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A novsl membar of the EphA receptor famity

Field of the Invention

This invention refates to newly identified polypeptides and
polynucleotides encading such polypeptides sometimes hereinafter
referred to as ,novel member of the EphA receptor family (EphAS), 1o
their use in diagnosis and in identifying compounds that may be agonists,
antagonists that are potentially useful in therapy, and o production of
such polypeptides and polynucleofides:

Background of the Invention

The drug discovery process is currenfly undergoing a fundamentat
revolution as it embraces "functional genomics”, that is, high throughput
genome- ar gone-based biclogy. This approach as a means to identify
gehes and gane products as therapeutic targels is rapidly superceding
earlier approaches based on “positional cloning”. A phenctype, that'is a
biclogical funcian cr genetic disease, would he identified and this would
then be tracked back fo the responsible gene, based on its genétlc rnap
position.

Functional genomics relles heavily on high-throughput DMA sequencing
technologies and the varous tools of bicinformafics to identify gene
sequences of potential interest from the many mofesular biclogy databases
now available. There is & cortinuing need fo identify and characterise
further genes and their related polypeptides/proteins, as targets for drug
discavery.

Sumrmary of the Invention

The present invention relates to EphAg, in parficular EphAS polypeptides
and EphAY polyruclectides, recombinant materials and methods for their
production.  Such polypeptides and polynuclectides are of interest in
relation to methods of treaiment of certain diseases, ncluding, but not

JP 2004-504061 A 2004.2.12



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

20

(24)

WO 0208253 PCT/EPOLRZIO

2

limited to, WalkerAarburg syndroms’ (WWS), muscle-aye-brain dissase
(Cormand, B, et al., Am, J. Hum. Genet. 64, 128-35, 1999), Schwartz-
Jampet syndrome, type | (Nicole, S. et ai., Hum. Molec. Genet. 4, 1633-
1836, 1995), cancer, neurodegenerative disorders, neovasculogenesis,
nepangiogenesis, metastasis, neurcnal plasticity disorders, disorders
associated with improper or undesirable axon outgrowth or orlentation,
ischamia, stroke, immunclogical disorders, abnormal or disturbed wound
healing, cardiovascular disordars, artericsclerosis, vasculotits, arthritis, .,
herzinafter referred to as " diseases of the invention”. In a further aspact,
the invention relates fo methods for Wentifying agonists and antagonists
(e.g., inhibiters) using the rmateriais’ provided by the invention. and
treating conditions asscciated with EphAS imbalance with the identified
compounds.  [n a stil further aspect, the invention relates to diagnostic
assays for defecting diseasss associaled with inappropriate EphAQ activity
ar [evels.

Description of the nvention

in a first aspeet, the present invention relates to EphAS polypeptides.
Such pofypeptides include:

(a) a polypeptide encoded by a polynucieotide comprising the sequence
of SEQ D NO:1 andfor SEQ 1D NG:3 and/or SEQ 1D NC:5 andior SEQ
1D NOT: '

(b} a polypeptide comprising a polypeplide sequence having at least
95%, 95%, 97%, 98%, or B9% identity to the polypeptide sequence of
SEQ ID NO:2 andfor SEQ 1D NG:4 andfor SEQ 1D NO-6 and/or SEQ ID
NG:5;

(¢) a polypeptide comprising the polypeplide sequence of SEQ 1D NO:2
and/or SEQ 1D NOwd andfor SEQ 1D NO:§ andfor SEQ 1D NO8,

(d) a polypeptide having at least 95%, 96%, 97%, 98%, or 9% identity
to the polypeptide sequence of SEQ 1D NO:2 andior SEQ ID NO:4 and/ar
SEQ D NO:6 andfor SEQ 1D NO:8;

(e} the polypentide sequance of SEQ ID NO:Z and/or SEQ 1D NO4
andfor SEQ 1D NO:6 and/or SEQ 1D NO:3; and

JP 2004-504061 A 2004.2.12
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() a polypeptide having or comprising & polypeptide sequence that has
an identity Index of .98, 0.96, 0.97, 0.98, or 0.99 compared {0 the
palypeptide sequence of SEQ 1D NO-2 and/or SEQ ID NO:4 andfor SEQ
1D NC:6 andfor SEQ D NO:8;

(@) fragments ang varianis of such polypeptides in (a) 1o (f).

Polypaptides of the present invention are believed to be members of the
ephrin type A receptor famify family of polypeptides. In vertebrates, the 14
Eph receptors and 8 ephrin ligands comprise two major specificity
subclasses: EphA receptors bind to GPl-anchored ephrinA ligands, ang
EphB receptors (and EphAd4) that bind ephrinB ligands, which possess a
transmembrane domain and a short oyioplasmic region (Gale et at.,
Neuron 17, 9-18, 1986, Eph Nomenclature comittes, Call 80, 403-404,
1997).

Expression studies have shown, that Eph recepiors and ephrins are
expressed in many, if not all embryonic and adult lissuss (Gale =t al,
Neuron 17, 8-18, 1986). This data suggests that they have widespread
roles.  In some cases, interacting Eph receptors and ephiins have
complementary domains or gradients of exprassion, whareas h other
cases, their domains of expression overlap. Functional studies have
provided important inzights into the role of complemeniary expression in
which Interactions between Eph receptors and ephring occur at
baundaries or zlong a gradient.  Juxtacrine interactions between Eph
raceplors and ephrins on opposing cells were initially implicated in
pafterning of the brain and somites, and in the process of neural cell
guidance during embryonic adevslopmemt (far further readirg refer to
Mellitzer G. et al., Curr. Opin. Newecbiol. 10, 400 408, 2000, and
references therein). Also, particular members of the Eph receptors and
their ligands have been shown to function in the development of the
vascular systern and play a pivotal role in tumor angiogenesis (iftan, N.
and Madri, J.A., Curr. Opin. Biotech. 10, 536-540, 1998).

Herewith we disclose the sequence information of a novel human gene
enceding a new member of the Ephiin receptor family, EphAS and the

JP 2004-504061 A 2004.2.12
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identification of 4 differential splicing igoforms. Due to the absence of
aming acids known tg e orucial for kinase activity it 's vary fkely that this
gene encodes an ephrin receptor with ne intrinsic catalytic kKinase activity
{Hamks, S.K et af, Scjence. 241, 42-52, 1988).  Additionally, the two
consefved autophosphorylation sites in the juxtzmembrane region are
substituted by non-phosphorylatable amino acids (Helland, 5.4, at al,
EMBOC J. 18, 3877-3888, 1897; Hock, B. et al., Oncogene 17, 255-260,
1898).

The identified splicing isoforms affeé:t the eytoplasmic region of the
racaptor. One sglicing event leads to the insertion of a new domaln in the
juxtamembrane region of the receplor,. a region known to be crucial for
protein-protein interaction and signaling (see above). A further
diffarential splicing event leads to an insertion in the middle of the ATP
binding matif of the cyfoplasimic kinase domain, which adds a novel
stretch of 29 amino acids before it ends in a translational stap signat.
Thereby, this insertion removes neatly the entire cytoplasmic kinase
domain.

Herewifh we disclase the sequence information of 4 differential isoforms
of human EphAg. .

The biological properties of the EpnAS are hereinafter referred to as
"Riological activity of EphA9" or “EphA@ astivity".  Preferably, a
polypeptide of the present invention exhibits at least one biological
activity of EphAg.

Paolypeptides of the present invention also includes varants of the
aforementioned polypepiides, inciuding ali afielic forms and splice variants.,
Such polypeptides vary from the reference polypeptide by insestions,
deletions, and substifutions that may he consarvative or nan-canservative,
or any combination thereof.  Particutary preferred varianis are those in
which several, for instance from 50 ta 30, from 30 to 24, from 20 to 10, from
10 to 5, from S to 3, from 3 to 2, from 2 to 1 or 1 amino acids are inserted,
substituted, or delated, in any combination.

JP 2004-504061 A 2004.2.12
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Preferred fragments of polypeptides of the present invention include a
polypeptide comnprising an amino acid sequence having at least 30, 50 or
100 cantiguons amino acids from the amino acid sequaencs of SEQ 1D
NO: 2, or a polypeptide comprising an aminc acid seguence having at
least 30, 50 or 100 contiguous amino acids fruncated or deleted from the
aminia acid sequence of SEQ ID NO: 2. Preferred fragments are
biologically aciive fragments that mediate the biclogical activity of EphAS,
including those with a simiar activity or an improved activity, or with a
decreased undesirable activity. Also preferred are those fragments that are
antigenic or immunogenic in an animal, especially in a human.

Fragments of the polypeptides of the invention may be employed for
progucing the corresponding full-length polypepiide by peptide synthesis;
therefora, these variants may be employed as intermediates for
producing the ful-length polypeptides of the invention The polypeptides of
the present invention may be In the form of the "mature” protein ar may
be a part of a larger protein such as A precursor ar a fusion protein, itis
ofien advantagecus to include an additional aming acid sequence that
contains sectetory or leader SEqQUENCES, Pro-SBQUENCES, sequences thai
aid in purification, for instance multiple histidine residues, or an additional
sequenca far stability during recombinant production,

Paolypepfides of the present invention can be prepared in any suitable
manner, for instance by isalation form naturally occuring sources, fram
genetically engineered host cells comprising expression systems (vide
infra) or by chemical synthesis, using for instance automated peptide
synthesisars, or a combination of such methods.. Meang for preparing
such polypeptides are well understood in the art.

In a further aspect, the prasent invention retates to EphAS polynucieotides.
Such polynuclectides inciude:

(a) a polvrucleotide comprising 2 polynucleotide sequence having at
least 95%, D6%. 97%, 98%, or 99% idertity o the polynucleotide
squence of SEQ ID NGt andiar SEQ 1} NOS andfor SZQ D NOB
andior SEQ 1D NO:7,

JP 2004-504061 A 2004.2.12
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k) a polynucleotide comprising the polvnuctectide of SEQ 1D NO:1 andfor
SEQ 1D NO:3 andior SEQ 1D NQ:4 andfor SEQ 1D NO:7;

e} 2 polynuclectide having at 1zast 95%, 86%, 57%, 98%, or 99% identily
to the polynucleofide of SEQ ID NO:1 and/er SEQ 1D NO:3 and/or SEQ
ID NO:5 and/or SEQ 1D NG:7,

{d} the polynuclectide of SEQ (D NO:1 andlor SEQ 1R NG:3 andlor SEQ ID
NO:5 andfor SEQ D NG:7;

{e} a polynuclectide comprising & poiynucleotide sequence encading a
polypeptide sequence having at least 95%, 96%, 979%, 98%, or 99%
identity to the nolypeptide sequence of SEQ ID NO:2 and/or SEQ 10 NO4
and/or SEQ 1D NO:6 andgfar SEQ D NO'8:

{fy = polynuclsotide comprising a polynucleotids sequence encoding the
palypeptide of SEQ 1D NO:Z andfor SEQ ID NO#4 and/or SEQ (D NOE
and/sor SEQ 10 NO:8;

@ A palynuclestide having a polynuclentide sequence encoding a
palypeptide sequence having at least 96%, 96%, 97%, 98%, or 98%
identity to the polypeptide sequence of SEQ 1D NQ:2 and/or SEQ D NO:4
andior SEQ 1D NOS andfor SEQ 1D NO:B,

(h) a polynuciectide encading the polypeptide of SEQ 1D NO2 andfor 8EQ
iD MCr4 andfor SEQ D NOG andfor SEQ D NO:B;

(i) a polynuclestide having or comprising & palynuclectide sequance that
has an identity Index of 0.95, 0.96, 0.97, 0.98, or 0.99 compared to the
pobnuclectide sequence of SEQ D NO:t andfor SEQ 1D NO:3 and/or
SEQ I NO:5 andior SEQ 1D NOT;

iy a polynuclectide having or comprising a pelynuclectide sequence
encoding a polypeptide sequencs that has an ldantity Indsx of 8.95, 0.96,
0.97, 0.88, or 0.99 compared to the polypeptide sequence of SEQ 1D
NC:Z andior SEG 1D NO:4 andfor SEQ 1D NO:§ andior SEQ 1D NOB;
and

polynudieotides that are fragments and variants Df‘thEI above mentioned
poiynuciectides or that are complementary to above mentioned
polynucientides, over the entire length thereof.

JP 2004-504061 A 2004.2.12
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Proferred fragments of polynucleotides of the presemt invention
inchude a polynuclectide comprising an nuclectide sequence having at
least 15, 30, 50 or 109 configuous nuciectides from the sequence of SEQ
iD NO: 1, ar a polynuclentide sorprising an sequence having at least 30,
50 or 100 contiguous nucizotides fruncated or delsted from the sequence
of SEL 1D NO: 1,

Prefarred wariants of polyhucleotides of the present invention  include
splice variants, alielic varanis, and polymorphisms, including
polynucleotides having one or more single nucleotide polymorphisms
[SNPs).

Palynucleotides of the presert invention aise include polynucleatides
encading palypeptide variants that comprise the amine acid sequence of
SEQ 1D NG:2 andior SEG ID NO:4 apdior SEQ 1D NO@ and/or SEQ 1D
NQ:8 and in which several, for instance from 50 to 33, fram 39 to 20, from
2010 10, from 10 o &, from 5 o 3, from 3 to 2, from 2 t0 1 or 1 aming acid
residues are substituted, deleted or added, in any combination.

in a further aspect, the present invention provides polynuclectides that
are RNA transcripte of the IDNA sequences of the present invention.
Accordingly, there is provided an RNA polynuclectide that:

(a) ocomprises an RNA transcript of the DNA sequence encoeding
the polypeptide of SEQ ID NQ:2 and/or SEQ 1D NO:4 andfor SEQ
1D NO:6 and/or SEQ 10 NO&;

{by is the RMA transcript of the DMA sequence encoding the
palypeptide of SEQ 10 NO:2 andlor SEQ 1D N4 andfor SEQ I
NO8 and/or SEQ 1D NO:3;

{c) comprises an RNA transcript of the DNA sequence of SEQ D
MO andfor SEQ 1D NO.3 andlor SEQ 1D NO:5 andfor 8EQ ID
MNC:7, of

(d) is the RMA transcript of the DNA sequence of SEQ 1D NO:
and/or SEQ D NO:3 and/or SEQ 1D NO:S andfor SEQ 1D NQ:7,

and RMA polynuclectides that are compiementary thereto.

JP 2004-504061 A 2004.2.12
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The polynuclsatide sequence of SEQ 1D NO:1 andfor SEQ ID NO:3 andlor
SEQ 1D NO:E andfor SEQ 1D NO:7 shows homaology with HUMRPTE (Fox,
G.M. et at., Cncogene 10, 897-0085, 1995). The polynudiectide sequence of
SEQ D NGt and/or SEQ IR NO:3 and/or SEQ 1D NO:5 and/ar SEQ 1D
NC:7 18 a <DNA sequence that encodes the polypeptide of SEQ ID NO:2
andfor SEQ D NO:4 andior SEQ I NO:8 and/or SEQ 1D NO:B. The
palynucleotide sequence encoding the polypeptide of SEQ 1D NO:2
andfor SEQ ID NO4 and/or SEQ 1D NO:B and/or SEQ 1D NQ:S may be
identical to the palypeptide encoding seguance of SEQ ID NG:T and/or
SEQ ID NQ:3 andfor SEQ [D NO:5 and/or SEQ 1D NO:7 or it may be a
sequence other than SEQ ID NO:1 and/ior SEQ 1D NO:3 andfor SEQ ID
NQ:5 andfor SEQ 1D NGO, which, as a result of the redundancy
(deaeneracy) of the genetic code, alsa encodes the polypeplide of SEQ
I3 NO:2 and/or SEQ 1D NQO4 andfor SEQ IR NO:6 andfor SEQ 1D NO:S.
The polypeptide of the SEQ IR NO:2 andlor SEQ 1D NO:4 andor SEQ 1D
NGO:6 andfor SEQ D NC:B is related to other proteins of the ephrin type A
receplor famiy family, having homolegy and/er structural simifarily with
Q18375 (Fox, G.M. et al., Oncogene 14, 897-908, 1995).

Preferred polypeptides and polynuclectides of the present invention are
expected to have, infer afla, similar biolegical functions/properties to their
homologous polypeptides and polynucfeatides.  Furthermore, preferred
polypeptides and polynuclectides of the presant invention have at feast one
EphA9 activity,

Polynucieotides of the present nvention may be obtained using standard
cloning and screening technigues from a cDINA library derived from mRNA
in cells of human B-cells, brain, colon fumar, colon adenocarcinoma, kidney
turmner, carciniod lung, fetal lung, testis , (see for instance, Sambrook et af.,
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1883)). Polynuclectides of
the invention can also be obiained from natura! sources such as genomic
DNA tibraries or can be synthesized using well known and commaercially
available techniques.

When pofynucleotides of the present invention are used for the
recombinant production of pelypeptides of the present invention, the
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palynuelectide may include the coding sequense for the mature
polypeptide, by itself, or the coding sequence for the mature polypeptide in
reading framg with other coding sequences, such as those encoding &
leadsr or secrelony sequence, a pra-, of Pro- or prepro- prolein sequences,
ar ather fusion peptide portions, For sxample, 2 marker sequence that
facilitates purification of the fused polypeptide can be encoded. In certain
preferred rrmhodimants of this aspact of the inventian, the markar sequence
is @ hexa-histidine peplide, as provided in the pQE vector (Qliagen, inc.)
and described in Gentz ef al, Proc Natl Acad Sci USA (1989) 86.821-824,
or is an HA tag. The polynucleotide may alsa contain non-cading 5 ang 3
sequencas, such as hanscribed, non-fransiated sequences, splicing and
poiyadenytation signals, rbosome binding sites and sequences that
stabilize mRMA.

Polynuclectides that are identical, or have sufficieni idently to a
paiynucleotide seauence of SEQ 1D NC:t and/or SEQ 1D NO:3 and/or SEQ
1D NOS andfor SEQ D NQ:7, may be used as hybridization probes for
cDNA and genomic DNA ar as primers for a nucieic ackd amplification
reaction {for instance, PCR). Such probes and primers may be used fo
isotate ful-iength ¢cDNAs and genomic clones encoding polypeptides of the
present invention ard to isclate cDNA and genomic clones of other genes
fincluding genes encoding parakgs from human sources and ortholdgs and
paralogs from species other than human) that have a high seguence
similarity to SEQ 1D NO:1 and/or SEQ ID NO:3 andfor SEQ 1D NO:5
andfor SEQ D NQ.7, typically at laast 95% identity. Preferred probes and
primers will generally comprise at least 15 nuclectides, preferably, af leas!
30 nuclactides and may have at least 50, if not at least 100 nucleotidss.
Particularly preferned probes will have between 30 and 50 nucleotides.
Particularly preferred primers will have between 20 and 25 nucisotides.

A nelynuclentide encoding a polypeptide of the present invention, including
homolags fram species other than human, may be obtained by a prcess
comprising the staps of soreening & library under stringent hybridization
conditions with & labeled probe having the sequence of SEQ 1D NO: 1 ora
fragment thareof, preferably of at least 15 nucleotides; and isclating full-
length cDNA, and genoric clones containing said polynucleotide sequence.
Such hybridization tachniques are well known to the skilled arfisan.
Prefarred stringent hybridization conditions include overnight incubation at
429C jn a solution comprising: 50% formamide, 5xSSC (150mi Nadi,
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18mM trisodiun cltrate}, 50 mM sodium phosphaie (pH7.§), Sx Denhardt's
solution, 10 % dextran sulfate, and 20 micrograr/ml denatured, shaared
saimon spem DNA; followed by washing the filers in 0.1x S50 at about
B80C. Thus the present invention aiso includes isolated polynudectidss,
preferably with a nuclectide sequence of at least 100, obtained by
screening & library under stringent hybridization conditions with a labefed
probe having the sequence of SEQ 1D N and/or SEQ 1D NO:3 andfer
SEQ 1D NG:§ andior BEQ 1D NO:7 or a fragment thereof, prefarably of at
least 15 nucleotides.

The skited arisan will appreciate hat; in many cases, an isotated GDNA
zequence will be incamplets, in that the region coding for the polypeptide
does not extend all the way through to the & terminus, This is a
consequence of reverse transcriptase, an enzyme with inherently low
"processivity” (a measure of the ability of the enzyme io remain aftached
o the tempiate during the polymerisation reaction}, failling to complete a
DNA copy of the mRNA tamplate during first strand cDNA synthasis.

There are several methods available and well known to those skilled in
the ant to obtain full-length cONAs, ar extend short ¢cONAS, for example
those based on the method of Rapid Amplification of cDNA ends (RACE)
(see, Tor example, Frohman et al., Proc Naf Acad Saf USA 85, 8998-
G002, 1888). Recent modifications of the technique, exemplified by the
Marathon ftrade mark} technology (Clontesh Laboratories Inc.) for
example, have significanty simplified the search for longer cDNAs. inthe
Marathon (trade mark) technoicgy, ¢cDNAs have been prepared from
mENA extracied from a chosen tissue and an 'adaplo?’ setuance figated
onto each end. Nuckeio aclg amplification (PCR} is then carried out to
ampiify the “missing" &' end of the cONA using a combination of gene
spacific and adaptor specific oligonuclentids primers. The PCR reaction
is then repeated using 'nested" primers, that is, primers designed to
anneat within the amplified product (typically an adaptor specific primer
that annsals further 3' i the adaplor sequence and a gene specific
primer that anneals further 5' in the known gsne sequenca). The
products of this reaction can then be analysed by DNA sequencing and a
full-length ¢DNA constructed efther by [oining the product directly fo the
existing cONA to give a complele sequence, or carmying out a separate
full-length PCR using the new seguenne information for e design of the
5 primer.
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Recormbinant polypeptides of the present invention may be prepared by
processes well known in the ant from genstically engineered hast cells
comprising expression systems.  Accordingly, in a further aspect, tha
present  invention  relates 1o expréssion  systams  comprising  a
polynucieotide or polynucieotides of the present invention, to host celis
which are genefically engineered with such exprassion sytems and fo the
production of polypeptides of the ivention by recombinant techniques.
Cell-free translafion systems can also be employed to producs such
proteins using RNAs derived from the DNA constucts of the prosent
invention.

For recombinant produciion, host cells can be genetically engineetad to
incorporate expression systems or portions thersaf for polynuclectides of
the present invention. Polynucleotides may he introduced inlo host cells by
methods described in many standard laboratery manuals, such as Davis et
al., Basic Methods in Molecular Biology (1986) and Sambraok et ak(ihid).
Preferred methods of infroducing polynuckeatides inta hast cells include, far
instance, calcium  phosphate  transfection, DEAE-dextran  mediated
transfection,  transvection,  microinjection,  calionic  lipid-mediated
transfection, electroporation,  transduction, scrape  loading,  ballistic
introduction or infection.

Representative examples of apprapriate hosts include bacterial neils, sush
as Streplococel, Staphylococed, E. coff, Streptomyces and Bacifus subtills
cells; fungal cells, such as veast cells and Aspergilius cells; insect celis
such as Drosophia 52 and Spodoptera Sf9 cells; animal cells such as
CHO, COS, Hela, C127, 373, BHK, HEK 293 and Bowes melancma cells;
and plant cells.

A great vadtety of expression systems gan be used, for nstance,
chromosomal, episomal and virus-derived systermns, a.g., vectors derived
from bacterial plasmids, from bacteriophage, from transposons, from yeast
epizomss, from inserion elements, from yeast chromosomal elements,
from viruses such as baculoviruses, papova viluses, such as SV40,
vaceinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and
refroviruses, and vectors derived fram combinations thereof, such as those
derived from plasmid and bacteriophage genefic elements, such as
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cosmids and phagemids. The expression systems may contain control
regions that requlate as well as engender expression. Generally, any
system or vector that is able to mainiain, propagate or express a
polynuclentide fo produce a polypeptide in a host may be used. The
approptiate polynuclectide sequence may be inserted into an expression
system by any of a variety of well-known and routing techniques, such as,
for example, those set forth in Sambrack ef af,, {ibid). Aupropriate secretion
sighals may be incorporated into the desirad polypeptide to aflow secretion
of the translated protein into the jumen of the endoplasmic reticulum, the
petipiasmic space or the extraceilular environment. Thesa signals may be
endagenaus to the polypeptide o they may be hetarologous signals.

i a polypeptide of the present invention is fo be expressed for use in
screening assays, it j& generaly preferred thal the polypeptide be
produced at te suface of the cell.  In this event, #he cells may be
harvested prior to use in the screening assay. If the polypeptide Is
secreted info the medium, the medium can be recaverad in order to
recover and purify the polypeptide. If produced intraceliulary, the cefls
rnust first be lysed before the polypeptide is recovered.

Polypeptides of the present invention can be recovered and purified from
recormbinant cell cultures by wei-known metheds including ammonium
sulfate or ethanol precipitaiion, acid extraction, anion or cation exchange
chromatography,  phosphoceliulose  chromategraphy,  hydrophabic
interaction  chromatagraphy, affinity chromatography, hydroxylapatite
chromatography and leciin chromatography.  Most preferably, high
performance liquid chromatography is employed for purification.  Well
known technigues for refolding proteins may be emplayed to regenerate
active conformation when the polypeptide is denatured during intraceliuiar
synthesis, isokation andior purification.

Folynuckectides of the present invention may be used as diagnostic
reagents, through detecting mutations in the associated gene. Detection of
& mutated form of the gene characterised by the pofynucleatide of SEQ 1D
NC:1 and/or SEQ 10 NO:3 andfor SEQ 1D NG5 andfor SEQ JD NO:7 1 the
cDNA ar genomic segquence and which is associated with a dysfunction 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-exprassion,
ovar-oxpression of aifered spatial or temporal exprassion of the gene.
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Individuals canying mutations in the gene may be detected at the GNA
level by = variety of tachniques well known in the ant.

Nucleic acids for diagnosis may be obtained from a subject's cells, such as
from blood, urine, saliva, tissue biopsy or autcpsy material. The ganomic
DNA may ba used directly for detection or it may be amplifisd anzymatically
by using PCR, preferably RT-PCR, or other amplification techniques prior to
analysis. RNA or cDNA may alse ba used in similar fashion. Deletions and
insertions can ba detected by a change fn size of the amplified Lroduct in
comparison o the nomat genclype.  Point mutations can be identified by
hybridizing ampliied DNA to labeled EphAS nucleotide seguences.
Farfectly matched sequances san be distinguished from mismatched
duplexas by RMase digestion ar by differences in melting temperatures.
DNA sequence differance may also be datectsd by alterstions in the
slactropharatie mobility of DNA fragments in gels, with or without
denaturing agents, or by direct ONA sequencing [see, for instance, Mysrs
ef af, Sclence (19858) 230:1242). Sequence changes at specific focations
may aiso be revealed by nuclease protection assays, such as RNase and
§1 protection or the chemical claavage method (sse Coton &f &k, Pros Natl
Acad Jof USA {1985) 85: 4307-4401). ’

An array of oligonuclectides probes comprising EphAS polynuciectide
sequence or fragments thereof can be constructed to conduct efficient
screening af e.g., genelic mutafions. Such arrays are preferably high
dansity arrays or grids. Amay technotogy metiiods are well known and
have general applicability and can be used lo address a variety of
fuestions in molecular genstics including gene expression, genelic linkage,
and genetic variabiiity, see, for example, M.Chee et al,, Science, 274, 610-
813 {1998} and other references cited therain.

Detection of abnormally decreased or increased levels of polypeptide or
mMRNA expression may also be used for diagnosing or determining
susceptivility of a subject to a disease of the invention.  Decreased of
increased expression can be measured at the RNA leval using any of the
methods wall known in the art far the quantitation of pelynucleotides,
such as, for example, nudleic acid amplification, for instance PCR, RT-
PCR, RNase protection, Morfhsrn blotting and other byhridization
methods,  Assay technigues that can be used to detarmire levels of a
protain, such as A polypeptide of the present invention, in a sample darived
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from a host are weil-known to those af skill in the art. Such assay methods
nclude radivimmunoassays, compsfifive-hinding assays, Western Blot
analysis and EUISA assays.

Thus i another aspect, the present invention relates to a diagonostic kit
comprising:

1) a polynuclegtide of the present invention, prafarably the nucleotide
sequence of SEQ 1D NG 1, or a fragment or an RNA transcript thareof;

{b} a nucleotids sequence compiamentary to that of [a);

{c) a polypeptide of the prasent invention, preferably the palypeptide of
SEQ ID NO:2 andier SEQ 1D N4 andior SEQ D NOQ:E andfor SEQ D
NG:8 or a fragrent thereof; or

{d} an antibady to a pelypeptice of the present invention, prefersbiy to the
polypeplide of SEQ iD NO2 andior SEQ ID NO:4 andior SEQ 1D NOS
andfer SEQ ID NO:&.

It will be appreciated that in any such kit, (a). {b), (c) or {d) may comprise
a substantial comporent  Such a kif will be of use in diagnosing =
disease of susceplibilily to a dispase, partioularly diseases of the
invention, amongst cthers.

The polynugcleofide sequences of the present nvention are valuable for
chramosoms localisation studies. The sequence is specifically targeted to,
and can hybridize with, a paicular location on an individual hunan
chromaosome.  The mapping of relevant sequences to chromosomes
acecording to the pregent invention is an imporant first step in comretating
those sequences with gene associated disease. Cnee a sequence has
been mapped 1o a precise chromosamal location, the physical position of
the sequence on the chromosome can be correfated with genstic map data,
Such data are found in, fot exampie, V. MoKusick, Mendetian nheritance in
Man (available on-ine 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 fhrough
linkage analysis {co-inferitance of physically adjacent genss). Precise
human chromosemal [ocaisafions for a genomic sequence {gene
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fragment etc.) can be determined using Radiation Hybrid {RH) Mapping
(Walter, M. Spiliett, D., Thomas, P., Weissenbach, J., and Goodfeliow, P.,
(1984) A method for coenstructing radiation hybrid maps of whols
genomes, Nature Genefics 7, 22-28). A numbsr of RH panels are
available from Research Genetics {(Huntsville, AL, USA) eq, the
GeneBridged RH panel (Hum Mol Genet 1996 Mar;5(3):339-46 A
radiaticn hybrid map of the human gename. Gyapay G, Schmitt K,
Fizames C, Jores H, Vega-Czarny N, Spillett B, Muselet D, Prud'Homme
JF, Tih C, Auffray C, BMorissette J, Weissenbach J, Goodfsllow PN}, To
detarmine the chromasomal location of a gens using this panel, 83 PCRs
are performed using primers designed from the gene of interest on RH
ONAs. Each of these DNAs contains random human genomic fragments
maintained in a hamsler backgreund (human [ hamster hybrid cel lines).
These PCRs fesult in 82 scores indicating the prasence of absence of
the PCR progust of the gene of interest.  These scores are comparsd
with scores created using PCR products from genomic sequences of
known lacation. This comparison is conducted at
hitp/wenn genome.wi.mitedu/. The gene of the present invention maps
to human chromesome 1p34.1-1p34.4.

The poiyructeoiide sequences of the present invention are alse valuable
ools Tor tissye expression studies. Such siudies aliow the determination of
axpression pattems of polynuclsotides of the prasent invention which may

give an indication as fo the expression patterns of the encoded ‘

polypeptides in tissues, by detecting the mRMAs that encode them. The
fechniques ysed e well known in the art and include in sit hydridisation
techiniquas fo clones arrayed on a gid, such as cDNA microarray
hybridisation (Schena ef &, Science, 270, 457-470, 1995 and Shalon ef af,
Genome Res, B, 538-845. 1896} and nucleatide amplification techniguss
such as PCR, A preferred method uses the TAQMAN (Trade mark)
technalogy available from Perkin Elmer. Resufts from these studies can
provide an indication of the nommal function of the polypeptide in the
organisrm.  in addition, comparative studies of the normal expression
pattern of mRNAs with that of MRNAs encoded by an alternative form of
the same gene (for exampie, one having an alteration in polypeptide coding
potential gr a regulatory mutation} can provide valuable insights into the role
of the polypeptides of the presant invention, of that of inappropriate
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expression thereof in dissase. Such inappropriate exprassion may be of a
temparal, spatial or simply quantitative nature.

The polypeptides of the prasent invention are expressad in B-cells, brain,
colon fumor, ceolon adenocarcinoma, kidney tumar, carciniod iung, fetal
lung, testis.

A further aspect of the present invention reiates to antibodies. The
polypeptides of the invention or their fragments, or cells expressing them,
can be used as immunogens to produoé antibadies that are immuncspacific
for polypeptides of the present invention. The term “mmunospscific”
means that the antbadies have substaniially greater affinity for the
polypeptides of the invention than their affinity for other ralsted polypeptides
in the prict art.

Antibodies generated against polypeptides of the present invention may be
obtained by administering the polypeptides or epltope-bearing fragments, or
cells to an animal, preferably & non-human animal, using rouiineg protocols.
For preparation of monocional antibodies, any technique which provides
antibodies produced by cortinuous cell fine cultures can be used.
Examples include the hybridoma technique (Kohler, &, and Milstein, C.,
Nature (1975} 256'495-467), the wioma technique, the human B-ceY
hybridoma technique (Kezhor ef &l Immunology Today (1983) 4.72) and
the EBV-hybridoma iechnigue (Cole ef al, Monaclonal Antibodies and
Cancer Therapy, 77-98, Alan R. Liss, Inc., 1985).

Technigues Tor the production of single chain antbodies, such as thase
deseribed in U5, Patent Mo. 4,948,778, can also be adapled 1o produce
single chatn antibodies to polypeptides of this invention,  Alse, transgenic
mice, or other organiams, including other mammals, may be used to
axpress humanized antibodies.

The above-described anfibodies may be employed to jsolate or to identify
clonas expressing the polypeptide or to purify the polypeptides by affinity
chromatography. Aatibodies against polypeptides of the present jnvention
may also be employed o treat diseases of the inveatian, amangst others.
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Polypeptides and polynucleotides of the present invention may alsc be
used as vaccines. Accordingly, in a further aspect, the present inventicn
relates to a methed for inducing an immunciogical response in a mammat
that comprises inoculating the mammal with a palypepiide of the prasent
invention, adequate to produce antibody andfor T call immine responss,
including, for example, cytokine-producing T cells or cytotoxic T cafis, to
protect sald animal from diseass,  whether thet disease is already
established within the individual er not. An immunclogical response in a
mammal may alse be induced by a mefhod comprisas delivering a
polypeptide of the present invention wia a vector directing expression of
the polynucieoiide and cading for the polypeptide i vivo in order to
induce such an immunological response ta producs antibody to protect
said anirmat from diseases of the invention, One way of administering the
vactor 15 by accelerating it into the desired cefis as 3 coating on particles
or gtherwise,  Such nucleic acid vector may comprise DNA, RNA, a
madified nucleic acid, or a DNA/RNA hybrid.  For use a vaccine, a
polypeptide or a nucleic acid vector will e nermally provided as a
vaccine formulation {compasition). The farmuiation may further comprise
a suitable carrier. Since a polypepfide may be broken down in the
stomach, it is preferaply administered parenferaily {for instance,
subcutaneays, Intramuscular, intravenous, ot intradermal (njection}.
Formulations suitable for parenteral administration include aquegus and
nan-aquecus sferle injection solutions that may contain anti-oxidants,
buffers, basteriostats and solutes that render the formulation instonic with
the biood of the recipient; and agueous and non-aquecus sterle
suspensions that may include suspending agents or thickening agents.
The formulations may be presented in unhit-dose or muiti-dose cantainers,
for example, sealed ampoules and vials and may be stored in a freeze-
dried condition requiring only the addition of the sterile liguid carrier
immediately prior to use. The vaccine formutation may also include
adjuvant systems for enhancing the Immuncgenicity of the formulation,
such as aof-in water systems and other systerns known in tha art. The
dosage will depend oh the specific activity of the vacsine aad can be
readily determined by routine experimentation.

Paolypeptides of the present invention have ane or mora bicfogical funclions
that are of relevance in one or more disease stafes, in particular the
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diseases of the invention hereinbafore mentioned. It is therefore useful to
ta identify compounds that stirmulate or inhibit the function or lavel of the
polypeptide.  Accordingly, in & furier aspedt, the present invention
provides for & msthod of scréening compounds to idertify those that
stimulate or inhibit the function or level of the polypeptide. Such methods
identify agonists or antagonists that may be employed for therapeutic and
prephyiactic purposes for such diseases of the invantion as hecsinbefore
mentioned. Compounds may be identified fom a variely of sources, for
example, oals, celi-frae preparations, chemical jibraries, collections of
chemical compounds, and natural product mixtures. Such agonists or
antagonists so-identified may be natural or modified substrates, ligands,
receptors, enzymes, etc., as the case may be, of the polypeptide, a
structural or functianal mimetic thereof (see Coligan ef af, Cument
Protocols in Immunology 1(2):Chapter & {1991)) or a smali malecute,

The screening metiod may simply measure the binding of a candidate
compound to the polypeptide, or to czlls or membranes bearing the
polypeptide, ar a fusion protein theraof, by means of a laba! dirsctiy or
indirectly associated with the candidate compound. Afternatively, the
screening methad may involve measuring or detecting (gualitatively or
quantitatively) the competitive binding of a candidate compound to the
polypeplide against a labeled competitor (g.g. agonist or anteganist).
Further, these screening methods may test whether the candidate
compound resufts in 2 signal generated by activation or inhibition of tha
polypeptide, using detection systems appropriate to the cells bearing the
polypeptide.  Iphibiters of activation ara generally assayed in the
presanca of a known aganist and the effect on activation by the aganis?
by the presence of the candidate compound is observed. Further, the
screening methods may simply comprise the steps of mixing a candidate
compound with a solution containing a polypeptide of the present
invention, to form a mixture, measuring a EphAS activity in the mixiure,
and comparing the EphAS aotivity of the mixture to a control mixture
which contains no candidate compound.

FPolypeptides of the presant invention may be employed in conventionai
low capacity screening methods and also in high-throoghput screening
(HTS) formats, Such HTS formats include not only the well-established
use of 98- and, more recently, 384-well micctiter plates but also emerging
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methods such as the nanowel meihod described by Schullek et al, Anal
Binchem., 246, 20-28, (1997).

Fusion proteins, such as those made from Fe portion and EphA9
polypeptids, as hereinbefore described, can aisc ba used for
highthroughput  screening  assays to ideniify antagonists for the
polypeptide of the present invention (see 0. Bennett ef &/, J Mof
Recognition, 8:52-68 (1995);, and K, Johanson et al, J Biol Chem,
270(16):9458-9471 {1995)).

Screening techniques

The polynuclectides, polypeptides and antibodies {o the polypepiide of the
present invention may alsc be used to configure screening rmetheds for
detasting the effect of added compaunds an the preduction of mRMA and
polypeptide in cells. For example, an ELISA assay may be consfiucied
for measuring secreted oF coll associated levels of polypeplide using
moenaclanal and pelyclenal antibodies by standard methods kpown in the
art, This can be used 1o discover agents that may inhibit or enthance the
preduction of polypeptide (also calied antagonist or agonist, respectively)
from suitadly manipulated gells or issues.

A polypeptide of the present invention may be used {o identify membrane
bound or scluble recepters, if any, through standard receptar hinding
techniquas known in the an. These include, but are not iimited 1o, ligand
binding and crosslinking assays in which the polypaptide fs labseled with a
radioactive isotope {for instance, 1251, chemically madified (for instance,
biotinylated), or fused to a peptide sequence sultable for detection or
purification, and incubated with a sourge of the pufative receptor (calls,
cell membranes, cell supernatants, fissue extracts, bodily fluids). Other
metnods include biophysical techniques such as surface plasmon
regonance and spectioscopy. These screening methods may also be
used o identify agonists and antagonisis of the polypeptide that compsete
with the binding of the polypeptide to its receplors, if any. Standard
methods for condusting such assays are well understood in the art.
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Exampies of antagonists of polypeptides of the present invention include
antibodies or, in some cases, oigonucleotides or proteins that are ciosely
refated fo the ligands, substrates, receptors, enzymes, efc., as ihe case
may be, of the polypepiide, e.g., a fragment of the ligands, subsirates,
receptors, enzyrmes, etc.; or a small molecule that bind to the polypeplide of
the prasent invention but do not eficit a respense, so that the activity of the
palypeptide is prevented.

Screening methods may aise involve the use of transgenic technalogy
and EphAS gene. The art of construciing iransgenic animals is well
sstablished, For exampie, the EphA9 gene may be introduced through
microinjection into the male pronucleus of fertilized ocacytes, ratroviral
ransfer into pre- or post-implantation embryos, ar injection of genetically
modified, such as by elestroporation, embryonic stem celle into host
blastacysts. Particularly useful fransgenic animals are so-called "knock-
in" animats in which an animal gene is replaced by the human eqlivalent
within the genoeme of that animal. Knock-in transgenic animals are useful
in the drug discovery process, for targst validation, where the compound
is spacific for the human target. Other useful transgenic animals are so-
called "knock-cut' animals in which the expression of the animal orthalog
of a polypeptide of the presant invention and encoded by an endegenous
DNA sequence in a cell is padially or compietely annulled. The gene
knack-out may be targeted to specific cells o tissues, may oocur only In
certain cells or tissues as a consegquence of the limitations of the
technology, or may accur in all, or subsiantially all, cells in the animal.
Transgenic animal technclegy also offers a whole animal expression-
cloping sysiem in which introduced genes are expressed fo give large
amounis of polypeptides of the present invention

Screening kits for use in the above described methads form a furthar
aspect of the present invention. Such screening kits comprise:

(a} a polypepiide of the present invention;
(b} a recombinant cell expressing a polypeptide of the present invention;
{c) & cell membrane expressing a polypeptide of the present invention; or

(d) an antibody to 2 palypeptide of the present invention;
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which polypeplide is preferably that of SEQ 1D NO:2 andfor 8EGQ 1D NO:4
andiar SEQ 1D NO:6 and/or SEQ (D NO:3.

It will be appreciated that In any such kit, {a}, (b}, {c} or (d) may comprise
a substantial component.

Glossary

The following definitions arg provided to facilitate undersianding of certain
terms used frequently hereinhefore.

"Antibodies” as "used herein Includes polyclonal and monocional
antibodies, chimeric, single chain, and humanized antibadies, as weil as
Fab fragments, including the products of an

Fab or othey immunoglobulin expression library.

‘Isolatad" means altered "by the hand of man" from its natural state, ie.,
if it oocurs in nature, it has been changed or removed from its original
ervironment, or hoth. For example, a polynuclectide or a polypeptide
naturaiiy present in a living organism is not “isolated,” bul the same
polynucleotide or palypeptide separated from the coexisting materials of
its natural state Is "isolatad”, as the term is employed herein. Mareover,
a polynuclectide or polypeptide that is infroduced into an organism by
transformation, genetic manipukation or by any other recombinant method
is "isolated" even if it is still present i said organism, which organism
may be living ar non-living.

‘Potynuclectids” generally refers o any pelyribonuciectide (RNA) or
polydeoxrboruciectide (DMA), which may be unmadified or modified
RNA or DNA. "Polynuclectides” include, without limitation, single~ and
doyole-strandad ONA, DMA that is a mixture of single- and double-
stranded regions, single- and double-stranded RNA, and RNA that s
mixture af single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more fypically,
double-stranded or a mixture of single- and double-stranded regions. In
addition, "polynucleotide” refers to tiple-stranded regions comprising
RNA or DNA or both RNA and DNA. The term "polynucleotide” alao
includes DNAs or RNAs containing one or more madifled bases and
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DMAs or RNAs with backbones modified for stability or for other reasons.
“Miodified” bases include, for example, tritvlated bases and unusual bases
such as inosine. A variety of modifications may e made to DNA and
RNA; thus. "pofynuclectide” embraces chemically, enzymatically or
metabalically modifisd forms of polynucleotides as typically found in
nature, as well as the chemical forms of DNA and RNA charactsristic of
viruses and cells.  *Polynucleotide” alsc smbraces relatively short
polynucleoiides, often referred to as oligonucieotides.

"Polypeplide” refers to any polypeptide comprising two or more amino
acids joined to each other by peptide bonds aor modified peptide beonds,
ie., peptide isosteres. “Polypeptide” rafers 1o both short chairs,
cammonly referrad o as peptides, cligopeptidas ar oligomers, and to
longer chains, generally referred to as proteins.  Polypeptides may
conmtain amine acids other than the 22 gene-encoded amino acids.
"Polypeplides” include aming acid sequences madified either by natural
processes, such as posttranslational processing, or by chemical
modification techniques that are well known in the art.  Such
madificalions are well described in basic texts and in more detailed
monographs, as well as i a voluminous ressarch literature.
Muodifications may occut anywhere in a polypeptide, including the peptide
backbone, the amino acid side-chains and the amino or carboxy! termini.
It will be appreciated that the same type of modification may be present
to the same or varying degrees at several sites in a given polypeptide.
Alzo, a given polypeptide may confain many fypss of medifications.
Polypeptides may be branched as a2 result of ubiquitination, and they may
be cyclic, with or without branching. Cyclic, branched and branchad
cyclic polypeptides may rasult from post-transtation natural processes or
may be made by synthetic methods. Modifications include acetylation,
acylation, ADP-ribosylation, amidation, hiotinylation, covalent attachment
of flavin, covalent attachment of a heme meiety, covalent attachment of a
nusteotide or nucleatids derivative, covalent attechment of 2 fipid or fipid
daifvative, covalent atfachment of phesphotidylinasitol, cross-linking,
cyalization, disulfide bond formation, demethylation, formaticn of covalent
cress-links, formation of cystine, forrnation of pyrogiutanate, formylation,
gamma-carboxylation,  glycosylation, @GPl anchor  formation,
hydroxylation, lodination, mgfhylation,  myristoylation,  oxidation,
proteglytic  processing, phaspharyation, prenylation, racemization,
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selenoylation, sulfation, transfer-RNA mediaizd agdition of amina acids to
proteins such as arginylation, and ubiquitination (see, for instance,
Proteins - Structure and Meolecular Properties, 2nd Ed., T. €. Creightan,
W. H. Freaman and Company, New York, 1983; Wold, F., Post
translational Protein Modifications: Perspectives and Prospects, 1-12, in
Post-translational Covalent Modification of Prateins, B, €. Johnson, Ed.,
Academic Press, New York, 1883; Ssifter ef af, “Analysis for protein
modifications and nonprofein cofactors”, Meth Enzymol, 182, 626-646,
1980, and Rattan et s, “Protein Synthesis: Post-transiational
Modifications and Aging”, Ann NY Acad Sci, 663, 48-52, 1992).

"Fragment" of a polypeptide sequence rafers ta a polypeptide sequence
that is sharter than the reference sequence but that retains essentially the
same binlogical function or activity as the refersnce polypeptide.
"Fragment” of a polynucleotide sequence refers 1o a polynuclostide
sequence thet is shorter than the reference seauence of SEG ID NO:1
andier SEQ 1D NO:3 andior SEQ 10 NG5 ang/or SEQ 1D NO:7..

"Wadant" refers {0 a polynucleatide ar polypeplide that differs from a
seference  polynuceotide or polypeptide, but retains the esseriial
properties tharsof. A typical varant of 3 pofynicleciide differs in
nuckeotide sequence from the reference polynudlaniide. Changes in tha
nuclectide sequence of the variant may or may not alter the aming acid
sequence of a polypeptide encoded by the reference polynuciectide.
Nucleotide changes may result in amino acid substitutions, additions,
deletions, fustons and truncaticns in the polypeptide encoded by the
reference sequence, as discussed below. A typical vadant of a
polypeptide differs in amino acid sequence from the reference
polypeptide.  Generally, alterafions 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 polypeptide may differ
in amino acid sequence by one or more substitutions, insartions,
deletions i any combination. A substituted or inserted amino. acid
residue may or may not be one encoded by the genstic code. Typical
conservative substitutions include Gly, pla; Val, T, Leu; Asp, Glu: Asn, Gln;
Ser, Thr; Lys, Arg; and Phe and Tyr. A varant of & polynuciaotide or
polypeplide may be naturally aoccurring such gs an allele, or it may be a
variant that Js not known to ocour naturally.  Non-naturally ocourring
vattants of polynucleotides and polypeptides may be made by
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mutagenasis techniques or by direct synthesis. Also inciuded as variants
are polypeptides having one of more post-franslational modifications, for
instance glycosylation, phosphorylation, methylation, ADP ribosyiation
and the like. Embodiments include methylation of the N-terminal amino
acid, phasphorylations of serines and threanines and modification of G-
terminal glycines.

"Allele” refers to ane of twa or more alterative forms of a gene cccuring
at a given locus in the genomes.

“Polymorphism” refers to a variation in nucleotide seguence (and
encoded polypeptide sequence, if relevant) at a given pasition in the
genarne withir a populetion.

"Single Nucleotide Polymorphism" (SNP) refers to the occurence of
nuckeotide variability at a single nuclantide posttion in fhe genome, within
a popdlation. An SNP may ocour within a gene or within fntargenic
regions of the genome. SNPs can be assayed using Alele Specific
Amplification (ASA). For the process af least 3 primers are required. A
common primer is used in reverse complement to the polymorphism
heing assayed. This common primer can be betwean 50 and 1500 bps
from the polymarphic hase. The other two (or more) primers are identical
ta each other except that the final 3' base wobbles to match one of the
o {or mors) alleles thal make up the polymarphism. Two for mome)
PCR reactions are then conducted on sample DNA, each using the
common prifner and ane of the Allele Spacific Primers.

"Splice Variant* as used herein refers to cDNA molecules produced from
RNA molecules inflially franscribed from the same genomic DNA
sequence but which have undergone alternative RNA  splicing.
Aiternative  RMA splicing ccours when a pdmary RNA  lranscript
undergoes splicing, generally for the remaval of introns, which results in
the praduction of more than one mRNA molecuie sach of that may
encode difforent amino acid sequances. The term splice variant also
refers to the proteins encoded by the above cDNA molecuies.

“Identity” reflects a relationship between twa or more polypeptide
sequences or two ar mora polynuclectide sequences, determined by
comparing the sequences.  [n general, identity refers fo an exact
nuclectide {o nuclectide or amino acid o aming acid correspendence of
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the two polynucleotide or two polypeptide sequences, respectively, over
the length of the sequences being compared.

"% identity” - For sequences where there is not an  exact
carrespondence, a "% identity" tnay be determined. In general, the two
sequences to be compared are aligned o give a maximum correlation
betwaen the sequences. This may include inserting "gaps” in either one
or poth sequences, to enhance the degree of alignment. A % identity
may he determined over the whole length of each of the sequences being
compared (so-called globai alignment}, that iz particwiarly suitable for
sequences of the same or very similar length, or over shoster, defined
lengths (se-called local alignment), that is more suiiable for sequences of
unequal length.

"Similarity” is & further, more sophisticated measure of the relationship
between twe polypeptide sequences. In general, "similarity’ means a
comparison hatween the amine acids of two polypeptide chains, on 2
regidue by residue basis, faking into account nol only  exact
correspondences between a between pairs of residues, ong from each of
the sequences being compared {as for ideniity) but also, where there s
not an exact comespondence, whether, on an evolutionary basis, one
residue is a likely substitute for the other. This likelihood has an
assaciated "scarg” from which the "% similarity" of the two sequences
can then be determined.

Methods for comparing the ientity and simitarity of fwo or more
sequences are well known in the art. Thus for instance, programs
available in the Wisconsin Sequence Analysis Package, version 9.1
(Devereux J et al, Nucleic Acids Res, 12, 387-395, 1984, available from
Gangtics Computer Group, Madisen, Wisconsin, USA), for exampie the
pregrams BESTEIT and GAP, may be used o determine the % identify
between two polynuclentices and the % identity and the % simifarity
between iwo polypeplide sequences. BESTFIT uses the "local
homoiogy” aigorithm of Smith and Watarman {J Ma) Biol 147195197,
1881, Advances in Applied Mathematics, 2, 482-482, 1931) and finds the
hest single region of similarity between two sequences. BESTFIT Is
mare suited io comparing fwo pelynuclectide or fwo  polypeptide
saquencas that are dissimilar in length, the program assuming that the
shorter sequence represents a pofion of the longer. In comparisen, GAP
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aligns two sequences, finding a “maximum similarity”, ascording Yo the
aigorithm of Neddleman and Wunsch {J Mol Biol, 48, 443-453, 1970).
GAP s more suited to comparing sequences that are approximaiely the
same length and an alignment is expected over the eniire length.
Praferably, the parameters "Gap Weight" and "Length Weight" used in
each program are 50 and 3, for polynuclectide sequences and 12 and 4
for polypeptide sequences, respectively. Preferably, % ideniffies and
similarities are determined when the twa sequences being compared are
aptirmally aligned.

Other programs for determining identity and/or similarity between
sequances are also known in the ad, for instance the BLAST family of
programs (Altschul S F et al, J Mol Biol, 215, 403-410, 1940, Altschul § F
&f al, Nucleic Acids Res., 25:388-3402, 1897, available from the Naticnal
Center for Biatechnology Information (NGBI), Bethesda, Maryland, USA
and  accessible through the home page of the NCBU at
wwwl nobi.nim.nih.gov) and FASTA  (Pearson W R, Methods in
Enzymology, 183, 53-99, 1980; Pearson W R and Lipman D J, Proc Nat
Acad Scl USA, 85, 2444-2448,1088, available as part of the Wisconsin
Sequance Analysis Packags). ’

Preferably, the BLOSUMB2 amino acid substitution matrix (Henikoff S
and Henkoff J G, Proc, Nat Acad Sci. LISA, 89, 10915-10819, 1992) is
used in polypeptide sequence cemparisons including where nucleotide
sequences are first franslated il amino acld seguences before
comparison.

Prefarably, the program BESTFIT is used to determine the % identity ofa
guery polynucleotide or a polypeptide sequence with respect to a
reference polynuciectide or a polypeptide sequence, the query and the
refarence sequence being optimatly afigned and the parameters of the
program set at the defaull value, as hereinbefore described.

"ldenlity Index" is a measure of sequence relatednsss which may be
used ko compare a candidate sequance (polynuctsctide or polypeptide)
and a reference sequence. Thus, for instance, a candidate
patyruclactide seguence having, for example, an ldentity Index of 0.95
compared to a reference polynuclectide sequence is identical to the
reference sequence except that the candidate poiynuclectide sequence
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may include on average up to five differences per each 100 nuclectides
of the referen sequence. Such differences are selected from the group
consisting of at least one nucleotide delelion, subsiitution, including
transition and transversion, of insertion. These differences may occur at
the 5 or 3 terminal positions of the reference polynucieotide sequence or
anywhere between these ferminal positions, interspersed either
individually among the nuclectides in the reference sequence or in ane o
more contigucus grovps within the reference sequence. In other words,
te obtein & polynucleotide sequence having an Identity Index of 0.5
compared {o a reference polynuclectide sequence, an average of up to §
in every 100 of the nuclectides of the in the reference sequence may ba
deleted, substituted or inserted, or any combination thereof, as
tersinbefore described. The same applies muialis mutandis for other
values of the [dentity tndex, for instance 0.96, 0.97, 0,98 and 1.99.

Simitariy, for a paiypeptide, a candidate polypeptide sequence having, for
example, an [dentity [adex of 0.98 campared to a reference polypeptide
sequence is identical io the reference sequence except that the
polypeptide sequance may include an average of up 1o five differences
per each 100 amino acids of the reference sequence. Such differences
are selected from the group consisting of at least one amino acid
deletion, substitution, including conservative and nen-conservative
substitution, or inserton. These differences may accur at the amina- or
sarboxy-terminal positions of the reference polypeptide sequence or
anywhere bebween these lermina! positions, interspersed sither
individually amang the amino acids in the reference sequence of in one
or more contiguous groups within the reference sequence. It other
words, to obtain a palypeplide seguence having an Identity Index of 0.85
comparéed to a reference polypeptide sequence, an average of up ta 5 in
evary 100 of the amino acids in the reference seguence may be deletad,
substituted or insered, or any combinaticn thereef, a= hereinbefore
described. The same applies mutatis mutandis for other values of the
identity index, for instance 0.96, 0.97, 0.98 and 0.99,

The relationship between the number of nucleotide or amina’ acid
differances and the Idertity Index may be expressed in the following
egquatton:

ngS¥%g-ixg =l
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in which:
Ny fs the number of nuclestide or amina acid differences,

g is the fotal number of nucleotides or aming acids in SEQ ID NO:1

andfor SEQ 1D NO:3 and/for SEQ (D NOG:5 andlor SEQ 1D NO:7 or SEQ
1D NO:2 and/ar SEQ D NO:4 andfor SEQ ID NO6 andfor SEQ 1D NQ:8,
respectively,

lie the ldsntity lndex
* is the symbail far the multiplication oparator, and

in which any non-integer product of x5 and 1 is rounded down to the
nearest integer prior to subtracting it from x4,

"Homolog” is a generic term used in the art to indicate a patynuclectide or
polypeptide sequence possessing a high degree of seguence relatedness
1o a referencs sequence.  Such relatedness may be quartified by
determining the degree of identity and/or similarity between the two
seguences as hereinbefore defined.  Falling within this generc term are
the terms "ortholog”, and "paraleg”. "Ortholog” rafers o a polynuclectide
of polypeptide that is the functional equivalent of the palynucleotide or
polypeplide in another species. "Paralog" refers to a polynucleotideor
polypeptide that within the same species which is functionally sirilar,

"Fusion protein” refers to a protein encoded by twe, unrelated, fused
genes or fragments thereof. Examples have been discloged in US
5541087, 5726044, n the case of Fo-EphAS, empioying an
immunocglobulin Fe region as a part of a lusion protein is atvantagaous
for performing the functional expression of Fe-EphAg or fragments of -
EphA9, {o improve pharmacokinetic propedies of such a fusion protein
when used for tharapy and to generate a dimeric EphA8. The Fo-EphAgd
DA construct comprises in §' to 3' direction, a secrelion cassefte, (8. a2
signal sequence that triggers expont from a mammalian call, DNA
encoding an immuncglebulin Fc region fragment, as a fusion partner, and
& DNA ancoding EphAS or fragments thereof. In some uses it would be
desirable to bz able to alter the intrinsic functional properties
{complement binding, Fe-Recepteor binding) by mutating the functional Fe
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sides while leaving the rest of the Fusion protein untouched or delete the
Fec part complately aftar expression.

All publicaiions and references, including but not limited to patents and
patent appiications, cited in this specification are herein incorporated by
reference in their entirety as if each individual publication or reference
were specifically and individually indicated 1o be incorporated by
reference hersin as being fully set forth. Any patent application to which
this application claims priority is also incorporated by reference herein in
its entirety in the manner described above for publications and
referances.
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Claims
1. A polypepiide selecied from one of the groups consisting of:

{a) a polypeptide encoded by a polynucleatide comprising thessquence
of BEQ D NGt and/or SEQ D NO3 and/or SEQ 1D NO:A andfor SEG
1D NO:7;

{b) a polypeptide comprising a polypeptide sequence having at ieast
95% identity to the polypeptide sequence of SEQ ID NO:2 and/or SEG 1D
NO:4 andfor SEQ ID NC:8 andlor SEQ D NO:8;

t}  a polypeptide having at least 95% identity to the polypentide
seguence of SEQ 1D NO:2 and/or SEQ 1D NO:4 andlor SEQ 1D NO:&
and/or SEQ 1D NO:8; and

d) the polypeptide sequence of SEQ ID NO:2 andior SEQ ID NO4
and/or SEQ 1D NO:B and/or SEQ ID NC:8 and

{e)fragments and variants of such polypeptides in () fo (d).

2. The palypeptide as claimed in ciaim 1 gomprising the polypaptide
seguence of SEQ 1D N2 and/or SEQ 1D NO4 andfor SEGQ D NOB
and/or SEQ D NQ:8.

3. The polypeptide as claimed in claim 1 which is the polypentide
sequance of SEQ ID NO:2 andlor SEQ ID NO:4 andlor SEQ 1D NO:8
andfor SEQ 10 NO.:8.

4. An polynuclectide selected from one of the groups consisting of:

(a) a polynuclectide conprising a polynuclectide sequence having at
least B5% identity to the polynucleotide sequence of SEQ 15 NO:1 and/or
SEQ ID NQ.3 andfor SEG 10 NO:5 and/or SEQ ID NO:7;
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b} a polynucleotide having at least 85% identity to the polynuclectide of
SEQ ID NO:1 andfor SEQ 1D NO:3 aadior SEQ 10 N4 and/or SEG 1D
NO.7;

{6) a polynuclectide comprising a polynuclectide sequence encoding &
polypeplide sequence having at least 95% ideniily to the polypeptide
sequence of SEQ ID NO:2 andfor SEQ ID NO4 and/or SEQ 1D NOSB
and/or SEQ (D NQ:8;

d) a polynucleotide having a polynuclectide sequence encoding a
palypeptide sequence having at least 95% identily fo the polypeptide
sequence of 8EQ ID NO:2 andfar SEQ (O NO4 and/or 3EQ 1D NOS
ang/or SEG 10 NGO,

(@) @an polynucleatide with a ruclectide sequence of at lsast 100
nuclectides obtained by screening a fbrary under stringent hyhridizatian
eondiions with & labeled probe having the sequence of SEQ ID NG 1 or a
fragment thereof having at least 15 nucteotides;

() a polynucieotide which is the RNA equivalent of a polynudeotide of (a)
to (e);

or a polynuclectide sequence complementary to said  polynucleotide

and polynuclectides that are vatiants and fragments of the above
meptioned  palynuclectides or that are complementary fo  above
menticned polynucleotides, over the entire fength thereof.

5. A polynuclectide as claimad in claim 4 sslected fram the group
gonsisting of:

{a) a polynuclaotide comprising the polynuclgofide of SEQ 1D NO-1 and/or
SFR 10 NO:3 andfor SEQ T NG and/or SEQ 1D NO:T,

b} the polynuclectide of SEG; 1T NO:1 andfor 520 IR NO3 andior SEQ 1D
NQO:S andfor SEQ D NO:7;

fc) a polynucleotide comprising a palynuclectide sequence encoding the
pobypeptide of SEQ D NO:2 andfor SEQ 1D NO:4 and/or SEQ 1D NOB
andfar SEQ 1D MNO:8; and
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(d) z polynuclectide encading the polypeptide of SEQ I NG:2 andior SEQ
1D NO4 andior SEQ 1D NO:E andfor SEQ 1D NO:3.

8. An expression syslem comprising a polynucieotide capable of
producing a polypeptide of claim 1 when said exprassion vector is present
in a compatible host cell,

7. A recombinant host celi comprising the expression vector of claim & or
a marbrans thereof exprassing the polypeplide of claim 1.

8. A process for producing a polypeptide of ciaim 1 comprising the step
of culturing a host cett as defined in claim 7 under conditions sufficient for
the production of said polypeptide and recovering the pelypeptide from
the culfure medium.

8. A fusion protein consisting of the Immunroglobulin Fe-region and any
one peiypeptide of claim 1.

10.An antibody imrmunospecific for the polypeptide of any one of claims 1
to 3.

11. A methed Jor screening to identify compounds that stimulate or inhibit
the function or level of the polypeptide of claim 1 comprising @ method
salected from the group consisting of:

{a) measuring or, detecting, guantitatively or qualitatively, the binding of a
candidaie compound to the palypeptide (or to the cells or membranes
expressing the polypeptide) or a fusion protein thareof by means of a
label directly or indirectly associated with the candidate caompound;
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{b) measuring the compeiition of binding of a candidate compourd to the
polypeptide (or to the cells or membranes expressing the polypeptide) or
a fusion protsin thersof in the prasence of a labeled competitior,

{c) testing whether the candidate compaund results in a signal generated
by activation or inhibifion of the polypeptide, using detsction systems
appropriate to the cells or cell membranes expiessing the polypeptide;

(d} mixing a nandidate compound with a solution containing a
polypeptide of claim 1, to form a mixture, measuring actvity of the
polypeptide ip the mixture, and comparing the activity of the mixture to &
confrol mibxure which containg no candidate compound; ar

(e} detecting the effact of a candidate compound on the production of
mRNA encoding said polypeptide or said polypeptide in cefls, using for
instance, an ELISA assay, and

{f) producing said compound according fo biotechnological or chemical
standard techniques.
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@
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{
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chbg ceg act ¢9v tgs ata agc
Leu Girn Thr Gly Trp Iie Ser,
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FURTHER INFORMATION CONTINUED FROM  FLTASAS 710

tontinuation of Box 1.2

Present claim 11 relates to an extremely Targe numbgr of pessible
methods. In fact, the claim confain so many options and variakles that a
Tack of clarity and conciseness within the meaning of Article 6 PCT
arisas to such an extent as to render a meaningful search of the claims
impossible, Consaquently, the search has heen carried out for those parts
of the application which do appear to be clear, namgly  those metheds
mentionad in the deseription at page 19, limes 15-30, e.g. ELISA,
radioimmunoassay, surface plasmen resanance and spectrascopy.

The applicant’s attention is drawn to the fact that claims, or parts of
cTaims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rula 66.1{e) PCTY. The applicant
}s adyisad that the EPO policy when acting as an International
Preliminary Examining Avthority is rormally nat to carry out a
prelimtnary examination on matter which has not been searched. Thts 1s
the case irrespective of whether or not the claims are amended following
recelpt of the search report or during any Chapter 11 procedure.
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