises the motif XaX1X2X3
or X1X2X3Xa, wherein Xa is Q, K or R, preferably Q.
[0077] Preferred sequences for the motif X1X2X3 include
RKC, KKC, QKC, AKC, RAC and CKR.

[0080] Amino acids 155 to 191 are underlined. The RKC
motif, at amino acids 172 to 174, is shown in bold. The
extracellular domain is believed to begin at H46.

[0081] Alignments and degrees of sequence identity may
be determined, for example, using the program BLAST (pro-
vided by the National Center for Biotechnology Information)
using default parameters. The peptide sequence is aligned
with the relevant protein sequence, and the degree of identity
along the overlap between the two sequences is determined.
[0082] Preferably the CD23 sequence is at least 5 amino
acids in length. Thus it may be 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19 or 20 amino acids in length.

[0083] The peptide may comprise any of the sequences

QRKC
FORKC
NFQRKC
INFQRKC
WINFQRKC
KWINFQRKC
RKCY
RKCYY
RKCYYF
RKCYYFG
RKCYYFGK
RKCYYFGKG
QRKCYY
FORKCYY
FORKCYYF

FORKCYYFG
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-continued
NFQRKCY
INFQRKCY
INFQRKCYY

[0084] Alternatively the peptide may comprise an equiva-
lent sequence from a non-human CD23 protein, e.g. a mam-
malian CD23 protein, such as a murine CD23 protein. The
equivalent sequence may be determined by aligning the
human sequence with the non-human sequence, for example
using the program BLAST (provided by the National Center
for Biotechnology Information) using default parameters.
Those portions of bovine, murine, equine and rat CD23 which
correspond to residues 155 to 191 of human CD23 are shown
below:

ili:larllg ’ SSGFVCNTCPEKWINFORKCY YFGKGTKQWVHARYA
Bovine ANGSVCNTCPEANIYFQKKCYYFGEGAKKWIQARYA
Horse SNGSTCNTCPDDWVHFQKKCY YFGEGPKRWIQARFA
Mouse SKGTACNICPKNWLHFQOKCY YFGKGSKQWIQARFA
Rat SKGTACNVCPKDWLHFQQKCY YFGEGSKQWIQAKET
[0085] Itmay be desirable that the peptide is not an agonist

of avp5 in its own right. In various of the aspects described
above, it will be desirable that the peptide is an antagonist,
that is to say it inhibits the ability of CD23 to induce signal-
ling through the relevant awv integrin.

[0086] Without wishing to be bound by any particular
theory, peptides which do not show agonist activity prefer-
ably comprise at least one further amino acid, and preferably
at least two further amino acids, N-terminal and C-terminal of
the X1X2X3 motif.

[0087] In other embodiments it may be desirable to use a
peptide that is an agonist of avp5. Examples include
RKCYYFGKG and KWINFQRKC.

[0088] The peptide may be cyclic. For example, it may
comprise two further C residues in addition to that in the
X1X2X3 motif which together form an intermolecular disul-
phide bond.

[0089] The peptides described preferably do not competi-
tively inhibit binding between av integrins and av ligands
containing RGD motifs (e.g. fibronectin and vitronectin).
Without wishing to be bound by any particular theory, it is
believed that they interact with a site on v integrins distinct
from that which binds ligands containing RGD motifs.
[0090] The present invention further provides a peptide or
polypeptide comprising a CD23 sequence of up to (but not
exceeding) 20 amino acids,

the CD23 sequence comprising the motif X1X2X3, wherein
at least one of X1, X2 and X3 is a residue carrying at least a
partial positive charge at physiological pH, and one of X1 and
X3is C,

the CD23 sequence further having at least 50%, 60%, 70% or
80% sequence identity with the corresponding portion of
amino acids 155 to 191 of SEQ ID NO: 1.

[0091] The CD23 sequence may be a naturally occurring
sequence of a mammalian CD23 molecule, e.g. human,
murine, rat, equine or bovine CD23, as shown above, or may
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comprise one or more amino acid insertions, deletions or
substitutions, as long as it retains the overall degree of
sequence identity with the overlapping sequence of SEQ ID
NO: 1.

[0092] Preferably the CD23 sequence of the peptide or
polypeptide has at least 85%, 90%, 95% or 100% identity to
the corresponding region of SEQ ID NO: 1.

[0093] Preferably the CD23 sequence is at least 5 amino
acids in length. Thus it may be 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19 or 20 amino acids in length.

[0094] The peptide or polypeptide may contain more than
one repeat of the CD23 sequence. For example, it may contain
two repeats separated by a flexible linker. However, the pep-
tide or polypeptide preferably does not contain any sequences
of more than 5 contiguous amino acids from any other part of
a CD23 molecule other than the CD23 sequence specified.
[0095] Preferably the remainder of the polypeptide or pep-
tide does not comprise more than 5 contiguous amino acids
from a CD23 sequence, and/or displays less than 20%
sequence identity with a CD23 molecule.

[0096] Preferred features of the peptide, including pre-
ferred sequences of the motif X1X2X3, are as set out above.

[0097] The polypeptide may comprise the sequence

QRKC,
FQRKC,
NFQRKC,
INFQRKC,
WINFQRKC,
KWINFQRKC,
REKCY,
REKCYY,
REKCYYF,
REKCYYFG,
REKCYYFGK,
REKCYYFGKG,
QRKCYY,
FQRKCYY,
FQRKCYYF,
FQRKCYYFG,
NFQRKCY,

INFQRKCY,
or

INFQRKCYY,

or the equivalent sequence from a non-human CD23 mol-
ecule, e.g. a mammalian CD23 molecule, such as a murine
CD23 molecule.

[0098] It will be appreciated that the CD23 sequence may
be produced as a fusion protein, e.g. to facilitate its detection
in binding assays. For example, they may be tagged with an
epitope for a known antibody, or fused to an enzyme or other
protein capable of generating a signal. Preferably the remain-
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der ofthe polypeptide or peptide does not comprise more than
5 contiguous amino acids from a CD23 sequence, and/or
displays less than 20% sequence identity with a CD23 mol-
ecule as determined using the alignment algorithm and
parameters detailed above.

[0099] The above-described preferred features of CD23-
derived peptides apply particularly to peptides which are
intended to interact with human av integrins. However, not
all of these peptides will necessarily interact with v integrins
from species other than humans. In particular, only a subset of
these peptides is thought to interact with av integrins from
mice, rats, and other rodents.

[0100] Certain wild-type rodent CD23 sequences, includ-
ing those of mouse and rat CD23, have Q at the position
equivalent to R172 of human CD23. Those wild-type rodent
proteins therefore carry the motif QKC instead of the RKC
motifpresent in the human protein. When presented as part of
a peptide, this motif can bind to, and induce signalling
through, human av integrins. However, it is believed that it
does not bind appreciably to or signal through rodent av
integrins, particularly mouse av integrins. A positive charge
at the N-terminus of this tripeptide motif appears to be desir-
able for binding and signalling through rodent integrins.
[0101] Thus, where a peptide is intended for interaction
with arodent v integrin, e.g. a murine or rat ov integrin, it is
preferred that X3 is C, and X1 is a residue carrying at least a
partial positive charge at physiological pH.

[0102] Thus X1 is preferably R or K, and most preferably
R.
[0103] Preferably, X2 is also a residue carrying at least a

partial positive charge at physiological pH. Thus, X2 is pref-
erably R or K, and most preferably K.

[0104] When X2 is not a residue carrying at least a partial
positive charge at physiological pH, it is preferably a neutral
residue, i.e. a residue which does not carry any charge at
physiological pH. Thus X2 may be Q, N, A, G, 8, T, I, L, M,
F, P, W, Y, V. In preferred embodiments, X2 is Q, N, A, G, S,
T, V, L or 1, and still more preferably A, Q, S or G.

[0105] Thus preferred sequences for a motif intended to
interact with a rodent integrin include RKC, KKC and RRC.
[0106] Thus the peptides used for interaction with rodent
integrins may be based on wild-type mouse or rat CD23,
wherein the Q corresponding to R172 of human CD23 is
substituted by a residue carrying at least a partial positive
charge at physiological pH such as R or K, and preferably R.
[0107] When based on murine CD23, the peptide may com-
prise any of the sequences

QRKC,
FQRKC,
HFQRKC,
LHFQRKC,
WLHFQRKC,
NWLHFQRKC,

RKCY,
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-continued
RECYY,

RECYYE,
RECYYEG,
RECYYFGK,
RECYYFGKG,
QRKCYY,
FORKCYY,
FORKCYYE,
FORKCYYRG,
HPQRKCY,

LHFQRKCY,
or

WLHFQRKCYY .

[0108] When based onrat CD23, the peptide may comprise
any of the sequences

QRKC,
FORKC,
HFQRKC,
LHFORKC,
WLHFQRKC,
DWLHFQRKC,
RKCY,
RECYY,
RECYYE,
RECYYEG,
RECYYFGE,
RECYYFGEG,
QRKCYY,
FORKCYY,
FORKCYYF,
FORKCYYFG,
HPQRKCY,

LHFQRKCY,
or

WLHFQRKCYY .

[0109] The peptides and polypeptides of the invention are
preferably capable of binding to av integrins, particularly
avp5, and are preferably capable of inhibiting binding
between auv integrins (particularly avp5) and CD23. In some
embodiments the peptides or polypeptides may be agonists of
av integrins, such as avfi5.

[0110] The invention also provides a nucleic acid compris-
ing an open reading frame encoding the peptides of the inven-
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tion. The nucleic acids may be DNA or RNA, in single or
double stranded form. The coding sequence may comprise
naturally occurring CD23 sequernce, e.g. part of the sequence
of SEQ ID NO: 1, or may comprise wholly or partially arti-
ficial (i.e. non-naturally occurring) sequence.

[0111] Also provided are vectors comprising the nucleic
acids of the invention in which the open reading frame is
operably linked to regulatory sequences (e.g. promoter,
enhancer and transcriptional terminator sequences, as well as
translational control sequences) to allow transcription and
translation of the peptide in a desired cell type. The skilled
person will be able to design suitable vectors depending on
the desired cell type, which may include bacterial, yeast,
insect or mammalian cells. Also provided are host cells,
including bacterial, yeast, insect and mammalian host cells,
comprising such vectors.

[0112] The invention also provides the peptides and
polypeptides described above, as well as nucleic acids encod-
ing the same, for use in a method of medical treatment or
diagnosis, and in particular for use in the treatment or diag-
nosis of cancer, and the treatment of inflammatory disorders.

[0113] The invention also provides a pharmaceutical com-
position comprising a peptide or nucleic acid as described
above, in combination with a pharmaceutically acceptable
excipient.

[0114] Pharmaceutical compositions may comprise, in
addition to one of the active agents described above, a phar-
maceutically 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 may depend on the route of admin-
istration, e.g. oral, intravenous, cutaneous or subcutaneous,
nasal, intramuscular, intraperitoneal routes.

[0115] Pharmaceutical compositions for oral administra-
tion may be in tablet, capsule, powder or liquid form. A tablet
may include a solid carrier such as gelatin or an adjuvant.
Liquid pharmaceutical compositions generally include a lig-
uid 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 eth-
ylene glycol, propylene glycol or polyethylene glycol may be
included.

[0116] For intravenous, cutaneous or subcutaneous injec-
tion, 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, isotonic-
ity and stability. Those of relevant skill in the art are well able
to prepare suitable solutions using, for exaniple, isotonic
vehicles such as Sodium Chloride Injection, Ringer’s Injec-
tion, Lactated Ringer’s Injection. Preservatives, stabilisers,
buffers, antioxidants and/or other additives may be included,
as required.

[0117] Administration is preferably in a “prophylactically
effective amount” or a “therapeutically effective amount” (as
the case may be, although prophylaxis may be considered
therapy), this being sufficient to show benefit to the indi-
vidual. The actual amount administered, and rate and time-
course of administration, will depend on the nature and sever-
ity 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, and typically takes
account of the disorder to be treated, the condition of the
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individual patient, the site of delivery, the method of admin-
istration and other factors known to practitioners. Examples
of the techniques and protocols mentioned above can be
found in Remington’s Pharmaceutical Sciences, 20th Edi-
tion, 2000, pub. Lippincott, Williams & Wilkins.

[0118] Alternatively, targeting therapies may be used to
deliver the peptides more specifically to certain types of cell,
by the use of targeting systems such as antibody or cell
specific ligands. Targeting may be desirable for a variety of
reasons; for example if the agent is unacceptably toxic, or if it
would otherwise require too high a dosage, or if it would not
otherwise be able to enter the target cells.

[0119] Instead of administering the peptides directly, they
could be produced in the target cells or in neighbouring cells
by expression from an encoding gene introduced into the cells
in a suitable vector as described above, e.g. in a viral vector.
The vector could be targeted to the specific cells to be treated,
or it could contain regulatory elements which are switched on
more or less selectively by the target cells.

[0120] A composition may be administered alone or in
combination with other treatments, either simultaneously or
sequentially dependent upon the condition to be treated.

[0121] As explained above, it is believed that wild type
rodent CD23 molecules (and particularly mouse CD23) do
not bind with significant affinity to rodent avf5, although
they may be able to bind to avp5 from other mammals such
as humans. Similarly, rodent CD23 molecules do not appear
to induce signalling via rodent avf}5, but may be capable of
causing signalling via human avp5. This may explain why
murine CD23 has been reported not to possess many of the
cytokine-like properties of human CD23.

[0122] As aconsequence, rodents (or rodent cells) may not
be ideal as animal models of human conditions which are
thought to be mediated in whole or in part by CD23/av
integrin interactions.

[0123] Therefore, in a further aspect, the present invention
provides a rodent cell which has been genetically modified so
that it contains nucleic acid encoding a CD23 protein having
R at a position corresponding to R172 of human CD23. Thus
the cell is capable of expressing CD23 protein having R at a
position corresponding to R172 of human CD23. This CD23
protein may be regarded as an “exogenous” protein as it is not
naturally produced by the cell. Preferably the exogenous
CD23 protein has the motif RKC at positions corresponding
to positions 172 to 174 of human CD23.

[0124]

[0125] The exogenous CD23 protein may be a full-length
membrane-bound CD23 protein, or a soluble form of CD23
protein lacking a transmembrane domain which will there-
fore be secreted from the cell.

[0126] The exogenous CD23 protein may be a CD23 pro-
tein from a different mammalian species, e.g. human CD23.
Alternatively, it may be a modified form of the endogenous
chromosomal CD23 gene having R at the position corre-
sponding to R172 of human CD23. Other changes may also
be introduced relative to the endogenous sequence. Prefer-
ably the exogenous protein has at least 80%, 85%, 90% or
95% identity to the murine or rat CD23 sequence given below.

The cells are preferably rat or mouse cells.
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Rat CD23 (GenBank accegsion nos. CAA51981.1 GI:313673):
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1 MEENEYSGYW EPPRRRCCCA RRGTQLVLVG LLTTVMVWLL ALLLLWHWET EKSLKQLGDA

61 AIQNALQMSQ NLEELQAEQK QMKSQDSQLS ONLNELQEDL INVKSQNSEL SQNLNTLQED

121 LVNVKSQGLN EKRAASDSLE KLQEEVAKLW IEILMSKGTA CNVCPKDWLH FQORCYYFGE

181 GSKOWIQAKF TCSDLEGRLV SIHSQKEQDF LMQHINKKES WIGLQDLNME GEFVWPDGSP

241 VGYSNWNPGE PNNGGQGEDC VMMRGSGQWN DAFCRSYLDA WVCEQLATCD LSAPLASVTP

301 TGPTPKNEP

Mouse CD23 (Isoform A; GenBank accession nos. AAB28791.2 GI:13236929):
1 MEENEYSGYW EPPRKRCCCA RRGTQLMLVG LLSTAMWAGL LALLLLWHWE TEKNLKQLGD

61 TAIQNVSHVT KDLQKFQSNQ LAQKSQUVOM SONLQELQAE QKOMEKAQDSR LSONLTGLOE

121 DLRNAQSQNS KLSQNLNRLQ DDLVNIKSLG LNEKRTASDS LEKLQEEVAK LWIEILISKG

181 TACNICPKNW LHFQORCYYF GKGSKOWIQA RFACSDLQGR LVSIHSQKEQ DFLMQHINKK

241 DSWIGLQDLN MEGEFVWSDG SPVGYSNWNP GEPNNGGQGE DCVMMRGSGQ WNDAFCRSYL

301 DAWVCEQLAT CEISAPLASV TPTRPTP

[0127] In the above mouse and rat CD23 sequences, the
region corresponding to amino acids 155 to 191 of human
CD23 is underlined, and the QKC motif corresponding to
RKC 172-174 of the human sequence is shown in bold type.
The extracellular domains of these proteins are believed to
begin at H47 (rat) and H48 (mouse).

[0128] Preferably the exogenous CD23 protein comprises
an RKC motif corresponding to positions 172 to 174 of
human CD23.

[0129] Inpreferred embodiments the exogenous CD23 pro-
tein is identical to the endogenous protein apart from the
residue corresponding to R172 of human CD23.

[0130] The exogenous CD23 protein is preferably capable
of binding to rodent (e.g. mouse or rat) avf5 protein, and
preferably also to human avf5.

[0131] The nucleic acid encoding the said CD23 protein
may be extrachromosomal, e.g. on a self-replicating episomal
expression vector, such as a plasmid. Alternatively it may be
stably integrated into a chromosome of the cell.

[0132] The wild type cell has endogenous (chromosomal)
CD23 genes encoding CD23 protein having a residue other
than R at the position corresponding to R172 of human CD23.
Typically these proteins have Q at that position.

[0133] The endogenous CD23 genes may remain intact,
such that the cell expresses both exogenous CD23 (which has
R at a position corresponding to R172 of human CD23) and
endogenous CD23 (which does not).

[0134] Alternatively, the cell may not express endogenous
CD23, and instead express only exogenous CD23. For
example, the two endogenous chromosomal CD23 genes may
be modified so that they do not express full-length endog-
enous CD23 protein. In other words, the cell is a “knock-out”
for endogenous CD23. The coding sequence for the exog-
enous CD23 protein may be inserted into a chromosome at a
different locus, or it may be introduced into the endogenous
CD23 genes. Alternatively, the endogenous CD23 genes may
be modified, e.g. by homologous recombination, so that the
sequence encoding the residue corresponding to position 172
of human CD23 is replaced by a sequence encoding R at that
position; i.e. the endogenous chromosomal genes are modi-

fied to express an exogenous CD23 protein. Further changes
to the endogenous coding sequence may be made if required.
[0135] The invention further provides a transgenic rodent,
comprising cells containing nucleic acid encoding an exog-
enous CD23 protein having R at a position corresponding to
R172 of human CD23, as described above.

[0136] In preferred embodiments, the exogenous CD23
protein is the only CD23 protein expressed by the rodent.
Thus both endogenous CD23 genes in the genome are pref-
erably inactivated so that they do not produce full-length
endogenous CD23 protein, or are modified to encode the
desired exogenous protein. Mice in which the endogenous
CD23 genes have been inactivated by knock-out techniques
have been described by Stief et al. (J. Immunol. 152:3378
(1994)) and Yu et al. (Nature 369:753 (1994)).

[0137] Alternatively, the rodent may express CD23 from
one or both endogenous CD23 genes in addition to the exog-
enous CD23 protein.

[0138] Methods for generating suitable transgenic rodents
are well known to the skilled person.

[0139] The CD23 transgene, i.e. the nucleic acid encoding
the exogenous CD23 protein, may be introduced into any
suitable rodent genetic background. Many inbred rodent
strains are used as models for particular human conditions.
Transgenic versions of these rodents may therefore be used to
mimic the effects of the avf5/CD23 interaction in the human
disease.

[0140] Thus, by way of example, the CD23 transgene may
be introduced into the NZB/W F1 mouse or the Bel-2 trans-
genic mouse which are both models for systemic lupus
erythematosus (SLE), the DBA1 mouse strain used in the
collagen-induced arthritis model of rheumatoid arthritis, or
the ApoE knockout mouse or LDL receptor knockout mouse,
both of which are models for atherosclerosis.

[0141] These transgenic rodents may therefore be used to
investigate the effects of candidate drug molecules, e.g. on
development or progression of disease. The candidate drug
molecules may have been identified as inhibitors of interac-
tion between avf5 and CD23 by methods described else-
where in this specification.
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[0142] Thus the invention further provides a method of
testing a substance for a prophylactic or therapeutic effect on
an inflammatory disorder, comprising administering said test
substance to a transgenic rodent as described above, said
transgenic rodent being affected by, or suspected of being
likely to develop, said inflammatory disorder.

[0143] The transgenic rodent may have a genetic back-
ground suitable for use as a model for rheumatoid arthritis,
Sjogren’s Syndrome, systemic lupus erythaematosus (SLE),
sarcoidosis, endometriosis, thyroiditis or atherosclerosis

[0144] The invention further provides a method of testing a
substance for a prophylactic or therapeutic effect on a neo-
plastic disorder, comprising administering said test substance
to a transgenic rodent as described above, said transgenic
rodent being affected by, or suspected of being likely to
develop, said neoplastic disorder.

[0145] The neoplastic disorder may be a cancer which
receives proliferative signals from an interaction between
CD23 and avp5. For example, the method may use a trans-
genic mouse which has a pre-B cell cancer such as ALL, ora
myeloma. An example of a mouse with a pre-B cell cancer
would be amouse inoculated with BA/F03 cells (see Palacios
R and Steinmetz M, (1985) Cell 41:727-734).

[0146] The invention further provides a mutant of a wild
type CD23 protein, wherein the wild type protein has aQat a
position corresponding to R172 of human CD23, the mutant
comprising a residue having at least a partial positive charge
at physiological pH at the position corresponding to R172 of
human CD23. The mutant CD23 protein is capable of binding
to rodent (e.g mouse or rat) avp5, and may also be capable of
binding to avp3, 6 or 8.

[0147] The residue in the mutant at the position corre-
sponding to R172 of human CD23 is preferably R or K, but is
most preferably R.

[0148] Also provided is an isolated extracellular domain of
the mutant protein described above. Also provided is an 1so-
lated peptide comprising at least 15 amino acids from said
mutant protein, as long as the peptide comprises the motif
RKC at the positions corresponding to 172 to 174 of human
CD23. The peptide may comprise at least 20, 25, 30 or more
amino acids from the mutant protein.

[0149] Preferably the mutant protein, extracellular domain
or peptide has at least 90% sequence, and preferably at least
95% identity to the corresponding portion of the wild type rat
or mouse CD23 sequence given above. In particularly pre-
ferred embodiments, the sequence of the mutant protein,
extracellular domain, or peptide is identical to the wild type
rat or mouse sequence except at the position corresponding to
R172 of human CD23.

[0150] The mutant protein, extracellular domain or peptide
may comprise additional sequences such as a signal peptide,
transmembrane domain or intracellular sequence. These
sequences may be wild type CD23 sequences or may be
heterologous to CD23. For example, they may be derived
from other proteins or may be synthetic. The protein, extra-
cellular domain or peptide may be fused to additional non-
CD23 oligo- or polypeptide sequences, such as epitope tags
for recognition by antibodies, or purification tags to allow
purification from a mixture of proteins.

[0151] The invention also provides an isolated nucleic acid
comprising an open reading frame encoding a mutant protein,
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extracellular domain or peptide as described above. Also
provided is a vector comprising said nucleic acid and a host
cell comprising said vector.

DESCRIPTION OF THE DRAWINGS

[0152] FIG. 1. The avp5 Integrin is a CD23 Receptor in
SMS-SB Cells
[0153] FIG. 1A:—TLow cell density (LCD) cultures of

SMS-3B in PFHM were established with the indicated con-
centrations of recombinant 25 kDa sCD23 (panel 1) or other
cytokines and cellular proliferation (panel i) or ratio of viable
to apoptotic cells (panel ii) determined. Normal cell density
(NCD) cultures (5x10° cells/ml) served as a control.

[0154] FIG. 1B:—Extracts of SMS-SB cells in OGP buffer,
were passed over a BSA-Affigel column and the flow-through
(F/T) collected and subsequently incubated on CD23- Affigel;
aliquots of F/T and eluted fractions from both columns were
electrophoresed under reducing conditions. Positions of
molecular weight standard markers are noted. [**S]-methion-
ine-labelled proteins were visualised by fluorography (panel
1), and unlabelled proteins were transferred to nitrocellulose
and probed with anti-av-specific (panel ii) or anti-p 5-specific
(panel iii) rabbit anti-peptide antibodies and binding visual-
ised with protein A-HRP and ECL. Note that in FIG. 1Ciii, the
antibody recognises a C-terminal peptide of av and so detects
a 25 kDa protein under reducing conditions.

[0155] FIG. 1C:—SMS-SB cells were stained (solid lines)
with MAbs specific for avp5 (panel i), CD47 (panel ii), or
avp3 (panel iii) and staining visualised with the appropriate
secondary reagent (shaded area).

[0156] FIG. 2. Ligand-Selective Responses Regulated by
avps
[0157] Low cell density (LCD) cultures (2500 cells/well)

of SMS-SB (Panel A) or Nalm-6 cells (Panel B) were propa-
gated with the indicated concentrations of AMF anti-ov MAb
(black bar) and IgG1 isotype control (grey bar); proliferation
was measured by [*H]-thymidine incorporation. In Panel B,
AMF 7 and IgG1 were used at 5 pg/ml. Panel C shows the
effect of conformation-dependent anti-ovf35 MAbs P1F6 and
15F11 anti-avp5 MAbs with corresponding IgG1 and [gG2a
isotype controls on SMS-SB cellular proliferation. Panel D
illustrates the effect of culture with BSA (white bar) Vn
(black bar) or Fn (grey bar). All experiments were performed
a minimum of three times.

[0158] FIG. 3. avp5 Binds a Specific Linear Sequence in
CD23
[0159] FIG. 3A:—ELISA plates were coated with avf5

integrin, washed and blocked. Increasing amounts of recom-
binant sCD23 were added to wells and specific binding
detected using anti-CD23 MAbD followed by detection with
HRP anti mouse 1gG and tetramethylbenzidine (TMB) as
substrate (panel i). The relative binding of SMS-SB cells to
CD23- or BSA-Sepharose beads in the presence or absence of
different anti-CD23 (BU38, M-1.233) or anti-avp5 MAbs
(P1F6, AMF7) was determined (Panel ii).

[0160] FIG. 3B:—A series of 83 synthetic biotinylated
tridecapeptides, of the form biotinyl-SGSG-X,, where the
nonapeptide sequence was based on the 25 kDa CD23
sequence (residues 150-321) was captured on streptavidin-
coated ELISA plates, and then probed with either purified
avp5 integrin. Binding was assessed by addition of appropri-
ate primary antibody and HRP-conjugated secondary Ab and
TMB (Panel i).
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[0161] FIG. 3C:—Binding of biotinylated peptides to
pre-B cell lines was detected by addition of PE-streptavidin
and flow cytometry, mean fluorescence index (MFI) data
were derived using CellQuest software. The flow cytometric
plots for binding of peptides #9 (black line), #11 (grey line)
and #57 (shaded area) are illustrated (Panel i), and MFI data
for binding ofthe noted peptides to SMS-SB (Panel ii), Blin-1
(Panel iii) and Nalm-6 (Panel iv) are shown. The unique nine
amino acid sequence of each biotinylated tridecapeptide is
shown with the RKC motif shared by avfS binding peptides
shown in bold (Panel ii).

[0162] FIG. 4. CD23-Derived Peptides Containing the
RKC Motif are Biologically Active.

[0163] FIG. 4A:—LCD cultures of SMS-SB cells (2500
cells/well) were established in the presence of the indicated
concentrations of peptides #9-#12 (black bars) and inverted
sequence variants of peptides #9 and #11 (grey bars). Thymi-
dine uptake was scored 72 hr after cultures were established.
(* Note that the ‘vehicle’ control is shown only for peptide #9;
all other vehicle controls for different solvents also gave
incorporation values in the range 0 3000-5000 cpm, which is
comparable to untreated controls (white bars)).

[0164] FIG. 4B:—LCD cultures of SMS-SB cells were
assembled in the presence of a 10-fold molar excess of either
peptide #10, #11 or #57, before addition of either peptide #9
(Panel 1), or peptide #12 or, as a negative control, peptide #57
(Panel ii); [’H]-TdR was assessed after 72 hr. In each case, the
effect of stimulatory peptide alone is shown in the black bar,
and the effect of excess individual competitor shown as grey
bars; the effects of excess peptides alone on SMS-SB cells are
shown in panel i (white bars).

[0165] FIG.4C:—Binding of peptidesto cells was assessed
as described at FI1G. 3B. Fluorescence histograms are shown
for wild-type (shaded area), R172K (grey line) and R172Q
(black line) mutants of peptide #11 (Panel i), and MF1 data for
wild-type, scrambled and single substitution mutants of pep-
tides #9 (black bars) and #11 (grey bars) are shown in Panel
ii).

[0166] FIG. 4D:—LCD cultures of SMS-SB cells (2500
cells/well) were established in the presence of the indicated
concentrations of peptide #9 (black bars) or peptide #11 (grey
bars) and variants where the arginine was converted to
glutamine (R172Q) or lysine (R172K). Thymidine uptake
was scored 72 hr after cultures were established.

[0167] FIG.5. avp5 Integrin Binds the RKC Motif at a Site
Distinet from the RGD-Binding Site.

[0168] FIG. 5A. Peptide binding experiments were estab-
lished as in Panel 3C above. Panel i shows fluorescence his-
tograms for binding of peptide in the absence (shaded area)
and presence of a ten-fold excess of RGDS peptide; Panel ii
shows MFI values for peptide binding determined in the
absence (black bar) or presence (grey bar) of 10 ug/ml of
RGDS. LCD culwres were established with no stimulus
(white bar), with 10 pg/ml RGDS peptide (stippled bar),
peptide #9 alone (black bar) or either peptide #9 or #12
together with 10 pg/ml RGDS (grey bars); [*H]-TdR uptake
was assessed after 72 hr (Panel ii).

[0169] FIG. 5B. Binding and proliferation experiments
were established as above. Binding of wild type peptide is
shown as the shaded area in each panel, and the peptide
variant indicated on the panel is displayed by the grey line;
binding of irrelevant peptide (#58) is shown as a thin black
line (Panel i). Binding data are presented as MFI values
(Panel ii). LCD cultures of SMS-SB cells were stimulated
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with the indicated peptides at 10 pg/ml for 72 hr prior to
addition of [*H]-TdR and determination of proliferation
(Panel iii).

[0170] FIG. 6. avp5 Expression in Normal & Neoplastic
Haematopoietic Cells

[0171] PBMC (Panel A) were stained simultaneously with
biotinylated-anti-avp3 (visualised with SA-QR) and one of
PE-anti-CD19, or FITC-anti-CD2, —CD4 or —CDS8; insets
show staining with lineage marker antibody and biotinylated
isotype-matched control antibody plus SA-QR. The percent-
age value is for marker-positive cells also scoring positive for
avp5. Normal human bone marrow (Panel B) was stained
with PE-anti-CD19 and either control antibody (panel 1) or
biotinyl-anti-cvB5 (Panel ii). PBMC from two ALL patients
are shown in Panel C (i and ii). Panels D and E illustrate
single-colour staining histograms for single representative
ALL and B-CLL patients, respectively, for the indicated
CD23 receptors. Panel F displays a scattergram showing the
percentage of tumour cells positive for avf5 in three types of
ALL (common-B cell ALL ‘cALL’, CD10™; T cell ALL
‘T-ALL’, and for CD10™ ‘null’-ALL ‘n-ALL’), and for
B-CLL and AML cells.

DETAILED DESCRIPTION OF THE INVENTION

Methods

Materials

[0172] Anti-CD47 (BRIC 126, IgG2b), anti-ovp3
(LM609, IgG1), anti-avp5 (P1F6, IgG1; 15111, IgG2a), and
rabbit polyclonal anti-peptide antibodies specific for integrin
., and B subunits were from Chemicon, UK. Anti-av/CD51
(AMF7, IgG1) was obtained from Beckman Coulter, High
Wycombe, UK.

[0173] Radiochemicals and materials for enhanced chemi-
luminescence (ECL) were obtained from Amersham Interna-
tional ple, Amersham, England, and fine chemicals, including
streptavidin-Quantum Red (SA-QR), horseradish peroxidase
(HRP)-coupled protein A, cyanogen bromide-activate
Sepharose beads, and octyl-f-D-glucopyranoside (OGP),
were supplied by Sigma, Poole, England.

[0174] Normal peripheral blood mononuclear cells
(PBMC) were obtained from volunteers, and B-CLL leu-
kaemic samples from patients attending the haematology
clinic, Western Infirmary. Glasgow, with appropriate ethical
permissions. Archival ALL and AML diagnostic samples
(blood or bone marrow), collected with ethical permission in
connection with earlier MRC clinical trials, were drawn from
the LRF Centre Leukaemia Bank (Institute of Cancer
Research, London). The SMS-SB cell line was derived from
a female patient presenting with ALL 39, and the Nalm-6 and
Blin-1 cell lines were from laboratory stocks. Human bone
marrow stromal cells were immortalised by retroviral trans-
duction of the human telomerase (hTERT) gene™®.

Cell Culture

[0175] Cell lines were maintained in RPMI-1640 medium
supplemented with 10% (v/v) heat-inactivated foetal calf
serum (FCS), 2 mM fresh glutamine, and penicillin and strep-
tomycin, at 37° C. in a 5% CO, in air in a humidified atmo-
sphere. Cytokines, obtained from R&D Laboratories, were
used at 5-10 ng/ml, but had no effect over a wide dose-
response range. Recombinant 25 kDa sCD23, encompassing
residues Met'*'-Ser**! with an N-terminal his,-tag, was
expressed in E. coli and affinity-purified by nickel chelate
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chromatography. SMS-SB cells were also propagated in pro-
tein-free hybridoma medium-1I (PFHM, GIBCO-BRL, Pais-
ley, Scotland), at >10° cells/ml (“normal cell density”—
NCD). Telomerised stromal cells were cultured in DMEM
supplemented with 10% FCS and 2 mM fresh glutamine, and
were sub-cultured once per week. In the experiments
described, the passage number for the stromal cells was
between 80 and 95, and cells were allowed to adhere for 24 hr
prior to addition of lymphoid cells in co-culture.

[0176] For stimulation experiments, SMS-SB cells were
cultured at 2500 cells/100 pl culture (low cell density, LCD)
a seeding density at which the cells are prone to apoptose’.
NALM-6 cells were washed extensively in PFHM prior to
culture at 2, 500 cells/100 ul culture. Cultures were propa-
gated, in the presence or absence of cytokines, MAbs or
peptides, at 37° C. for 72 hours followed by addition of 0.3
uCi/well tritiated thymidine ([*H]-TdR) for 18 hours prior to
harvest; incorporation was determined by liquid scintillation
spectrometry. Apoptosis was determined by staining har-
vested cells with propidium iodide (PI) and Hoechst 33342
for 1 minute prior to analysis on a Coulter Elite flow cytom-
eter as previously described"”. For stromal cell/SMS-SB co-
cultures, 6000 stromal cells were seeded into individual wells
of a 96-well tray and allowed to adhere for 24 hr; anti-CD23
MAD or isotype matched control and SMS-SB cells were
added to the wells to give a total culture volume of 100 pl.
SMS-3B cells were added at 5, 25 or 50 cells per well and
cultures were allowed to expand over a 2-4 week period.
[0177] BA/FO03 cells wereroutinely cultured in RPMI-1640
medium supplemented with 10% (v/v) FCS, 1 mM fresh
glutamine, antibiotics (penicillin and streptomycin) and 50
uM 2-mercaptoethanol (‘complete medium’; CM). For
stimulation experiments, cells were either washed in this
medium and used or were extensively washed in protein-free
hybridoma medium prior to use in short-term assays. For the
assays, cells were cultured at 2500-3000 cells/100 pl culture
(low cell density, LCD) and propagated in the presence or
absence of cytokines, MAbs or peptides, at 37° C. for 24-72
hours followed by addition of 0.3 uCi/well tritiated thymidine
(PH]-TdR) for 18 hours prior to harvest; incorporation was
determined by liquid scintillation spectrometry.

[0178] In CM, we (like many others) found that a sub-
nanomolar dose of IL-3 was sufficient to sustain BA/FO3
growth (EC5,~0.5 nM). IL-3 is believed to activate the Akt
pathway leading to phosphorylation and inactivation of the
pro-apoptotic Bad protein.

Lymphocyte Isolation & Immunophenotyping

[0179] 5x10° cells, or 20-50 pul whole blood (pre-treated
with erythrocyte lysis buffer: -0.17 M ammonium chloride,
10 mM potassium bicarbonate, 0.1 mM EDTA), were stained
with either fluorescein-(FITC)-conjugated or unlabelled pri-
mary MAb for 30-60 minutes; unlabelled primary antibody
was visualised using a secondary FITC-conjugated anti-
mouse IgG or, in the case of biotinylated anti-avf35, using
SA-QR. Phycoerythrin-(PE)-labelled anti-CD19 was used to
identify B cells. Cells were analysed on a FACScan flow
cytometer, collecting 10,000 events per sample and the data
analysed using CellQuest software.

Labelling and Affinity Isolation of Cellular Proteins

[0180] 107 SMS-SB cells were harvested, washed twice
with serum-free RPMI 1640 medium, suspended in 0.5 ml of
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labelling medium (DMEM lacking cold methionine and
supplemented with 100 pCi of [**S]-methionine) and incu-
bated at 37° C. for 3 hours. Five millilitres of labelling
medium supplemented with 10% (v/v) FCS were added and
the culture incubated overnight at 37° C. The cells were
washed twice in ice-cold PBS, suspended in 1.5 ml ice-cold
OGP extraction buffer (1% (w/v) OGP in 50 mM HEPES/
KOH pH 7.4, 5 mM CaCl,, 140 mM NaCl, 1 mM PMSF, 1
mM aprotonin, 1 mM leupeptin) and lysed with 40 strokes of
a chilled glass homogeniser. The homogenate was centri-
fuged at 1000xg for 10 minutes at 4° C., and the resulting
supernatant further centrifuged at35, 000xg for45 minutes at
4° C. In experiments employing unlabelled cells, extracts
were prepared from 10° cells in OGP buffer.

[0181] Cellular extracts were added to BSA-Affigel pre-
equilibrated with OGP extraction buffer and incubated at 4°
C. for 6 hours. The matrix was pelleted, unbound proteins
recovered and added to pre-equilibrated sCD23-Affigel and
incubated at 4° C. overnight. The sCD23-Affigel was pelleted
and the unbound fraction retained. Both matrices were
exhaustively washed, specifically bound material eluted by
boiling in sample buffer and subjected to SDS-PAGE under
reducing conditions on a 10% (w/v) acrylamide gel. Radio-
labelled proteins were visualised by fluorography>®. Unla-
belled protein eluates were transferred to nitrocellulose mem-
branes and probed with anti-VnR component antibodies,
followed by an HRP-labelled secondary antibody and ECL.

Binding of SMS-SB Cells to CD23-Coupled Sepharose
Beads

[0182] 10° SMS-SB cells were added to 15 ul CD23- or
BSA-coupled Sepharose beads and mixed gently for 30 min-
utes in the presence or absence of 0.5 ug anti-CD23 or anti-
integrin MAb, or isotype control antibody, and the number of
cells associated with each bead in 10 fields per slide was
determined under the light microscope. Data are shown as
fold-increase in cell binding to CD23-sepharose compared to
BSA-sepharose, normalised to binding reactions in the
absence of any immunoglobulin.

Peptide Biochemistry

[0183] A library of 83 overlapping nonapeptides encom-
passing residues 151-321 of the 25 kDa sCD23 sequence was
custom synthesised by Mimotopes Inc (Chester, UK); mutant
peptides were synthesised by the same firm. Each peptide was
synthesised as tridecapeptide comprising a unique CD23-
derived nonapeptide sequence, plus a common N-terminal
tetrapeptide extension (SGSG) to which a biotin moiety was
attached. Each unique nonapeptide sequence had a two-resi-
due C-terminal offset relative to its immediate neighbour.
Aliquots of biotinylated peptides were captured on individual
wells of a 96-well streptavidin-coated ELISA tray (Mimo-
topes, Chester, UK); binding of integrin was determined by
addition of 0.2 ug of purified avp5 integrin to each well
followed by addition of the P1F6 MAb and HRP-anti-Mouse
IgG to quantitate binding. For Ab binding, aliquots of Ab
were added and binding scored by addition of appropriate
HRP-conjugated secondary Ab.

[0184] Binding of peptides to cells was visualised by treat-
ing cells exposed to biotinylated peptides with fluorochrome-
conjugated streptavidin and scoring binding by flow cytom-
etry; mean fluorescence intensity data were obtained using
the CellQuest programme. In culture experiments, peptides
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were used in the 10 nM to 100 mM concentration range and
appropriate solvent vehicle controls (e.g., acetonitrile,
DMSO) were always performed.

Flow Cytometry

[0185] 5x105 human U937 or murine RAW 264.7 mono-
cytic cells were treated with biotinylated peptide at concen-
trations between 1 ng/ml and 1 pg/ml. Most experiments used
0.2 pg/ml. Peptide was added to 100 pl of cells for 30-60
minutes on ice, washed with phosphate-buffered saline
(PBS), then resuspended in 300 ul PBS and exposed to 1 ug
strepatavidin-phycoerythrin (or PE-CyS5-streptavidin in some
experiments). After a further incubation on ice (30-60 min-
utes), the cells were washed with PBS and then analysed ona
FACScan flow cytometer, collecting 10,000 events per
sample. Data was analysed using CellQuest software.
[0186] Forcompetition experiments, non-biotinylated pep-
tide was present at approximately a 10-fold molar excess
relative to the biotinylated probe peptide. Note that the probe
peptides are of the form biotin-SGSG-X, (where X, is the
unique nonapeptide sequence based on CD23 and SGSG is a
tetrapeptide linker), while the competitors are of the form X,
(i.e., contain only the CD23-derived sequence).

Western Blotting Using Peptide Probes

[0187] Approximately 0.5 pg of purified integrin protein
(avp3, avp5 and 51, all purified from human placenta and
purchased from Chemicon) was electrophoresed on 10%
(w/v) acrylamide gels using the Laemlli discontinuous buffer
system. The stacking and separating gel and sample buffer
mixes contained SDS, but lacked any reducing agent (i.e., had
no dithiothreitol or 2-mercaptoethanol). This configuration
ensures that the two component chains of the non-covalent
heterodimeric integrin complexes are separated (e.g., to av
and P5), but that any intrachain disulphide bonds are not
hydrolysed. Thus, in this system, the av chain will migrate at
~150 kDa since the 125 kDa and 25 kDa elements of the
mature av chain derived from the single large precursor pro-
tein will remain disulphide-bonded.

[0188] After electrophoresis, the proteins were transferred
to nitrocellulose filters and, after blocking (with 10% milk
powder in appropriate buffer), the filters were treated for 2-3
hours with 50 pg of probe peptide (e.g., biotinylated peptide
#9). The filters were washed with 4-5 changes of buffer over
a 2-3 hour period on a rocking platform, then treated with
HRP-streptavidin for 60 minutes and again washed 4-5 times.
Binding was visualised using the SuperSignal West enhanced
chemiluminescence system.

[0189] For competition experiments, non-biotinylated pep-
tides were included at a two- to five fold molar excess at the
step where the probe peptide was added to the filters. The
filters were pre-incubated with unlabelled peptide for one
hour prior to exposure to biotinylated peptide; the latter was
added to the buffer already containing the unlabelled peptide
so that the non-biotinylated peptide was continuously
present.

Results

[0190] We have previously shown'® that recombinant
soluble CD23 (sCD23) sustains growth and blocks apoptosis
in a dose-dependent manner in low cell density (LCD) cul-
tures of ahuman pre-B cell-like cell line, SMS-SB 39, derived
from a female acute lymphoblastic leukaemia (ALL) patient
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(FIG. 1A). SMS-SB cells do not express CD21, the P2 inte-
grins CD11b-CD18 or CD11¢c-CD18'%, or the VnR avf3
(FIG. 1Ciii). In order to identify the CD23 binding structure,
lysates of [*°S]-methionine-labelled SMS-SB cells were
passed over a sCD23-Affigel column and bands of Mr ~120
kDa and ~80 kDa, consistent with those of mature ¢., and f35
integrin chains, respectively, are specifically enriched in the
eluates (FIG. 1Bi). Western blots of SMS-SB cellular proteins
specifically eluted from sCD23- Affigel matrices probed with
anti-a,, and anti-f3; antibodies (FIGS. 1Bii and 1Biii, respec-
tively), confirm that both o, and 5 species bound to the
matrix. Note that the polyclonal anti-av antibody binds to a
C-terminal epitope on av that is located on the 25 kDa frag-
ment generated during biosynthetic maturation of av*'. No
(33 integrin protein is detected in whole cell extracts of SMS-
SB cells or in eluates from sCD23 affinity columns (data not
shown). SMS-SB cells stain with both the P1F6 MAb (FIG.
1Ci) that recognises the assembled avp3 heterodimer®?, and
anti-CD47 VnR-associated protein MAbs (FIG. 1Cii). The
cells do not stain with the avf3-specific LM609 MAb (FIG.
1Ciii)**>**. RT-PCR analysis of SMS-SB RNA yields ampli-
cons of the appropriate sizes for CD47, CD51/c.,, f1 and s,
but no correctly-sized PCR products are detected for 35, f or
[s coding sequences (data not shown). The data demonstrate
that CD23 binds to the avf5 integrin in SMS-SB cells and
that this interaction regulates survival and growth of a model
pre-B cell line.

[0191] The data of FIG. 1 demonstrate that CD23 binds the
avp5 ViR and suggest this integrin sustains cell growth. The
anti-av. MAb AMF7 induces a strong dose-dependent
increase in thymidine incorporation in both SMS-SB cells
(FIG. 2A) and, importantly, in a second pre-B cell line,
NALM-6 (FIG. 2B). We next used as stimulants the P1F6 and
15F11 MAbs that recognise distinct epitopes dependent upon
complete assembly of the avp5 heterodimer. The 15F11
MAb, whose binding to a.vf5 is insensitive to ligand**, sus-
tains SMS-SB cell survival; however, the P1F6 reagent (that
blocks binding to Vn) fails to enhance growth of SMS-SB
cells (FIG. 2C). The data confirm that the avf5 integrin
regulates cell survival in pre-B cells. The observation that the
15F11 and P1F6 MAbs also elicit different responses in SMS-
SB cells (FIG. 2C) suggests the pro-survival effect is ligand-
selective, an interpretation supported by the fact that neither
Vn nor Fn sustain the growth of SMS-SB cells (F1G. 2D). The
finding that neither Vn nor Fn stimulate pro-survival
responses suggests that CD23 interacts with ovfp5 at a site
distinct from that used by the integrin to bind RGD-contain-
ing matrix proteins.

[0192] ELISA-type assays demonstrate dose-dependent
binding of recombinant 25 kDa sCD23 to immobilised av5
(FIG. 3Ai) and vice versa (data not shown), and binding of
SMS-SB cells to agarose beads coated with 25 kDa sCD23 is
inhibited by MAbs directed against either avf5 or CD23
(FIG. 3A ii). We next used purified avf5 protein to probe a
library of 83 biotinylated peptides containing overlapping
nonapeptide sequences based on the 25 kDa sCD23 sequence.
Purified recombinant avp5 protein binds specifically to a
group of four peptides (peptides #9-#12) near the N-terminus
of 25kDa sCD23 and to a further peptide (#17) (FIG. 3Bi). In
multiple experiments, the avf5 protein bound only to pep-
tides #9-#12, with no other peptide showing a consistent
binding to the integrin. The conformation-dependent M-1.233
anti-CD23 MADb bound to none of the 83 peptides, but a goat
polyclonal Ab directed against the C-terminus of CD23 binds



US 2008/0261862 A1l

strongly to peptide #82 (data not shown). Flow cytomety
shows that peptides #9 and #1 1 bind strongly to SMS-SB cells
but peptide #17, which gives a minor signal in the in vitro
binding assay to integrin, does not bind to cells (FIG. 3Ci).
The sequences of the peptides used are shown on FIG. 3Cii
and the sole feature shared by all peptides with a.vp S binding
activity is a tripeptide motif of arg-lys-cys (RKC, embolded
on the figure). Peptides #9-#12 also display strong binding to
two other pre-B cell lines, Blin-1 (FIG. 3C iii) and NALM-6
(FIG. 3Civ). Four other CD23-derived peptides, chosen either
randomly (#57), on the basis of being immediately adjacent to
(#8 and #13), orhaving a similar charge (#15) to peptides with
binding activity fail to bind any cell line (FIG. 3C ii). Peptides
#61-#63, which contain an RKL sequence, or peptides #78-
#80, which possess the ‘inverse RGD’ sequence, do not bind
purified avf5 (FIG. 3B) or cells (data not shown). RKC is the
minimum requirement for binding to the a.vf5 integrin.

[0193] In proliferation assays, peptides #9 and #12 stimu-
late thymidine incorporation by SMS-SB cells (FIG. 4A);
peptides #10 and #11 have minimal effects. The data show
that the peptides derived from the region of the CD23 protein
recognised by avp3 integrin not only bind specifically to
cells, but also, in some instances, mimic the effect of CD23
itself in promoting growth of SMS-SB cells. Inverting the
sequence of peptide #9 (9-INV) reduces substantially, but
does not ablate, its ability to elevate thymidine incorporation
(FIG. 4A). The biological activity of sequence-inverted pep-
tide #11 was minimally altered (FIG. 4A). Since peptides #10
and #11 bind to cells but do not stimulate thymidine incorpo-
ration, we next probed the potential antagonistic function of
peptides #10 and #11 by pre-treating SMS-SB cells with one
of these peptides before addition of either peptide #9 or #12,
both of which drive SMS-SB cell growth. Each of peptide #10
and #11 reduces the growth stimulatory effect of either pep-
tide#9 (FIG. 4Bi) or #12 (FIG. 4Bii) to background levels, but
an irrelevant peptide, #57, is without significant antagonistic
effect. Neither peptide #10 or #11 had any positive or negative
effect on the ability of peptide #57 to influence SMS-SB cell
growth (FIG. 4B ii). These data indicate that peptides #10 and
#11 can antagonise specifically the growth-promoting activi-
ties of peptides #9 and #12.

[0194] The sequence encompassed by the RKC-containing
peptides #9-#12 is equivalent to residues lys'%°-gly'®® in the
full length CD23 protein, with the RKC motif located at
residues 172-174. Comparison of available CD23 sequences
indicates that the presence of arginine at position 172 (arg' ")
is unique to human CD23, suggesting that this residue was
critical for binding. Inversion of the peptide sequence of
peptides #9 and #11 (9-INV and 11-INV) does not reduce
greatly binding of peptides to SMS-SB cells, although sub-
stitution of argl72 with gln (R172QQ) in both peptides does
impair binding (FIG. 4Ci and ii). Similar data are obtained for
binding to Nalm-6 and Blin-1 cells (data not shown). Strik-
ingly, the capacity of peptide #9 to promote thymidine incor-
poration in SMS-SB cells is not significantly reduced by the
R172Q substitution (FIG. 4D). Substitution of arg in peptide
#11 to either lys or gln had no effect on its inability to sustain
SMS-3B cell growth. These data suggest that although bind-
ing of peptide #9 to cells is reduced by replacement of arg' "
with gln, the mutant peptide retains the capacity to sustain the
growth of SMS-SB cells.

[0195] The data of FIG. 4 show that arg172 is not required
for peptide biological activity, suggesting that the cvf35 inte-
grin recognises the RKC motif in CD23 via binding site
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distinct from that used to capture RGD-containing ligands.
Consistent with this hypothesis, an excess of a tetrapeptide
(RGDS) containing the prototypic integrin binding tripeptide
motif, RGD, neither impedes peptide binding to SMS-SB
cells (FIG. 5Ai and ii), nor inhibits thymidine incorporation
induced by peptides #9 and #12 (FIG. 5A ii). These data
confirm that argl72 is dispensable for growth-sustaining
activity of peptides #9 and #12 and that avf5 integrin does
not recognise CD23 using the RGD-binding site. The mini-
mal RKC sequence recognised by the avpS integrin resides in
aregion that is basic in character; the human CD23 sequence
is QRKC while the murine equivalent is QQKC (and the
R172Q variant of peptide #9 both binds cells and stimulates
thymidine incorporation). To test the hypothesis that avp5
integrin recognises a basic region in CD23, we substituted
argl72 and lys173 in the agonist peptides #9 and #12 with
alanine either singly or together. Single alanine substitutions
reduce peptide binding to different extents (FIG. 5Bi and i1);
the R172A variant of peptide #9 retains more binding ability
than the K173 A equivalent, but the reverse is true for variants
of peptide #12. Double alanine substitutions reduce peptide
binding to SMS-SB cells significantly for both peptide, but
particularly so in peptide #9 (FIG. 5Biand i1). In proliferation
assays, the R172A and K173A variants of both peptides#9
and #12 promote SMS-SB cell growth less effectively than
wild type peptides; the K173 A variants are consistently less
growth promoting than the R172A equivalents (FIG. 5B iii).
The double alanine substitution variants do not promote
growth to a significant level; proliferation levels are close to
that driven by peptide #58 that does not bind to SMS-SB cells
(FIG. 5B iii). These data are entirely consistent with the
interpretation that avf5 recognises the basic character of the
RKC motif using a binding site distinct from the RGD-bind-
ing site, and also help to explain ligand-selective signalling
via the avf5 integrin in B cell precursors.

[0196] The avp5 staining pattern of lymphocytes derived
from peripheral blood, bone marrow and two representative
ALL patients show that although subsets of total, CD4"* and
CD8* peripheral T cells express avf3, there is essentially no
avp5 expression on CD19* B lymphocytes in normal indi-
viduals (FIG. 6A). Normal human bone marrow contains
CD19* cells that are avp5* (FIG. 6B), and two ALL samples
display substantial populations of avp5* cells in peripheral
blood (FIG. 6Ci and ii). The finding of high levels of avp5+/
CD19* B cells in the peripheral blood of ALL patients con-
trasts strikingly with the absence of such cells in the blood of
normal subjects. Analysis of the expression patterns of CD23
receptors on cells from representative ALL and B-chronic
lymphoblastic leukaemia (B-CLL) patients demonstrates that
avp5 is the only CD23 receptor expressed on ALL cells;
avp3 is not present (FIG. 6D). In contrast to ALL, no avf5
(or avP3) expression is detected in any B-CLL sample (FIG.
6F); the cytometric data for B-CLL are totally supported by
analysis of CD23 receptor transcripts (data not shown). We
next compared proportions of avfi5* cells in three distinct
ALL types with cohorts of ~20 B-CLL and acute myeloblas-
tic leukaemia (AML) samples. The data demonstrate that
avp5 is universally expressed on ALL-derived samples (re-
gardless of the lineage of the tumour cells, or age of the
patient) and is present on the majority of AML samples at
variable levels; avf 5 is consistently absent from B-CLL cells
(FIG. 6F). The patterns of expression of avf5 in ALL and
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B-CLL reflects those found in non-malignant B cells (FIGS.
6A-C), with avp5 being found exclusively on precursor cell-
derived leukaemias.

[0197] Competition experiments were performed to inves-
tigate whether binding of peptides containing an RKC motif
to av integrins can be specifically inhibited by similar pep-
tides. Peptides #9-12 derived from 25 kDa sCD23 contain the
RKC motif required for binding to the av integrin family.
Binding of biotinylated peptide #9 to pre-B cell lines (as
exemplified by SMS-SB cells) can be inhibited by inclusion
of non-biotinylated forms of peptide #10 in the assays; this
tallies well with the ability of peptide #10 to inhibit the
capacity of peptide #9 to stimulate SMS-SB cell growth and
survival. Similar inhibition of binding of biotinylated (probe)
peptide #9 by non-biotinylated variants is also observed in
monocytic cell line models (e.g., the U937 cell line).

[0198] Invitro cell culture experiments show that inclusion
of an RGDS tetrapeptide in cultures containing biotinylated
peptide #9 fails to block binding of peptide #9 to SMS-SB
cells or the ability of peptide #9 to promote cell growth. These
data suggest the awv integrin uses a site distinct from the
well-understood “RGD-binding site” to capture the basic
RKC motif. This conclusion is supported by the observation
that monoclonal antibodies that neutralise RGD-dependent
adhesion do not mimic the ability of CD23 to sustain cell
growth, while MAbs directed to sites not linked to adhesion
do mimic CD23 activity in SMS-SB cells. Finally, the crys-
tallographic model of avp3 structure illustrates unequivo-
cally that an RKC motif could not be accommodated in the
RGD binding site.

[0199] In order to investigate which part of the av integrin
molecule interacts with peptides containing an RKC motif,
purified avp5, avp3 and a5B1 integrin proteins were elec-
trophoresed under non-reducing conditions, transferred to
nitrocellulose membranes and probed with biotinylated pep-
tide #9 using HRP-streptavidin and enhanced chemilumines-
cence to visualise binding. Peptide binding to f1, f3 and pS
chains was readily detectable, but binding to the .5 or av
subunits was weak or absent. Binding of biotinylated peptide
#9 1o B3 and 5 chains was blocked by inclusion of excess
non-biotinylated, RKC-containing peptides in the binding
reactions.

[0200] These data suggest that RKC-containing peptides
interact specifically with the {3 chains of the cv integrin fam-
ily and not with the av subunit. Moreover, since the RGD-
binding site for recognition of adhesion ligands requires ele-
ments from both the av and f(3) subunit to form the binding
site, our western blotting data further demonstrate that the av
integrins have a second ligand binding site that is distinct
from the RGD-binding site. The data also suggest that free 3
chains might be used in in vitro assays for ligands interacting
with this second integrin binding site or for screening small
molecules that might impede the interaction of our RKC-
containing probe peptides with isolated {3 chains.

[0201] In vivo exploitation of compounds that block the
prototype CD23-aivf35 interaction will require a good animal
model for validation. We used the IL-3-dependent murine
pro-B cell line, BA/FO3 cell line as a model equivalent to the
human SMS-SB cell line. Peptides #9-#12 bind well to
BA/F03 cells and peptide #9 can sustain BA/F03 cell survival
in the absence of 1L.-3, but only at high doses and even then
only rather weakly. However, if the cells are treated with a
sub-optimal dose of IL-3, peptide #9 overtly stimulates
growth. Murine CD23 does not possess an RKC motif at the
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position equivalent to that found in human CD23 but rather
has a QKC (gln-lys-cys) sequence. A peptide #9 variant con-
taining the murine sequence (“peptide #9 R172Q”) fails to
bind BA/F03 cells and fails to have any growth-sustaining
effect either by itselforin combination with IL-3. Peptide #11
R172Q also fails to bind to BA/FO3 cells. The R172Q substi-
tution also greatly reduces binding of peptide #9 to the RAW
murine macrophage cell line.

[0202] Murine CD23 is believed to lack cytokine-like
activity. These binding data indicate that the presence of a
non-basic amino acid, glutamine, at the position equivalent to
172 of human CD23, may partly explain this lack of cytokine
activity mediated via av integrins. In vivo models for analysis
of agents perturbing the CD23-avf5 interactions (and others
like it) may therefore require cell lines expressing CD23
molecules having a positive charge at the position equivalent
to R172 inhuman CD23. Murine cells transfected with CD23
containing a Q to R substitution, or with human CD23, may
suffice. A transgenic line expressing human CD23 or murine
CD23 having a Q to R substitution may enable human con-
ditions in which the avp5-CD23 is implicated to be mim-
icked in an animal model in vivo, allowing better validation of
potential drug molecules than is currently possible.

Discussion

[0203] These data demonstrate that the avp5 integrin is a
CD23 binding protein that regulates growth of pre-B cell
lines. The observation that anti-avf5 MAbs that block adhe-
sion to matrix proteins cannot mimic CD23 action, while
MAbs directed to other avf5 epitopes can sustain cell
growth, supports the interpretation that the ovf5 integrin
mediates distinct responses depending on the ligand encoun-
tered. The awvf5 integrin recognises an RKC tripeptide motif
that resides in a small basic region of the CD23 protein using
a site that is distinct from the RGD-binding structure, and
sensitive to basic character, rather than precise sequence. This
explains why CD23, but not Vn or Fn, drive pro-survival
responses in pre-B cell lines.

[0204] The data of FIG. 2 demonstrate that different avp5
ligands (CD23, Vn and Fn) and MAbs directed to distinct
epitopes of avf5 itself elicit different characteristic
responses in pre-B cell lines, potentially by acting via distinct
binding sites on 5. There are precedents for ligand-selec-
tive-signalling via cvf33. In monocytes, CD23 promotes pro-
inflammatory cytokine synthesis while Vn drives cell spread-
ing but no cytokine production'”. Similarly, in K562 cells,
avp3 adheres with different affinities to Fn and Vn via pro-
cesses regulated by, and resulting in activation of, distinct
signalling pathways*’. In our systen1, the finding that RGD-
containing peptides fail to inhibit either peptide #9 or #12
binding to cells or their ability to sustain cell growth (FIGS. 4
and 5) confirms that avpS binds CD23 using a structure
distinct from the RGD-binding site. The X-ray crystallo-
graphic model of avf3 integrin in association with an RGD-
containing cyclic pentapeptide fully supports this interpreta-
tion. The RGD-peptide arg is secured by a bidentate salt link
with asp?'® and a second such link with asp**° from the ow
chain®’, while the asp side chain is secured by contacts with
Tyr'?, arg®** and asn®'” from the 3 chain, plus contact with
aMn** ion®’. The peptide gly residue resides at the interface
between the av and B3 domains making multiple hydropho-
bic interactions, including a dominant contact with the car-
bonyl oxygen of arg®*® of av®’. The long side chain of the
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RKC peptide lysine would clash seriously with this carbonyl
moiety and so preclude stable insertion of the RKC motif into
the RGD-binding site.

[0205] Integrins recognise sequences other than RGD, and
the avpS integrin recognises the HIV Tat protein via a non-
RGD motif that is basic in character®® Recognition of basic
domains has been established for other integrins including
a2f1 integrin which binds a basic tetrapeptide sequence
(RKKHj) derived from the snake venom metalloprotease,
jararhagin, a potent inhibitor of platelet binding to collagen™®®.
The data of FIGS. 4 and 5 illustrate that substitution of arg1 72
to gln (the latter being found in murine CD23) can reduce
binding of peptide #9 to SMS-SB cells slightly but has no
striking effect on stimulation of thymidine incorporation.
Moreover, replacement of arg172 alone with ala only slightly
reduces both peptide binding to cells and growth sustaining
capacity; conversion of lys173 to ala gives a more marked
reduction in binding and stimulation, but activity remains. It
is only when both basic residues are substituted with non-
polar alanine that both cell binding and growth sustaining
ability is lost. These data argue strongly that the v 5 integrin
recognises the basic nature of the RKC-containing region of
CD23 and does so via a binding site distinct from that used to
capture RGD-containing ligands. Recognition of the RKC-
containing region is not sequence-specific, since peptides
containing the QKC sequence based on murine CD23 bind
and retain activity; moreover, the inverse sequence of peptide
#9 (CKRQFNIWK) preserves basic character but not
sequence and retains some residual binding and growth-
stimulating properties. This is entirely in keeping with data
from the binding of avf5 to the HIV Tat protein that showed
neither poly-lysine or poly-arginine peptides bind ovf3 5 affin-
ity columns as well as the Tat or Vn basic domain peptides.
[0206] The RKC motif recognised by the avf5 integrin is
located at positions 172-174 of the human CD23 protein.
Models of the CD23 structure based on the mannose binding
protein C-type lectin®*~° do not contain the full RKC motif,
but suggest it is located just beneath the lectin head domain
and at the upper reaches of the coiled-coil stalk region of the
CD23 protein. The precise structure of this region remains to
be resolved. The regions of CD23 needed for binding to IgE
and CD21 reside in the lectin domain, and are known to
overlap but be distinct'®; trimeric sCD23 is capable of bind-
ing both CD21 and IgE simultaneously. The location of the
RKC motif for av integrin binding is, therefore, distinct again
from the CD23 structures required for IgE and CD21 engage-
ment. It is therefore possible that CD23 could interact simul-
taneously with three different ligands; IgE and CD21 will
bind at the lectin domain and av integrins via the stalk region.
The RKC motifis also distinct from the sequence in the stalk
region reported to bind to MHC class II molecules®. The
proteolytic processing pathways that generate soluble CD23
proteins are well understood. Importantly, the RKC motif is
preserved in all forms of sCD23 that possess cytokine activ-
ity, including the 16 kDa form.

[0207] The absence of awvp5 from peripheral B cells indi-
cates the integrin has no roleas a CD23 receptor in these cells,
and that its function(s) is limited to the interaction of B cell
precursors with bone marrow stroma. The expression of avf}5
on a subset of CD19*/CD9*/CD10* bone marrow-derived
cells, and on B cell ALL cells (including CD10™ leukaemias),
indicates that avf5 is expressed from a very early stage in B
lymphopoiesis. The large population of avf5* non-adherent
marrow cells that is CD19™ is likely to include precursors of T
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and myelomonocytic cells, since both T-ALL and AML cells
are also avp5*; thus, expression of avfS may also be func-
tionally important for haematopoietic cells other than B cells.
Surprisingly, since elevated plasma levels of sCD23 in
B-CLL patients are correlated with poor prognosis*>, there
was no detectable expression of avf3 or avp5 in any B-CLL
sample. This argues in favour of active silencing of f 5 expres-
sion in mature B cells and restriction of avp5 pro-survival
function to precursor cells.

[0208] The importance of adhesion interactions between
pre-B cells and ALL cells with stromal cells, for survival of
lymphoid cells is widely appreciated, and the VLA-4/
VCAM-1 interaction is particularly prominent. The data of
FIG. 1B indicate that the CD23-avf5 interaction is also criti-
cal for promoting growth of SMS-SB cells on CD23™ stromal
cells in vitro. Thus, in the well-described interactions of ALL
blasts and pre-B-like cell lines with stromal elements®*~>*, in
an environment where all av ligands (Fn, Vn,>® and CD23°7)
are present, the availability of ligand-selective responses,
mediated via two distinct binding sites on the same integrin,
may be important. If engagement of the RGD-binding site
was linked to cell survival, then Vn and Fn in the bone marrow
would sustain growth of precursor cells in a non-selective
manner; this could preclude elimination of precursors with
non-productive rearrangements of antigen receptor genes or
malignant precursors. However, the avf5 integrin may allow
B cell precursors to adhere to the stromal matrix via Vn in an
interaction that is neutral with respect to cell survival. Signals
for inhibition of apoptosis and promotion of cell growth
would then be delivered via the second, non-RGD binding
site on the avf5 integrin. Whether avf5 integrin delivers a
growth-sustaining signal to cell types other than lymphoid
precursors remains to be established.

[0209] This study demonstrates a new role for CD23, regu-
lation of human B cell precursor growth, and defines a further
CD23 receptor, the avp5 integrin, and its point of contact on
the CD23 protein. Expression of the integrin on B cell pre-
cursors and ALL cells suggests that avp5 may have a role in
sustaining normal and leukaemic B cell growth. The data
demonstrate that survival signalling via the integrin is both
ligand-selective and mediated via a structure on the integrin
distinct from the RGD-binding site that recognises a basic
domain on CD23. This study underscores the complex roles
of CD23 in regulating human B cell function and suggests
that the distinct biological functions of CD23 are pro-
grammed by discrete structural motifs on the protein. A high-
resolution structural model of CD23 will be valuable in elu-
cidating the relationships of such structural motifs.

[0210] While the invention has been described in conjunc-
tion with the exemplary embodiments described above, many
equivalent modifications and variations will be apparent to
those skilled in the art when given this disclosure. Accord-
ingly, the exemplary embodiments of the invention set forth
are considered to be illustrative and not limiting. Various
changes to the described embodiments may be made without
departing from the spirit and scope of the invention. All
documents cited herein are expressly incorporated by refer-
ence.
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1. A method of inhibiting the interaction between an av
integrin and CD23, the method comprising contacting the av
integrin with a peptide capable of binding to avf35, the pep-
tide comprising the motif X1X2X3, wherein at least one of
X1,X2 and X3 is a residue carrying at least a partial positive
charge at physiological pH, and one of X1 and X3 is C.

2. A method according to claim 1 wherein the av integrin
is cell-associated or immobilised on a solid phase and said
CD23 is optionally cell-associated or immobilized on a solid
phase.

3. (canceled)

4. A method according to claim 1 wherein the av integrin
is selected from the group consisting of avf3, avfs, avpd
and avf}8.

5. The method of claim 1, wherein said inhibiting results in
reduced CD23-dependent proliferation or survival of a cell.

6. A method according to claim 5 wherein the cell is apre-B
cell or a cancer cell.

7. A method according to claim 6 wherein the cancer cell is
an ALL cell or myeloma cell.

8. A method according to claim 7 wherein the ALL cell is
from the B cell lineage.

9. A method of treating cancer or inflammatory disorders in
asubject, comprising administering to the subject an effective
amount of (i) a peptide capable of binding to avp5, the
peptide comprising the motif X1X2X3, wherein at least one
of X1, X2 and X3 is a residue carrying at least a partial
positive charge at physiological pH, and one of X1 and X3 is
C, or (ii) a nucleic acid encoding said peptide.

10. (canceled)

11. A method of inhibiting cytokine secretion from a
monocytic cell comprising contacting the cell with a peptide
capable of binding to av 5, the peptide comprising the motif
X1X2X3, wherein at least one of X1, X2 and X3 is a residue
carrying at least a partial positive charge at physiological pH,
and one of X1 and X3 is C, wherein said cell is optionally a
monocyte or a macrophage.

12. A method according to claim 11 wherein the cell is a
monocyte or macrophage.

13. A method according to claim 11 wherein the cytokine is
apro-inflammatory cytokine such as TNF-a, IL-1, IL-6, 118,
IL-12 or IFN-y.

14. (canceled)

15. A method according to claim 9 wherein the inflamma-
tory disorder is rheumatoid arthritis, Sjogren’s Syndrome,
systemic lupus erythaematosus, endometriosis, sarcoidosis,
thyroiditis or atherosclerosis.

16. (canceled)
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17. A method of screening for a substance capable of
inhibiting the interaction between an awv integrin and CD23,
the method comprising

(1) contacting the av integrin with a test substance,

(11) contacting the av integrin with a peptide capable of
binding to avf5, the peptide comprising the motif
X1X2X3, wherein at least one of X1, X2 and X3 is a
residue carrying at least a partial positive charge at
physiological pH, and one of X1 and X3 is C, and

(111) determining binding of the peptide to the ov integrin,
said method optionally comprising the step of selecting
or rejecting the test substance depending on its effect on
peptide binding to the awv integrin, isolated integrin p
chain or isolated extracellular domain.

18. A method of screening for a substance capable of
inhibiting the interaction between an v integrin and CD23,
the method comprising

(1) contacting an isolated integrin f§ chain or isolated extra-
cellular domain thereof with a test substance,

(11) contacting the isolated integrin  chain or isolated
extracellular domain with a peptide capable of binding
to avp5, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue
carryingatleast a partial positive charge at physiological
pH. and one of X1 and X3 is C, and

(iii) determining binding of the peptide to the isolated
integrin f§ chain or isolated extracellular domain, said
method optionally comprising the step of selecting or
rejecting the substance depending on its effect on pep-
tide binding to the av integrin, isolated integrin f} chain
or isolated extracellular domain.

19. A method according to claim 18 wherein the isolated

integrin {3 chain or isolated extracellular domain is p3, 5, 6 or
8.

20. A method according to claim 17 wherein the auv inte-
grin is cell-associated or immobilised on a solid phase.

21. A method according to claim 18 wherein the isolated
integrin f§ chain or isolated extracellular domain is immobil-
ised on a solid phase.

22. (canceled)

23. A method according to claim 17 wherein the peptide is
labelled.

24. A method according to claim 17 comprising the step of
contacting a cell expressing the ov integrin with said test
substance and determining the effect of the test substance on
the cell.

25. A method according to claim 24 comprising determin-
ing whether the test substance affects at least one of the
following

1) the apoptotic state of the cell,

1) cellular proliferation, and

1ii) cytokine expression and/or secretion by the cell,
optionally in response to a suitable stimulus.

26-27. (canceled)

28. The method of claim 25, wherein said cell is a cancer
cell

29. The method of screening as claimed in claim 25,
wherein said cell is a monocytic cell which is contacted with
said test substance and determining the effect of the substance
on inflammatory cytokine expression and/or secretion by the
cell is determined.
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30. A method according to claim 29 comprising adminis-
tering a suitable stimulus to the cell which, in the absence of
the test substance, provokes inflammatory cytokine expres-
sion and/or secretion.

31. A method according to claim 25 comprising determin-
ing expression and/or secretion of TNF-¢, IL-I, IL-6, IL-8,
1L-12 or IFN-y.

32. A method according to claim 25 comprising adminis-
tering said peptide to an animal model for said cancer or
inflammatory disease.

33. A method according to claim 32 wherein the animal
model is a rodent capable of expressing a CD23 protein
having R at a position corresponding to R172 of human
CD23.

34. A method of stimulating proliferation or inhibiting
apoptosis of a cell expressing an av integrin, the method
comprising contacting the cell with an avf5 agonist peptide,
the peptide comprising the motif X1X2X3, wherein at least
one of X1, X2 and X3 is a residue carrying at least a partial
positive charge at physiological pH, and one of X1 and X3 is
C, wherein said cell is optionally a pre-B cell.

35. A method according to claim 34 wherein the cell
expresses avps.

36. (canceled)

37. A method of determining expression of an av integrin
by a cell, the method comprising:

(1) contacting the cell with a peptide capable of binding to
av's, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue
carrying atleast a partial positive charge at physiological
pH, and one of X1 and X3 is C, and

(i) determining binding of said peptide to said cell,
wherein said peptide is optionally labelled.

38. A method according to claim 37 comprising correlating

the result with the level of expression of av.

39. (canceled)

40. A method of screening for the presence of an ALL cell
in a sample comprising blood cells, the method comprising

(1) contacting the sample with a peptide capable of binding
to avfp3, the peptide comprising the motif X1X2X3,
wherein at least one of X1, X2 and X3 is a residue
carrying atleast a partial positive charge at physiological
pH, and one of X1 and X3 is C, and

(ii) determining binding of said peptide to said blood cells.

41. A method according to claim 40 further comprising
contacting the sample with a B cell-specific binding agent.

42. A method according to claim 41 wherein the B cell-
specific binding agent is labelled with a different label to that
carried by the peptide.

43. A method of isolating an awv integrin from a sample,
which is optionally a cell lysate, comprising contacting said
sample with a peptide capable of binding to avf35, the peptide
comprising the motif X1X2X3 wherein at least one of X1, X2
and X3 is a residue carrying at least a partial positive charge
at physiological pH, and one of X1 and X3 is C.

44. A method according to claim 43 wherein the motif
X1X2X3 of the peptide capable of binding to v 5 comprises
only one C residue.

45. A method according to claim 44 wherein the residue
carrying at least a partial positive charge at physiological pH
is K, R or H.

46. A method according to claim 45 wherein any of X1, X2
and X3 which is neither C nor a residue carrying at least a
partial positive charge is a neutral residue.
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47. A method according to claim 46 wherein the neutral
residue is Q, N, A, G, S, T, V,Lor L.

48. A method according to claim 47 wherein the neutral
residue is A, Q, Sor G.

49. A method according to claim 44 wherein one of X1 or
X3 is C, the other of X1 and X3 1s Q, R, K, H, A, G or S, and
X2isK,R, Q,H, A, GorS, provided that one of X1, X2 and
X3isK,RorH.

50. A method according to claim 49 wherein one of X1, X2
and X3 is K or R.

51. A method according to claim 49 wherein one of X1 and
X3 is C, the other of X1 and X3 is Q, R or A, and X2 is K or
A, provided that one of X1, X2 and X3 is K or R.

52. A method according to claim 44 wherein peptide com-
prises the motif XaX1X2X3 or X1X2X3Xa, wherein Xa is Q,
KorR.

53. A method according to claim 52 wherein the motif
X1X2X3 has the sequence RKC, QKC, AKC, RAC or CKR.

54. A method according to claim 44 wherein peptide com-
prises one or more repeats of a CD23 sequence of up to 20
amino acids, the CD23 sequence having at least 70%,
sequence identity with the corresponding portion of amino
acids 155 to 191 of SEQ ID NO: 1.

55. A method according to claim 54 wherein the peptide
comprises the sequence QRKC, FQRKC, NFQRKC,
INFQRKC, WINFQRKC, KWINFQRKC, RKCY, RKCYY,
RKCYYF, RKCYYFG, RKCYYFGK, RKCYYFGKG,
QRKCYY, FQRKCYY, FQRKCYYF, FQRKCYYFG,
NFQRKCY, INFQRKCY, INFQRKCYY, or an equivalent
sequence from a non-human CD23 protein.

56. A method according to claim 1 wherein the av integrin
is a rodent integrin and the peptide comprises the motif
X1X2X3, wherein X3 is C, and X1 is a residue carrying at
least a partial positive charge at physiological pH.

57. A method according to claim 56 wherein X1 is R or K,
and wherein X2 is optionally a residue carrying at least a
partial positive charge at physiological pH.

58. (canceled)

59. A method according to claim 57 wherein X2 is K or R.

60. A method according to claim 56 wherein the peptide
comprises the sequence:

QRKC,
FQRKC,
HFQRKC,
LHFQRKC,
WLHFQRKC,
NWLHFQRKC,
RKCY,
REKCYY,
REKCYYF,
REKCYYFG,
REKCYYFGK,
RECYYFGKG,

QRKCYY,
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-continued
FQRKCYY,
FQRKCYYF,
FQRKCYYFG,
HFQRKCY,

LHFQRKCY,
or

WLHFQRKCYY .

61. A method according to claim 56 wherein the peptide
comprises the sequence: DWLHFQRKC, RKCYYFGE, or
RKCYYFGEG.

62. A method according to claim 60 wherein the peptide is
cyclic.

63. A peptide comprising a CD23 sequence of up to but not
exceeding 20 amino acids, the CD23 sequence comprising
the motif X1X2X3, wherein at least one of X1, X2 and X3 is
a residue carrying at least a partial positive charge at physi-
ological pH, and one of X1 and X3 is C, the CD23 sequence
further having at least 80% sequence identity with the corre-
sponding portion of amino acids 155 to 191 of SEQID NO: 1.

64. A peptide according to claim 63 wherein the CD23
sequence comprises one of the sequences QRKC, FQRKC,
NFQRKC, INFQRKC, WINFQRKC, KWINFQRKC,
RKCY, RKCYY, RKCYYF, RKCYYFG, RKCYYFGK,
RKCYYFGKG, QRKCYY, FQRKCYY, FQRKCYYF,
FQRKCYYFG,NFQRKCY, INFQRKCY, INFQRKCYY, or
the equivalent sequence from a non-human CD23 molecule.

65. A nucleic acid encoding a peptide according to claim
63.

66. (canceled)

67. A pharmaceutical composition comprising a peptide
according to claim 63, or a nucleic acid encoding said peptide,
in combination with a pharmaceutically acceptable excipient.

68. A rodent cell genetically modified to contain nucleic
acid encoding a CD23 protein having R at a position corre-
sponding to R172 of human CD23, said rodent cell optionally
being a mouse or a rat cell and said CD23 protein optionally
being human in origin.

69. A rodent cell according to claim 68 wherein the CD23
protein has the motif RKC at positions corresponding to
positions 172 to 174 of human CD23.

70-71. (canceled)

72. A rodent cell according to claim 68 wherein the endog-
enous chromosomal CD23 gene has been modified to encode
a CD23 protein having R at the position corresponding to
R172 of human CD23.

73. A rodent cell according to claim 68 wherein the nucleic
acid encoding the CD23 protein is extrachromosomal.

74. A rodent cell according to claim 68 wherein the nucleic
acid encoding the CD23 protein is stably integrated into a
chromosome of the cell.

75. A rodent cell according to claim 68 wherein the cell
does not express endogenous CD23.

76. A transgenic rodent selected from the group consisting
of rodents which comprise a nucleic acid encoding CD23
stably integrated into cells of said rodent and rodents which
do not express endogenous CD23.

77. A method of testing a substance for a prophylactic or
therapeutic effect on an inflammatory disorder, comprising
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administering said test substance to a transgenic rodent
according to claim 76, said transgenic rodent being affected
by, or suspected of being likely to develop, said inflammatory
disorder.

78. A method according to claim 77 wherein the transgenic
rodent has a genetic background suitable for use as a model
for rheumatoid arthritis, Sjogren’s Syndrome, systemic lupus
erythaematosus (SLE), sarcoidosis, endometriosis, thyroidi-
tis or atherosclerosis.

79. A method of testing a substance for a prophylactic or
therapeutic effect on a neoplastic disorder, comprising
administering said test substance to a transgenic rodent
according to claim 76, said transgenic rodent being affected
by, or suspected of being likely to develop, said neoplastic
disorder.

80. A method according to claim 79 wherein said neoplas-
tic disorder is a pre-B cell cancer or a myeloma.

81. A mutant of'a wild type CD23 protein, wherein the wild
type protein has a Q at a position corresponding to R172 of
human CD23, the mutant comprising a residue having at least
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a partial positive charge at physiological pH at the position
corresponding to R172 of human CD23.

82. A mutant protein according to claim 81 wherein the
mutant has R or K at the position corresponding to R172 of
human CD23.

83. An isolated extracellular domain of a mutant protein
according to claim 81.

84. An isolated peptide comprising at least 15 amino acids
from a mutant protein according to claim 81, said peptide
comprising the motif RKC at the positions corresponding to
172 to 174 of human CD23.

85. An isolated nucleic acid comprising an open reading
frame encoding a mutant protein, extracellular domain or
peptide according to claims 81.

86. An expression vector comprising an isolated nucleic
acid according to claim 85, optionally contained within a host
cell.

87. (canceled)
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