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ABSTRACT

Human EMR2 (EGF-like molecule containing mucin-like
hormone receptor-2) a polypeptide of SEG ID NO. 2, and
fragments and variants thereof, is a member of the EGF-
TM7 family and is useful in the control of wound healing
and other conditions associated with neutrophilis and mac-
rophages.
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HUMAN EMR2, A G-PROTEIN COUPLED
RECEPTOR FROM THE EGF_TM7 FAMILY

[0001] The present invention relates to a protein of the
EGF-TM7 family, as well as to nucleotide sequences there-
for, preparations thereof and diagnostic methods therefor.
Also provided are methods for its preparation and means
therefor.

[0002] Leukocytes are known to play crucial roles in a
range of homeostatic and immune functions. Many of the
processes such as growth and maturation, cell rolling and
migration, signalling, adhesion, antigen (Ag) uptake, pre-
sentation and recognition are mediated by a diverse array of
leukocyte cell surface molecules. In general, these cell
surface molecules are either single- or multi-span transmem-
brane proteins of which the extracellular domain is usually
composed of one or more definitive structural motifs such as
immunoglobulin superfamily (IgSF), epidermal growth fac-
tor (EGF), C-type lectin, fibronectin type III, and comple-
ment control protein domains. The seven-span transmem-
brane (7TM) proteins, with more than one thousand
members identified to date, represent the largest cell surface
protein superfamily in the genome (Bockaert and Pin, 1999;
Wess, 1997).

[0003] Given the impressive number and signalling capa-
bility of the 7TM proteins, it is not surprising that these G
protein-coupled receptors (GPCR’s) have been found to
participate in many aspects of leukocyte biology including
chemotaxis, exocytosis and cellular activation. Some of the
well-known examples are C5aR (CD88) (Gerard and Ger-
ard, 1994), N-formyl peptide (fMLP) receptor (Boulay et al.,
1990; Murphy and McDermott, 1991), interleukin 8 IL-8)
receptor (CDw128, CXCR1) (Holmes et al., 1991; Murphy
and Tiffany, 1991), and various chemokine receptors includ-
ing CCR1-CCRS5.

[0004] Recently, we and others have identified a new
subgroup of molecules related to family B GPCR’s, desig-
nated EGF-TM7, whose members were found to be
expressed predominantly on leukocytes (McKnight and
Gordon, 1996; McKnight and Gordon, 1998). The EGF-
TM?7 proteins possess a novel hybrid structure consisting of
varying numbers of N-terminal EGF-like domains coupled
to a 7TM domain by a mucin-like spacer domain. A number
of non-classical family B GPCR-related proteins bearing
complex extracellular domains have also been recently
described. These include HEG (Osterhoff et al., 1997), BAI1
(Nishimori et al., 1997), BAI2 and BAI3 (Shiratsuchi et al,,
1997), latrophilin (also called CIRL or CLI) (Krasnoperov et
al., 1997; Lelianova et al., 1997; Sugita et al., 1998), Celstl
(Hadjantonakis et al., 1998), GPRS6/TM7XN 1 (Liu et al,,
1999; Zendman et al., 1999), and Ig-Hepta (Abe et al.,
1999). To date, four EGF-TM7 molecules have been iden-
tified, including human EMR1 (Baud et al., 1995), F4/80
(the probable mouse homologue of human EMR 1, also
termed Emr 1) (Lin et al., 1997; McKnight et al., 1996) as
well as human and mouse CD97 (Gray et al., 1996; Hamann
et al., 1995; Qian et al., 1999).

[0005] Investigation of mouse protein F4/80 has given an
appreciation of the possible significance of a class of leu-
kocyte-restricted cell surface molecules with unusual struc-
tures, the EGF-TM7 proteins. In the review article “The
EGF-TM7 family: unusual structures at the leukocyte sur-
face”[McKnight and Gordon, J. Leukocyte Biol. 63, 271-

Aug. 7, 2003

280 (1998)], there is provided an introduction to this class of
molecules. The EGF-TM7 proteins comprise a complex
structure made up of three subregions; an extracellular
NH,-terminal subregion containing repeated epidermal
growth factor (EGF) domains, a membrane-proximal spacer,
and seven hydrophobic transmembrane stretches. The
hybrid structures suggest possible dual functions as adhesion
molecules and as signalling molecules.

[0006] Based upon their unique hybrid structures and
restricted expression patterns, it has been suggested that the
EGF-TM7 molecules may play a role in the immune system
by interacting with either cell surface proteins or extracel-
lular matrix proteins, possibly leading to signal transduction
via the 7TM domain. Although the possible signalling
function of the EGF-TM7 receptors remains to be deter-
mined, the recent identification of decay accelerating factor
(DAF, CD55) as the cellular ligand of CD97 has proved that
they can indeed act as cell adhesion molecules (Hamann et
al., 1998; Hamann et al., 1996b).

[0007] Chromosome mapping studies have localised
human EMR1 and CD97 genes on chromosome 19p13.3 and
19p13.1, respectively Baud et al.,, 1995; Hamann et al.,
1995). Likewise, the mouse F4/80 and Cd97 genes were
mapped to the corresponding syntenic regions on mouse
chromosomes 17 and 8 (Carver et al., 1999; Lin et al., 1997,
McKnight et al., 1997). These results clearly demonstrated
that the EGF-TM7 genes have arisen from a common
ancestral gene. EMR2, on chromosome 19p13.1, belongs to
this family.

[0008] Human EGF module-containing mucin-like hor-
mone receptor 1 (EMR1) is the likely human homologue of
F4/80. The function of EMR1 remains to be discovered.

[0009] EP-A 887,407, published Dec. 30, 1998, relates to
a ¢cDNA clone, HAP0167, that encodes a human 7-trans-
membrane receptor. PCT/WO 00/01818 published on Jan.
13, 2000 relates to a human EMR1-like G protein coupled
receptor, EGPCR The respective receptors reported in these
patent specifications are from the EGF-TM7 family, and are
the same protein. This molecule will also be referred to
herein as EMR3. Neither EP-A887,407 nor PCT/WO00/
01818 reports the function of EMR3.

[0010] The present invention is directed at the provision of
an EGF-TM7 protein having an identified function.

[0011] In a first aspect, the present invention provides a
polypeptide comprising all or part of the sequence of SEQ
ID NO. 2, or a variant thereof.

[0012] Preferred polypeptides of the present invention
possess at least EGF subunit 4 of naturally occurring EMR2,
or a variant thereof. More preferably, the polypeptide of the
invention comprises 5 EGF subunits, at least one being EGF
4.

[0013] For added efficacy, two or more, up to 5, of the
EGF subunits, may be tandem or spaced apart repeats of
EGF4. Other variations envisaged by the present invention
include variants having up to 15 EGF subunits. There are
preferably no more than 10 EGF subunits, and preferably no
more than 8. Any or all of the subunits may be the equivalent
of EGF4.

[0014] EGF 4 is that subunit which, when blocked by a
specific mAb, prevents binding to EMR2 ligand. Variants of
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this subunit are possible, but must enable binding to EMR2
ligand, at least in the proper conformation with EGF sub-
units 1, 2, 3 and 5 of EMR2.

[0015] 1t will be appreciated that the EGF component of
EMR?2 is important to the extracellular binding properties of
EMR™*¥* cells and, as such, is important to the polypeptides
of the present invention where it is desired to take advantage
of this property, such as where it is desired to replicate the
activity, block it, antagonise it, agonise it, or generate
antibodies, for example.

[0016] Fragments of the present invention are useful. Such
fragments include variants as outlined above which lack one
or more of the TM subunits. In particular, where it is desired
to provide a soluble polypeptide having the binding prop-
erties of EMR2, then it is preferred to eliminate the TM
subunits altogether. In such polypeptides, there is generally
no need to include the cytoplasmic tail, although this may be
retained, if so desired. All or part of the spacer region way
be retained, and may serve to provide some stability to the
EGF region.

[0017] It may also be desirable to provide other sequences
attached to the polypeptides of the present invention, such as
to alter solubilisation characteristics, or to provide any other
desired properties. If these block the activity of the EMR2
region, then it is preferred that they be removable, such as
by being cleaved in vivo.

[0018] It will be appreciated that the present invention
extends to polynucleotides, and variants thereof, encoding
any polypeptide of the present invention.

[0019] The present invention also extends to vectors,
especially expression vectors, comprising such polynucle-
otides, to cells containing such vectors, to systems for
generating polypeptides of the invention from such cells,
and to the products of such systems.

[0020] Antibodies specific for any part of EMR2 are part
of the present invention, and may be raised and used as
described below.

[0021] Agonists for EMR2 may be selected by means well
known in the art, and form a part of the invention. Likewise,
antagonists for EMR2 may be selected by means well
known in the art, and also form a part of the invention.

[0022] Tt may be desired to block naturally occurring
EMR?2, and this can be achieved, for example, by introduc-
ing anti-EMR2 mAb to the system, or by saturating the
system with soluble EMR2 fragment, for example. Where
the effect of EMR2 is desired, without the cells expressing
it, then introducing a suitable polypeptide of the invention to
the site is useful.

[0023] The present invention is concerned with a protein
which we have designated EMR2 (SEQ ID NO. 2). The
sequence for EMR?2, encoding an EGF-TM7 protein, is to be
found in the GenBank Data Bank under the accession
number AF1 14491. Sequence analysis reveals that EMR2
has an extracellular NH,-terminal subregion containing five
EGF domains, a membrane-proximal spacer, seven hydro-
phobic transmembrane (TM) stretches, and a cytoplasmic
tail, along with multiple sites for N- and O-glycosylation.
The potential exists for alternative splicing of mRNA tran-
scripts, giving rise to, for example, multiple isoforms with
different combinations and numbers of the EGF domains.
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[0024] We have found that EMR2 plays an important role
in cell adhesion. It is expressed most abundantly in periph-
eral blood leukocytes, followed by high levels of expression
in spleen and lymph nodes, and appears to be restricted to
cells of certain hematopoietic lineages. In particular, EMR2
is very strongly expressed in polymorphonuclear cells and at
lower levels in freshly isolated strongly-adhering mono-
cytes, but probably not in weakly adherent monocytes or
peripheral blood lymphocytes. Furthermore, EMR2 expres-
sion in monocytes is upregulated following maturation.

[0025] We have further found that the extracellular EGF
domains of EMR?2 will bind to monocyte-derived macroph-
ages, indicating a crucial role in cell-cell adhesion.

[0026] In accordance with this invention, we provide a
polypeptide which is a purified precursor EMR2 protein
comprising the amino acid sequence of FIG. 1 (SEQ ID NO.
2) or a polypeptide fragment thereof. The polypeptides of
this invention thus include the naturally occurring protein, as
well as biologically active fragments. Such fragments
include a mature EMR2 which might be formed by cleavage
at residue Thr** (SEQ ID NO. 20). The EMR2 polypeptide
sequence is encoded by the sequences of SEQ ID NO’S 1
and 19.

[0027] The EGF-TM7 proteins (EMR1, F4/80 and CD97)
constitute a recently defined class B GPCR subfamily that
are predominantly expressed on leukocytes. These mol-
ecules possess N-terminal EGF-like domains coupled to a
seven-span transmembrane (7TM) moiety via a mucin-like
spacer domain. Genomic mapping analysis has suggested a
possible EGF-TM7 gene family on human chromosome
19p13 region. The present invention relates to a new mem-
ber of the EGF-TM7 family, EMR2, which shares strikingly
similar molecular characteristics with CD97. The nucleotide
sequence for EMR2 has been available on the GenBank™
Data Bank under the accession number AF114491 since Jan.
1, 2000.

[0028] EMR?2 is closely related to human CD97 (FIGS. 2,
3). EMR2 and CD97 share almost identical EGF-like
domains, express similar alternatively-spliced transcripts,
map close to each other on chromosome 19p13.1 and are the
probable products of a recent gene duplication event.

[0029] Although both sequences are strikingly similar,
EMR?2 and CD97 display significant differences. EMR2 and
CD97 are both expressed predominantly in immune tissues
(PBL, spleen, lymph node, bone marrow and foetal liver)
with expression contributed mainly by granulocytes and
monocytes/M¢ps. CD97, however, is also expressed in other
tissues and cell types (FIG. 4). The broader expression
pattern of CD97 suggests that it has a more general function
than EMR2, whose function might be restricted to granulo-
cytic and monocyte/M¢ lineages.

[0030] In addition to mapping closely to CD97 on human
chromosome 19p13.1, EMR2 also contains a total of five
tandem EGF-like domains and expresses similar protein
isoforms consisting of various numbers of EGF-like
domains as a result of alternative RNA splicing. Further-
more, EMR2 and CD97 exhibit highly homologous EGF-
like domains and share identical gene organisation, suggest-
ing that both genes are the products of a recent gene
duplication event. The homologous EGF-like domains
enable the identification of both EMR2 and CD97 by mAbs
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raised against the first EGF-like domain of CD97, whereas
mADs directed against the extracellular spacer domain of
CD97 are able to differentiate the two proteins.

[0031] Both EMR2 and CD97 are highly expressed in
immune tissues. However, unlike CD97, which is ubiqui-
tously expressed in most cell types, EMR2 expression is
restricted to monocytes/M¢ and granulocytes. EMR2 fails to
interact with CD55, the cellular ligand for CD97, but
appears to bind an EMR2 ligand. EMR2 may, therefore,
have a unique function in cells of monocyte/M¢ and granu-
locytes lineages. In addition, it weakly interacts with CD55,
which may provide a fine level of control in interactions with
CD557° cells.

[0032] We have demonstrated that the CD97-CD55 inter-
action is not glycosylation dependent, i.e., is glycosylation
independent. Accordingly, it is not necessary to glycosylate
polypeptides of the present invention in order for them to
possess biological activity. This is a surprising advantage.
Nevertheless, it will be appreciated that the present inven-
tion envisages glycosylated EMR2 and its related peptide
derivatives, as defied and described herein.

[0033] Although cell-based binding assays show no
detectable CD55-EMR2 interaction, SPR assays detect a
weak but specific interaction between CD55 and EMR2. It
is possible that the much weaker CD55-EMR?2 interaction
has fallen beyond the detection limit of the cell-based assay
systems, which are less sensitive than SPR. Without being
bound by theory, it seems probable that, given high enough
levels of cell-surface CD5S5 proteins, one would be able to
detect the CD55-EMR?2 interaction using cell-based assay
systems. Since both CD97 and EMR2 are predominantly
expressed by granulocytes, monocytes and macrophages,
this provides a mechanism whereby the CD55-binding abil-
ity of these important immune cells could be regulated by
the cell surface expression levels of a pair of closely related
EGF-TM7 proteins, EMR2 providing a more subtle inter-
action. Accordingly, modulation of the EMR?2 interaction in
accordance with the present invention could be used to
modify the activity of these cells, where desired.

[0034] The Ca**-dependence of the CD97-CD55 interac-
tion indicates that the Ca** binding sites within the EGF-2
and 5 domains of CD97 are crucial for intermolecular
interactions. Structural data from a fibrillin-1 cbEGF pair
have shown that Ca**-binding is required for the mainte-
nance of interdomain rigidity. As a consequence tandem
repeats of ¢cbEGF domains or EGF-cbEGF domains with
similar conservation of residues are predicted to form
extended rod-like strunctures which present specific protein
surfaces for protein-protein interactions. Inspection of the
sequences of EGF-cbEGF and c¢bEGF-cbEGF pairs from
CD97 and EMR?2 suggest they are of the fibrillin-1 or class
I type, since they have one residue between the last Cys
residue of the N-terminal cbEGF and the first calcium
binding residue of the C-terminal cbEGF. In addition, hydro-
phobic packing residues also implicated in maintaining the
rod-like conformation of fibrillin-1 cbEGFs are conserved in
CD97 and EMR2. Calcium binding to cbEGF domains is,
therefore, probably critical in maintaining CD97-CD55
interaction by sustaining an overall rod-like structure of the
3 EGF domains. Accordingly, it is preferable to provide
preparations of peptides of the present invention which
comprise sufficient calcium to have such a rigidifying effect,
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especially where it is desired that the peptide have a physi-
ological effect. However, it will be appreciated that calcium
will generally be acquired by the peptide in vivo, if none is
supplied in the preparation.

[0035] The complete abrogation of the CD55/97 interac-
tion in the absence of Ca** suggests that the protein surface
on CD97 recognised by CD55 extends over the domain 1-2
boundary rather than being localised on a single domain.
This is confirmed by the locations of the amino acid
changes; within domains 1 and 2, which differentiate CD97
and EMR2. To better understand how any one of these
amino acid changes causes a reduction in CD55 binding,
effects which occur directly, due to alteration of a side chain
which previous contacted CD55 or insertion of a bulky
group within the interface have to be distinguished from
those changes which disturb binding indirectly by producing
a more long-range alteration in structure. A small number of
missense mutations in cbEGF domains associated with
human disease are localised in variable loop regions and it
has been predicted that in fibrillin-1 these mutations occur at
sites used for protein-protein interactions.

[0036] EGF modules are found to be highly consistent in
structure, with the positions of alpha carbons varying by less
than 2.5 A, when all EGF structures determined to date are
compared. The known structure of an EGF pair can, there-
fore, be used to predict the locations of the EMR2 mutations
on the first two domains of CD97. Mapping of the three
amino acid changes between CD97 and EMR2 onto the
three dimensional structure of fibrillin-1 domains 32 and 33
indicates that they are likely to be located in these variable
loops and may, therefore, directly participate in the interface
with CD55. It remains possible, however, that the mode of
action for the Leu to Pro substitution at position 71 is
indirect, as a Pro at this position is implicated in stabilising
the hydrophobic core of a cbEGF domain from factor [X.

[0037] Recognition of both EMR2 and CD97 proteins by
mAbs BL-Ac/F2 and CLB-CD97/1, directed against EGF-
like domain 1 of CD97, was expected but raises doubts
concerning the true expression pattern of the CD97 antigen.
Since most reports regarding the tissue expression patterns
of the CD97 antigen have mainly used BL-Ac/F2 and
CLB-CD97/1 mAbs (Eichler et al., 1994; Eichler et al.,
1997; Hoang-Vu et al., 1999), the distinction between
EMR2" and CD97** cells within tissues and complex popu-
lations of cells would, unwittingly, have been confused, as
the existence of EMR2 was not suspected, at that time.

[0038] Although it is logical to assume that these two
molecules serve as backup for each other, the inability of
EMR?2 to interact with CD55 has shown that this is untrue.
It is also interesting to note that the CD97-CD55 interaction
is very specific, as demonstrated by the three amino acid
differences in the EGF-like domains of the shortest EMR2
and CD97 isoforms.

[0039] The similar stuctrual feature of the EMR2 protein
to those of CD97 suggest that EMR2 is very likely to
function as a cellular adhesion molecule as well. Possible
ligand candidates include the regulators of complement
activation, such as CD46 (membrane cofactor protein,
MCP), CD35 (CR1), CD21 (CR2) and C4 binding protein
(C4bp), all of which contain short consensus repeats similar
to those found in CD55 (Liszewski et al., 1996).
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[0040] Western blot analysis of M¢ cell lysate treated with
or without various glycosidases has revealed that EMR2 is
a heavily glycosylated cell surface protein. In FIG. 11, we
show that 2A1 mAb specifically recognised EMR2 [in FIG.
11-A) Western Blotting. Cell lysate from mock transfected
HEK-293T cells (lane 1), cells transfected with EMR2 (12),
EMR2 (125), EMR2 (1235), EMR2 (12345), or CD97
(12345) expression constructs (lanes 2-6 respectively) were
separated on SDS-PAGE, Western blotted and probed with
2A1 mAb. Only EMR2 protein isoforms, with different
molecular masses, were recognised by 2A1 mAb. B, C, D)
Immunocytochemistry. CHO-K1 cells were transiently
transfected with CD97 (12345) (B), EMR2 (12345) (C), or
without expression construct (D), fixed and stained with
2Al. Again, only EMR2 -transfected cells showed a positive
reactivity].

[0041] In addition, immunohistochemistry has shown that
EMR?2 is expressed in certain tissue M¢ and myeloid cells
including neutrophil and DC in normal and diseased tissues
such as psoriatic skin and tonsils.

[0042] By adapting a well-established technique (Brown,
M. H,, et al., (1995) Eur J Immunol 25(12), 3222-8; Brown,
M. H,, et al., (1998) J Exp Med 188(11), 2083-90), we have
successfully identified a putative cellular ligand for EMR2
using multivalent forms of the extracellular domain of the
EMR?2 protein as probes. The EMR2-EMR?2 ligand interac-
tion is Ca**-dependent and mediated in an isoform-specific
manner. Only the EMR2 (EGF-1,2,3,4,5) isoform, but not
the other isoforms, binds the putative ligand (FIG. 12).

[0043] FIG. 12 shows FACS analysis. A) Schematic rep-
resentation of biotinylated soluble EMR2 proteins and the
protein-fluorescent bead complex. B) Western blot demon-
strates the production of biotinylated EMR2 protein iso-
forms, which was probed with ExtrAvidin-HRP to detect the
extent of biotinylation. C) FACS analysis showing the
expression of the putative EMR2-ligand on day 3-human
monocyte-derived Mfs. Note the binding of the protein-bead
probes to cells is isoform-specific (thin line, beads alone
control; thick line, EMR?2 protein isoform). Addition of 5
mM EGTA to the reaction abolished the binding of
EMR2(12345)-beads to cells (dash line), indicating that the
binding is Ca**-dependent.

[0044] Addition of mAbs specific to the 4™ EGF-like
domain of EMR2 completely abolished the EMR2-EMR2
ligand interaction indicating that the EGF-like domain 4 is
either an essential part of the ligand-binding domain or is the
ligand-binding domain. The putative EMR2-ligand is found
to be expressed on human monocyte-derived M¢ as well as
human embryonic kidney fibroblast (HEK-293T), HeLa and
hepatoma Hep3B, but not on other primary blood cells
(erythrocytes, resting and activated T and B cells and
granulocytes) and haematopoietic cell lines (HL60, THP-1,
etc). In addition to the human cells, some rodent fibroblast
cell lines (NIH3T3, CHO-K1) also show strong EMR2-
ligand expression, suggesting that the EMR2-EMR?2 ligand
interaction may have physiological functions of evolution-
ary significance (Table 1).
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TABLE 1

EMR2-Ligand Expression Analysed by
Biotinylated EMR2-Fluoresceut Bead Complex

(EMR2-Ligand)
Binding Affinity

Primary Cells

PBLymphocytes (B + T)* -
Monocytes +/-
Monocyte-derived Més (Day ++
1-5)

Neutrophils -
Erythtocytes -
Cell Lines

HL-60°
THP-1°
MonoMac6®
U937°
K562°
HELP

Daudi

HY -
Jurkat -
A20 -
HEK293T ++++
Hep3B +
HepG2 +-
Hela +++
NIH3T3 ++++
RAW +
COS-7 ++++
CHO-K1 ++++
SVAREC ++++

Cells were treated with or without PHA-L (2 ug/ml for 2, 6 and 24 hrs)
Cells were treated with or without PMA (10 ng/ml for 2 days)

[0045] To gain more information on the in situ tissue
distribution of the putative EMR2 ligand, frozen mouse
tissue sections were overlaid with the fluorescent multiva-
lent probes, washed and fixed for examination. The binding
pattern revealed a “connective tissue”-type appearance,
including vascular structures in most tissues such as heart,
liver and spleen, lamina propria and submucosa area of
small gut and stomach, interstitial connective tissue sur-

rounding the seminiferous tubules of the testis, etc. (FIGS.
13, 14 and Table 2).

[0046] FIG. 13 shows tissue staining by the EMR2 pro-
tein-fluorescent bead complex. Only EMR2(12345)-fluores-
cent beads (B, D) but not EMR2(125)-fluorescent beads (A,
C) or fluorescent beads alone (not shown) bind to mouse ear
skin (A, B) and oesophagus (C, D) sections. The images in
A and C were over-exposed to show the outline of the
tissues. No binding of beads was found.

[0047] FIG. 14 shows tissue staining patterns of the
EMR2-ligand. Frozen mouse tissue sections of small intes-
tine (A), oesophagus (B), testis (C) and ovary (D) were
stained with EMR2(12345)-fluorescent beads, washed and
photographed to show the distribution pattern of the EMR2-
ligand in these tissues. Lamina propria and submucosa of
small intestine (A), lamina propria and adventitia of
oesophagus (B), interstitial connective tissues immediately
surrounding the seminiferous tubules (C) and cortex stroma
and medulla of ovary (D) show the strongest binding.
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TABLE 2

Tissue Distribution of the EMR2-ligand Detected by
the Biotinylated EMR2-Fluorescent Bead Binding Assay

Tissues Reactivity
Brain -
Heart +
Kidney +
Skin ++
Liver +/-
Spleen +
Thymus +-
Lymph node -
Lung -
Small Intestine ++
Smooth muscle +++
Tendon +++
Uterus +++
Ovary +++
Testis +++
Pancreas ++
Oesophagus +H++

[0048] As EMR?2 is predominantly expressed in profes-
sional phagocytes (monocytes/macrophages and neutro-
phils), the interaction between EMR2 and EMR2-ligand
thus may dictate how neutrophils and monocytes/M¢s
migrate through tissues and modulate immune and inflam-
matory responses by activating or deactivating the cells.

[0049] 1In particular, neutrophils are implicated in acute
inflammation such as might occur with an injury or with an
infection such as meningitis and pneumonia; chronic inflam-
mation such as rheumatoid arthritis, chronic tissue damages;
septic shock; repair and auto-immune disease processes;
atherosclerosis; diabetes; Alzheimer’s disease; as well as in
more general processes such as killing of targets by degranu-
lation; chemotaxis and leukocyte recruitment; induction and
effector mechanism of innate and acquired immunity. Mac-
rophages are also implicated in clotting; fibrinolysis; intra-
vascular coagulation; thrombosis and embolism; wound
repair and angiogenesis. Macrophage-neutrophil interac-
tions may also be involved in the development of granulo-
cytes, thus a possible role in haematopoiesis and blood
disorders such as aneutropenia and agranulocytosis as well
as myeloid leukaemia. Interaction between mature macroph-
ages and haematopoietic precursors may be important in
anaemia.

[0050] Specific areas of potential implications include the
migration, retention and activation/de-activation of phago-
cytes, which may lead to acute or chronic inflammation,
tissue damage and auto-immune diseases.

[0051] The interaction between EMR2 on phagocytes and
the EMR2 ligand on connective tissues may be involved in
general disorders of connective tissue such as wound heal-
ing, vascular malfunction or congenital diseases such as
hereditary hemorrhagic telangiectasia (HHT) and Marfan
syndrome. Tumour formation, metastis, surveillance and
control may also be influenced by the EMR2-EMR?2 ligand
interaction. Further, since both EMR2 and EMR?2 ligand are
expressed in M¢, the formation of M¢ giant cells in bacte-
rially-induced granuloma could potentially also result from
the interaction between EMR2 and EMR2 ligand.

[0052] Tt is, therefore, envisioned that possible therapeutic
intervention for such types of pathological disorders could
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be achieved by modulating EMR2-EMR2 ligand interaction.
Examples of specific targets include stimulation of wound
healing and post-infections tissue repair, inhibition of excess
tissue repair, such as fibrosis in lung and liver, inhibition of
tissue injury such as arthritis in joints. The possible thera-
peutic agents include soluble EMR2, soluble EMR?2 ligand
or small peptides that affect the EMR2-EMR?2 ligand inter-
action.

[0053] There is the probability that the intracellular cyto-
plasmic tail subregion of EMR2 has a signalling function,
and this knowledge may form the basis of further treatments
in accordance with this invention.

[0054] Unexpectedly, a splice variant resulting from the
bypass of exon 12 has been identified and predicted to
encode a soluble EMR2 molecule due to a frameshift, which
introduces a stop codon immediately before the first TM
domain (FIG. 5C). Such a soluble molecule is a preferred
feature of the present invention. It will be appreciated that it
is convenient to use the naturally occurring variant, but other
soluble forms of EMR2 will also be readily apparent to those
skilled in the art, and can be prepared as desired.

[0055] Soluble EMR2 and its encoding nucleotide
sequence may, for example, be a mutant, variant, allele or
isoform of any form of EMR?2 lacking the TM regions, and
may comprise less than 5 EGF regions, for example,
although it is preferred that at least EGF4 is present. In
addition, it is generally preferred that the majority of the
linker be present.

[0056] Soluble EMR?2 is useful as a blocker for naturally
occurring EMR2, and can be used to control fibrosis, for
example. In addition, soluble EMR2 may be used in obtain-
ing antibodies, preferably in non-human animals, or may be
used as a passive or active mammalian vaccine, especially in
humans.

[0057] In addition, a further splicing event resulting from
the utilization of different splicing acceptor sites in exon 12
has also been 1dentified. As a result, an EMR2 transmem-
brane molecule with an 11 amino acid deletion in the spacer
domain is predicted (data not shown). Such a deletion
mutant is another preferred feature of the invention. Similar
alternative splicing of exons encoding the spacer and trans-
membrane regions of CD97 has also been observed. To date
we have identified at least 7 alternative EMR2 transcripts by
RT-PCR in peripheral blood leukocytes (FIG. 5B).

[0058] The invention extends to any peptide or polypep-
tide, which terms are used interchangeably herein, except
where otherwise required, which has substantial identity
with precursor or mature EMR2 or a fragment thereof.
Polypeptides with substantial identity include variants, such
as allelic variants.

[0059] A “variant” as the term is used herein may refer to
a polynucleotide or polypeptide that differs from a reference
polynucleotide or polypeptide respectively, but retains
essential properties. A typical variant of a polynucleotide
differs in nucleotide sequence from another, reference poly-
nucleotide. Changes in the nucleotide sequence of the vari-
ant may or may not alter the amino acid sequence of a
polypeptide encoded by the reference polynucleotide.
Nucleotide changes may result in amino acid substitutions,
additions, deletions, fusions and truncations in the polypep-
tide encoded by the reference sequence, as discussed below.
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A typical variant of a polypeptide differs in amino acid
sequence from another, reference polypeptide. Generally,
differences are limited so that the sequences of the reference
polypeptide and the variant are closely similar overall and,
in many regions, identical. A variant and reference polypep-
tide may differ in amino acid sequence by one or more
substitutions, additions, deletions in any combination. A
substituted or inserted amino acid residue may or may not be
one encoded by the genetic code. A variant of a polynucle-
otide or polypeptide may be a naturally occurring such as an
allelic variant, or it may be a variant that is not known to
occur naturally. Non-naturally occurring variants of poly-
nucleotides and polypeptides may be made by mutagenesis
techniques or by direct synthesis.

[0060] Within the variants we include altered polypeptides
and polynucleotides. “Altered” nucleic acid sequences
encoding EMR?2 include those sequences with deletions,
insertions, or substitutions of different nucleotides, resulting
in a polynucleotide the same as EMR2 or a polypeptide with
at least one fractional characteristic of EMR2. Included with
this definition are polymorphisms which may or may not be
readily detectable using a particular oligonucleotide probe of
EMR?2, and improper or unexpected hybridisation to allelic
variants, with a locus other than the normal chromosomal
locus for the polynucleotide sequence encoding EMR2. The
encoded protein may also be “altered,” and may contain
deletions, insertions, or substitutions of amino acid residues
which produce a silent change and result in a fractionally
equivalent EMR?2. Deliberate amino acid substitutions may
be made on the basis of similarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity, and/or the amphi-
pathic nature of the residues, as long as the biological or
immunological activity of EMR2 is retained. For example,
negatively charged ammo acids may include aspartic acid
and glutamic acid, positively charged amino acids may
include lysine and arginine, and amino acids with uncharged
polar head groups having similar hydrophilicity values may
include leucine, isoleucine, and valine; glycine and alanine;
asparagine and glutamine; serine and threonine; and pheny-
lalanine and tyrosine.

[0061] Fragments of EMR2 may take various forms, and
are also included in the invention. A fragment is a polypep-
tide having an amino acid sequence that entirely is the same
as part, but not all, of the amino acid sequence of EMR2, or
a variant thereof. Fragments maybe “free-standing”, or
comprised within a larger polypeptide of which they form a
part or region, most preferably as a single continuous region.
Representative examples of polypeptide fragments of the
invention include, for example, fragments from about amino
acid number 1-20, 21-40, 41-60, 61-80, 81-100, and 101 to
the end of EMR2 polypeptide. In this context “about”
includes the particularly recited ranges larger or smaller by
several, 5, 4,3, 2 or 1 amino acid at either extreme or at both
¢xtremes.

[0062] Preferred fragments include, for example, trunca-
tion polypeptides having the amino acid sequence of the
EMR2 polypeptide, except for deletion of a continuous
series of residues that includes the amino terminus, or a
continuous series of residues that includes the carboxyl
terminus or deletion of two continuous series of residues,
one including the amino terminus and one including the
carboxyl terminus. Also preferred are fragments character-
ised by structural or functional attributes such as fragments
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that comprise alpha-helix and alpha-helix forming regions,
beta-sheet and beta-sheet-forming regions, turn and turn-
forming regions, coil and coil-forming regions, hydrophilic
regions, hydrophobic regions, alpha amphipathic regions,
beta amphipathic regions, flexible regions, surface-forming
regions, substrate binding regions, and high antigenic index
regions. Other preferred fragments are biologically active
fragments. Biologically active fragments are those that
mediate receptor activity, including those with a similar
activity or an improved activity, or with a decreased unde-
sirable activity. Also included are those that are antigenic or
immunogenic in an animal, especially in a human if it is
desired to block EMR2 binding, for example.

[0063] Preferably, all of these polypeptide fragments
retain the biological activity of the receptor, including
antigenic activity. Among the most preferred fragments are
those containing EGF4. Variants of the defined sequence and
fragments also form part of the present invention. Preferred
variants are those that vary from the referents by conserva-
tive amino acid substitutions—i.c., those that substitute a
residue with another of like characteristics. Typical such
substitutions are among Ala, Vat, Leu and Ile; among Ser
and Thr; among the acidic residues Asp and Glu; among Asn
and Gln; and among the basic residues Lys and Arg; or
aromatic residues Phe and Tyr. Particularly preferred are
variants in which several, 5-10, 1-5, or 1-2 amino acids are
substituted, deleted, or added in any combination.

[0064] Substantially identical polypeptides form a pre-
ferred embodiment of the present invention, and include
those with variation in at least one part of the molecule, with
the option of retaining unchanged another part of the mol-
ecule. Thus, there can be differences in one or more of the
EGF subregions, in the spacer subregion, in the transmem-
brane subregion, or in the cytoplasmic tail. The degree of
identity may vary depending on the function which the
polypeptide is intended to mimic. Thus, for example, if the
substantially identical polypeptide is to mimic the cell-cell
binding capability of EMR2, then it may be preferable to
retain unchanged the EGF subregions, while adopting
changes in one or more of the other subregions, if desired.
The changes may include deletion of such subregions,
thereby giving active fragments of this invention.

[0065] The polypeptides with substantial identity prefer-
ably have at least 80% identity with a corresponding
polypeptide which is precursor or mature EMR2 or a frag-
ment thereof. More preferably there is at least 90% identity,
such as at least 95% or at least 98% identity. Sequence
identity is suitably determined by a computer programme,
though other methods are available. We prefer that identity
is assessed using the Gap program from Genetic Computer
Group (1994), (see Program Manual for the Wisconsin
Package, Version 8, Madison Wis., USA).

[0066] “Identity” is a measure of the identity of nucleotide
sequences or amino acid sequences. In general the sequences
are aligned so that the highest order match is obtained.
“Identity” per se has an art-recognised meaning and can be
calculated using published techniques. See: e.g.: (COMPU-
TATIONAL MOLECULAR BIOLOGY, Lesk, A. M., ed.,
Oxford University Press, New York, 1988, BIOCOMPUT-
ING: INFORMATICS AND GENOME PROJECTS, Smith,
D. W, ed.: Academic Press, Now York, 1993; COMPUTER
ANALYSIS OF SEQUENCE DATA, PART 1, Griffin, A.
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M., and Griffin, H. G., eds., Humana Press, New Jersey,
1994; SEQUENCE ANALYSIS IN MOLECULAR BIOL-
OGY, von Heinje, G., Academic Press, 1987; and
SEQUENCE ANALYSIS PRIMER, Gribskov, M. and
Devereux, J., eds., M Stockton Press, New York, 1991).

[0067] While there exist a number of methods to measure
identity between two polynucleotide or polypeptide
sequences, the term “identity” is well known to skilled
artisans (Carillo, H., and Lipton, D., SIAM J Applied Math
(1988) 48:1073). Methods commonly employed to deter-
mine identity or similarity between two sequences include,
but are not limited to, those disclosed in Guide to Huge
Computers, Marlin J. Bishop, ed., Academic Press, San
Diego, 1994, and Carillo, H., and Lipton, D., SIAM J
Applied Math (1988) 48:1073. Methods to determine iden-
tity and similarity are codified in computer programs. Pre-
ferred computer program methods to determine identity and
similarity between two sequences include, but are not lim-
ited to, GCS program package (Devereux, J., et al., Nucleic
Acids Research (1984) 12(1):387); BLASTP, BLASTN,
FASTA (Atschul, S. F. et al., J Mol. Biol. (1990) 215:403).

[0068] As an illustration, by a polynucleotide having a
nucleotide sequence having at least, for example, 95%
“identity” to a reference nucleotide sequence of SEQ ID
NO: 1 is intended that the nucleotide sequence of the
polynucleotide is identical to the reference sequence except
that the polynucleotide sequence may include up to five
point mutations per each 100 nucleotides of the reference
nucleotide sequence of SEQ ID NO: 1. In other words, to
obtain a polynucleotide having a nucleotide sequence at
least 95% identical to a reference nucleotide sequence, up to
5% of the nucleotides in the reference sequence maybe
deleted or substituted with another nucleotide, or a number
of nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference
sequence. These mutations of the reference sequence may
occur at the 5 or 3 terminal positions of the reference
nucleotide sequence or anywhere between those terminal
positions, interspersed either individually among nucle-
otides in the reference sequence or in one or more contigu-
ous groups within the reference sequence.

[0069] Similarly, by a polypeptide having an amino acid
sequence having at least, for example, 95% “identity” to a
reference amino acid sequence of SEQ ID NO: 2 is intended
that the amino acid sequence of the polypeptide is identical
to the reference sequence except that the polypeptide
sequence may include up to five amino acid alterations per
each 100 amino acids of the reference amino acid of SEQ ID
NO: 2. In other words, to obtain a polypeptide having an
amino acid sequence at least 95% identical to a reference
amino acid sequence, up to 5% of the amino acid residues
in the reference sequence may be deleted or substituted with
another amino acid, or a number of amino acids up to 5% of
the total amino acid residues in the reference sequence may
be inserted into the reference sequence. These alterations of
the reference sequence may occur at the amino or carboxy
terminal positions of the reference amino acid sequence or
anywhere between those terminal positions, interspersed
either individually among residues in the reference sequence
or in one or more contiguous groups within the reference
sequence.

[0070] The polypeptides of this invention may be embed-
ded within a longer sequence, in the form of a fusion protein,
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for example. Thus, the polypeptides may be in the form of
the “mature” protein, or may be part of a larger protein, such
as a fusion protein. It is often advantageous to include an
additional amino acid sequence which contains secretory or
leader sequences, pro-sequences, sequences which aid in
purification, such as multiple histidine residues, or an addi-
tional sequence for stability during recombinant production.

[0071] The polypeptides of this invention which are frag-
ments preferably retain the cell binding, signalling or other
desired function of EMR2. Typical fragments of this inven-
tion include isoforms with fewer than five of the extracel-
lular EGF domains; soluble molecules comprising part or all
of the membrane-proximal spacer, and one or more of the
extracellular EGF domains; and an EMR2 molecule with an
amino acid deletion in the spacer subregion, with or without
deletions in the TM or EGF regions. Specific examples of
such fragments are mentioned later in the text. The frag-
ments suitably comprise at least 10 amino acids, more
preferably at least 20 amino acids, and typically at least 40
amino acids.

[0072] In one important aspect for investigating EMR2
activity, the present invention provides beads or other forms
of substrate carrying a fragment of this invention, suitably
comprising one or more functional sequences, preferably
with a linker sequence between the bead and the functional
sequence. The linker sequence may comprise all or a part of
the spacer subregion of a polypeptide of this invention. The
fragment can be linked to the substrate using conventional
procedures for so securing an amino acid sequence, includ-
ing biotin-avidin coupling. In one variation, the substrate
carries a naturally occurring sequence, for example an EGF
sequence, such as the EGF sequences which occur in the
different isoforms of EMR2. In an alternative variation,
multiple polypeptide sequences are secured to the substrate
as an array.

[0073] The polypeptides of this invention may be fully or
partially glycosylated, or may be unglycosylated.

[0074] The polypeptides are preferably in purified form. In
one aspect, they have a naturally occurring, sequence and
are isolated polypeptides.

[0075] The invention further involves the following
aspects, including a polynucleotide, RNA or DNA, encoding
a polypeptide of this invention, including fragments;

[0076] a polynucleotide which hybridises to such a
polynucleotide or is complementary to such a poly-
nucleotide;

[0077] a polynucleotide comprising at least a frag-
ment of the nucleic acid sequence of FIG. 1 (SEQ ID
NO. 1 and SEQ ID NO. 19),

[0078] wvariants of these polynucleotides including
polynucleotides with substantial identity and includ-
ing altered polynucleotides;

[0079] a cell which is EMR2" or which carries
another transmembrane polypeptide of this inven-
tion;

[0080] an expression vector including a polynucle-
otide of this invention and which permits expression
of a polypeptide of this invention;

[0081] a host cell containing such a vector;
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[0082] a process for preparing a polypeptide of this
invention, which comprises culturing the host cell
and recovering the protein or polypeptide fragment;

[0083] an antibody or antibody fragment which binds
to a polypeptide of this invention,

[0084] an agonist or an antagonist of a polypeptide of
this invention;

[0085] a pharmaceutical composition comprising a
polypeptide, a polynucleotide, an antibody, an ago-
nist or an antagonist of this invention, together with
a pharmaceutically acceptable carrier or diluent;

[0086] a diagnostic method involving assessing
expression of EMR2 protein or involving identifica-
tion of a mutation in DNA encoding such protein;

[0087] a diagnostic method involving use of a poly-
nucleotide of this invention as a probe for cells or
other samples which might express EMR2 protein,

[0088] a method of treatment involving administer-
ing as appropriate a polypeptide, a polynucleotide,
an antibody, an agonist or an antagonist of this
invention; and

[0089] the use of a polypeptide, a polynucleotide, an
antibody, an agonist or an antagonist of this inven-
tion in the preparation of a medicament for use in a
method of therapy.

[0090] The polynucleotides may encode for the polypep-
tide of this invention, and in particular the invention pro-
vides a polynucleotide comprising at least a fragment of the
nucleic acid sequence of FIG. 1 (SEQ ID NO: 1). The
polynucleotides of this invention can be provided without
additional sequences, or may further include other
sequences in reading frame alignment, such as one or more
of a leader, secretory, marker or other sequence. Untrans-
lated regions are present in the DNA sequence of FIG. 1
(SEQ ID NO: 1), and these or other untranslated regions,
which may be selected for other functions, may be included
or omitted from a polynucleotide of this invention. The
polynucleotides are preferably in purified form. In one
aspect, they have a naturally occurring sequence and are
isolated polynucleotides.

[0091] Variant polynucleotides include those arising from
degeneracy in the genetic code.

[0092] Recombinant polypeptides produced from engi-
neered polynucleotides are also part of this invention.

[0093] As with the polypeptides of this invention, the
polynucleotides of this invention can also be used to inves-
tigate the role of EMR2.

[0094] A hybridising polynucleotide preferably hybridises
under stringent conditions to such a polynucleotide, the
stringent conditions being selected to reflect a degree of
substantial identity as discussed in preceding paragraphs.
For example, the conditions preferably give hybridisation
when there is about 80% identity.

[0095] More specifically, stringency, as it is commonly
used in the art, is defined in Wahl, G. M. and S. L. Berger
(1987; Methods Enzymol. 152:399-407) and Kimmel, A. R.
(1987, Methods Enzymol. 152:507-511). For example, strin-
gent salt concentration will ordinarily be less than about 750
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mM NaCl and 75 mM trisodium citrate, preferably less an
about 500 mM NaCl and 50 mM trisodium citrate, and most
preferably less than about 250 mM NaCl and 25 mM
trisodium citrate. Low stringency hybridisation can be
obtained in the absence of organic solvent, ¢.g., formamide,
while high stringency hybridisation can be obtained in the
presence of at least about 35% formamide, and most pref-
erably at least about 50% formamide. Stringent temperature
conditions will ordinarily include temperatures of at least
about 30° C., more preferably of at least about 37° C., and
most preferably of at least about 42° C. Varying additional
parameters, such as hybridisation time, the concentration of
detergent, e.g., sodium dodecyl sulphate (SDS), and the
inclusion or exclusion of carrier DNA, are well known to
those skilled in the art. Various levels of stringency are
accomplished by combining these various conditions as
needed. In a preferred embodiment, hybridisation will occur
at 30° C. in 750 mM NaCl, 75 mM trisodium citrate, and 1%
SDS. In a more preferred embodiment, hybridisation will
occur at 37° C. in 500 mM NaCl, 50 mM trisodium citrate,
1% SDS, 35% formamide, and 100 ug/ml denatured salmon
sperm DNA (ssDNA). In a most preferred embodiment,
hybridisation will occur at 42° C. in 250 mM NaCl, 25 mM
trisodium citrate, 1% SDS, 50% formamide, and 200 g/ml
ssDNA. Useful variations on these conditions will be readily
apparent to those skilled in the art.

[0096] The washing steps which follow hybridisation can
also vary in stringency. Wash stringency conditions can be
defined by salt concentration and by temperature. As above,
wash stringency can be increased by decreasing salt con-
centration or by increasing temperature. For example, strin-
gent salt concentration for the wash steps will preferably be
less than about 30 mM NaCl and 3 mM trisodium citrate,
and most preferably less than about 15 mM NaCl and 1.5
mM trisodium citrate. Stringent temperature conditions for
the wash steps will ordinarily include temperature of at least
about 25° C., more preferably of at least about 42° C., and
most preferably of at least about 68° C. In a preferred
embodiment, wash steps will occur at 25° C. in 30 mM
NaCl, 3 mM trisodium citrate, and 0.1% SDS. In a more
preferred embodiment, wash steps will occur at 42° C. in 15
mM NaCl 15 mM trisodium citrate, and 0.1% SDS. In a
most preferred embodiment wash steps will occur at 68° C.
in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS.
Additional variations on these conditions will be readily
apparent to those skilled in the art.

[0097] The expression vectors of this invention include a
polynucleotide of this invention and/or encode for a
polypeptide of this invention, and permit expression of a
polypeptide of this invention. The construction of such
vectors is well documented 1n the literature.

[0098] Thus, the present invention also relates to vectors
which comprise a polynucleotide or polynucleotides of the
present invention, and host cells which are genetically
engineered with vectors of the invention and to the produc-
tion of polypeptides of the invention by recombinant tech-
niques. Cell-free translation systems can also be employed
to produce such proteins using RNA’s derived from the
DNA constructs of the present invention.

[0099] For recombinant production, host cells can be
genetically engineered to incorporate expression systems or
portions thereof for polynucleotides of the present invention.
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Introduction of polynucleotides into host cells can be elected
by methods described in many standard laboratory manuals,
such as Davis et al., BASIC METHODS IN MOLECULAR
BIOLOGY (1966) and Sambrook et al, MOLECULAR
CLONING: A LABORATORY MANUAL, 2nd Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(1989), such as calcium phosphate transfection, DEAE-
dextran mediated transfection, transfection, microinjection,
cationic lipid-mediated transfection, electroporation, trans-
duction, scrape loading, ballistic introduction or infection.

[0100] Representative examples of appropriate hosts
include bacterial cells, such as streptococci, staphylococei,
E. coli, Streptomyces and Bacillus subtilis cells; fungal
cells, such as yeast cells and Aspergillus cells; insect cells
such as Drosophila S2 and Spodoptera S19 cells; animal
cells such as CHO, COS, HeLLa, C127, 3T3, BHK, HEK 293
and Bowes melanoma cells; and plant cells.

[0101] A great variety of expression systems can be used.
Such systems include, among others, chromosomal, episo-
mal and virus-derived systems, e.g., vectors derived from
bacterial plasmids, from bacteriophage: from transposons,
from yeast episomes, from insetion elements, from yeast
chromosomal elements, from viruses such as baculoviruses,
papova viruses, such as SV40, vaccinia viruses, adenovi-
ruses, fowl pox viruses, pseudorabies viruses and retrovi-
ruses, and vectors derived from combinations thereof, such
as those derived from plasmid and bacteriophage geetic
elements, such as cosmids and phagemids. The expression
systems may contain control regions that regulate as well as
engender expression. Generally any system or vector suit-
able to maintain, propagate or express polynucleotides to
produce a polypeptide in a host maybe used. The appropriate
nucleotide sequence may be inserted into an expression
system by any of a variety of well-known and routine
techniques, such as, for example, those set forth in Sam-
brook et al., MOLECULAR CLONING, A LABORATORY
MANUAL (supra).

[0102] For secretion of the translated protein into the
lumen of the endoplasmic reticulum, into the periplasmic
space or into the extracellular environment appropriate
secretion signals may be incorporated into the desired
polypeptide. These signals may be endogenous to the
polypeptide or they may be heterologous signals.

[0103] If the polypeptide is to be expressed for use in
screening assays, generally, it is preferred that the polypep-
tide be produced at the surface of the cell. In this event, the
cells may be harvested prior to use in the screening assay. If
the polypeptide is secreted into the medium, the medium can
be recovered in order 1o recover and purify the polypeptide;
if produced intracellularly, the cells must first be lysed
before the polypeptide is recovered.

[0104] Polypeptides can be recovered and purified from
recombinant cell cultures by well-known methods including
ammonium sulphate or ethanol precipitation, acid extrac-
tion, anion or cation exchange chromatography, phospho-
cellulose chromatography, hydrophobic interaction chroma-
tography,  affinity  chromatography,  hydroxyapatite
chromatography and lectin chromatography. Most prefer-
ably, high performance liquid chromatography is employed
for purification. Well known techniques for refolding protein
may be employed to regenerate active conformation when
the polypeptide is denatured during isolation and or purifi-
cation.
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[0105] The antibodies of this invention bind to a polypep-
tide of this invention, and can be made by available tech-
niques. The antibodies can be chimeric or humanised, and
may take the form of a fragment, notably a binding domain
of the antibody. They may have antagonistic activity, or bind
in a manner which does not antagonise the functional
activity of the polypeptide.

[0106] An antagonist of the EMR2 polypeptide may be
produced using methods which are generally known in the
art. In particular, purified EMR2 polypeptide (also simply
referred to as EMR2 herein) may be used to produce
antibodies or to screen libraries of pharmaceutical agents to
identify those which specifically bind EMR2. Antibodies to
EMR2 may also be generated using methods that are well
known in the art. Such antibodies may include, but are not
limited to, polyclonal, monoclonal, chimeric, and single
chain antibodies, Fab fragments, and fragments produced by
a Fab expression library. Neutralising antibodies (i.e., those
which inhibit dimer formation) are especially preferred for
therapeutic use.

[0107] For the production of polyclonal antibodies, vari-
ous hosts including goats, rabbits, rats, mice, humans, and
others may be immunised by injection with EMR2 or with
any fragment or oligopeptide thereof which has immuno-
genic properties. Rats and mice are preferred hosts for
downstream applications involving monoclonal antibody
production. Depending on the host species, various adju-
vants may be used to increase immunological response.
Such adjuvants include, but are not limited to, Freund’s,
mineral gels, such as aluminium hydroxide, and surface
active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, KLLH, and dinitrophe-
nol. Among adjuvants used in humans, BCG (bacilli Cal-
mette-Guerin) and Corynebacterium parvum are especially
preferable. The methods for antibody production and analy-
sis are described in Harlow, E. and Lane, D. (1988; Anti-
bodies: A Laboratory Manual, Cold Spring Harbor Labora-
tory, Cold Spring Harbor N.Y.).

[0108] Tt is preferred that the oligopeptides, peptides, or
fragments used to induce antibodies to EMR2 have an amino
acid sequence consisting of at least about 5 amino acids, and,
more preferably, of at least about 14 ammo acids. It is also
preferable that these oligopeptides, peptides, or fragments
are identical to a portion of the amino acid sequence of the
natural protein and contain the entire amino acid sequence of
a small, naturally occurring molecule. Short stretches of
EMR2 amino acids may be fused with those of another
protein, such as KLH, and antibodies to the chimeric mol-
ecule may be produced.

[0109] Monoclonal antibodies to EMR2 may be prepared
using any technique which provides for the production of
antibody molecules by continuous cell lines in culture.
These include, but are not limited to, the hybridoma tech-
nique, the human B-cell hybridoma technique, and the
EBV-hybridoma technique (Kohler, G. et al. (1975) Nature
256:495-497; Kozbor, D. et al. (1985) J. Immunol. Methods
81:31-42; Cote, R. I. et al. (1983) Proc. Natl. Acad. Sci.
80:2026-2030; and Cole, S. P. et al. (1984) Mol. Cell Biol.
62:109-120, respectively).

[0110] In addition, techniques developed for the produc-
tion of “chimeric antibodies,” such as the splicing of mouse
antibody genes to human antibody genes to obtain a mol-
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ecule with appropriate antigen specificity and biological
activity, can be used (Morrison, S. L. et al. (1984) Proc. Natl.
Acad. Sci. 81:6851-6855-Neuberger, M. S. et al. (1984)
Nature 312:604-608; and Takeda, S. et al. (1985) Nature
314:452-454). Alternatively, techniques described for the
production of single chain antibodies may be adapted, using
methods known in the art, to produce EMR2-specific single
chain antibodies. Antibodies with related specificity, but of
distinct idiotypic composition, may be generated by chain
shuffling from random combinatorial immunoglobulin
libraries (Burton D. R. (1991) Proc. Nat. Acad. Sci.
88:10134-10137).

[0111] Antibodies may also be produced by inducing in
vivo production in the lymphocyte population or by screen-
ing immunoglobulin libraries or panels of highly specific
binding reagents as disclosed in the literature (Orlandi, R. et
al. (1989) Proc. Natl. Acad. Sci. 86: 3833-3837; Wiater, G.
et al. (1991) Nature 349:293-299).

[0112] Antibody fragments which contain specific binding
sites for EMR2 may also be generated. For example, such
fragments include, but are not limited to, F(ab")2 fragments
produced by pepsin digestion of the antibody molecule and
Fab fragments generated by reducing the disulfide bridges of
the F(ab")2 fragments. Alternatively, Fab expression libraries
may be constructed to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity
(Huse, W. D. et al. (1989) Science 246:1275-1281).

[0113] Various immunoassays may be used for screening
to identify antibodies having the desired specificity and
minimal cross-reactivity. Numerous protocols for competi-
tive binding or immunoradiometric assays using either poly-
clonal or monoclonal antibodies with established specifici-
ties are well known in the art. Such immunoassays typically
involve the measurement of complex formation between
EMR?2 and its specific antibody. A two-site, monoclonal-
based immunoassay utilising monoclonal antibodies reac-
tive to two non-interfering EMR2 epitopes is preferred, but
a competitive binding assay may also be employed (Mad-
dox, supra).

[0114] Various methods such as Scatchard analysis in
conjunction with radioimmunoassay techniques may be
used to assess the affinity of antibodies for EMR2. Affinity
is expressed as an association constant, K_, which is defined
as the molar concentration of EMR2-antibody complex
divided by the molar concentrations of free antigen and free
antibody under equilibrium conditions. The K, determined
for a preparation of polyclonal antibodies, which are het-
erogeneous in their affinities for multiple EMR2 epitopes,
represents the average affinity, or avidity, of the antibodies
for EMR2. The K, determined for a preparation of mono-
clonal antibodies, which are monospecific for a particular
EMR?2 epitope, represents a true measure of affinity.

[0115] High-affinity antibody preparations with K, rang-
ing from about 10° to 10'* I/mole are preferred for use in
imnmunoassays in which the EMR2-antibody complex must
withstand rigorous manipulations. Low-affinity antibody
preparations with K, ranging from about 10° to 107 L/mole
are preferred for use in immunopurification and similar
procedures which ultimately require dissociation of EMR2,
preferably in active form, from the antibody (Catty, D.
(1988) Antibodies, Volume 1: A Practical Approach, IRL
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Press, Washington D.C.; Liddell,. J. E. and Cryer, A. (1991)
A Practical Guide to Monoclonal Antibodies, John Wiley &
Sons, New York N.Y.).

[0116] The titre and avidity of polyclonal antibody prepa-
rations may be further evaluated to determine the quality and
suitability of such preparations for certain downstream
applications. For example, a polyclonal antibody prepara-
tion containing at least 1-2 mg specific antibody/ml, pref-
erably 5-10 mg specific antibody/ml, is preferred for use in
procedures requiring precipitation of EMR2-antibody com-
plexes. Procedures for evaluating antibody specificity, titre,
and avidity, and guidelines for antibody quality and usage in
various applications, are generally available (Catty, supra,
Coligan, supra).

[0117] The polypeptides of the invention or their frag-
ments or analogues thereof, or cells expressing them, can
also be used as immunogens to produce antibodies immu-
nospecific for the EMR2 polypeptide polypeptides. The term
“immunospecific” means that the antibodies have substan-
tially greater affinity for the polypeptides of the invention
than their affinity for other related polypeptides in the prior
art.

[0118] Antibodies generated against the EMR2 polypep-
tide polypeptides can be obtained by administering the
polypeptides or epitope-bearing fragments, analogues or
cells to an animal preferably a non-human, using routine
protocols. For preparation of monoclonal antibodies, any
technique which provides antibodies produced by continu-
ous cell line cultures can be used. Examples include the
hybridoma technique (Kohler, G. and Milstein, C., Nature
(1975) 256:495-497), the trioma technique, the human
B-cell hybridoma technique (Kozbor et al, Immunology
Today (1983) 4:72) and the EBV-hybridoma technique
(Cole et al, MONOCLONAL ANTIBODIES AND CAN-
CER THERAPY pp. 77-96. Alan R. Liss, Inc., 1985).

[0119] Techniques for the production of single chain anti-
bodies (U.S. Pat. No. 4,946,778) can also be adapted to
produce single chain antibodies to polypeptides of this
invention. Also, transgenic mice, or other organisms includ-
ing other mammals, may be used to express humanised
antibodies.

[0120] The above-described antibodies may be employed
to isolate or to identify clones expressing the polypeptide or
to purify the polypeptides by affinity chromatography.

[0121] Antibodies against polypeptide polypeptides may
also be employed to treat infections such as bacterial, fungal,
protozoan and viral infections, particularly infections caused
by HIV-1 or HIV-2; pain; cancers; anorexia; bulimia,
asthma; Parkinson’s disease; acute heart failure; hypoten-
sion; hypertension; urinary retention; osteoporosis; angina
pectoris; myocardial infarction; ulcers; asthma; allergies;
benign prostatic hypertrophy; and psychotic and neurologi-
cal disorders, including anxiety, schizophrenia, manic
depression, delirium, dementia, severe mental retardation
and dyskinesias, such as Huntington’s disease or Gilles dela
Tourett’s syndrome, among others.

[0122] The pharmaceutical compositions comprise a
polypeptide, a polynucleotide, an antibody, an agonist or an
antagonist of this invention, together with a pharmaceuti-
cally acceptable carrier or diluent.



US 2003/0148951 Al

[0123] In a further embodiment, a pharmaceutical com-
position comprising a substantially purified EMR2 polypep-
tide in conjunction with a suitable pharmaceutical carrier
may be administered to a subject to treat or prevent a
disorder associated with decreased expression or activity of
EMR2 polypeptide including, but not limited to, those
provided above.

[0124] In still another embodiment, an agonist which
modulates the activity of EMR2 polypeptide maybe admin-
istered to a subject to treat or prevent a disorder associated
with decreased expression or activity of EMR2 polypeptide
including, but not limited to, those listed above.

[0125] 1In a further embodiment, an antagonist of EMR2
polypeptide may be administered to a subject to treat or
prevent a disorder associated with increased expression or
activity of EMR?2 polypeptide. Such a disorder may include,
but is not limited to, those respiratory, inflammatory, and
immunological disorders discussed above. In one aspect an
antibody which specifically binds EMR2 polypeptide may
be used directly as an antagonist or indirectly as a targeting
or delivery mechanism for bringing a pharmaceutical agent
to cells or tissue which express EMR2 polypeptide.

[0126] In an additional embodiment, a vector expressing
the complement of the polynucleotide encoding EMR2
polypeptide may be administered to a subject to treat or
prevent a disorder associated with increased expression or
activity of EMR?2 polypeptide including, but not limited to,
those described above.

[0127] In other embodiments, any of the proteins, antago-
nists, antibodies, agonists, complementary sequences, or
vectors of the invention may be administered in combination
with other appropriate therapeutic agents. Selection of the
appropriate agents for use in combination therapy may be
made by one of ordinary skill in the art, according to
conventional pharmaceutical principles. The combination of
therapeutic agents way act synergistically to effect the
treatment or prevention of the various disorders described
above. Using this approach, one may be able to achieve
therapeutic efficacy with lower dosages of each agent, thus
reducing the potential for adverse side effects.

[0128] 1In another embodiment of the invention the poly-
nucleotides encoding EMR2 polypeptide, or any fragment or
complement thereof, may be used for therapeutic purposes.
In one aspect, the complement of the polynucleotide encod-
ing EMR2 polypeptide may be used in situations in which it
would be desirable to block the transcription of the mRNA.
In particular, cells may be transformed with sequences
complementary to polynucleotides encoding EMR2
polypeptide. Thus, complementary molecules or fragments
may be used to modulate EMR?2 polypeptide activity, or to
achieve regulation of gene function. Such technology is now
well known in the art, and sense or antisense oligonucle-
otides or larger fragments can be designed from various
locations along the coding or control regions of sequences
encoding EMR2 polypeptide.

[0129] Expression vectors derived from retroviruses,
adenoviruses, or herpes or vaccinia viruses, or from various
bacterial plasmids, maybe used for delivery of nucleotide
sequences to the targeted organ, tissue, or cell population.
Methods which are well known to those skilled in the art can
be used to construct vectors to express nucleic acid
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sequences complementary to the polynucleotides encoding
EMR?2 polypeptide (Ausubel, supra).

[0130] Genes encoding EMR2 polypeptide can be turned
off by transforming a cell or tissue with expression vectors
which express high levels of a polynucleotide, or fragment
thereof, encoding EMR2 polypeptide. Such constructs may
be used to introduce untranslatable sense or antisense
sequences into a cell. Even in the absence of integration into
the DNA, such vectors may continue to transcribe RNA
molecules until they are disabled by endogenous nucleases.
Transient expression may last for a month or more with a
non-replicating vector, and may last even longer if appro-
priate replication elements are part of the vector system.

[0131] Modifications of gene expression can be obtained
by designing complementary sequences or antisense mol-
ecules (DNA, RNA, or PNA) to the control, 5', or regulatory
regions of the gene encoding the EMR2 polypeptide. Oli-
gonucleotides derived from the transcription initiation site,
e.g., between about positions -10 and +10 from the start site,
are preferred. Similarly, inhibition can be achieved using
triple helix base-pairing methodology. Triple helix pairing is
useful because it causes inhibition of the ability of the
double helix to open sufficiently for the binding of poly-
merases, transcription factors, or regulatory molecules.
Recent therapeutic advances using triplex DNA have been
described in the literature (Gee, J. E. et al., (1994) in Huber,
B. E. and B. I. Carr, Molecular and Immunologic
Approaches, Futura Publishing Co., Mt. Kisco N.Y., pp.
163-177). A complementary sequence or antisense molecule
may also be designed to block translation of mRNA by
preventing the transcript from binding to ribosomes.

[0132] Ribozymes, enzymatic RNA molecules, may also
be used to catalyst the specific cleavage of RNA. The
mechanism of ribozyme action involves sequence-specific
hybridisation of the ribozyme molecule to complementary
target RNA, followed by endonucleolytic cleavage. For
example, engineered hammerhead motif ribozyme mol-
ecules may specifically and efficiently catalyse endonucle-
olytic cleavage of sequences encoding EMR2 polypeptide.

[0133] Specific ribozyme cleavage sites within any poten-
tial RNA target are initially identified by scanning the target
molecule for ribozyme cleavage sites, including the follow-
ing sequences: GUA, GUU, and GUC. Once identified, short
RNA sequences of between 15 and 20 ribonucleotides,
corresponding to the region of the target gene containing the
cleavage site, may be evaluated for secondary structural
features which may tender the oligonucleotide inoperable.
The suitability of candidate targets may also be evaluated by
testing accessibility to hybridisation with complementary
oligonucleotides using ribonuclease protection assays.

[0134] Complementary ribonucleic acid molecules and
ribozymes of the invention may be prepared by any method
known in the art for the synthesis of nucleic acid molecules.
These include techniques for chemically synthesising oli-
gonucleotides such as solid phase phosphoramidite chemical
synthesis. Alternatively, RNA molecules may be generated
by in vitro and in vivo transcription of DNA sequences
encoding EMR2 polypeptide. Such DNA sequences may be
incorporated into a wide variety of vectors with suitable
RNA polymerase promoters such as T7 or SP6. Alterna-
tively, these CDNA constructs that synthesise complemen-
tary RNA, constitutively or inducibly, can be introduced into
cell lines, cells, or tissues.
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[0135] RNA molecules may be modified to increase inta-
cellular stability and half-life. Possible modifications
include, but are not limited to, the addition of flanking
sequences at the 5' and/or 3' ends of the molecule, or the use
of phosphorothioate or 2'0-methyl rather than phosphodi-
esterase linkages within the backbone of the molecule. This
concept is inherent in the production of PNA’s and can be
extended in all of these molecules by the inclusion of
non-traditional bases such as inosine, queosine, and wybu-
tosine, as well as acetyl-, methyl-, thio-, and similarly
modified forms of adenine, cytidine, guanine, thymine, and
uridine which are not as easily recognised by endogenous
endonucleases.

[0136] Many methods for introducing vectors into cells or
tissues are available and equally suitable for use in vivo, in
vitro, and ex vivo. For ex vivo therapy, vectors may be
introduced into stem cells taken from the patient and
clonally propagated for autologous transplant back into that
same patient. Delivery by transfection, by liposome injec-
tions, or by polycationic amino polymers may be achieved
using methods which are well known in the art (Goldman,
C. K. et al. (1997) Nature Biotechnology 15:462-466).

[0137] Any of the therapeutic methods described above
may be applied to any subject in need of such therapy,
including, for example, mammals such as dogs, cats, cows,
horses, rabbits, monkeys, and most preferably, humans.

[0138] An additional embodiment of the invention relates
to the administration of a pharmaceutical or sterile conm-
position, in conjunction with a pharmaceutically acceptable
carrier for any of the therapeutic effects discussed above.
Such pharmaceutical compositions may consist of EMR2
polypeptide, antibodies to EMR2 polypeptide, and mimet-
ics, agonists, antagonists, or inhibitors of EMR2 polypep-
tide. The compositions may be administered alone or in
combination with at least one other agent, such as a stabi-
lising compound, which may be administered in any sterile,
biocompatible pharmaceutical carrier including, but not
limited to, saline, buffered saline, dextrose, and water. The
compositions may be administer to a patient alone, or in
combination with other agents, drags, or hormones.

[0139] The pharmaceutical compositions utilised in this
invention may be administered by any number of routes
including, but not limited to, oral, intravenous, intramuscu-
lar, intra-arterial, intramedullary, intrathecal, intraventricu-
lar, transdermal, subcutaneous, intraperitoneal, intranasal,
enteral, topical, sublingual, or rectal means.

[0140] In addition to the active ingredients, these pharma-
ceutical compositions may contain suitable pharmaceuti-
cally acceptable carriers comprising excipients and auxilia-
ries which facilitate processing of the active compounds into
preparations which can be used pharmaceutically. Further
details on techniques for formulation and administration
may be found in the latest edition of Remington’s Pharma-
ceutical Sciences (Maack Publishing Co., Easton Pa.).

[0141] Pharmaceutical compositions for oral administra-
tion can be formulated using pharmaceutically acceptable
carriers well known in the art in dosages suitable for oral
administration. Such carriers enable the pharmaceutical
compositions to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for ingestion by the patient.
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[0142] Pharmaceutical preparations for oral use can be
obtained through combining active compounds with solid
excipient and processing the resultant mix of granules
(optionaly, after grinding) to obtain tablets or dragee cores.
Suitable auxiliaries can be added, if desired. Suitable excipi-
ents include carbohydrate or protein fillers, such as sugars,
including lactose, sucrose, mannitol, and sorbitol; starch
from corn, wheat, rice, potato, or other plants; cellulose,
such as methyl cellulose, hydroxypropylmethyl-cellulose, or
sodium carboxymethylcellulose; gums, including arabic and
tragacanth; and proteins, such as gelatin and collagen. If
desired, disintegrating or solubilising agents may be added,
such as the cross-linked polyvinyl pyrrolidone, agar, and
alginic acid or a salt thereof; such as sodium alginate.

[0143] Dragee cores may be used in conjunction with
suitable coatings, such as concentrated sugar solutions,
which may also contain gum arabic, talc, polyvinylpyrroli-
done, carbopol gel, polyethylene glycol, and/or titanium
dioxide, lacquer solutions, and suitable organic solvents or
solvent mixtures. Dyestuffs or pigments may be added to the
tablets or dragee coatings for product identification or to
characterise the quantity of active compound, i.c., dosage.

[0144] Phamaceutical preparations which can be used
orally include push-fit capsules made of gelatin, as well as
soft, scaled capsules made of gelatin and a coating, such as
glycerol or sorbitol. Push-fit capsules can contain active
ingredients mixed with fillers or binders, such as lactose or
starches, lubricants, such as talc or magnesium stearate, and,
optionally, stabilisers. In soft capsules, the active com-
pounds may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid, or liquid polyethylene glycol with
or without stabilisers.

[0145] Pharmaceutical  formulations  suitable  for
parenteral administration may be formulated in aqueous
solutions, preferably in physiologically compatible buffers
such as Hanks’ solution, Ringer’s solution, or physiologi-
cally buffered saline. Aqueous injection suspensions may
contain substances which increase the viscosity of the sus-
pension, such as sodium carboxymethyl cellulose, sorbitol,
or dextran. Additionally, suspensions of the active com-
pounds may be prepared as appropriate oily injection sus-
pensions. Suitable lipophilic solvents or vehicles include
fatty oils, such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate, triglycerides, or liposomes. Non-lipid
polycationic amino polymers may also be used for delivery.
Optionally, the suspension may also contain suitable stabi-
lisers or agents to increase the solubility of the compounds
and allow for the preparation of highly concentrated solu-
tions.

[0146] For topical or nasal administration, penetrants
appropriate to the particlar barrier to be permeated are used
in the formulation. Such penetrants are generally known in
the art.

[0147] The pharmaceutical compositions of the present
invention may be manufactured in a manner that is known
in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encap-
sulating, entrapping, or lyophilising processes.

[0148] The pharmaceutical composition may be provided
as a salt and can be formed with many acids, including but
not limited to, hydrochloric, sulphuric, acetic, lactic, tartaric,
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malic, and succinic acid. Salts tend to be more soluble in
aqueous or other protonic solvents than are the correspond-
ing free base forms. In other cases, the preferred preparation
may be a lyophilised powder which may contain any or all
of the following: 1 mM to 50 mM histidine, 0.1% to 2%
sucrose, and 2% to 7% mannitol, at a pH range of 4.5 t0 5.5,
that is combinaed with buffer prior to use.

[0149] After pharmaceutical compositions have been pre-
pared, they can be placed in an appropriate container and
labelled for treatment of an indicated condition. For admin-
istration of EMR2 polypeptide, such labelling would include
amount, frequency, and method of administration.

[0150] Pharmaceutical compositions suitable for use in the
invention include compositions wherein the active ingredi-
ents are contained in an effective amount to achieve the
intended purpose. The determination of an effective dose is
well within the capability of those skilled in the art.

[0151] For any compound, the therapeutically effective
dose can be estimated initially either in cell culture assays,
¢.g., of neoplastic cells or in animal models such as mice,
rats, rabbits, dogs, or pigs. A animal model may also be used
to determine the appropriate concentration range and route
of administration. Such information can then be used to
determine useful doses and routes for administration in
humans.

[0152] A therapeutically effective dose refers to that
amount of active ingredient, for example EMR2 polypeptide
or fragments thereof, antibodies of EMR2 polypeptide, and
agonists, antagonists or inhibitors of EMR2 polypeptide,
which ameliorates the symptoms or condition. Therapeutic
efficacy and toxicity may be determined by standard phar-
maceutical procedures in cell cultures or with experimental
animals, such as by calculating the EDy, (the dose thera-
peutically effective in 50% of the population) or LD, (the
dose lethal to 50% of the population) statistics. The dose
ratio of therapeutic to toxic effects is the thereutic index, and
it can be expressed as the EDso/L.D, ratio. Pharmaceutical
compositions which exhibit large therapeutic indices are
preferred. The data obtained from cell culture assays and
animal studies are used to formulate a range of dosage for
human use. The dosage contained in such compositions is
preferably within a range of circulating concentrations that
includes the EDy, with little or no toxicity. The dosage varies
within this range depending upon the dosage form
employed, the sensitivity of the patient, and the route of
administration.

[0153] The exact dosage will be determined by the prac-
titioner, in light of factors related to the subject requiring
treatment. Dosage and administration are adjusted to pro-
vide sufficient levels of the active moiety or to maintain the
desired effect. Factors which may be taken into account
include the severity of the disease state, the general heath of
the subject, the age, weight, and gender of the subject, time
and frequency of administration, drug combination(s), reac-
tion sensitivities, and response to therapy. Long-acting phar-
maceutical compositions may be administered every 3 to 4
days, every week, or bi-weekly depending on the half-life
and clearance rate of the particular formulation.

[0154] Normal dosage amounts may vary from about 0.1
ug to 100,00 ug, up to a total dose of about 1 gram,
depending upon the route of administration. Guidance as to
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particular dosages and methods of delivery is provided in the
literature and generally available to practitioners in the art.
Those skilled in the art will employ different formulations
for nucleotides than for proteins or their inhibitors. Simi-
larly, delivery of polynucleotides or polypeptides will be
specific to particular cells, conditions, locations, etc.

[0155] 1t will be appreciated that this invention provides
methods of treating an abnormal conditions related to both
an excess of and insufficient amounts of EMR2 polypeptide
activity.

[0156] If the activity of EMR2 polypeptide is in excess,
several approaches are available. One approach comprises
administering to a subject an inhibitor compound (antago-
nist) along with a pharmaceutically acceptable carrier in an
amount effective to inhibit activation by blocking binding of
ligands to the EMR2 polypeptide, or by inhibiting a second
sign, and thereby alleviating the abnormal condition.

[0157] In another approach, soluble forms of EMR2
polypeptides still capable of binding the ligand in competi-
tion with endogenous EMR?2 polypeptide may be adminis-
tered. Typical embodiments of such competitors comprise
fragments of the EMR2 polypeptide.

[0158] In still another approach, expression of the gene
encoding endogenous EMR2 polypeptide can be inhibited
using expression blocking techniques. Known such tech-
niques involve the use of antisense sequences, either inter-
nally generated or separately administered. See, for
example, O’Connor. J. Neurochem. (1991) 56:560 in Oli-
godeoxynucleotides as Antisense Inhibitors of Gene Expres-
sion, CRC Press, Boca Raton, Fla. (1968). Alternatively,
oligonucleotides which form triple helices with the gene can
be supplied. See, for example, Lee et al, Nucleic Acids Res.
(1979) 6:3073; Cooney et al., Science (1988) 241:456;
Dervan et al.,, Science (1991) 251:1360. These oligomers
can be administered per se or the relevant oligomers can be
expressed in vivo.

[0159] For treating abnormal conditions related to an
under-expression of EMR2 polypeptide and its activity,
several approaches are also available. One approach com-
prises administering to a subject a therapeutically effective
amount of a compound which activates EMR2 polypeptide,
ie., an agonist as described above, in combination with a
pharmaceutically acceptable carrier to thereby alleviate the
abnormal condition. Alternatively, gene therapy may be
employed to effect the endogenous production of EMR2
polypeptide by the relevant cells in the subject. For example,
a polynucleotide of the invention maybe engineered for
expression in a replication defective retroviral vector, as
discussed above. The retroviral expression construct may
then be isolated and introduced into a packaging cell trans-
duced with a retroviral plasmid vector containing RNA
encoding a polypeptide of the present invention, such that
the packaging cell now produces infectious viral particles
containing the gene of interest. These producer cells may be
administered to a subject for engineering cells in vivo and
expression of the polypeptide in vivo. For overview of gene
therapy see Chapter 20, Gene Therapy and other Molecular
Genetic-based Therapeutic Approaches, (and references
cited therein) in Human Molecular Genetics, T. Strachan and
A. P Read, BIOS Scientific Publishers Ltd (1996).

[0160] Peptides, such as the soluble form of EMR2
polypeptides, and agonists and antagonist peptides or small
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molecules, may be formulated in combination with a suit-
able pharmaceutical carrier, such as discussed above. Such
formulations comprise a therapeutically effective amount of
the polypeptide or compound, and a pharmaceutically
acceptable carier or excipient. Such carriers include but are
not limited to, saline, buffered saline, dextrose, water, glyc-
erol, ethanol, and combinations thereof. Formulation should
suit the mode of administration, and is well within the skill
of the art. The invention further relates to pharmaceutical
packs and kits comprising one or more containers filled with
one or more of the ingredients of the aforementioned com-
positions of the invention.

[0161] Polypeptides and other compounds of the present
invention may be employed alone or in conjunction with
other compounds, such as therapeutic compounds.

[0162] Preferred forms of systemic administration of the
pharmaceutical compositions include injection, typically by
intravenous injection. Other injection routes, such as sub-
cutaneous, intramuscular, or intraperitoneal, can be used.
Alternative means for systemic administration include trans-
mucosal and transdermal administration using penetrants
such as bile salts or fusidic acids or other detergents. In
addition, if properly formulated in enteric or encapsulated
formulations, oral administration may also be possible.
Administration of these compounds may also be topical
and/or localised, in the form of salves, pastes, gels and the
like.

[0163] Wide variations in the needed dosage are to be
expected in view of the variety of compounds available and
the differing efficiencies of various routes of administration.
For example, oral administration would be expected to
require higher dosages then administration by intravenous
injection. Variations in these dosage levels can be adjusted
using standard empirical routines for optimisation, as is well
understood in the art.

[0164] Polypeptides used in treatment can be generated
endogenously in the subject, in treatment modalities often
referred to as “gene therapy”, such as described above. Thus,
for example, cells from a subject may be engineered with a
polynucleotide, such as a DNA or RNA, to encode a
polypeptide ex vivo, and for example, by the use of a
retroviral plasmid vector. The cells are then introduced into
the subject.

[0165] The invention also provides a diagnostic method
involving assessing expression of EMR2 protein or involv-
ing identification of a mutation in DNA encoding such
protein. The invention further provides a diagnostic method
involving use of a polynucleotide of this invention as a
probe. The probe can be employed with cells or other
samples which might express EMR?2 protein.

[0166] This invention also relates to the use of EMR2
polynucleotides for use as diagnostic reagents. Detection of
a mutated form of the EMR2 gene associated with a dys-
function will provide a diagnostic tool that can add to or
define a diagnosis of a disease or susceptibility to a disease
which results from under-expression, over-expression or
altered expression of EMR2 polypeptide. Individuals carry-
ing mutations in the EMR2 gene may be detected at the
DNA level by a variety of techniques.

[0167] Nucleic acids for diagnosis maybe obtained from a
subject’s cells, such as from blood, urine, saliva, tissue
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biopsy or autopsy material. The genomic DNA may be used
directly for detection or may be amplified enzymatically by
using PCR or other amplification techniques prior to analy-
sis. RNA or CDNA may also be used in similar fashion.
Deletions and insertions can be detected by a change in size
of the amplified product in comparison to the normal geno-
type. Point mutations can be identified by hybridising ampli-
fied DNA to labelled EMR2 polypeptide nucleotide
sequences. Perfectly matched sequences can be distin-
guished from mismatched duplexes by RNase digestion or
by differences in melting temperatures. DNA sequence dif-
ferences may also be detected by alterations in electro-
phoretic mobility of DNA fragments in gels, with or without
denaturing agents, or by direct DNA sequencing. See, e.g.,
Myers et al, Science (1985) 230:1242. Sequence changes at
specific locations may also be revealed by nuclease protec-
tion assays, such as RNase and S1 protection or the chemical
cleavage method. See Cotton et al., Proc Natl Acad. Sci USA
(1985) 85:4397-4401.

[0168] In another embodiment, an array of oligonucleotide
probes comprising the EMR2 polypeptide nucleotide
sequence or fragments thereof can be constructed to conduct
efficient screening of e.g., genetic mutations. Array technol-
ogy methods are well known and have general applicability
and can be used to address a variety of questions in molecu-
lar genetics including gene expression, genetic linkage, and
genetic variability. (See for example: M. Chee et al., Sci-
ence, Vol 274, pp 610-613 (1996)).

[0169] The diagnostic assays offer a process for diagnos-
ing or determining a susceptibility to infections such as
bacterial, fungal, protozoan and viral infections, particularly
infections caused by HIV-1 or HIV-2; pain; cancers; anor-
exia; bulimia; Parkinson’s disease; acute heart failure;
hypotension; hypertension; urinary retention; osteoporosis;
angina pectoris; myocardial infraction; ulcers; asthma; aller-
gies; benign prostatic hypertrophy, and psychotic and neu-
rological disorders, including anxiety schizophrenia, manic
depression, delirium, dementia, severe mental retardation
and dyskinesias, such as Huntington’s disease or Gilles de 1a
Tourett’s syndrome through detection of mutation in the
EMR?2 polypeptide gene by the methods described.

[0170] In addition, such conditions can be diagnosed by
methods comprising determining from a sample derived
from a subject an abnormally decreased or increased level of
the EMR2 polypeptide or EMR2 mRNA. Decreased or
increased expression can be measured at the RNA level
using any of the methods well known in the art for the
quantitation of polynucleotides, such as, for example, PCR,
RT-PCR, RNase protection, Northern blotting and other
hybridisation methods. Assay techniques that can be used to
determine levels of a protein, such as an EMR2 polypeptide,
in a sample derived from a host are well-known to those of
skill in the art. Such assay methods include radioimmunoas-
says, competitive-binding assays, Western Blot analysis and
ELISA assays.

[0171] Thus in another aspect, the present invention
relates to a diagnostic kit for a disease or susceptibility to a
disease, particularly infections such as bacterial, fungal,
protozoan and viral infections, particularly infections caused
by HIV-1 or HIV-2; pain; cancers; anorexia; bulimia,
asthma; Parkinson’s disease; acute heart failure; hypoten-
sion; hypertension; urinary retention; osteoporosis; angina
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pectoris; myocardial infarction; ulcers; asthma; allergies;
benign prostatic hypertrophy; and psychotic and neurologi-
cal disorders, including anxiety, schizophrenia, manic
depression, delirium, dementia, severe mental retardation
and dyskinesias, such as Huntington’s disease or Gilles dela
Tourett’s syndrome, which comprises:

[0172] (a) an EMR2 polynucleotide, preferably the
nucleotide sequence of SEQ ID NO: 1, or a fragment
thereof;

[0173] (b) a nucleotide sequence complementary to
that of (a);

[0174] (c) a EMR2 polypeptide, preferably the
polypeptide of SEQ ID NO: 2, or a fragment thereof;
or

[0175] (d) an antibody to an EMR2 polypeptide,

preferably to the polypeptide of SEQ ID NO: 2.

[0176] It will be appreciated that in any such kit, (a), (b),
(c) or (d) may comprise a substantial component.

[0177] The nucleotide sequences of the present invention
are also valuable for chromosome identification. The
sequence is specifically targeted to and can hybridise with a
particular location on an individual human chromosome.
The mapping of relevant sequences to chromosomes accord-
ing to the present invention is an important first step in
correlating those sequences with gene associated disease.
Once a sequence has been mapped to a precise chromosomal
location, the physical position of the sequence on the chro-
mosome can be correlated with genetic map data. Such data
are found, for example, in V. McKusick, Mendelian Inher-
itance in Man (available on line through Johns Hopkins
University Welch Medical Library). The relationship
between genes and diseases that have been mapped to the
same chromosomal region are then identified through link-
age analysis (coinheritance of physically adjacent genes).

[0178] The differences in the CDNA or genomic sequence
between affected and unaffected individuals can also be
determined. If a mutation is observed in some or all of the
affected individuals but not in any normal individuals, then
the mutation is likely to be the causative agent of the disease.

[0179] In another embodiment antibodies which specifi-
cally bind EMR2 polypeptide may be used for the diagnosis
of disorders characterised by expression of EMR2 polypep-
tide, or in assays to monitor patients being treated with
polypeptide or agonists, antagonists, or inhibitors of EMR2
polypeptide. Antibodies useful for diagnostic purposes may
be prepared in the same manner as described above for
therapeutics. Diagnostic assays for EMR2 polypeptide
include methods which utilise the antibody and a label to
detect EMR2 polypeptide in human body fluids or in
extracts of cells or tissues. The antibodies may be used with
or without modification, and may be labelled by covalent or
non-covalent attachment of a reporter molecule. A wide
variety of reporter molecules, several of which are described
above, are known it the art and may be used.

[0180] A variety of protocols for measuring EMR2
polypeptide, including ELISA’s, RIA’s, and FAC’s, are
known in the art and provide a basis for diagnosing altered
or abnormal levels of EMR2 polypeptide expression. Nor-
mal or standard values for EMR2 polypeptide expression are
established by combining body fluids or cell extracts taken
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from normal mammalian subjects, preferably human, with
antibody to EMR2 polypeptide under conditions suitable for
complex formation. The amount of standard complex for-
mation may be quantitated by various methods, preferably
by photometric means. Quantities of EMR2 polypeptide
expressed in subject, control, and disease samples from
biopsied tissues are compared with the standard values.
Deviation between standard and subject values establishes
the parameters for diagnosing disease.

[0181] As noted above, the polynucleotides encoding
EMR?2 polypeptide may be used for diagnostic purposes.
The polynucleotides which may be used include oligonucle-
otide sequences, complementary RNA and DNA molecules,
and PNA’s. The polynucleotides may be used to detect and
quantitate gene expression in biopsied tissues in which
expression of EMR2 polypeptide may be correlated with
discase. The diagnostic assay may be used to determine
absence, presence, and excess expression of EMR2 polypep-
tide, and to monitor regulation of EMR2 polypeptide levels
during therapeutic intervention.

[0182] In one aspect, hybridisation with PCR probes
which are capable of detecting polynucleotide sequences,
including genomic sequences, encoding EMR?2 polypeptide
or closely related molecules may be used to identify nucleic
acid sequences which encode EMR2 polypeptide. The speci-
ficity of the probe, whether it is made from a highly specific
region, e.g., the 5' regulatory region, or from a less specific
region, e.g., a conserved motif, and the stringency of the
hybridisation or amplification (maximal, high, intermediate,
or low), will determine whether the probe identifies only
naturally occurring sequences encoding EMR2 polypeptide,
allelic variants, or related sequences.

[0183] Probes may also be used for the detection of related
sequences, and should preferably have at least 50%
sequence identity to any of the EMR2 polypeptide encoding
sequences. The hybridisation probes of the subject invention
may be DNA or RNA and may be derived from the sequence
of SEQ ID NO: 2 or from genomic sequences including
promoters, enhancers, and introns of the EMR2 polypeptide
gene.

[0184] Means for producing specific hybridisation probes
for DNA’s encoding EMR2 polypeptide include the cloning
of polynucleotide sequences encoding EMR2 polypeptide or
EMR?2 polypeptide derivatives into vectors for the produc-
tion of mRNA probes. Such vectors are known in the art, are
commercially available, and may be used to synthesise RNA
probes in vitro by means of the addition of the appropriate
RNA polymerases and the appropriate labelled nucleotides.
Hybridisation probes may be labelled by a variety of
reporter groups, for example, by radionuclides such as **P or
8, or by enzymatic labels, such as alkaline phosphate
coupled to the probe via avidin/biotin coupling systems, and
the like.

[0185] Polynucleotide sequences encoding EMR2
polypeptide may be used for the diagnosis of a disorder
associated with expression of EMR2 polypeptide. Examples
of such a disorder include, but are not limited to, a respira-
tory disorder, such as, allergies, asthma, acute inflammatory
lung disease, chronic inflammatory lung disease, chronic
obstructive pulmonary dysplasia emphysema, adult respira-
tory distress syndrome, bronchitis, and intestinal lung dis-
eases; complications of cancer, haemodialysis, and extra-
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corporeal circulation, viral, bacterial, fungal, parasitic,
protozoal and helminthic infections, and trauma; an inflam-
matory disorder, such as rheumatoid arthritis, osteoarthritis,
inflammatory bowel disease, adult respiratory distress syn-
drome, allergies, asthma, bronchitis, cholecystitis, contact
dermatitis, Crohn’s disease, atopic dermatitis, emphysema,
episodic lymphopaenia with lymphocytotoxins, erythroblas-
tosis fetalis, erythema nodosum, atrophic gastritis, glomeru-
lonephritis, Goodpasture’s syndrome, gout Graves’ disease,
Hashimoto’s thyroiditis, hypereosinophilia, interstitial lung
disease, myasthenia gravis, myocardial or pericardial
inflammation, pancreatitis, polymyositis, psoriasis, Reiter’s
syndrome, scleroderma, Sjégren’s syndrome, systemic ana-
phylaxis, systemic sclerosis, thrombocytopenic purpura,
ulcerative colitis, uveitis, Werner syndrome, haemodialysis,
and extracorporeal circulation, and trauma; and an immu-
nological disorder, such as, acquired immunodeficiency
syndrome (AIDS), Addison’s disease, adult respiratory dis-
tress syndrome, allergies, ankylosing spondylitis, amyloido-
sis, anaemia, atherosclerosis, autoimmune haemolytic
anaemia, autoimmune thyroiditis, dermatomyositis, diabetes
mellitus, irritable bowel syndrome and multiple sclerosis.

[0186] The polynucleotide sequences encoding EMR2
polypeptide may be used in Southern or Northern analysis,
dot blot, or other membrane-based technologies; in PCR
technologies; in dipstick, pin, and ELISA assays; and in
microarrays utilising fluids or tissues from patients to detect
altered EMR?2 polypeptide expression. Such qualitative or
quantitative methods are well known in the art.

[0187] In a particular aspect, the nucleotide sequences
encoding EMR2 polypeptide may be useful in assays tat
detect the presence of associated disorders, particularly
those mentioned above. The nucleotide sequences encoding
EMR?2 polypeptide may be labelled by standard methods
and added to a fluid or tissue sample from a patient under
conditions suitable for the formation of hybridisation com-
plexes. After a suitable incubation period, the sample is
washed and the signal is quantitated and compared with a
standard value. If the amount of signal in the patient sample
is significantly altered in comparison to a control sample
then the presence of altered levels of nucleotide sequences
encoding EMR2 polypeptide in the sample indicates the
presence of the associated disorder. Such assays may also be
used to evaluate the efficacy of a particular therapeutic
treatment regimen in animal studies, in clinical trials, or to
monitor the treatment of an individual patient.

[0188] In order to provide a basis for the diagnosis of a
disorder associated with expression of EMR2 polypeptide, a
normal or standard profile for expression is established. This
may be accomplished by combining body fluids or cell
exacts taken from normal subjects, either animal or human,
with a sequence, or a fragment thereof, encoding EMR2
polypeptide, under conditions suitable for hybridisation or
amplification. Standard hybridisation may be quantified by
comparing the values obtained from normal subjects with
values from an experiment in which a known amount of a
substantially purified polynucleotide is used. Standard val-
ues obtained in this manner may be compared with values
obtained from samples from patients who are symptomatic
for a disorder. Deviation from standard values is used to
establish the presence of a disorder.

[0189] Once the presence of a disorder is established and
a treatment protocol is initiated, hybridisation assays may be
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repeated on a regular basis to determine if the level of
expression in the patient begins to approximate that which is
observed in the normal subject. The results obtained from
successive assays maybe used to show the efficacy of
treatment over a period ranging from several days to months.

[0190] With respect to cancer, the presence of a relatively
high amount of transcript in biopsied tissue from an indi-
vidual may indicate a predisposition for the development of
the disease, or may provide a means for detecting the disease
prior to the appearance of actual clinical symptoms. A more
definitive diagnosis of this type may allow health profes-
sionals to employ preventative measures or aggressive treat-
ment earlier thereby preventing the development or further
progression of the cancer.

[0191] Additional diagnostic uses for oligonucleotides
designed from the sequences encoding EMR?2 polypeptide
may involve the use of PCR. These oligomers may be
chemically synthesised, generated enzymatically, or pro-
duced in vitro. Oligomers will preferably contain a fragment
of a polynucleotide encoding EMR?2 polypeptide, or a frag-
ment of a polynucleotide complementary to the polynucle-
otide encoding EMR2 polypeptide, and will be employed
under optimised conditions for identification of a specific
gene or condition. Oligomers may also be employed under
less stringent conditions for detection or quantitation of
closely related DNA or RNA sequences.

[0192] Methods which may also be used to quantitate the
expression of EMR2 polypeptide include radiolabelling or
biotinylatng nucleotides, co-amplification of a control
nucleic acid, and interpolating results from standard curves
(Melby, P. C. et al. (1993) J. Immunol. Methods 159:235-
244; Duplaa, C. et al. (1993) Anal. Biochem. 229-236). The
speed of quantitation of multiple samples may be acceler-
ated by running the assay in an ELISA format where the
oligomer of interest is presented in various dilutions and a
spectrophotometric or calorimetric response gives rapid
quantitation.

[0193] In further embodiments, oligonucleotides or longer
fragments derived from any of the polynucleotide sequences
described herein may be used as targets in a microarray. The
microarray can be used to monitor the expression level of
large numbers of genes simultancously and to identify
genetic variants, mutations, and polymorphisms. This infor-
mation may be used to determine gene function, to under-
stand the genetic basis of a disorder, to diagnose a disorder,
and to develop and monitor the activities of therapeutic
agents.

[0194] Microarrays may be prepared, used, and analysed
using methods known in the art. See, for example, Brennan,
T. M. et al. (1995) U.S. Pat. No. 5,474,796; Schena, M. et al.
(T 996) Proc. Natl. Acad. Sci. 93:10614-10619; Baidesch-
weiler et al. (I 995) PCT application W095/251116; Shalon,
D. et al. (1995) PCT application W095/35505; Heller, R. A.
et al. (1997) Proc. Nat. Acad. Sci. 94:2150-2155; and Heller,
M. J. et al. (1997) U.S. Pat No. 5,605,662.

[0195] In another embodiment of the invention, nucleic
acid sequences encoding EMR?2 polypeptide may be used to
generate hybridisation probes useful in mapping the natu-
rally occurring, genomic sequence. The sequences may be
mapped to a particular chromosome, to a specific region of
a chromosome, or to artificial chromosome constructions,
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e.g., human artificial chromosomes (HAC’s), yeast artificial
chromosomes (YAC’s), bacterial artificial chromosomes
(BAC’s), bacterial PI constructions, or single chromosome
CDNA libraries (Price, C. M. (1993) Blood Rev. 7:127-134;
Trask, B. J. (1991) Trends Genet. 7:149-154).

[0196] Fluorescent in situ hybridisation (FISH) may be
correlated with other physical chromosome mapping tech-
niques and genetic map data (Heinz-Ulrich, et al. (1995) in
Meyers, R. A. (ed.) Molecular Biology and Biotechnology,
VCH Publishers New York N.Y., pp. 965-968). Examples of
genetic map data can be found in various scientific journals
or at the Online Mendelian Inheritance in Man (OMIM) site.
Correlation between the location of the gene encoding
EMR?2 polypeptide on a physical chromosomal map and a
specific disorder, or a predisposition to a specific disorder,
may help define the region of DNA associated with that
disorder. The nucleotide sequences of the invention may be
used to detect differences in gene sequences among normal,
carrier, and affected individuals.

[0197] In situ hybridisation of chromosomal preparations
and physical mapping techniques, such as linkage analysis
using established chromosomal markers, may be used for
extending genetic maps. Often the placement of a gene on
the chromosome of another mammalian species, such as
mouse, may reveal associated markers even if the number or
arm of a particular human chromosome is not known. New
sequences can be assigned to chromosomal arms by physical
mapping. This provides valuable information to investiga-
tors searching for disease genes using positional cloning or
other gene discovery techniques. Once the disease or syn-
drome has been crudely localised by genetic linkage to a
particular genomic region, e.g., ataxia-telangiectasia to
111g22-23, any sequences mapping to that area may repre-
sent associated or regulatory genes for further investigation
(Gatti, R. A. et al. (1988) Nature 336:577-580). The nucle-
otide sequence of the subject invention may also be used to
detect differences in the chromosomal location due to trans-
location, inversion, etc., among normal, carrier, or affected
individuals.

[0198] In another embodiment of the invention, EMR2
polypeptide, its catalytic or immunogenic fragments, or
oligopeptides thereof can be used for screening libraries of
compounds in any of a variety of drug screening techniques.
The fragment employed in such screening may be free in
solution, affixed to a solid support, borne on a cell surface,
or located intracellularly. The formation of binding com-
plexes between EMR2 polypeptide and the agent being
tested may be measured.

[0199] Another technique for drug screening provides for
high throughput screening of compounds having suitable
binding affinity to the protein of interest (Geysen, et al.
(1984) PCT application W084/03564). In this method, large
numbers of different small test compounds are synthesised
on a solid substrate, such as plastic pins or some other
surface. The test compounds are reacted with EMR2
polypeptide, or fragments thereof, and washed. Bound
EMR?2 polypeptide is then detected by methods well known
in the art. Purified EMR2 polypeptide can also be coated
directly onto plates for use in the aforementioned drug
screening techniques. Alternatively, non-neutralising anti-
bodies can be used to capture the peptide and immobilise it
on a solid support.
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[0200] In another embodiment, one may use competitive
drug screening assays in which neutralising antibodies
capable of binding EMR?2 polypeptide specifically compete
with a test compound for binding EMR?2 polypeptide. In this
manner, antibodies can be used to detect the presence of any
peptide which shares one or more antigenic determinants
with EMR2 polypeptide.

[0201] In additional embodiments, the nucleotide
sequences which encode EMR2 polypeptide may be used in
any molecular biology techniques that have yet to be devel-
oped, provided the new techniques rely on properties of
nucleotide sequences that are currently known, including,
but not limited to, such properties as the triplet genetic code
and specific base pair interactions.

[0202] A method of treatment in accordance with this
invention involves administering as appropriate a polypep-
tide, a polynucleotide, an antibody, an agonist or an antago-
nist of this invention.

[0203] Additionally, the present invention is founded on
the discovery of an observed function of EMR2, in cell-cell
adhesion. This adhesion is primarily neutrophil-macrophage
binding, and as such the present invention can be employed
for treatment of conditions which involve such binding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0204] FIG. 1 shows the full-length cDNA sequence and
deduced amino acid sequence of human EMR2;

[0205] FIG. 2 shows the amino acid sequence alignments
of EMR2, CD97 and EMRI;

[0206] FIG. 3 shows the location and structure of the
EMR?2 gene on human chromosome 19p13.1;

[0207] FIG. 4 shows the tissue and cell-type expression
patterns of EMR2;

[0208] FIG. 5 shows the alternative splicing of EMR2
RNA, transcripts;

[0209] FIG. 6 shows the cell surface expression of EMR2
on transfected cells;

[0210] FIG. 7 shows that EMR2 does not interact with
CD55;
[0211] FIG. 8 is a schematic representation of the multi-

meric protein probes used for ligand search,

[0212] FIG. 9 demonstrates that EMR2(EGF-1,2,3,4,5)-
fluorescent beads bind to a putative EMR?2 ligand on mono-
cyte-derived macrophages;

[0213] FIG. 10 is a schematic representation of a possible
interaction of EMR2 on neutrophils and its putative ligand
on macrophages;

[0214] FIG. 11 shows that 2A1 mAb specifically recog-
nised EMR2;

[0215] FIG. 12 shows FACS analysis of EMR2 beads;
[0216] FIG. 13 shows tissue staining by the EMR2 pro-

tein-fluorescent bead complex; and

[0217] FIG. 14 shows tissue staining patterns of the
EMR2-ligand.
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[0218] The following FIGS. 8, 9 and 10 relate to our
discovery of a function for the EMR2 protein.

[0219] FIG. 8 is a schematic representation of the multi-
meric protein probes used for ligand search. FIG. 8(I) shows
the soluble recombinant biotinylated EMR2 protein, while
FIG. 8(ii) shows the biotinylated EMR?2 protein-fluorescent
bead complex. Biotinylated EMR2 proteins are coupled to
the beads via avidin.

[0220] FIG. 9 demonstrates that EMR2(EGF-1,2,3,4,5)-
fluorescent beads bind to a putative EMR2 ligand on mono-
cyte-derived macrophages. Diagrams show FACS analysis
of the interaction of various biotinylated EMR2 protein
isoforms-fluorescent beads with human monocyte-derived
macrophages. EMR2(EGF1, 2, 3, 4, 5)-fluorescent beads
bind to 45-50% of the cells and the interaction is abolished
in the presence of EGTA (dash line). CD97(EGF-1, 2,
5)-fluorescent beads binding to CD55 was used as a possible
control.

[0221] FIG. 10 is a schematic representation of a possible
interaction of EMR2 on neutrophils and its putative ligand
on macrophages. Cross talk EMR2 and the putative ligand
leading to possible intracellular signalling is also presented.

[0222] The abbreviations used herein are: aa, amino acid;
antigen, Ag; bp, base pair; EGE, epidermal growth factor;
EMR, EGF-like module containing mucin-like hormone
receptor; FCS, foetal calf serum; FACS, fluorescence-acti-
vated cell sorting; GPCR, G protein-coupled receptor; Mg,
macrophage; mAb, monoclonal antibody; nt, nucleotide;
ORE, open reading frame; PBMC, peripheral blood mono-
cytic cells; PMN, polymorphonuclear cells; RACE, rapid
amplification of ¢cDNA ends; RT-PCR, reverse transcription
polymerase chain reaction.

EXAMPLE
[0223] Materials and Methods
[0224] Materials-All chemicals and reagents were

obtained from Sigma unless otherwise specified. Cell culture
media and supplements were purchased from Life Technolo-
gies Inc. X-Vivo 10 medium was from BioWhittaker (Walk-
ersville, Md.). Human buffs coats (negative for HIV and
Hepatitis B) were purchased from the National Blood Ser-
vice, Bristol, U.K. Cell lines were provided by the cell bank
at the Sir William Dunn School of Pathology, University of
Oxford.

[0225] Database Search and ¢cDNA Cloning of the EMR2
Gene-The c¢cDNA sequences of the human CD97, human
EMR1 and mouse Emrl/F4/80 genes (GenBank accession
numbers X84700, X81479 and U66888, respectively) were
used to search for homologous DNA sequences in the
GenBank/EMBL databases using the BLAST algorithm.
Two overlapping human cosmids, R29368 and F21185
(GenBank accession numbers AC004262 and AC005327),
were found to contain a putative coding sequence (desig-
nated EMR2) highly homologous to the EMR1 and CD97
genes. To characterise the full-length EMR2 cDNA
sequence, DNA fragments were amplified from a human
spleen Marathon Ready cDNA library (CLONTECH) by
Rapid Amplification of ¢cDNA Ends (RACE)-polymerase
chain reaction (PCR) under conditions recommended by the
manufacturer (CLONTECH). Two rounds of PCR reactions
were conducted to amplify visible EMR2 ¢cDNA fragments.
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Marathon adapter primers, Ap-1 (5'-CCATCCTAATAC-
GACTCACTATAGGGC) (SEQ ID NO. 3) and AP-2 (5'-
ACTCACTATAGGGCTCGAGCGGC) (SEQ ID NO. 4)
were paired individually with nested EMR2-specific prim-
ers, 5-1 (5-CTGGTGTTCTGGATGGCTTTACACAG-
GAG) (SEQ ID NO. 5) and 5-2 (5-TGCACATCG-
TAGTGGGCCATGA) (SEQ ID NO. 6) as well as 3-1
(5'-AGGTGCTCTGTGTCTTCTCA) (SEQ ID NO. 7) and
3-2 (5-GTGCTGTGCTCCATCATCGCCG) (SEQ ID NO.
8) to generate 5'-RACE and 3-RACE fragments, respec-
tively. EMR2 cDNA fragments were separated on a 1%
agarose gel, purifed, subcloned and sequenced using stan-
dard molecular techniques. In an attempt to isolate cDNA
clones containing the full-length EMR2 open reading fame
(ORF), a human spleen RAPID SCREEN™ ¢DNA Libary
panel (OriGene Technologies, Inc) was screened by a
96-well PCRformat using two EMR2 sequence-specific
primers  (5-TTCCACCGGCAAAGAGGGAAGATCTT
(SEQID NO. 9) and 5-GACAGTGGCCATTTCTGCAGC-
CTCCAG (SEQ ID NO. 10)). Three individual positive
c¢DNA clones were identified. Restriction enzyme digestion
analysis and DNA sequencing revealed that these are over-
lapping clones with sequence identity to the RACE-PCR
cDNA clones.

[0226] Sequence Analysis-DNA sequencing reactions
were performed using the BigDye™ Terminator DNA
sequencing kit (PE Applied Biosystems). Samples were
electrophoresed on an ABI 373A DNA Sequencer and
analysed by ABI Prism Model Version 2.1.1 software (PE
Applied Biosystems). Homologous DNA sequence search
was carried out using BLAST algorithm against DNA
sequences in GenBank/EMBL databases. Protein alignment,
alignment of consensus sequences and the percent identity
were analysed by the Pileup, the Prettybox, and the Gap
program, respectively.

[0227] Cell Culture-All the culture media were supple-
mented with 10% heat inactivated foetal calf serum (FCS),
2 mM L-glutamine, 50 IU/ml penicillin and 50 g#/m] strep-
tomycin. Cell lines U937, K562, Monomac6, HL60, HUT-
78, Jurkat, H9, RAJI and Daudi were cultured in RPMI1640
medium. HepG2 and HEK293 cells were grown in Eagle’s
minimum essential medium (EMEM). CHO-K1 cells were
cultured in Ham’s F-12 medium. COS-7 cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM).
All cells were incubated at 37 C. in a 5% Co,, 95% humidity
incubator. Human blood monocytes/M¢s were prepared
from peripheral blood mononuclear cells (PBMC’s) by
adherence as previously described (Herbein et al., 1995).
The adherent monocytes were cultured in X-Vivo 10
medium supplemented with 1% autologous serum for up to
7 days. In some cases, PBMC’s were subjected to two cycles
of adherence to prepare strongly adherent monocytes (the
first cycle) and weakly adherent monocytes (the second
cycle) for RNA analysis. Human polymorphonuclear cells
(PMN’s)/granulocytes were isolated from healthy donors’
heparinised whole blood using Polymorphprep™
(NYCOMED PHARMA AS, Oslo, Norway) according o
the manufacturer’s instructions. Isolated cells were washed
three times in cold PBS and then subjected to RNA isolation.

[0228] RNA Blot Analysis-Total RNA was prepared from
various cell lines, human PBMC’s, PMN’s, monocytes,
PBL’s, and day 1 and day 7 monocyte-derived M¢s using
the acid guanidinium thiocyanate-phenol-chloroform
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method (Chomezynski and Sacchi, 1987). Total RNA (10
Lig) was electrophoresed on a 1% formaldehyde-agarose gel,
blotted to a nylon membrane (Duralon-UV, Stratagene) and
hybridised with gene-specific probes as previously
described (Lin et al., 1997). Likewise, commercially avail-
able human multiple tissue Northern blots (CLONTECH)
were hybridised with gene-specific cDNA probes according
to the manufacturer’s instructions. Hybridised blots were
washed in 0.5x SSC (0.15 M NaCl and 0.015 M sodium
citrate), 1% SDS at 55 C. for 30 min and exposed to x-ray
film (X-OMAT, Kodak) at -80 C. for 2-4 days. Radioactive
probes were stripped from RNA blots by washing in 0.1x
SSC/1% SDS for 15 min at 95 C. and the blots were
rehybridised with a human p-actin cDNA probe to compare
the amount of RNA loaded in each lane. Gene-specific
c¢DNA probes used in the analysis include a 1.2 kb EMR2
3'-DNA fragment representing the 7TM region and a 230 bp
CD97 cDNA fragment encoding the TM %: region.

[0229] RT-PCR-The expression profile of EMR2 and
CD97 in various cell lines was evaluated by RT-PCR analy-
sis using protocols described previously (Lin et al., 1997).
EMR2-specific  primers  (53'-AGGTGCTCTGTGTCT-
TCTGGGA (SEQ ID NO. 11) and 5'-TTCTGGTTGGAGC-
CAGCGGGAAGGT (SEQ ID NO. 12)) as well as CD97-
specific primers (5-
CGCACCACAAGAAAGTAGAGCTCCAG (SEQ ID NO.
13) and 5-GGACTGGAAGCTGGACCCTGATCACCA
(SEQID NO. 14)) were used to amplify EMR2 (600 bp) and
CD97 (300 bp) cDNA fragments, respectively. Primers for
p, microglobulin were used to amplify B, microglobulin
c¢DNA as a positive and semi-quantitative control. In addi-
tion RT-PCR analysis was also conducted using RNA iso-
lated from human peripheral blood leukocytes to identify
alternatively spliced EMR?2 transcripts. Primers used in the
analysis  include  5-ACGGGATCCTCCTCCTGCA-
CATCGTGGGCCATGT (SEQ ID NO.15) and 5-AAAC-
CATGGGAGGC-

CGCGTCTTTCTCGTCTTTCTCGCAATTCTGTGTCTGGC

(SEQ ID NO. 16) for the extracellular domain, and 5'-AG-
GTGCTCTGTGTCTTCTGGGA (SEQ ID NO. 17) and
5'-TTCCACCGGCAAAGAGGGAAGATCTTATTC (SEQ
ID NO.18) for the 7TM domain. PCR products were analy-
sed on 1% agarose gels, purifid, subcloned and sequenced.

[0230] Construction of Expression Vectors-The EMR2
expression vectors containing 5 EGF-domains, EMR2 (EGF
1,2,3,4,5), and 3 EGF-domain, EMR2 (EGF 1, 2, 5))were
constructed on the pcDNA3.1(+) (InVitrogen) backbone
through the Notl-Xbal sites and HindIII-Xbal sites respec-
tively. As a result of alternative splicing, the 5'end sequence
containing 5 EGF-domains (EGF 1, 2, 3, 4, 5) or 3 EGF-
domains (EGF 1, 2, 5) in conjunction with the stalk region
was generated by RT-PCR as described above. The fragment
containing 5 EGF domains was excised from the pCR2.1
vector with Notl and BamHI, and ligated with the EMR2
cDNA clone 5E/IC (isolated from the OriGene library)
through the Notl-BamHI sites. The resulting full-length
EMR2 ORF was excised by Notl and Xbal, and cloned into
pcDNA3.1(+) through the Notl-Xbal sites to generate
EMR2 (EGF 1, 2, 3, 4, 5). The EMR2 (EGF 1, 2, 5)
expression vector was constructed by placing the HindIII-
BamHI fragment of EMR2 (EGF 1, 2, 3, 4, 5) with the
HindIII-BamHI pre-digested fragment containing EGF
domains 1, 2 and 5. Both EMR2 (EGF 1, 2, 3, 4, 5) and
EMR2 (EGF 1, 2, 5) were subjected to DNA sequencing of
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both strands to confirm their integrity. Hum CD97 expres-
sion constructs CD97 (EGF 1, 2, 3, 4, 5) and CD97 (EGF 1,
2, 5) were described elsewhere (Hamann et al., 1998).

[0231] Transient Transfection of Cells and Protein Analy-
sis-Eukaryotic expression constructs encoding alternatively-
spliced forms of human EMR2 and CD97 proteins [EMR2
(EGF 1, 2, 3, 4, 5), EMR2 (EGF 1, 2, 5), CD97 (EGF 1, 2,
3, 4, 5) and CD97 (EGF 1, 2, 5)] were transfected into
CHO-K1 and COS-7 cells using Lipofectamine (Life Tech-
nologies, Inc.) according to the manufacturer’s protocol. For
FACS analysis, cells were harvested 48-72 hr post-transfec-
tion, fixed with 4% paraformaldehyde in PBS contaiing 100
mM HEPES (pH 7.3) for 30 min at 4° C., then quenched
with culture medium containing 10% FCS at room tempera-
ture for 15 min. Cells were washed twice with PBS, blocked
with 10% normal goat serum in PBS (blocking buftfer) for 1
hr at 4° C., and reacted for 1 hr at 4° C. with mAbs (5 ug/ml)
diluted in blocking buffer. Cells were then washed in PBS
three times, and incubated with fluorescein isothiocyanate
(FITC)-conjugated goat anti-mouse IgG (Jackson Immu-
noResearch Laboratories, Inc.) diluted 1:100 in blocking
buffer at 4° C. for 1 hr. After thee extensive washes in PBS,
cells were resuspended in 200 ul and analysed on a FACS-
can. Data were collected and analysed using CellQuest
software. For immunocytochemical analysis, transfected
cells were harvested 24 hr post-transfection and plated on 11
mm diameter glass cover slips in 24 well plates at a density
of 1x10° cells/well. Cells were cultured for a further 48 hr
before fixation. Immunostaining was then performed using
the same protocols for FACS analysis as described above.
The cover slips were mounted onto glass slides after the last
wash using Vectashield mountant (Vector Laboratories),
cells examined by fluorescence microscopy and representa-
tive photographs taken. For cell binding assays, transfected
COS-7 cells were harvested 24 hr post-transfection, replated
at 2x10° cells/well in 6-well plates, and cultured for a further
2 days. Cells were washed three times with PBS, overlaid
with 1x10® human red blood cells (RBC) suspended in 1 ml
serum free DMEM and incubated at room temperature for
30 min. Non-binding cells were gently removed by rinsing
with PBS three times prior to examination by microscopy.

[0232]

[0233] In a search for new members of the EGF-TM7
family, BLAST programs were used to perform homology
searches in the non-redundant DNA sequence database and
expressed sequence tag (EST) databases. Among several
candidate clones identified, two overlapping human
cosmids, R29368 and F21185 (GenBank accession numbers
AC004262 and AC005327), derived from human chromo-
some 19p13.1 locus, were identified. The coding sequence
of the cosmids, predicted by the Grail program (Uberbacher
and Mural, 1991; Uberbacher et al., 1996; Xu et al., 1994),
indicates a putative protein sharing approximately 50%
amino acid sequence identity with the 7TM regions of
EMR1 and CD97 (data not shown). This information sug-
gested the presence of a putative novel EGF-TM7 gene
located in the vicinity of the EMR1 and CD97 loci on human
chromosome 19p13. To clone the full-length cDNA, 5'- and
3'-RACE reactions as well as cDNA library screening were
performed. As a result, a number of overlapping cDNA
clones were identified. The complete cDNA sequence
matches exactly the coding sequence within the cosmid
clones and the deduced amino acid sequence predicted a

Results



US 2003/0148951 Al

novel member of the EGF-TM7 family. This gene was
therefore designated EMR?2 following the nomenclature of
EMR1, the founding member of the EGF-TM7 family (Baud
et al,, 1995).

[0234] DNA sequence data and Northern blot analysis
indicated two major EMR2 mRNA species, including a
shorter transcript of 3.3 kb (SEQ ID NO. 19) and a longer
transcript of 6.1 kb (SEQ ID NO. 1) (FIGS. 1 and 4). Both
cDNA sequences share the same open reading frame (ORF)
but differ in the length of their 3'-untranslated regions
(UTR). The first in-frame ATG codon lies at position 70-72
and is preceded by an adenosine at position 67, which
constitutes a favourable Kozak translation initiation motif
(Kozak, 1987). An in-frame stop codon was identified at nt.
2539-2541. EMR2 cDNA therefore comprises a 5TUTR of
69 bp, a coding sequence of 2,469 bp and a 3'UTR of either
985 or 3530 bp (FIG. 1).

[0235] FIG. 1 shows the full-length cDNA sequence and
deduced amino acid sequence of human EMR2. The open
reading frame starts at nucleotide 70 and ends at nucleotides
2539-2541. The signal peptide sequence is highlighted in
boldface lettering, the EGF domains are shaded and the
seven transmembrane segments are underlined by crinkled
lines. The potential N-glycosylation sites are boxed and the
polyadenylation sites are double underlined. The DNA
sequence represented by upper-case letters indicates both
small and large transcripts with the additional 3'-UTR
sequence of the large transcript represented by lower-case
letters. Two perfect tandem repeats of 62 base pairs are
underlined by dashed lines.

[0236] The differences in the length of the 3'UTR are
thought to result from the differential usage of the polyade-
nylation signals. In addition, two perfect tandem repeats of
62 bp DNA sequence encompassing the polyadenylation
sites are also contained within the longer transcript, though
the significance of this feature is currently unknown.

[0237] A Kyte-Doolittle hydropathy profile of the pre-
dicted polypeptide sequence of 823 amino acids revealed a
hydrophobic signal peptide at the N-terminus and seven
hydrohobic segments at the C-terminus (data not shown). A
predicted cleavage site at residue Thr*>* of the precursor
protein implies that the resulting mature EMR2 protein is a
cell surface molecule containing a long N-terminal extra-
cellular region of 511 amino acids, a 7TM region of 248
amino acids and a cytoplasmic tail of 41 amino acids (FIG.

1).

[0238] Amino acid sequence analysis reveals that EMR2
contains five EGF-like domains and is most closely related
to CD97 (FIGS. 1 and 2) (Gray et al., 1996; Hamann et al.,
1995). Surprisingly, the EGF domains of EMR2 are almost
identical to those of CD97 with the sequence identity
ranging from 95% to 100% in corresponding EGF domains.
Of 236 amino acid residues in the five EGF domains of
EMR2 and CD97, only two residues in domain 1, one
residue in domain 2 and three residues in domain 3 are
different. What is particularly surprising is that EMR2 only
binds to CD55 with at least an order of magnitude less
avidity than CD97, despite the similarity in sequence.

[0239] The high degree of identity in the EGF domain
conserves the consensus amino acid sequences for the EGF
domain calcium-binding site (DX[D/N]JECXnCXnCX[D/N]
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Xo[F/Y]XC) and for post-translational p-hydroxylation of
aspartate/asparagine (CX[D/N]X,[F/Y]XCXC), which were
identified in EGF domains 2-5 (Gray et al., 1996, Hamann
et al., 1995). Such calcium-binding EGF domains, found in
a broad spectrum of extracellular proteins such as fibrillin-1
and -2, fibulin-1 and -2, thrombomodulin, protein-C and -S,
factor-IX and -X and Drosophila proteins Notch, Delta and
Serrate, have been shown to play important roles in protein-
protein interactions involving cell adhesion, blood coagula-
tion and receptor-ligand binding (Downing et al., 1996).
Moreover, it has been previously demonstrated that the
Ca**-binding EGF domains are required for the interaction
of CD97 and its cellular ligand, CD55 (Hamann et al., 1998).
EMR?2 therefore, like CD97, may interact with its ligand via
the Ca® binding EGF domains.

[0240] Significant amino acid sequence homology
between EMR2 and CD97 also extends to the spacer region
(46% identity) and the 7TM region (45% identity). Multiple
potential N- and O-glycosylation sites within the extracel-
lular domain are found to be conserved as well (FIG. 1).
Within the spacer region, a cysteine-rich motif of approxi-
mate 55 amino acids located immediately before the first TM
segment was also recognised (FIG. 2).

[0241] FIG. 2 shows the amino acid sequence alignment
of EMR2, CD97 and EMR1. The amino acid sequences of
human EMR2, CD97 and EMR1 proteins are aligned for
maximal homology. Dark and grey solid bars over the
sequences indicate the appropriately numbered EGF
domains. Transmembrane regions are shaded and identical
amino acid residues are boxed. Asterisks indicate the cys-
teine and tyrosine residues conserved within the extracellu-
lar cysteine-rich domain proximal to the first transmembrane
region.

[0242] This motif is characterised by four invariant cys-
teine residues and two conserved tryptophan residues and is
found in other members of the EGF-TM7 family and family
B GPCR-related proteins such as the (o-latrotoxin rector/
CIRL members, CL1, CL2 and CL3 (Krasnoperov et al.,
1997; Sugita et al., 1998). The cysteine-rich motif, named
GPS for GPCR proteolytic site, is believed to be involved in
the proteolytic cleavage of the CIRL receptor molecules.
Interestingly, a similar post-translational modification has
been identified for CD97, which is processed intracellularly
during protein transfer to the cell surface (Gray et al., 1996).
The presence of the cysteine-rich motif in EMR2 suggests
that EMR2 may also be proteolytically cleaved in this way.

[0243] Other identified structural features include cysteine
residues within extracellular loops 1 and 2 that are highly
conserved among GPCR’s and four consensus sequences for
protein kinase C-mediated phosphorylation in intracellular
loops 2 and 3 and the cytoplasmic tail (TAR at aa 627-629,
TLR at aa 723-725, SAK at aa 811-813 and TSK at aa
816-818).

[0244] The entire EMR2 gene, containing 20 exons, is
approximately 45 kb in length and is localised between the
NOTCH3 and RFX1 loci on chromosome 19p13.1, a region
to which CD97 has previously been mapped (FIG. 3)
(Carver et al., 1999).

[0245] FIG. 3 shows the location and structure of the
EMR2 gene on human chromosome 19p13.1. A) The loca-
tion of EMR2 gene is positioned according to the latest
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chromosome mapping information  (http://www-bio lln-
L.gov/bbrp/genome/genome.html.). Scales above the line
indicate the distance from the p-telomere in Mb. Cosmids
F21185 and R29368 are represented by solid bars and the
exons are indicated by numbered vertical bars. B) Compari-
son of the exon-intron organisation of the human EMR?2 and
CD97 genes. The sizes of the exons and introns comprising
the EMR2 and CD97 genes are compared in base pairs and
kilobase pairs, respectively. The abbreviations used 5', 5'-un-
translated region; S, the signal peptide; E, EGF domain; St;
the stalk region; T, transmembrane segment; C, cytoplasmic
tail; 3', 3'-untranslated region.

[0246] The exon-intron organisation of the EMR2 and
CD97 genes was found to be identical with each EGF
domain encoded by a single exon and the 7IM domain
encoded by a total of five exons. Intriguingly, the majority
of the corresponding exons of EMR2 and CD97 are of the
same size; of the 20 exons identified, only exons 12, 13, 14,
15 and 19 are of slightly different sizes (FIG. 3B). These
results demonstrate a highly conserved gene organisation
between EMR2 and CD97 and strongly suggest that the
EMR2 nd CD97 genes were derived from a recent gene
duplication event.

[0247] Previously described members of the EGF-TM7
family, EMR1, F4/80 and CD97, have all been shown to be
highly expressed by leukocytes, with abundant levels on
myeloid cells (McKnight and Gordon, 1996). Northern blot
analysis of multiple human tissues demonstrated that EMR2
is expressed most abundantly in peripheral blood leukocytes
followed by high levels of expression in spleen and lymph
nodes, and intermediate to low levels of expression in
thymus, bone marrow, foetal liver, placenta and lung (FIG.
4A).

[0248] FIG. 4 shows the tissue and cell-type expression
patterns of EMR2. A) Northern blots containing equal
amounts of poly(A)™-RNA from the indicated human tissues
were sequentially hybridised with **P-labelled probes spe-
cific for EMR2, CD97 and f-actin. Two EMR?2 transcripts,
resulting from differential polyadenylation, were detected.
Molecular weight markers are indicated on the left. B)
Messenger RNA isolated from a series of human cell lines
and from day 7 human monocyte-derived macrophages was
used as template for RT-PCR analysis, as described in
Materials and Methods. A PCR reaction without DNA
template was used as negative control. C) Total RNA (10 ug)
from human PMN’s, PBMC’s, strongly and weakly adherent
monocytes (Monocyte® and Monocyte™), peripheral blood
lymphocytes (PBLymphocyte) as well as day 1 and day 7
monocyte-derived macrophages (M¢-day 1 and M¢-day 7)
was analysed by Northern blotting as described in Materials
and Methods. Numbers on the left indicate positions of
molecular weight markers. Ethidium bromide staining of the
gel in the bottom panel shows the equal loading and integrity
of the RNA samples.

[0249] A very weak signal can also be identified in liver,
however no signal was detected in heart, brain, skeletal
muscle, kidney or pancreas. CD97 showed a similar expres-
sion pattern in immune tissues but also expressed high to
intermediate levels in heart, skeletal muscle, kidney and
pancreas. This result suggests that EMR2 expression may be
restricted to cells of certain hematopoietic lineages.

[0250] RT-PCR analysis was then carried out using vari-
ous hamatopoietic cell lines to investigate the restricted
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expression pattern of EMR2 (FIG. 4B). Among 11 cell lines
examined EMR2 expression was detected in all monocyte/
M¢ cell lines and one T cell line (MonoMac 6, U937, K562,
HL60 and Jurkat) but not in the other cell lies tested
(HUT-78, H9, RAJI Daudi, HEK293 and HepG2 cells). In
contrast, CD97 expression was detected in all of the cell
lines tested, confirming that EMR2 expression is restricted.
Next, we set out to identify the EMR2-expressing blood cell
types within the peripheral blood leukocyte population as a
first step towards understanding the function of EMR2.
Northern blot analysis showed that EMR2 is very strongly
expressed in PMN’s and at lower levels in freshly isolated
strongly-adherent monocytes (FIG. 4C). Furthermore,
EMR?2 expression in monocytes is up-regulated following
maturation in culture and reached a higher expression level
at day 7. Interestingly, the shorter EMR2 transcript is
down-regulated during monocyte differentiation in culture,
suggesting the possibility of different regulatory mecha-
nisms governing the expression/stability of the short and
long EMR?2 transcripts.

[0251] EMR2 transcripts were barely detectable in
PBMC’s, weakly-adherent monocytes or peripheral blood
lymphocytes; the hybridisation signal detected in these cells
is probably due to low levels of contaminating monocytes.
CD97 showed a similar expression pattern to EMR2 in
PMN’s, monocytes and M¢, however, CD97 expression
could also be detected in PBMC’s, weakly-adherent mono-
cytes and peripheral blood lymphocytes. These expression
studies establish that EMR?2 is restricted to granulocytic and
monocyte/M¢ lineages, whereas CD97 is ubiquitously
expressed in all blood cell types examined. In addition, it
indicated that EMR2 expression is highly regulated during
monocyte/M¢ differentiation.

[0252] Another characteristic of EGF-TM7 genes is the
presence of extensive alternatively spliced mRNA tran-
scripts. Alternative splicing has been found to occur pre-
dominantly at the 5' end of the transcripts, potentially
resulting in multiple protein isoforms that contain different
numbers and/or combinations of EGF-like domains (Gray et
al., 1996; Lin et al., 1997; McKnight and Gordon, 1998).
RT-PCR analysis and sequence analysis indeed revealed
multiple alternatively spliced forms of EMR2 mRNA (FIG.

5).

[0253] FIG. 5 shows alternative splicing of EMR2 RNA
transcripts. A) Lane 2 shows the RT-PCR product generated
using primers specific for the DNA encoding the seven-
transmembrane region. Lane 3 shows the multiple DNA
fragments generated using primers specific for the extracel-
lular domain. Lanes 4-9 indicate the individual DNA frag-
ments isolated from lane 3. Numbers on the left indicate the
molecular weight markers used in lane 1. B) Schematic
structures of the EMR2 protein isoforms resulting from
alternative RNA splicing. Four putative transmembrane pro-
tein isoforms and three soluble protein isoforms are pre-
dicted. The EGF-like domains are represented by a capital
letter E, followed by a number. The bold line indicates the
frame-shifted amino acid sequence of the putative soluble
protein isoforms. C) RT-PCR analysis conforms the alter-
natively spliced transcripts encoding the soluble EMR2
protein isoforms. Lane 2 shows the specific PCR product of
approximately 0.65 kb. Lane 3 is the negative control with
no DNA template. Numbers shown indicate the molecular
weight markers used in lanes 1 and 4.
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[0254] Similar to CD97, putative EMR2 protein isoforms
containing 5 EGF domains (EGF 1, 2, 3, 4, 5), 4 EGF
domains (EGF 1, 2, 3, 5), 3 EGF domains (EGF 1, 2, 5) and
2 EGF domains (EGF 1, 2) are predicted.

[0255] Unexpectedly, however, a splice variant resulting
from the bypass of exon 12 was also identified and predicted
to encode a soluble EMR2 molecule due to a frameshift,
which introduced a stop codon immediately before the fist
TM domain (FIG. 5C).

[0256] In addition, another alternative splicing event
resulting from the utilization of different splicing acceptor
sites 1n exon 12 was also identified. As a result, an EMR2
transmembrane molecule with an 11 amino acid deletion in
the spacer domain is predicted (data not shown). Such a
deletion mutant is another preferred feature of the invention.
Similar alternative splicing of exons encoding the spacer and
transmembrane regions of CD97 has also been observed. To
date we have identified at least 7 alternative EMR2 tran-
scripts by RT-PCR in peripheral blood leukocytes (FIG.
5B).

[0257] EMR2 may be detected by mAbs recognising the
EGF-like domains of CD97 but not by mAbs specific for the
spacer region of CD97. This was verified by transfecting
cells with either EMR2 or CD97 expression constructs and
subjecting them to FACS analysis and immunocytochemis-
try using the following mAbs; BL-Ac/F2, CLB-CD97/1,
CLB-CD97/2 and CLB-CD97/3. Both BL-Ac/F2 and CLB-
CD97/1 had previously been shown to recognise the EGF-
like domain 1 of human CD97, whereas CLB-CD97/2 and
CLB-CD97/3 were found to be specific for the spacer region
of CD97 (Hamann et al., 1998).

[0258] When stained with BL-Ac/F2 and CLB-CD97/1, a
similar percentage of EMR2-transfected cells exhibited
comparable levels of cell surface reactivity as the cells
transfected with the CD97 expression construct (FIG. 6).

[0259] FIG. 6 shows cell surface expression of EMR2 on
transfected cells. A) Flow cytometric analysis of CHO-K1
cells expressing either EMR2 (solid line) or CD97 (dash
line) expression constructs was performed with the mAbs
BL-Ac/F2, CLB-CD97/1, CLB-CD97/2 and CLB-CD97/3.
Mock-transfected CHO-K1 cells were used as the negative
control (filled space). B and C) Immunocytochemical analy-
sis of COS-7 cells expressing either EMR2 (COS/EMR?2) or
CD97 (COS/CD97) expression constructs was performed
with the mAbs BL-Ac/F2 and CLB-CD97/2. The phase
contrast and the corresponding fluorescence photographs are
shown at the upper and lower panels respectively. The mAbs
CLB-CD97/1 and CLB-CD97/3 showed a similar staining
pattern as did BL-Ac/F2 and CLB-CD97/2 (data not shown).

[0260] In contrast, mAbs CL.B-CD97/2 and CLB-CD97/3
only reacted with CD97-transfected cells and not at all with
EMR2-transfected cells (FIG. 6). Thus, both EMR12 and
CD97 can be recognised by mAbs specific for the highly
homologous EGF-like domain but they can also be distin-
guished by the epitopes within the extracellular spacer
domain.

[0261] The highly homologous amino acid sequences of
the EGF-like domains of EMR2 and CD97 suggest that
EMR?2 would interact with CD55. It had been shown pre-
viously that at least three tandemly linked EGF-like domains
are required for CD97-CD55 binding and that the shortest
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CD97 isoform CD97 (EGF 1, 2, 5) has a significantly higher
affinity for CD55 than the larger isoforms CD97 (EGF 1, 2,
3, 5) and CD97 (EGF 1, 2, 3, 4, 5) (Hamann et al., 1998).
Two EMR2 expression constructs, EMR2 (EGF 1, 2, 5) and
EMR2 (EGF 1, 2, 3, 4, 5), were therefore used in conjunc-
tion with CD97 (EGF 1, 2, 5) and CD97 (EFG 1, 2, 3, 4, 5)
in a cell rosetting assay to determine whether EMR2 could
bind to CD55. The expression of both EMR2 and CD97
isoforms at the cell surface of transfected cells was con-
firmed by FACS analysis and shown to be at similar levels
(data not shown).

[0262] FIG. 7 shows that EMR2 does not interact with
CD55. Human red blood cells were overlaid on
CD97transfected (COS-7/CD97) or EMR2-transfected
(COS-7/EMR?2) COS-7 cells and incubated for 30 minutes
prior to three extensive washes. Neither EMR2 (EGF 1, 2,
5)- nor EMR2 (EGF 1, 2, 3, 4, 5)-transfected cells rosetted
human red blood cells. This experiment was repeated three
times with the same result.

[0263] As expected, CD97 (EGF 1, 2, 5) transfected cells
(FIG. 7) bound to human red blood cells (RBC), a rich
source of CD55 ligand, much more efficiently than did the
CD97 (EGF 1, 2, 3, 4, 5)-transfected cells (data not shown).
Surprisingly, however, neither EMR2 (EGF 1, 2, 5) nor
EMR2 (EGF 1, 2, 3, 4, 5)-transfected cells bound human
RBC (FIG. 7). Since the EGF-like domains of the EMR2
(EGF 1, 2, 5) and CD97 (EGF 1, 2, 5) differ by only three
amino acid residues, this intriguing result implies that the
CD97-CD55 interaction is highly specific and that the
binding specificity is dependent upon these three (or fewer)
amino acids.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1
<211> LENGTH: 6068
<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (70)..(2541)
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:
<220> FEATURE:

<221> NAME/KEY:
<222> LOCATION:

Homo sapiens

sig_peptide
(70)..(138)

5'UTR
(1)+.(69)

3'UTR
(2542)..(6068)

<400> SEQUENCE: 1

cggagacggg acagccctgt cccactcact ctttcccctg ctgctcctge cggcagctca 60

gctggaacc atg gga ggc cgc gtc ttt ctc gtc ttt ctc geca ttc tgt gtc 111
Met Gly Gly Arg Val Phe Leu Val Phe Leu Ala Phe Cys Val

1 5 10

tgg ctg act ctg ccg gga gct gaa acc cag gac tcc agg
Trp Leu Thr Leu Pro Gly Ala Glu Thr Gln Asp Ser Arg

15 20 25

cgg tgg tgc cct cag gac tcc tecg tgt gtc aat gcc acc
Arg Trp Cys Pro Gln Asp Ser Ser Cys Val Asn Ala Thr

35 40

tgc aat cca ggg ttc agc tet ttt tet gag atc atc acc
Cys Asn Pro Gly Phe Ser Ser Phe Ser Glu Ile Ile Thr

50 55

gag act tgt gac gac atc aac gag tgt gca aca ctg tcg
Glu Thr Cys Asp Asp Ile Asn Glu Cys Ala Thr Leu Ser

ggc tgt gce 159
Gly Cys Ala
30
gcc tgt cgce 207
Ala Cys Arg
45

acc ccc atg 255
Thr Pro Met

60

aaa gtg tca 303

Lys Val Ser



US 2003/0148951 Al Aug. 7,2003
25

-continued
tgc gga aaa ttc tcg gac tgc tgg aac aca gag ggg agc tac gac tgc 351
Cys Gly Lys Phe Ser Asp Cys Trp Asn Thr Glu Gly Ser Tyr Asp Cys
80 85 90
gtg tgc agc cca gga tat gag cct gtt tet ggg gea aaa aca tte aag 399
Val Cys Ser Pro Gly Tyr Glu Pro Val Ser Gly Ala Lys Thr Phe Lys
95 100 105 110
aat gag agc gag aac acg tgt caa gat gtg gac gaa tgt cag cag aac 447
Asn Glu Ser Glu Asn Thr Cys Gln Asp Val Asp Glu Cys Gln Gln Asn
115 120 125
cca agg ctc tgt aaa agc tac ggc acc tgc gtc aac acc ctc ggc agce 495
Pro Arg Leu Cys Lys Ser Tyr Gly Thr Cys Val Asn Thr Leu Gly Ser
130 135 140
tac acg tgc cag tgc ctg cct ggc ttc aag ctc aaa cct gag gac ccg 543
Tyr Thr Cys Gln Cys Leu Pro Gly Phe Lys Leu Lys Pro Glu Asp Pro
145 150 155
aag ctc tgc aca gat gtg aat gaa tgc acc tcc gga caa aac cca tgce 591
Lys Leu Cys Thr Asp Val Asn Glu Cys Thr Ser Gly Gln Asn Pro Cys
160 165 170
cac agc tcc acc cac tgc ctc aac aac gtg ggc agc tat cag tge cge 639
His Ser Ser Thr His Cys Leu Asn Asn Val Gly Ser Tyr Gln Cys Arg
175 180 185 190
tgc cge ccg gge tgg caa ceg att ccg ggg tee ccc aat gge cca aac 687
Cys Arg Pro Gly Trp Gln Pro Ile Pro Gly Ser Pro Asn Gly Pro Asn
195 200 205
aat acc gtc tgt gaa gat gtg gac gag tgc agc tcc ggg cag cat cag 735
Asn Thr Val Cys Glu Asp Val Asp Glu Cys Ser Ser Gly Gln His Gln
210 215 220
tgt gac agc tcc acc gtc tgc ttc aac acc gtg ggt tca tac age tgc 783
Cys Asp Ser Ser Thr Val Cys Phe Asn Thr Val Gly Ser Tyr Ser Cys
225 230 235
cgc tgc cge cca gge tgg aag ccc aga cac gga atc ccg aat aac caa 831
Arg Cys Arg Pro Gly Trp Lys Pro Arg His Gly Ile Pro Asn Asn Gln
240 245 250
aag gac act gtc tgt gaa gat atg act ttc tcc acc tgg acc ccg ccc 879
Lys Asp Thr Val Cys Glu Asp Met Thr Phe Ser Thr Trp Thr Pro Pro
255 260 265 270
cct gga gtc cac agc cag acg ctt tcc cga ttc ttc gac aaa gtc cag 927
Pro Gly Val His Ser Gln Thr Leu Ser Arg Phe Phe Asp Lys Val Gln
275 280 285
gac ctg ggc aga gac tac aag cca ggc ttg gcc aat aac acc atc cag 975
Asp Leu Gly Arg Asp Tyr Lys Pro Gly Leu Ala Asn Asn Thr Ile Gln
290 295 300
agc atc tta cag gcg ctg gat gag ctg ctg gag gcc cct ggg gac ctg 1023
Ser Ile Leu Gln Ala Leu Asp Glu Leu Leu Glu Ala Pro Gly Asp Leu
305 310 315
gag acc ctg ccc cgc tta cag cag cac tgt gtg gcc agt cac ctg ctg 1071
Glu Thr Leu Pro Arg Leu Gln Gln His Cys Val Ala Ser His Leu Leu
320 325 330
gat ggc cta gag gat gtc ctc aga ggc ctg agc aag aac ctt tcc aat 1119
Asp Gly Leu Glu Asp Val Leu Arg Gly Leu Ser Lys Asn Leu Ser Asn
335 340 345 350
ggg ctg ttg aac ttc agt tat cct gca ggc aca gaa ttg tcc ctg gag 1167
Gly Leu Leu Asn Phe Ser Tyr Pro Ala Gly Thr Glu Leu Ser Leu Glu
355 360 365
gtg cag aag caa gta gac agg agt gtc acc ttg aga cag aat cag gca 1215

Val Gln Lys Gln Val Asp Arg Ser Val Thr Leu Arg Gln Asn Gln Ala
370 375 380
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-continued
gtg atg cag ctc gac tgg aat cag gca cag aaa tct ggt gac cca gge 1263
Val Met Gln Leu Asp Trp Asn Gln Ala Gln Lys Ser Gly Asp Pro Gly
385 390 395
cct tet gtg gtg gge ctt gte tee att cca ggg atg gge aag ttg ctg 1311
Pro Ser Val Val Gly Leu Val Ser Ile Pro Gly Met Gly Lys Leu Leu
400 405 410
gct gag gcc cct ctg gtc ctg gaa cct gag aag cag atg ctt ctg cat 1359
Ala Glu Ala Pro Leu Val Leu Glu Pro Glu Lys Gln Met Leu Leu His
415 420 425 430
gag aca cac cag ggc ttg ctg cag gac ggc tcc ccc atc ctg ctc tca 1407
Glu Thr His Gln Gly Leu Leu Gln Asp Gly Ser Pro Ile Leu Leu Ser
435 440 445
gat gtg atc tct gcec ttt ctg agc aac aac gac acc caa aac ctc agce 1455
Asp Val Ile Ser Ala Phe Leu Ser Asn Asn Asp Thr Gln Asn Leu Ser
450 455 460
tcc cca gtt acc ttc acc ttc tcec cac cgt tca gtg atc ccg aga cag 1503
Ser Pro Val Thr Phe Thr Phe Ser His Arg Ser Val Ile Pro Arg Gln
465 470 475
aag gtg ctc tgt gtc ttc tgg gag cat ggc cag aat gga tgt ggt cac 1551
Lys Val Leu Cys Val Phe Trp Glu His Gly Gln Asn Gly Cys Gly His
480 485 490
tgg gcc acc aca ggc tgc agc aca ata ggc acc aga gac acc agc acc 1599
Trp Ala Thr Thr Gly Cys Ser Thr Ile Gly Thr Arg Asp Thr Ser Thr
495 500 505 510
atc tgc cgt tge acc cac ctg agc agc ttt gecc gtc ctec atg gcc cac 1647
Ile Cys Arg Cys Thr His Leu Ser Ser Phe Ala Val Leu Met Ala His
515 520 525
tac gat gtg cag gag gag gat ccc gtg ctg act gtc atc acc tac atg 1695
Tyr Asp Val Gln Glu Glu Asp Pro Val Leu Thr Val Ile Thr Tyr Met
530 535 540
ggg ctg agc gtc tct ctg ctg tge ctc cte ctg geg gee cte act ttt 1743
Gly Leu Ser Val Ser Leu Leu Cys Leu Leu Leu Ala Ala Leu Thr Phe
545 550 555
ctc ctg tgt aaa gcc atc cag aac acc agc acc tca ctg cat ctg cag 1791
Leu Leu Cys Lys Ala Ile Gln Asn Thr Ser Thr Ser Leu His Leu Gln
560 565 570
ctc tcg ctc tge ctc ttc ctg gcc cac ctc ctc ttc ctc gtg gca att 1839
Leu Ser Leu Cys Leu Phe Leu Ala His Leu Leu Phe Leu Val Ala Ile
575 580 585 590
gat caa acc gga cac aag gtg ctg tgc tcc atc atc gcc ggt acc ttg 1887
Asp Gln Thr Gly His Lys Val Leu Cys Ser Ile Ile Ala Gly Thr Leu
595 600 605
cac tat ctc tac ctg gcc acc ttc acc tgg atg ctg ctg gag gcc ctg 1935
His Tyr Leu Tyr Leu Ala Thr Phe Thr Trp Met Leu Leu Glu Ala Leu
610 615 620
tac ctc ttc ctc act gca cgg aac ctg acg gtg gtc aac tac tca agc 1983
Tyr Leu Phe Leu Thr Ala Arg Asn Leu Thr Val Val Asn Tyr Ser Ser
625 630 635
atc aac aga ttc atg aag aag ctc atg ttc cct gtg ggc tac gga gtc 2031
Ile Asn Arg Phe Met Lys Lys Leu Met Phe Pro Val Gly Tyr Gly Val
640 645 650
cca gct gtg aca gtg gcc att tct gca gcc tcc agg cct cac ctt tat 2079
Pro Ala Val Thr Val Ala Ile Ser Ala Ala Ser Arg Pro His Leu Tyr
655 660 665 670
gga aca cct tcc cgc tgc tgg ctc caa cca gaa aag gga ttt ata tgg 2127

Gly Thr Pro Ser Arg Cys Trp Leu Gln Pro Glu Lys Gly Phe Ile Trp
675 680 685
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ggc ttc ctt gga cct gte tge gee ate tte tet gtg aat tta gtt cte 2175
Gly Phe Leu Gly Pro Val Cys Ala Ile Phe Ser Val Asn Leu Val Leu
690 695 700
ttt ctg gtg act ctc tgg att ttg aaa aac aga ctc tecec tece cte aat 2223
Phe Leu Val Thr Leu Trp Ile Leu Lys Asn Arg Leu Ser Ser Leu Asn
705 710 715
agt gaa gtg tcc acc ctc cgg aac aca agg atg ctg gca ttt aaa gcg 2271
Ser Glu Val Ser Thr Leu Arg Asn Thr Arg Met Leu Ala Phe Lys Ala
720 725 730
aca gct cag ctg ttc atc ctg ggc tgec acg tgg tgt ctg gge atc ttg 2319
Thr Ala Gln Leu Phe Ile Leu Gly Cys Thr Trp Cys Leu Gly Ile Leu
735 740 745 750
cag gtg ggt ccg gct gec cgg gtc atg gee tac ctc ttc ace atc ate 2367
Gln Val Gly Pro Ala Ala Arg Val Met Ala Tyr Leu Phe Thr Ile Ile
755 760 765
aac agc ctg cag ggt gtc ttc atc ttc ctg gtg tac tgc cte cte age 2415
Asn Ser Leu Gln Gly Val Phe Ile Phe Leu Val Tyr Cys Leu Leu Ser
770 775 780
cag cag gtc cgg gag caa tat ggg aaa tgg tcc aaa ggg atc agg aaa 2463
Gln Gln Val Arg Glu Gln Tyr Gly Lys Trp Ser Lys Gly Ile Arg Lys
785 790 795
ttg aaa act gag tct gag atg cac aca ctc tcc age agt gect aag get 2511
Leu Lys Thr Glu Ser Glu Met His Thr Leu Ser Ser Ser Ala Lys Ala
800 805 810
gac acc tcc aaa ccc agc acg gtt aac tag aaaaatcttc tgaataagat 2561
Asp Thr Ser Lys Pro Ser Thr Val Asn
815 820

cttceeotett tgeoceggtgga aaatctgaac aatctttgag ccatctagag gggaaagaaa 2621
agactttgtt ctgtgtgttt caagaaattc accatgtcag caatatgaag gatgttatgg 2681
aaggcgtget tggcattcaa ttcectgcaga aaccggaaat cttccatgecc ctgcaatgtg 2741
ctcatcaaac tctcagcata tggacggcca gctgtggccce atatcttggt cactctgaag 2801
cacaatattt atgaagctat agaacgttaa gacctctttc acagcctctc cttcctacaa 2861
agactcctcc aaatcttaaa atgaagcagg aaaacaagcc taagaggact ttcataccga 2921
caacatctga aaggactaga atgttcacac cacgatctgg atttcttaat tttttgtttt 2981
tgtttttgtt gttctctagt tctacgggtt tgattattta gtcatgtgaa aaatattgat 3041
tactcacaca tagatcaaga gagacacggc tcctgccttc atggagcttt taggggaaaa 3101
tgaagtggct cttgcagcta gagttgactc agaagccgaa attcctagaa atcaggtttc 3161
tactgctagg caattgaagt ataaactatt ttataaacac tgtcttcttt catcttcaca 3221
ccaacatgca gaaaagtttc taatctcaga tcagggatgt gcaacaaatt ccatttcaaa 3281
ggaatgacct gcaaaactcc taaatattcc aagcaaatgc ccttaaccct gtctgttatc 3341
tgctttcctt gaacagaaat tctacatgac cataaaacct cgaagatggg tatggcacag 3401
ttcatgccct gtaatcctag cactttggga gggtgaggca ggaggatggc tcaagcccag 3461
gagtttgaga ccagtgtggg caacagagtg agaaccatct ctaccccaaa aaaaaattaa 3521
aaattagcca agcatggtga tgatatagga gttaaggaga aatcatttag gcaaatagca 3581
agggtaggaa gtcctcagtg aggttttctg tttaatgaaa agcagccccc aaaatcattt 3641
tcttttctaa caaagaacag cctgtaaaat cgagctgcag acatagacaa gcaagctgga 3701

agcttccacg ggtgaatgct ggcaactgtg ccaataggaa aaagctacct agactaggca 3761
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tgtccaaaat ggcggctcca agttccctte tetttgeccag ccatgtgtac agtaaaaage 3821
aggcaacata gtgtcagcca aagctcattt gecataataag attagggtgg ggtggecage 3881
tcacataggg gtaggcccta ggtaaatcag acaccgectt ctcaagectg tetataaaat 3941
ctggtacact atgacgaggg tcagatttcc cattcagacg cccctctecc atgcaagaga 4001
aagagctgtt ctcctttete tttettttge ctattaaacce tectgeteetg gecaggeaca 4061
gtggctcacg cctataatcc cagcactttg ggaggctgag gtggtcagat cacctaaggt 4121
caggagttca agaccagcct ggtcaacatg gtgaaatctt gtctctagta aaaatacaaa 4181
aatatatgaa atctcacata gatgataata ctaagttcca aaagcaactc aacctggtag 4241
attctaattt tttttgagge agggtcttge tttgtcacce atgectggagt acaatggcac 4301
aaacactgct cactgcagcc tcgacctccc aaggectaag caatcctcect gectcagtece 4361
cccteccaagt agctgaaact acaggtgtgt accaccacac ctggctaatt tttgtatttt 4421
ttgtagagac gtgggtctca ctatgctgec caggctcagg tcttaatctc ctgagetcag 4481
gcaatccgeca ggcctcagec tccctaagtg cggggattac aggettgage cactgeacct 4541
agcctctatt tgttttacaa aagagaaatt gagatcctga atgttaagtg acttgecctga 4601
ggccatccca ctaacaggag ccagggttag gattcaaacc ccatccaact ggtcccagag 4661
ctggagcttce ttgcactgce ctacactacc taccatctcce atcctectggg caccttttta 4721
taagaaccaa aacattacag agcattgctt tgtcaactca gctgggaaca tttcccagtg 4781
caactcacat ttttcactge tctgtgcctg tctgtataag ctcaatgagt attgatttag 4841
gggctttgga gaactttgaa tgctaccccc caagtaacca ttattggcaa cctggtacct 4901
ctacttttag ccatttctce ttctctataa acagtgcaga agtaacccac ttggtaacag 4961
gcatccttge caagcocctcca ccactaggtc agtgtaagaa ttaaagaaag aggaaagaaa 5021
cacgaaaagt ggcttgatgg ttaagacagg tttattttag agaaaacaca cctgagaggg 5081
gctgctgget gaattaggtt agagtctttt ctacagacta agagtgttta aggatttagg 5141
gtgggagagt ttcttagagg cttggactgc ttctgtgttt ttttgttgtg cttatatggg 5201
agggagagtg gtgtgtttgc ttttatacat ttttctgcag ctgtaggcat accccccaag 5261
tctgctttta gcttccctat tttagtgecac ctggagggaa aggaatgtgc ttattaaggce 5321
ccactgtttt actggggccc attgtatgag ggtgaagttt ggcagttacc caagagactt 5381
ttcctccacc ttcectctgtg cccgagetgt tttatctgeca ttttactgtc tgeottttttt 5441
ggctgcttat agtttttaaa aaagtaattt ccttaaatcc agaaggctaa aaatgaagct 5501
gaaacttaaa gtggcggtgt ttgtccaaaa taacggggct cctgctctge cagtcagtac 5561
cctcaagtca ctcctgatcc tcaacctcca tgcctaagac tggttcaaga gaccacataa 5621
tatctgcctt ttattacata catgatgggt gcatgggatt ctgcatgccc tttgcttgat 5681
atagactgct aaggtgagat ggggaatatc agagtcagct gctgcttgag gaagcagaac 5741
acacagctgg aggcttggaa catgtgggtc cctatgagtg tagagcccat atccccatag 5801
agtctaccta gagcaggggt cgccaaatgt tttcttaaag agcctgatag tgtatatgtt 5861
aggctttgtg agccaggtat ttacagcaac tcaattctac cactgtggta tgaaaacagc 5921
tatagacaat cataaatgaa tgatcatggc tatgttttaa taaaacttta cagacactga 5981

acttgaactt ccattgtgat atgaaaacag ctatagacaa tcataaatga atgatcatgg 6041
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ctatgtttta ataaaacttt atggaca

<210>
<211>
<212>
<213>

<400>

Met Gl
1

SEQ ID NO

2

LENGTH: 823

TYPE: PRT
ORGANISM:

SEQUENCE :

y Gly Arg

Thr Leu Pro Gly

20

Cys Pro Gln Asp

Pro Gl

Cys As
65

35

y Phe Ser

p Asp Ile

Lys Phe Ser Asp

Ser Pr

Ser Gl

o Gly Tyr
100

u Asn Thr
115

Leu Cys Lys Ser

13
Cys Gl
145
Cys Th

Ser Th

Pro Gl

0

n Cys Leu

r Asp Val

r His Cys
180

y Trp Gln
195

Val Cys Glu Asp

21

Ser Se
225

Arg Pr

Thr Va

Val Hi

Gly Ar

29

Leu Gl
305

Leu Pr

Leu Gl

0

r Thr Vval

o Gly Trp

1 Cys Glu
260

s Ser Gln
275

g Asp Tyr
0

n Ala Leu

o Arg Leu

u Asp Val
340

Homo sapiens

2

Val

Ala

Ser

Ser

Asn

Cys

85

Glu

Cys

Tyr

Pro

Asn

165

Leu

Pro

Val

Cys

Lys

245

Asp

Thr

Lys

Asp

Gln

325

Leu

Phe

Glu

Ser

Phe

Glu

70

Trp

Pro

Gln

Gly

Gly

150

Glu

Asn

Ile

Asp

Phe

230

Pro

Met

Leu

Pro

Glu

310

Gln

Arg

Leu

Thr

Cys

Ser

Cys

Asn

Val

Asp

Thr

135

Phe

Cys

Asn

Pro

Glu

215

Asn

Arg

Thr

Ser

Gly

295

Leu

His

Gly

Val

Gln

Val

40

Glu

Ala

Thr

Ser

Val

120

Cys

Lys

Thr

Val

Gly

200

Cys

Thr

His

Phe

Arg

280

Leu

Leu

Cys

Leu

Phe

Asp

25

Asn

Ile

Thr

Glu

Gly

105

Asp

Val

Leu

Ser

Gly

185

Ser

Ser

Val

Gly

Ser

265

Phe

Ala

Glu

Val

Ser
345

Leu

10

Ser

Ala

Ile

Leu

Gly

90

Ala

Glu

Asn

Lys

Gly

170

Ser

Pro

Ser

Gly

Ile

250

Thr

Phe

Asn

Ala

Ala

330

Lys

Ala

Arg

Thr

Thr

Ser

75

Ser

Lys

Cys

Thr

Pro

155

Gln

Tyr

Asn

Gly

Ser

235

Pro

Trp

Asp

Asn

Pro

315

Ser

Asn

Phe

Gly

Ala

Thr

60

Lys

Tyr

Thr

Gln

Leu

140

Glu

Asn

Gln

Gly

Gln

220

Tyr

Asn

Thr

Lys

Thr

300

Gly

His

Leu

Cys

Cys

Cys

45

Pro

Val

Asp

Phe

Gln

125

Gly

Asp

Pro

Cys

Pro

205

His

Ser

Asn

Pro

vVal

285

Ile

Asp

Leu

Ser

Val

Ala

30

Arg

Met

Ser

Cys

Lys

110

Asn

Ser

Pro

Cys

Arg

190

Asn

Gln

Cys

Gln

Pro

270

Gln

Gln

Leu

Leu

Asn
350

Trp

15

Arg

Cys

Glu

Cys

val

95

Asn

Pro

Tyr

Lys

His

175

Cys

Asn

Cys

Arg

Lys

255

Pro

Asp

Ser

Glu

Asp

335

Gly

Leu

Trp

Asn

Thr

Gly

80

Cys

Glu

Arg

Thr

Leu

160

Ser

Arg

Thr

Asp

Cys

240

Asp

Gly

Leu

Ile

Thr

320

Gly

Leu

6068
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Leu Asn Phe Ser Tyr Pro Ala Gly Thr Glu Leu Ser Leu Glu Val Gln
355 360 365

Lys Gln Val Asp Arg Ser Val Thr Leu Arg Gln Asn Gln Ala Val Met
370 375 380

Gln Leu Asp Trp Asn Gln Ala Gln Lys Ser Gly Asp Pro Gly Pro Ser
385 390 395 400

Val Val Gly Leu Val Ser Ile Pro Gly Met Gly Lys Leu Leu Ala Glu
405 410 415

Ala Pro Leu Val Leu Glu Pro Glu Lys Gln Met Leu Leu His Glu Thr
420 425 430

His Gln Gly Leu Leu Gln Asp Gly Ser Pro Ile Leu Leu Ser Asp Val
435 440 445

Ile Ser Ala Phe Leu Ser Asn Asn Asp Thr Gln Asn Leu Ser Ser Pro
450 455 460

Val Thr Phe Thr Phe Ser His Arg Ser Val Ile Pro Arg Gln Lys Val
465 470 475 480

Leu Cys Val Phe Trp Glu His Gly Gln Asn Gly Cys Gly His Trp Ala
485 490 495

Thr Thr Gly Cys Ser Thr Ile Gly Thr Arg Asp Thr Ser Thr Ile Cys
500 505 510

Arg Cys Thr His Leu Ser Ser Phe Ala Val Leu Met Ala His Tyr Asp
515 520 525

Val Gln Glu Glu Asp Pro Val Leu Thr Val Ile Thr Tyr Met Gly Leu
530 535 540

Ser Val Ser Leu Leu Cys Leu Leu Leu Ala Ala Leu Thr Phe Leu Leu
545 550 555 560

Cys Lys Ala Ile Gln Asn Thr Ser Thr Ser Leu His Leu Gln Leu Ser
565 570 575

Leu Cys Leu Phe Leu Ala His Leu Leu Phe Leu Val Ala Ile Asp Gln
580 585 590

Thr Gly His Lys Val Leu Cys Ser Ile Ile Ala Gly Thr Leu His Tyr
595 600 605

Leu Tyr Leu Ala Thr Phe Thr Trp Met Leu Leu Glu Ala Leu Tyr Leu
610 615 620

Phe Leu Thr Ala Arg Asn Leu Thr Val Val Asn Tyr Ser Ser Ile Asn
625 630 635 640

Arg Phe Met Lys Lys Leu Met Phe Pro Val Gly Tyr Gly Val Pro Ala
645 650 655

Val Thr Val Ala Ile Ser Ala Ala Ser Arg Pro His Leu Tyr Gly Thr
660 665 670

Pro Ser Arg Cys Trp Leu Gln Pro Glu Lys Gly Phe Ile Trp Gly Phe
675 680 685

Leu Gly Pro Val Cys Ala Ile Phe Ser Val Asn Leu Val Leu Phe Leu
690 695 700

Val Thr Leu Trp Ile Leu Lys Asn Arg Leu Ser Ser Leu Asn Ser Glu
705 710 715 720

Val Ser Thr Leu Arg Asn Thr Arg Met Leu Ala Phe Lys Ala Thr Ala
725 730 735

Gln Leu Phe Ile Leu Gly Cys Thr Trp Cys Leu Gly Ile Leu Gln Val
740 745 750

Gly Pro Ala Ala Arg Val Met Ala Tyr Leu Phe Thr Ile Ile Asn Ser
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755 760 765

Leu Gln Gly Val Phe Ile Phe Leu Val Tyr Cys Leu Leu Ser Gln Gln
770 775 780

Val Arg Glu Gln Tyr Gly Lys Trp Ser Lys Gly Ile Arg Lys Leu Lys
785 790 795 800

Thr Glu Ser Glu Met His Thr Leu Ser Ser Ser Ala Lys Ala Asp Thr
805 810 815

Ser Lys Pro Ser Thr Val Asn
820

<210> SEQ ID NO 3

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

ccatcctaat acgactcact atagggce 27
<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

actcactata gggctcgage ggc 23
<210> SEQ ID NO 5

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

ctggtgttct ggatggcttt acacaggag 29
<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

tgcacatcgt agtgggccat ga 22
<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

aggtgctctg tgtcttctgg ga 22
<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gtgctgtgct ccatcatcge cg 22

<210> SEQ ID NO 9
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<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

ttccaccgge aaagagggaa gatctt
<210> SEQ ID NO 10

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
gacagtggcc atttctgcag cctcecag
<210> SEQ ID NO 11

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
aggtgctctg tgtcttectgg ga
<210> SEQ ID NO 12

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
ttctggttgg agccageggg aaggt
<210> SEQ ID NO 13

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
cgcaccacaa gaaagtagag ctccag
<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
gactggaagc tgaccctgat cacca
<210> SEQ ID NO 15

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 15
acgggatcct cctcctgecac atcgtgggec atgt
<210> SEQ ID NO 16

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

26

27

22

25

26

25

34
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aaccatggga ggccgegtet ttctegtett tcoctegeatte tgtgtetgge

<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

aggtgctcectg tgtcttetgg ga

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

ttccaccgge aaagagggaa gatcttatte

<210> SEQ ID NO 19

<211> LENGTH: 3517

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (70)..(2541)
<220> FEATURE:

<221> NAME/KEY: 3'UTR

<222> LOCATION: (2542)..(3517)
<220> FEATURE:

<221> NAME/KEY: 5'UTR

<222> LOCATION: (1l)..(69)
<220> FEATURE:

<221> NAME/KEY: sig_peptide
<222> LOCATION: (70)..(138)

<400> SEQUENCE: 19
cggagacggg acagccctgt cccactcact ctttceccetg ctgeteetge cggecagetcea

gctggaacc atg gga ggc cgc gtc ttt ctc gtc ttt ctc gca ttec tgt gtce
Met Gly Gly Arg Val Phe Leu Val Phe Leu Ala Phe Cys Val
1 5 10

tgg ctg act ctg ccg gga gct gaa acc cag gac tcc agg ggc tgt gcc
Trp Leu Thr Leu Pro Gly Ala Glu Thr Gln Asp Ser Arg Gly Cys Ala
15 20 25 30

cgg tgg tgc cct cag gac tcc tcg tgt gtc aat gcc acc gece tgt cgce
Arg Trp Cys Pro Gln Asp Ser Ser Cys Val Asn Ala Thr Ala Cys Arg
35 40 45

tgc aat cca ggg ttc agc tct ttt tct gag atc atc acc acc ccc atg
Cys Asn Pro Gly Phe Ser Ser Phe Ser Glu Ile Ile Thr Thr Pro Met
50 55 60

gag act tgt gac gac atc aac gag tgt gca aca ctg tcg aaa gtg tca
Glu Thr Cys Asp Asp Ile Asn Glu Cys Ala Thr Leu Ser Lys Val Ser
65 70 75

tgc gga aaa ttc tcg gac tgc tgg aac aca gag ggg agc tac gac tgc
Cys Gly Lys Phe Ser Asp Cys Trp Asn Thr Glu Gly Ser Tyr Asp Cys
80 85 90

gtg tgc agc cca gga tat gag cct gtt tct ggg gca aaa aca ttc aag
Val Cys Ser Pro Gly Tyr Glu Pro Val Ser Gly Ala Lys Thr Phe Lys
95 100 105 110

aat gag agc gag aac acg tgt caa gat gtg gac gaa tgt cag cag aac
Asn Glu Ser Glu Asn Thr Cys Gln Asp Val Asp Glu Cys Gln Gln Asn
115 120 125

50

22

30

60



US 2003/0148951 Al Aug. 7,2003
34

-continued
cca agg ctc tgt aaa agc tac ggc acc tgc gtc aac acc cte ggc agce 495
Pro Arg Leu Cys Lys Ser Tyr Gly Thr Cys Val Asn Thr Leu Gly Ser
130 135 140
tac acg tgc cag tgc ctg cct gge ttc aag ctc aaa cct gag gac ccg 543
Tyr Thr Cys Gln Cys Leu Pro Gly Phe Lys Leu Lys Pro Glu Asp Pro
145 150 155
aag ctc tgc aca gat gtg aat gaa tgc acc tcc gga caa aac cca tgc 591
Lys Leu Cys Thr Asp Val Asn Glu Cys Thr Ser Gly Gln Asn Pro Cys
160 165 170
cac agc tcc acc cac tgc ctc aac aac gtg ggc agc tat cag tgce cge 639
His Ser Ser Thr His Cys Leu Asn Asn Val Gly Ser Tyr Gln Cys Arg
175 180 185 190
tgc cge ccg gge tgg caa ceg att ccg ggg tce ccc aat gge cca aac 687
Cys Arg Pro Gly Trp Gln Pro Ile Pro Gly Ser Pro Asn Gly Pro Asn
195 200 205
aat acc gtc tgt gaa gat gtg gac gag tgc agc tcc ggg cag cat cag 735
Asn Thr Val Cys Glu Asp Val Asp Glu Cys Ser Ser Gly Gln His Gln
210 215 220
tgt gac agc tcc acc gtc tgc ttc aac acc gtg ggt tca tac age tgc 783
Cys Asp Ser Ser Thr Val Cys Phe Asn Thr Val Gly Ser Tyr Ser Cys
225 230 235
cgc tgc cge cca gge tgg aag ccc aga cac gga atc ccg aat aac caa 831
Arg Cys Arg Pro Gly Trp Lys Pro Arg His Gly Ile Pro Asn Asn Gln
240 245 250
aag gac act gtc tgt gaa gat atg act ttc tcc acc tgg acc ccg ccc 879
Lys Asp Thr Val Cys Glu Asp Met Thr Phe Ser Thr Trp Thr Pro Pro
255 260 265 270
cct gga gtc cac age cag acg ctt tcc cga tte ttc gac aaa gtc cag 927
Pro Gly Val His Ser Gln Thr Leu Ser Arg Phe Phe Asp Lys Val Gln
275 280 285
gac ctg ggc aga gac tac aag cca ggc ttg gcc aat aac acc atc cag 975
Asp Leu Gly Arg Asp Tyr Lys Pro Gly Leu Ala Asn Asn Thr Ile Gln
290 285 300
agc atc tta cag gcg ctg gat gag ctg ctg gag gcc cct ggg gac ctg 1023
Ser Ile Leu Gln Ala Leu Asp Glu Leu Leu Glu Ala Pro Gly Asp Leu
305 310 315
gag acc ctg ccc cgc tta cag cag cac tgt gtg gcc agt cac ctg ctg 1071
Glu Thr Leu Pro Arg Leu Gln Gln His Cys Val Ala Ser His Leu Leu
320 325 330
gat ggc cta gag gat gtc ctc aga ggc ctg agc aag aac ctt tcc aat 1119
Asp Gly Leu Glu Asp Val Leu Arg Gly Leu Ser Lys Asn Leu Ser Asn
335 340 345 350
ggg ctg ttg aac ttc agt tat cct gca ggc aca gaa ttg tcc ctg gag 1167
Gly Leu Leu Asn Phe Ser Tyr Pro Ala Gly Thr Glu Leu Ser Leu Glu
355 360 365
gtg cag aag caa gta gac agg agt gtc acc ttg aga cag aat cag gca 1215
Val Gln Lys Gln Val Asp Arg Ser Val Thr Leu Arg Gln Asn Gln Ala
370 375 380
gtg atg cag ctc gac tgg aat cag gca cag aaa tct ggt gac cca ggc 1263
Val Met Gln Leu Asp Trp Asn Gln Ala Gln Lys Ser Gly Asp Pro Gly
385 390 395
cct tct gtg gtg ggc ctt gtc tcc att cca ggg atg ggc aag ttg ctg 1311
Pro Ser Val Val Gly Leu Val Ser Ile Pro Gly Met Gly Lys Leu Leu
400 405 410
gct gag gcc cct ctg gtc ctg gaa cct gag aag cag atg ctt ctg cat 1359

Ala Glu Ala Pro Leu Val Leu Glu Pro Glu Lys Gln Met Leu Leu His
415 420 425 430
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gag aca cac cag ggc ttg ctg cag gac ggc tecc ccec ate ctg cte tea 1407
Glu Thr His Gln Gly Leu Leu Gln Asp Gly Ser Pro Ile Leu Leu Ser
435 440 445
gat gtg atc tect gee ttt ctg age aac aac gac acc caa aac cte age 1455
Asp Val Ile Ser Ala Phe Leu Ser Asn Asn Asp Thr Gln Asn Leu Ser
450 455 460
tce cca gtt acc ttc acc ttc tcc cac cgt tca gtg atc ccg aga cag 1503
Ser Pro Val Thr Phe Thr Phe Ser His Arg Ser Val Ile Pro Arg Gln
465 470 475
aag gtg ctc tgt gtc ttc tgg gag cat ggc cag aat gga tgt ggt cac 1551
Lys Val Leu Cys Val Phe Trp Glu His Gly Gln Asn Gly Cys Gly His
480 485 490
tgg gcc acc aca ggc tgc agc aca ata ggc acc aga gac acc agc acc 1599
Trp Ala Thr Thr Gly Cys Ser Thr Ile Gly Thr Arg Asp Thr Ser Thr
495 500 505 510
atc tgc cgt tge acc cac ctg agc age ttt gec gtc cte atg gecce cac 1647
Ile Cys Arg Cys Thr His Leu Ser Ser Phe Ala Val Leu Met Ala His
515 520 525
tac gat gtg cag gag gag gat ccc gtg ctg act gtc atc acc tac atg 1695
Tyr Asp Val Gln Glu Glu Asp Pro Val Leu Thr Val Ile Thr Tyr Met
530 535 540
ggg ctg agc gtc tct ctg ctg tge ctec cte ctg geg gee cte act ttt 1743
Gly Leu Ser Val Ser Leu Leu Cys Leu Leu Leu Ala Ala Leu Thr Phe
545 550 555
ctc ctg tgt aaa gcc atc cag aac acc agc acc tca ctg cat ctg cag 1791
Leu Leu Cys Lys Ala Ile Gln Asn Thr Ser Thr Ser Leu His Leu Gln
560 565 570
ctc tcg cte tge cte ttec ctg gec cac cte cte ttec cte gtg geca att 1839
Leu Ser Leu Cys Leu Phe Leu Ala His Leu Leu Phe Leu Val Ala Ile
575 580 585 590
gat caa acc gga cac aag gtg ctg tgc tcc atc atc gec ggt acc ttg 1887
Asp Gln Thr Gly His Lys Val Leu Cys Ser Ile Ile Ala Gly Thr Leu
595 600 605
cac tat ctc tac ctg gcc acc ttc acc tgg atg ctg ctg gag gcc ctg 1935
His Tyr Leu Tyr Leu Ala Thr Phe Thr Trp Met Leu Leu Glu Ala Leu
610 615 620
tac ctc ttc ctc act gca cgg aac ctg acg gtg gtc aac tac tca agc 1983
Tyr Leu Phe Leu Thr Ala Arg Asn Leu Thr Val Val Asn Tyr Ser Ser
625 630 635
atc aac aga ttc atg aag aag ctc atg ttc cct gtg ggc tac gga gtc 2031
Ile Asn Arg Phe Met Lys Lys Leu Met Phe Pro Val Gly Tyr Gly Val
640 645 650
cca gct gtg aca gtg gcc att tct gca gcc tcc agg cct cac ctt tat 2079
Pro Ala Val Thr Val Ala Ile Ser Ala Ala Ser Arg Pro His Leu Tyr
655 660 665 670
gga aca cct tcc cgc tgc tgg ctc caa cca gaa aag gga ttt ata tgg 2127
Gly Thr Pro Ser Arg Cys Trp Leu Gln Pro Glu Lys Gly Phe Ile Trp
675 680 685
ggc ttc ctt gga cct gtc tgc gcc atc ttc tct gtg aat tta gtt ctc 2175
Gly Phe Leu Gly Pro Val Cys Ala Ile Phe Ser Val Asn Leu Val Leu
690 695 700
ttt ctg gtg act ctc tgg att ttg aaa aac aga ctc tcc tcc ctc aat 2223
Phe Leu Val Thr Leu Trp Ile Leu Lys Asn Arg Leu Ser Ser Leu Asn
705 710 715
agt gaa gtg tcc acc ctc cgg aac aca agg atg ctg gca ttt aaa gcg 2271

Ser Glu Val Ser Thr Leu Arg Asn Thr Arg Met Leu Ala Phe Lys Ala
720 725 730
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aca gct cag ctg tte atec ctg gge tge acg tgg tgt ctg gge atec ttg 2319
Thr Ala Gln Leu Phe Ile Leu Gly Cys Thr Trp Cys Leu Gly Ile Leu
735 740 745 750
cag gtg ggt ccg get gee cgg gte atg gee tac cte tte ace ate ate 2367
Gln Val Gly Pro Ala Ala Arg Val Met Ala Tyr Leu Phe Thr Ile Ile
755 760 765
aac agc ctg cag ggt gtc ttc atc ttec ctg gtg tac tge cte cte age 2415
Asn Ser Leu Gln Gly Val Phe Ile Phe Leu Val Tyr Cys Leu Leu Ser
770 775 780
cag cag gtc cgg gag caa tat ggg aaa tgg tcc aaa ggg atc agg aaa 2463
Gln Gln Val Arg Glu Gln Tyr Gly Lys Trp Ser Lys Gly Ile Arg Lys
785 790 795
ttg aaa act gag tct gag atg cac aca ctc tcc age agt get aag get 2511
Leu Lys Thr Glu Ser Glu Met His Thr Leu Ser Ser Ser Ala Lys Ala
800 805 810
gac acc tcc aaa ccc agc acg gtt aac tag aaaaatcttc tgaataagat 2561
Asp Thr Ser Lys Pro Ser Thr Val Asn
815 820
cttcecetett tgeoceggtgga aaatctgaac aatctttgag ccatctagag gggaaagaaa 2621
agactttgtt ctgtgtgttt caagaaattc accatgtcag caatatgaag gatgttatgg 2681
aaggcgtget tggcattcaa ttcctgcaga aaccggaaat cttccatgecc ctgcaatgtg 2741
ctcatcaaac tctcagcata tggacggcca gctgtggccce atatcttggt cactctgaag 2801
cacaatattt atgaagctat agaacgttaa gacctctttc acagcctctc cttcctacaa 2861
agactcctcc aaatcttaaa atgaagcagg aaaacaagcc taagaggact ttcataccga 2921
caacatctga aaggactaga atgttcacac cacgatctgg atttcttaat tttttgtttt 2981
tgtttttgtt gttctctagt tctacgggtt tgattattta gtcatgtgaa aaatattgat 3041
tactcacaca tagatcaaga gagacacggc tcctgccttc atggagcttt taggggaaaa 3101
tgaagtggct cttgcagecta gagttgactc agaagccgaa attcctagaa atcaggttte 3161
tactgctagg caattgaagt ataaactatt ttataaacac tgtcttcttt catcttcaca 3221
ccaacatgca gaaaagtttc taatctcaga tcagggatgt gcaacaaatt ccatttcaaa 3281
ggaatgacct gcaaaactcc taaatattcc aagcaaatgc ccttaaccct gtctgttatc 3341
tgctttcctt gaacagaaat tctacatgac cataaaacct cgaagatggg tatggcacag 3401
ttcatgccct gtaatcctag cactttggga gggtgaggca ggaggatggc tcaagcccag 3461
gagtttgaga ccagtgtggg caacagagtg agaaccatct ctaccccaaa aaaaaa 3517
<210> SEQ ID NO 20
<211> LENGTH: 800
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Gln Asp Ser Arg Gly Cys Ala Arg Trp Cys Pro Gln Asp Ser Ser Cys
1 5 10 15

Val Asn Ala Thr Ala Cys Arg Cys Asn Pro Gly Phe Ser Ser Phe Ser
20 25 30

Glu Ile Ile Thr Thr Pro Met Glu Thr Cys Asp Asp Ile Asn Glu Cys
35 40 45

Ala Thr Leu Ser Lys Val Ser Cys Gly Lys Phe Ser Asp Cys Trp Asn
50 55 60
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Thr Glu Gly Ser Tyr Asp Cys Val Cys Ser Pro Gly Tyr Glu Pro Val
65 70 75 80

Ser Gly Ala Lys Thr Phe Lys Asn Glu Ser Glu Asn Thr Cys Gln Asp
85 90 95

Val Asp Glu Cys Gln Gln Asn Pro Arg Leu Cys Lys Ser Tyr Gly Thr
100 105 110

Cys Val Asn Thr Leu Gly Ser Tyr Thr Cys Gln Cys Leu Pro Gly Phe
115 120 125

Lys Leu Lys Pro Glu Asp Pro Lys Leu Cys Thr Asp Val Asn Glu Cys
130 135 140

Thr Ser Gly Gln Asn Pro Cys His Ser Ser Thr His Cys Leu Asn Asn
145 150 155 160

Val Gly Ser Tyr Gln Cys Arg Cys Arg Pro Gly Trp Gln Pro Ile Pro
165 170 175

Gly Ser Pro Asn Gly Pro Asn Asn Thr Val Cys Glu Asp Val Asp Glu
180 185 190

Cys Ser Ser Gly Gln His Gln Cys Asp Ser Ser Thr Val Cys Phe Asn
195 200 205

Thr Val Gly Ser Tyr Ser Cys Arg Cys Arg Pro Gly Trp Lys Pro Arg
210 215 220

His Gly Ile Pro Asn Asn Gln Lys Asp Thr Val Cys Glu Asp Met Thr
225 230 235 240

Phe Ser Thr Trp Thr Pro Pro Pro Gly Val His Ser Gln Thr Leu Ser
245 250 255

Arg Phe Phe Asp Lys Val Gln Asp Leu Gly Arg Asp Tyr Lys Pro Gly
260 265 270

Leu Ala Asn Asn Thr Ile Gln Ser Ile Leu Gln Ala Leu Asp Glu Leu
275 280 285

Leu Glu Ala Pro Gly Asp Leu Glu Thr Leu Pro Arg Leu Gln Gln His
290 295 300

Cys Val Ala Ser His Leu Leu Asp Gly Leu Glu Asp Val Leu Arg Gly
305 310 315 320

Leu Ser Lys Asn Leu Ser Asn Gly Leu Leu Asn Phe Ser Tyr Pro Ala
325 330 335

Gly Thr Glu Leu Ser Leu Glu Val Gln Lys Gln Val Asp Arg Ser Val
340 345 350

Thr Leu Arg Gln Asn Gln Ala Val Met Gln Leu Asp Trp Asn Gln Ala
355 360 365

Gln Lys Ser Gly Asp Pro Gly Pro Ser Val Val Gly Leu Val Ser Ile
370 375 380

Pro Gly Met Gly Lys Leu Leu Ala Glu Ala Pro Leu Val Leu Glu Pro
385 390 395 400

Glu Lys Gln Met Leu Leu His Glu Thr His Gln Gly Leu Leu Gln Asp
405 410 415

Gly Ser Pro Ile Leu Leu Ser Asp Val Ile Ser Ala Phe Leu Ser Asn
420 425 430

Asn Asp Thr Gln Asn Leu Ser Ser Pro Val Thr Phe Thr Phe Ser His
435 440 445

Arg Ser Val Ile Pro Arg Gln Lys Val Leu Cys Val Phe Trp Glu His
450 455 460

Gly Gln Asn Gly Cys Gly His Trp Ala Thr Thr Gly Cys Ser Thr Ile
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Gly Thr Arg Asp Thr Ser Thr Ile Cys Arg Cys Thr His Leu Ser Ser
485 490 495

Phe Ala Val Leu Met Ala His Tyr Asp Val Gln Glu Glu Asp Pro Val
500 505 510

Leu Thr Val Ile Thr Tyr Met Gly Leu Ser Val Ser Leu Leu Cys Leu
515 520 525

Leu Leu Ala Ala Leu Thr Phe Leu Leu Cys Lys Ala Ile Gln Asn Thr
530 535 540

Ser Thr Ser Leu His Leu Gln Leu Ser Leu Cys Leu Phe Leu Ala His
545 550 555 560

Leu Leu Phe Leu Val Ala Ile Asp Gln Thr Gly His Lys Val Leu Cys
565 570 575

Ser Ile Ile Ala Gly Thr Leu His Tyr Leu Tyr Leu Ala Thr Phe Thr
580 585 590

Trp Met Leu Leu Glu Ala Leu Tyr Leu Phe Leu Thr Ala Arg Asn Leu
595 600 605

Thr Val Val Asn Tyr Ser Ser Ile Asn Arg Phe Met Lys Lys Leu Met
610 615 620

Phe Pro Val Gly Tyr Gly Val Pro Ala Val Thr Val Ala Ile Ser Ala
625 630 635 640

Ala Ser Arg Pro His Leu Tyr Gly Thr Pro Ser Arg Cys Trp Leu Gln
645 650 655

Pro Glu Lys Gly Phe Ile Trp Gly Phe Leu Gly Pro Val Cys Ala Ile
660 665 670

Phe Ser Val Asn Leu Val Leu Phe Leu Val Thr Leu Trp Ile Leu Lys
675 680 685

Asn Arg Leu Ser Ser Leu Asn Ser Glu Val Ser Thr Leu Arg Asn Thr
690 695 700

Arg Met Leu Ala Phe Lys Ala Thr Ala Gln Leu Phe Ile Leu Gly Cys
705 710 715 720

Thr Trp Cys Leu Gly Ile Leu Gln Val Gly Pro Ala Ala Arg Val Met
725 730 735

Ala Tyr Leu Phe Thr Ile Ile Asn Ser Leu Gln Gly Val Phe Ile Phe
740 745 750

Leu Val Tyr Cys Leu Leu Ser Gln Gln Val Arg Glu Gln Tyr Gly Lys
755 760 765

Trp Ser Lys Gly Ile Arg Lys Leu Lys Thr Glu Ser Glu Met His Thr
770 775 780

Leu Ser Ser Ser Ala Lys Ala Asp Thr Ser Lys Pro Ser Thr Val Asn
785 790 795 800

<210> SEQ ID NO 21

<211> LENGTH: 835

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Met Gly Gly Arg Val Phe Leu Ala Phe Cys Val Trp Leu Thr Leu Pro
1 5 10 15

Gly Ala Glu Thr Gln Asp Ser Arg Gly Cys Ala Arg Trp Cys Pro Gln
20 25 30
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Asn Ser Ser Cys Val Asn Ala Thr Ala Cys Arg Cys Asn Pro Gly Phe
35 40 45

Ser Ser Phe Ser Glu Ile Ile Thr Thr Pro Thr Glu Thr Cys Asp Asp
50 55 60

Ile Asn Glu Cys Ala Thr Pro Ser Lys Val Ser Cys Gly Lys Phe Ser
Asp Cys Trp Asn Thr Glu Gly Ser Tyr Asp Cys Val Cys Ser Pro Gly
85 90 95

Tyr Glu Pro Val Ser Gly Thr Lys Thr Phe Lys Asn Glu Ser Glu Asn
100 105 110

Thr Cys Gln Asp Val Asp Glu Cys Gln Gln Asn Pro Arg Leu Cys Lys
115 120 125

Ser Tyr Gly Thr Cys Val Asn Thr Leu Gly Ser Tyr Thr Cys Gln Cys
130 135 140

Leu Pro Gly Phe Lys Phe Ile Pro Glu Asp Pro Lys Val Cys Thr Asp
145 150 155 160

Val Asn Glu Cys Thr Ser Gly Gln Asn Pro Cys His Ser Ser Thr His
165 170 175

Cys Leu Asn Asn Val Gly Ser Tyr Gln Cys Arg Cys Arg Pro Gly Trp
180 185 190

Gln Pro Ile Pro Gly Ser Pro Asn Gly Pro Asn Asn Thr Val Cys Glu
195 200 205

Asp Val Asp Glu Cys Ser Ser Gly Gln His Gln Cys Asp Ser Ser Thr
210 215 220

Val Cys Phe Asn Thr Val Gly Ser Tyr Ser Cys Arg Cys Arg Pro Gly
225 230 235 240

Trp Lys Pro Arg His Gly Ile Pro Asn Asn Gln Lys Asp Thr Val Cys
245 250 255

Glu Asp Met Thr Phe Ser Thr Trp Thr Pro Pro Pro Gly Val His Ser
260 265 270

Gln Thr Leu Ser Arg Phe Phe Asp Lys Val Gln Asp Leu Gly Arg Asp
275 280 285

Ser Lys Thr Ser Ser Ala Glu Val Thr Ile Gln Asn Val Ile Lys Leu
290 295 300

Val Asp Glu Leu Met Glu Ala Pro Gly Asp Val Glu Ala Leu Ala Pro
305 310 315 320

Pro Val Arg His Leu Ile Ala Thr Gln Leu Leu Ser Asn Leu Glu Asp
325 330 335

Ile Met Arg Ile Leu Ala Lys Ser Leu Pro Lys Gly Pro Phe Thr Tyr
340 345 350

Ile Ser Pro Ser Asn Thr Glu Leu Thr Leu Met Ile Gln Glu Arg Gly
355 360 365

Asp Lys Asn Val Thr Met Gly Gln Ser Ser Ala Arg Met Lys Leu Asn
370 375 380

Trp Ala Val Ala Ala Gly Ala Glu Asp Pro Gly Pro Ala Val Ala Gly
385 390 395 400

Ile Leu Ser Ile Gln Asn Met Thr Thr Leu Leu Ala Asn Ala Ser Leu
405 410 415

Asn Leu His Ser Lys Lys Gln Ala Glu Leu Glu Glu Ile Tyr Glu Ser
420 425 430

Ser Ile Arg Gly Val Gln Leu Arg Arg Leu Ser Ala Val Asn Ser Ile
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435 440 445

Phe Leu Ser His Asn Asn Thr Lys Glu Leu Asn Ser Pro Ile Leu Phe
450 455 460

Ala Phe Ser His Leu Glu Ser Ser Asp Gly Glu Ala Gly Arg Asp Pro
465 470 475 480

Pro Ala Lys Asp Val Met Pro Gly Pro Arg Gln Glu Leu Leu Cys Ala
485 490 495

Phe Trp Lys Ser Asp Ser Asp Arg Gly Gly His Trp Ala Thr Glu Gly
500 505 510

Cys Gln Val Leu Gly Ser Lys Asn Gly Ser Thr Thr Cys Gln Cys Ser
515 520 525

His Leu Ser Ser Phe Ala Ile Leu Met Ala His Tyr Asp Val Glu Asp
530 535 540

Trp Lys Leu Thr Leu Ile Thr Arg Val Gly Leu Ala Leu Ser Leu Phe
545 550 555 560

Cys Leu Leu Leu Cys Ile Leu Thr Phe Leu Leu Val Arg Pro Ile Gln
565 570 575

Gly Ser Arg Thr Thr Ile His Leu His Leu Cys Ile Cys Leu Phe Val
580 585 590

Gly Ser Thr Ile Phe Leu Ala Gly Ile Glu Asn Glu Gly Gly Gln Val
595 600 605

Gly Leu Arg Cys Arg Leu Val Ala Gly Leu Leu His Tyr Cys Phe Leu
610 615 620

Ala Ala Phe Cys Trp Met Ser Leu Glu Gly Leu Glu Leu Tyr Phe Leu
625 630 635 640

Val Val Arg Val Phe Gln Gly Gln Gly Leu Ser Thr Arg Trp Leu Cys
645 650 655

Leu Ile Gly Tyr Gly Val Pro Leu Leu Ile Val Gly Val Ser Ala Ala
660 665 670

Ile Tyr Ser Lys Gly Tyr Gly Arg Pro Arg Tyr Cys Trp Leu Asp Phe
675 680 685

Glu Gln Gly Phe Leu Trp Ser Phe Leu Gly Pro Val Thr Phe Ile Ile
690 695 700

Leu Cys Asn Ala Val Ile Phe Val Thr Thr Val Trp Lys Leu Thr Gln
705 710 715 720

Lys Phe Ser Glu Ile Asn Pro Asp Met Lys Lys Leu Lys Lys Ala Arg
725 730 735

Ala Leu Thr Ile Thr Ala Ile Ala Gln Leu Phe Leu Leu Gly Cys Thr
740 745 750

Trp Val Phe Gly Leu Phe Ile Phe Asp Asp Arg Ser Leu Val Leu Thr
755 760 765

Tyr Val Phe Thr Ile Leu Asn Cys Leu Gln Gly Ala Phe Leu Tyr Leu
770 775 780

Leu His Cys Leu Leu Asn Lys Lys Val Arg Glu Glu Tyr Arg Lys Trp
785 790 795 800

Ala Cys Leu Val Ala Gly Gly Ser Lys Tyr Ser Glu Phe Thr Ser Thr
805 810 815

Thr Ser Gly Thr Gly His Asn Gln Thr Arg Ala Leu Arg Ala Ser Glu
820 825 830

Ser Gly Ile
835
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<210> SEQ ID NO 22

<211> LENGTH: 850

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Met Arg Gly Phe Asn Leu Leu Leu Phe Trp Gly Cys Cys Val Met His
1 5 10 15

Ser Trp Glu Gly His Ile Arg Pro Thr Arg Lys Pro Asn Thr Lys Gly
20 25 30

Asn Asn Cys Arg Asp Ser Thr Leu Cys Pro Ala Tyr Ala Thr Cys Thr
35 40 45

Asn Thr Val Asp Ser Tyr Tyr Cys Thr Cys Lys Gln Gly Phe Leu Ser
50 55 60

Ser Asn Gly Gln Asn His Phe Lys Asp Pro Gly Val Arg Cys Lys Asp
65 70 75 80

Ile Asp Glu Cys Ser Gln Ser Pro Pro Pro Cys Gly Pro Asn Ser Ser
85 90 95

Cys Lys Asn Thr Glu Gly Ser Tyr Asp Cys Val Cys Ser Pro Gly Tyr
100 105 110

Glu Pro Val Ser Gly Thr Lys Thr Phe Lys Asn Glu Ser Glu Asn Thr
115 120 125

Cys Gln Asp Val Asp Glu Cys Gln Gln Asn Pro Arg Leu Cys Lys Ser
130 135 140

Tyr Gly Thr Cys Val Asn Thr Leu Gly Ser Tyr Thr Cys Gln Cys Leu
145 150 155 160

Pro Gly Phe Lys Phe Ile Pro Glu Asp Pro Lys Val Cys Thr Asp Val
165 170 175

Asn Glu Cys Thr Ser Gly Gln Asn Pro Cys His Ser Ser Thr His Cys
180 185 190

Leu Asn Asn Val Gly Ser Tyr Gln Cys Arg Cys Arg Pro Gly Trp Gln
195 200 205

Pro Ile Pro Gly Ser Pro Asn Gly Pro Asn Asn Thr Val Cys Glu Asp
210 215 220

Val Asp Glu Cys Ser Ser Gly Gln His Gln Cys Asp Ser Ser Thr Val
225 230 235 240

Cys Phe Asn Thr Val Gly Ser Tyr Ser Cys Arg Cys Arg Pro Gly Trp
245 250 255

Lys Pro Arg His Gly Ile Pro Asn Asn Gln Lys Asp Thr Val Cys Glu
260 265 270

Asp Met Thr Phe Ser Thr Trp Thr Pro Pro Pro Gly Val His Ser Gln
275 280 285

Thr Leu Ser Arg Phe Phe Asp Lys Val Gln Asp Leu Gly Arg Asp Ser
290 295 300

Lys Thr Ser Ser Ala Glu Val Thr Ile Gln Asn Val Ile Lys Leu Val
305 310 315 320

Asp Glu Leu Met Glu Ala Pro Gly Asp Val Glu Ala Leu Ala Pro Pro
325 330 335

Val Arg His Leu Ile Ala Thr Gln Leu Leu Ser Asn Leu Glu Asp Ile
340 345 350

Met Arg Ile Leu Ala Lys Ser Leu Pro Lys Gly Pro Phe Thr Tyr Ile
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355 360 365

Ser Pro Ser Asn Thr Glu Leu Thr Leu Met Ile Gln Glu Arg Gly Asp
370 375 380

Lys Asn Val Thr Met Gly Gln Ser Ser Ala Arg Met Lys Leu Asn Trp
385 390 395 400

Ala Val Ala Ala Gly Ala Glu Asp Pro Gly Pro Ala Val Ala Gly Ile
405 410 415

Leu Ser Ile Gln Asn Met Thr Thr Leu Leu Ala Asn Ala Ser Leu Asn
420 425 430

Leu His Ser Lys Lys Gln Ala Glu Leu Glu Glu Ile Tyr Glu Ser Ser
435 440 445

Ile Arg Gly Val Gln Leu Arg Arg Leu Ser Ala Val Asn Ser Ile Phe
450 455 460

Leu Ser His Asn Asn Thr Lys Glu Leu Asn Ser Pro Ile Leu Phe Ala
465 470 475 480

Phe Ser His Leu Glu Ser Ser Asp Gly Glu Ala Gly Arg Asp Pro Pro
485 490 495

Ala Lys Asp Val Met Pro Gly Pro Arg Gln Glu Leu Leu Cys Ala Phe
500 505 510

Trp Lys Ser Asp Ser Asp Arg Gly Gly His Trp Ala Thr Glu Gly Cys
515 520 525

Gln Val Leu Gly Ser Lys Asn Gly Ser Thr Thr Cys Gln Cys Ser His
530 535 540

Leu Ser Ser Phe Ala Ile Leu Met Ala His Tyr Asp Val Glu Asp Trp
545 550 555 560

Lys Leu Thr Leu Ile Thr Arg Val Gly Leu Ala Leu Ser Leu Phe Cys
565 570 575

Leu Leu Leu Cys Ile Leu Thr Phe Leu Leu Val Arg Pro Ile Gln Gly
580 585 590

Ser Arg Thr Thr Ile His Leu His Leu Cys Ile Cys Leu Phe Val Gly
595 600 605

Ser Thr Ile Phe Leu Ala Gly Ile Glu Asn Glu Gly Gly Gln Val Gly
610 615 620

Leu Arg Cys Arg Leu Val Ala Gly Leu Leu His Tyr Cys Phe Leu Ala
625 630 635 640

Ala Phe Cys Trp Met Ser Leu Glu Gly Leu Glu Leu Tyr Phe Leu Val
645 650 655

Val Arg Val Phe Gln Gly Gln Gly Leu Ser Thr Arg Trp Leu Cys Leu
660 665 670

Ile Gly Tyr Gly Val Pro Leu Leu Ile Val Gly Val Ser Ala Ala Ile
675 680 685

Tyr Ser Lys Gly Tyr Gly Arg Pro Arg Tyr Cys Trp Leu Asp Phe Glu
690 695 700

Gln Gly Phe Leu Trp Ser Phe Leu Gly Pro Val Thr Phe Ile Ile Leu
705 710 715 720

Cys Asn Ala Val Ile Phe Val Thr Thr Val Trp Lys Leu Thr Gln Lys
725 730 735

Phe Ser Glu Ile Asn Pro Asp Met Lys Lys Leu Lys Lys Ala Arg Ala
740 745 750

Leu Thr Ile Thr Ala Ile Ala Gln Leu Phe Leu Leu Gly Cys Thr Trp
755 760 765
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Val Phe

770

Phe Ile Phe

775

Leu Asp Asp Arg Ser

780

Val
785

Phe Thr Ile Gln Ala

795

Asn Leu Phe Leu

790

Leu Cys Gly

Val Glu

810

Asn Glu

805

His Cys Leu Leu Lys Lys Arg Tyr Arg

Val Ala

820

Cys Leu Gly Gly Ser Lys Tyr Ser Glu Phe Thr

825

Thr
835

Gln Thr

840

Ala Ala

845

Ser Gly Gly His Asn Arg Leu Arg

Ile
850

Gly

Leu Val Leu Thr

Tyr

Lys

Ser

830

Ser

Tyr

Leu
800

Leu

Trp Ala

815

Thr Thr

Glu Ser

1. The use of an EMR2 polypeptide-type polypeptide in
the preparation of a medicament for use in a method of
therapy of a condition or disease associated with an inter-
action between the EMR2 polypeptide and an EMR2 ligand,
wherein the EMR2 polypeptide-type polypeptide comprises
a domain corresponding to the EGF4 domain of EMR?2, and
which binds to an antibody specific to the EGF4 domain.

2. The use of an EMR2 polypeptide-type polypeptide in
the preparation of a diagnostic agent for use in a method of
diagnosis of a condition disease associated with an interac-
tion between the EMR2 polypeptide and an EMR2 ligand,
wherein the EMR2 polypeptide-type polypeptide comprises
a domain corresponding to the EGF4 domain of EMR?2, and
which binds to an antibody specific to the EGF4 domain.

3. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide comprises all or part of
the sequence of SEQ ID NO. 2, or a variant thereof.

4. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide comprises all or part of
the sequence of SEQ ID NO. 20, or a variant thereof.

5. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide comprises up to 15
EGF subunits.

6. A use according to any preceding claim, wherein the
EMR2 polypeptide-type polypeptide comprises up to 10
EGF subunits.

7. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide comprises 5 EGF sub-
units.

8. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide comprises at least one
EGF subunit, and wherein at least one EGF subunit corre-
sponds to EGF subunit 4 of naturally occurring EMR2, or a
variant thereof.

9. A use according to claim 8, wherein two or more EGF
subunits are tandem or spaced apart repeats of EGF4.

10. A use according to claim 8, wherein the EMR2
polypeptide-type polypeptide comprises 5 EGF subunits and
there is only one EGF4 sequence, said EGF4 sequence being
in the 4™ position of the 5 EGF subunits.

11. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide substantially lacks any
transmembrane sequences.

12. A use according to any preceding claim, wherein the
polypeptide-type polypeptide is soluble in saline.

13. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide is substantially identi-
cal with the sequence of SEQ ID NO. 2, where the sequences
correspond.

14. A use according to any preceding claim, wherein the
EMR?2 polypeptide-type polypeptide is not glycosylated.

15. An agonist for the polypeptide of SEQ ID NO. 2 or 20.

16. An antagonist for the polypeptide of SEQ ID NO. 2 or
20.

17. An antibody specific for the polypeptide of SEQ ID
NO. 2 or 20.

18. An antibody specific for the polypeptide of SEQ ID
NO. 2 or 20 which is a monoclonal antibody.

19. An antibody according to claim 17 or 18 which is
specific for the EGF 4 subunit of EMR2.

20. A polynucleotide, or a variant thereof, encoding an
EMR?2 polypeptide-type polypeptide which is

EMR?2 polypeptide protein comprising the amino acid
sequence of SEQ ID NO. 2 or SEQ ID NO. 20,

a polypeptide which has substantial identity therewith and
which retains an EMR?2 polypeptide biological activity;
or

a fragment of such an EMR2 polypeptide protein or
substantially identical polypeptide, and which fragment
retains an EMR2 polypeptide biological activity.

21. An antisense polynucleotide to the polynucleotide of

claim 20.

22. Apolynucleotide according to claims 20 or 21, which

is DNA.

23. Avector comprising a polynucleotide of any of claims

20 to 22.

24. Avector according to claim 23, which is an expression

vector.

25. A cell comprising a vector according to claims 23 or

24.

26. A method for the preparation of an EMR2 polypep-

tide-type polypeptide which is

EMR2 polypeptide protein comprising the amino acid
sequence of SEQ ID NO. 2 or SEQ ID NO. 20;
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a polypeptide which has substantial identity therewith and
which retains an EMR2 polypeptide biological activity;
or

fragment of such an EMR2 polypeptide protein or
substantially identical polypeptide, and which fragment
retains an EMR2 polypeptide biological activity;

or a substance as defined in any of claims 15 to 19
comprising culturing a cell according to claim 25 which
contains an expression vector according to claim 24,
and collecting the expressed polypeptide.

27. Amethod according to claim 26, wherein the vector is

so designed as to express the polypeptide in secretory form.

28. A preparation of an EMR?2 polypeptide-type polypep-

tide which is

EMR?2 polypeptide protein comprising the amino acid
sequence of SEQ ID NO. 2 or SEQ ID NO. 20,

a polypeptide which has substantial identity therewith and
which retains an EMR2 polypeptide biological activity;
or

fragment of such an EMR2 polypeptide protein or
substantially identical polypeptide, and which fragment
retains an EMR2 polypeptide biological activity;

or a substance as defined in any of claims 15 to 19,

suitable to modify the activity of EMR2 in vivo.

29. A preparation according to claim 28 which is a
pharmaceutical preparation.

30. A preparation according to claim 27 or 28 for blocking
the effect of EMR2 in vivo.

31. A preparation according to any of claims 28 to 30 for
the treatment of a condition selected from: acute inflamma-
tion caused by injury or infection, such as meningitis and
poneumonia; chronic inflammation, such as rheumatoid
arthritis, inflammatory bowel discase (Crohn’s discase,
ulcerative colitis), chronic tissue damages; septic shock;
repair and auto-immune disease processes; atherosclerosis;
diabetes; Alzheimer’s disease; and processes such as Killing
of targets by degranulation; chemotaxis and leukocyte
recruitment; induction and effector mechanism of innate and
acquired autoimmunity.

32. A preparation according to any of claims 28 to 30 for
the treatment of a condition involving: clotting fibrinolysis;
intravascular coagulation; thrombosis and embolism; wound
repair and angiogenesis.

33. A preparation according to any of claims 28 to 30 for
the treatment of a condition involving: haematopoiesis and
blood disorders such as neutropenia and agranulocytosis as
well as myeloid leukacmia; and anaemia.

34. A preparation according to any of claims 28 to 30 for
the treatment of a condition involving: the migration, reten-
tion and activation/de-activation of phagocytes.
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35. A preparation according to any of claims 28 to 30 for
the treatment of a condition selected from: general disorders
of connective tissue such as wound healing, vascular mal-
function and congenital diseases such as hereditary hemor-
rhagic telangiectasia (HHT) and Marfan syndrome.

36. A preparation according to any of claims 28 to 30 for
the control of tumour formation and metastasis.

37. A preparation according to any of claims 28 to 30 for
the treatment of M¢ giant cells in bacterially-induced granu-
loma.

38. A substrate, such as beads, carrying an EMR2
polypeptide-type polypeptide which is

EMR?2 polypeptide protein comprising the amino acid
sequence of SEQ ID NO. 2 or SEQ ID NO. 20,

a polypeptide which has substantial identity therewith and
which retains an EMR?2 polypeptide biological activity;
or

a fragment of such an EMR2 polypeptide protein or
substantially identical polypeptide, and which fragment
retains an EMR2 polypeptide biological activity;

or a substance as defined in any of claims 15 to 19;

said polypeptide optionally being attached to said sub-

strate by means of a linker sequence.

39. A method for the diagnosis of EMR2 expression
comprising detecting EMR2 in a sample with an antibody
specific for EMR?2 and assaying the extent of binding of said
antibody.

40. A method for the diagnosis of EMR2 expression
comprising assaying identity between EMR2 DNA in a
sample and a polynucleotide according to any of claims 20
to 22, or a fragment thereof.

41. A pharmaceutical composition comprising

an EMR2 polypeptide-type polypeptide which is

EMR?2 polypeptide protein comprising the amino acid
sequence of SEQ ID NO. 2 or 20,

a polypeptide which has substantial identity therewith
and which retains an EMR2 polypeptide biological
activity; or

a fragment of such an EMR2 polypeptide protein or
substantially identical polypeptide, and which frag-
ment retains an EMR2 polypeptide biological activ-
ity;

in the preparation of a diagnostic agent for use in a

method of diagnosis of a condition or disease asso-
ciated with EMR2 polypeptide.
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